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1 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introduction

On March 30, 1989, Combustion Engineering, Inc. tendered its application for
certification of the System 80+ standard design with the U.S. Nuclear Regula-
tory Commission (hereinafter referred to as the NRC, the Commission, or the
staff). The submittal was made in accordance with Appendix 0, " Standard-
ization of Design: Staff Review of Standard Designs," to Part 50 of Title 10
of the Code of Federal Reaulations (10 CFR Part 50). Combustion Engineering,
Inc., subsequently stated in a letter dated August 21, 1989, that its applica-
tion may be considered as an application for design approval and subsequent
design certification pursuant to 10 CFR 52.45. The application was docketed
on May 1, 1991, and assigned Docket No. 52-002. Correspondence relating to
the application prior to this date was also addressed to Docket No. 50-470 and
Project No. 675. By letter dated May 26, 1992, Combustion Engineering, Inc.
notified the NRC that it is a wholly owned subsidiary of Asea Brown Boveri,
Inc., and the appropriate abbreviation for the company is ABB-CE. Therefore,
the staff refers to Combustion Engineering, Inc. as ABB-CE throughout this
report.

The NRC's licensing project managers assigned to the System 80+ standard i

design review are Mr. Thomas Wambach, Mr. Michael Franovich, and
i Mr. Stewart Magruder. They may be reached by calling (301) 492-7000 (until a) date to be determined after which the number will be (301) 415-7000) or by

writing to the Office of Nuclear Reactor Regulation, Mail stop 0-11 H3,
U.S. Nuclear Regulatory Commission, Washington, D.C. 20555-0001.

ABB-CE's application, the Combustion Engineering Standard Safety Analysis
Report Design Certification (CESSAR-DC), describing the design of the facil-
ity, was originally submitted on March 30, 1989. Subsequently, ABB-CE
supplemented the information in CESSAR-DC through an amendment process. The !

,

most recent amendment, Amendment W, was submitted to the Commission on
June 20, 1994. ABB-CE also submitted the System 80+ certified design material

,

'

(CDM) by letter dated December 31, 1993. Subsequently, ABB-CE submitted a
revision incorporating resolution of NRC comments by letter dated June 20,
1994. The CDM contains the Tier 1 design information that ABB-CE proposes to
have certified during the System 80+ design certification rulemaking. The

,

application, the CDM, and all CESSAR-DC amendments are available for public
inspection at the NRC Public Document Room, 2120 L Street, N.W., Washington,
D.C. 20037. A summary of the System 80+ standard design appears in Sec- I
tions 1.2 and 1.3 of this report. Section 1.4 identifies agents and contrac- !tors.

|
!

This final safety evaluation report (FSER) summarizes the staff's safety
review of the System 80+ design against the requirements of Subpart B of j
10 CFR Part 52 (design certification) and delineates the scope of the techni-

|cal details considered in evaluating the proposed design. The principal l

O matters of the staff's review are discussed in Section 1.5. This report
conforms to the Commission's Policy Statement on metrication. Therefore, all
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units are expressed as metric followed by English units in parentheses.
However, in response to a letter by ABB-CE dated April 2,1993, the Commission
exempted design certification of System 80+ from the Commission's policy on
metrication. Therefore, the CESSAR-DC and CDM use English units.

An advance FSER was issued on March 8, 1994. The purpose of this advance FSER
was to document resolution of the open and confirmatory items identified in
the draft safety evaluation report (DSER) for the System 80+, NUREG-1462,
which was issued on October 1, 1992, and to facilitate the review by the
Advisory Committee on Reactor Safeguards (ACRS) and the Office of the General
Counsel. The advance FSER documents the staff's review up to and including
Amendment U of CESSAR-DC.

This FSER revises the advance FSER to incorporate the results of technical
editor comments, the Office of General Counsel comments, the Advisory Commit-
tee on Reactor Safeguards (ACRS) comments, and closure of the confirmatory
items listed in Section 1.7 of the advance FSER. Confirmatory Item 1.1-1
involved verification by the staff that all changes committed to by ABB-CE
were incorporated in Amendments V and W to CESSAR-DC. The staff has verified
this and Confirmatory Item 1.1-1 is resolved. Confirmatory Item 1.1-2
involved ensuring that all information in the CESSAR-DC, final technical
specifications (TS), CDM, and this FSER are consistent within each document
and between documents. The staff has completed this review and Confirmatory
Item 1.1-2 is resolved. Confirmatory Item 1.10-1 involved the staff verifying
that the issues outside the scope of design certification and that must be
addressed by an applicant for a combined license that references System 80+
are properly identified in Table 1.10-1 of CESSAR-DC. The staff completed
this verification and this item is resolved. The other five confirmatory

items in Section 1.7 of the advance FSER are resolved and addressed in the
appropriate sections of this FSER.

Several references to ABB-CE reports are made in this report. Some of these
reports contain information that has been authorized by the Commission to be
exempt from public disclosure, as provided by 10 CFR 2.790. For each such
report containing proprietary information, a nonproprietary version, similar
in content except for the omission of the proprietary information, is provided
to the NRC by ABB-CE and is also available at the NRC Public Document Room.
Several references to ABB-CE reports throughout this advance FSER are made to
the proprietary version only. The staff based its findings on the proprietary
versions of these documents.

In its application, ABB-CE stated that the criteria included in the Electric
Power Research Institute's (EPRI) Advanced Light Water Reactor Program would
be used as a guide for the design of System 80+. The Commission had requested
that the staff evaluate any differences between the vendor designs and the
EPRI Utility Requirements Document (URD) in a staff requirements memorandum
(SRM) dated December 15, 1989. On December 21, 1990, ABB-CE sent the staff a
summary of the differences between its design and the EPRI URD. In the DSER,
the staff identified an open item (DSER Open Item 1.1-1) for ABB-CE to address
any System 80+ deviations from the EPRI URD. Subsequently, ABB-CE indicated
that it was a principal participant in the development of the EPR1 sponsored
URD and continue to be involved with EPRI on changes to that document.
Therefore, the design in CESSAR-DC remains consistent with the EPRI URD. The
Commission designated that this response was acceptable in COMSECY-93-040,

ABB-CE System 80+ FSER 1-2 June 1994 ;

I
!



~ . . _ - . . -

dated August 10, 1993. In a letter of January 7, 1994, ABB-CE stated that the
Q System 80+ design was consistent with the EPRI URD. The staff finds this
Q acceptable. On this basis, DSER Open Item 1.1-1 is resolved.

Applicants who reference the System 80+ standard design in the future for
specific plants will retain architect-engineers, constructors, and consul-

!tants, as needed. As part of its review of an application for a combined
license (COL), the staff will evaluate, for each plant-specific application ,

that references the System 80+ design, the technical competence of the COL
applicant and its contractors to manage, design, construct, and operate a
nuclear power plant. The plant-specific applicants will also be required to
satisfy the requirements of Subpart C of 10 CFR Part 52, and the requirements
resulting from the staff's review of this standard design, including the
applicable regulations and exemptions identified in Section 1.6 of this
report. ABB-CE has also identified requirements for plant-specific applicants
as " COL License Information." These requirements are discussed _in the

_ _ . _ _ . _ _ _ _ _ - ~
CESSAR-DC Section~1.10 'and are listed in Table 1.10-1 of CESSAR-DC. The staff
reviewed this list for completeness and finds it acceptable. Confirmatory
Item 1.10-1 of the advance FSER is resolved.

A chronology of the principal actions, submittals, and amendments related to
the processing of the application is given in Appendix A of this report. An
index of the staff's requests for additional information (RAIs) and the
responses made by ABB-CE appears in Appendix B. A list and definition of the
abbreviations used throughout this report is provided in Appendix C. Appen-
dix D provides a list of the principal technical reviewers who evaluated
CESSAR-DC. Appendix E is the letter from the ACRS to the Commission regarding
the results of its review of the System 80+ design.

1.2 General Desian Description

1.2.1 Scope of System 80+ Design j
i

Section 52.47(b)(1) of 10 CFR Part 52 requires an applicant for certification
of an evolutionary nuclear power plant design to submit an essentially

i

complete design scope. Therefore, the scope of the System 80+ design must i
include all elements of the plant which can affect safe operation except for I

such site-specific elements as the service water intake structure and the I

ultimate heat sink.

When the DSER was issued, the staff was still reviewing the division of the -i
structures and systems between the certified scope and the site-specific i

elements. This was designated as DSER Open Item 1.2-1. ABB-CE provided a |discussion of the scope of the certified design in CESSAR-DC Section 1.2. A
list of the structures and systems is provided in Table 1.1 of this report.
CESSAR-DC Figure 1.2-1 provided the scope of the System 80+ design, and
Table 1.9-1 indexed interface requirements. The staff finds this acceptable.
This resolved DSER Open Item 1.2-1.

1.2.2 Summary of the System 80+ Design
I

The nuclear steam supply system (NSSS) consists of a pressurized-water reactor I

O with two primary coolant loops, a pressurizer connected to one of the loops,
and the auxiliary and safety systems directly related to the NSSS. The rated
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core thermal power of the NSSS is 3914 MWt, producing saturated steam for use
in the balance of plant (B0P) steam and power conversion system. The design
core power at which accidents are analyzed is 3992 MWt. The CESSAR-DC is
based on a single-unit site plan, as shown in CESSAR-DC Figure 1.2-1. This
power level exceeds the guidance in Regulatory Guide (RG) 1.49, " Power Levels
of Nuclear Power Plants," which states that licensed power levels should be
limited to a reactor core power level of 3800 MWt or less until January 1,
1979, at the earliest. The intent of this regulatory guidance was to stabi-
lize the maximum size of nuclear plants until sufficient experience was gained
with design, construction, and operation of large plants. Since RG 1.49,
Revision 1 was issued in 1973, the staff has reviewed sufficient operating
experience and has determined that licensing the System 80+ at a rated power
of 3914 MWt is acceptable.

The reactor core consists of 241 fuel assemblies and 93 or more control
element assemblies (CEAs). Each fuel assembly is a 16 x 16 array consisting

~

of 236 fuel and poison rods and 5 guide tubes. The fuel rods are Zircaloy
tubes containing slightly enriched uranium dioxide pellets. Some also contain
burnable poison. Full-strength CEAs consist of an Inconel-clad, boron carbide
absorber, or a silver-indium cadmium (Ag-In-Cd) absorber, and part-strength
CEAs are composed of Inconel clad tubes loaded with Inconel slugs over the
full active length.

The reactor coolant system (RCS) consists of reactor coolant (borated water)
and two independent loops connected in parallel to the reactor. Each loop
consists of a 107 cm (42 in.) inner diameter (ID) outlet pipe, two 76 cm
(30 in.) ID inlet pipes, a steam generator (SG), and two reactor coolant pumps
(RCPs). The RCS operates at a nominal pressure of 15,500 kPa (2250 psia).
The system pressure is maintained by an electrically heated pressurizer that
is connected to one of the loops. Each SG is a vertical U-tube heat exchanger
used to transfer heat generated in the reactor core and carried by the reactor
coolant to produce steam used for driving the plant turbine-generator.

The System 80+ plant protective system (PPS) consists of the reactor protec-
tive system (RPS) and the engineered safety features actuation system (ESFAS).
The RPS initiates a reactor trip if the reactor reaches a prescribed safety
limit. The ESFAS sends an actuation signal to the engineered safety features
(ESF) systems when a fluid system or containment parameter is reached. The
PPS is augmented by the alternate protection systea (APS), which generates an
alternate reactor trip signal and alternate feedwater actuation signal that
are separate and diverse from the PPS. A separate reactor control system is
provided for startup and shutdown of the reactor, and adjustments to reactor
power in response to turbine load changes. Ex-core and in-core nuclear
instrumentation and the process monitoring system are provided to monitor
power, flux distribution within the core, temperature, pressure, flow, and
liquid level and provide inputs to the PPS and the reactor control system.

The containment vessel is a 61 m (200 ft) diameter spherical-shaped steel
shell with a wall thickness of approximately 4.5 cm (1.75 in.). The contain-
ment vessel is completely enclosed by the shield building. The shield
building is a reinforced concrete cylindrical building with a hemispherical
dome. The annular space between the containment and the shield building is
filtered and recirculated or exhausted during accident conditions by the
annulus ventilation system. Space below the containment and inside the shield
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building houses the shutdown cooling system and ESF systems, such as theC safety injection system (SIS), emergency feedwater system (EFWS), and the
containment spray system (CSS).

The plant has an offsite and onsite power supply which are available to supply
the unit auxiliaries during normal operations and the RP5 and ESFAS during
abnormal and accident conditions. The onsite power supply consists of the
main generator, and generator circuit breaker, main unit transformer batteries '

and two emergency diesel generators (EDGs). A non-safety grade combustion
turbine generator (CTG) is available to supply power to safety-related
components in the event both onsite and offsite ac power is lost.

Four high-head safety-injection pumps send borated water from the in-
containment refueling water storage tank to mitigate accidents. Each of these
provides sufficient borated water to direct vessel injection nozzles to '

acceptc51y limit the consequences of design basis accidents, such as loss-of-
coolant accidents and main steamline breaks.

The steam and power conversion system converts the heat energy generated in
the reactor into electrical energy. This system utilizes the main steam
system, the high-pressure and low-pressure turbines, main generator, and a
condensing cycle with regenerative feedwater heating. A turbine bypass system
and atmospheric dump valves are available to dissipate heat from the reactor
during a turbine trip a reactor trip or both. A four-train, two-division EFWS
provides emergency feedwater to the SGs in the event of loss of main '

feedwater.

O The System 80+ design includes the Nuplex 80+ advanced control complex (ACC).
The ACC design consists of the following five major interdependent systems: :

(1) Main control room panels - where plant is controlled.

(2) Remote shutdown panel - includes two isolated redundant channels of
safety-related instrumentation and controls necessary to achieve hot
standby if the main control room must be evacuated. j

(3) Alarm and display system - displays and alarms to aid the operator in
handling any challenges to important plant operations or safety func-
tions.

(4) Data processing system - a redundant computer based system which provides !

plant data and status information to the operational staff.
:

(5) Component control system - controls discrete system components such as
pumps, valves, heaters, and fans throughout the plant.

.l.3 Comparison With Similar Facility Desians

The System 80+ standard design evolved from ABB-CE's System 80 design. The
staff evaluated the System 80 design in NUREG-0852, " Safety Evaluation Report
Related to the Final Design of the Standard Nuclear Steam Supply Reference
System CESSAR System 80," dated November 1981, and in supplements thereto.^
Thase reports are available for public inspection at the NRC Public Document
Room at 2120 L Street, N.W., Washington, D.C. 20037.

j
!
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Although the System 80+ standard design contains most of the features of the
System 80 design, various engineering and operational improvements were
included to provide additional safety margins and to address the Commission's
severe accident, safety goal, and standardization policy statements. Some of
the design differences between the System 80+ and the System 80 are listed
below. Additional comparisons with the principal design features of the
System 80+ standard design are provided in Section 1.3 of the CESSAR-DC.

System 80+ Reactor Desian

(1) an increased core thermal margin
(2) a reduced hot leg temperature (T-hot)
(3) part-strength CEAs for maneuvering without the use of soluble boron
(4) extended CEA life
(5) a ring-forged vessel
(6) a lower end-of-life adjusted reference temperature

System 80+ Pressurizer Desian

(1) an increased volume relative to power
(2) surge line routing to minimize thermal stratification

System 80+ Steam Generator Desian

(1) an increased tube plugging margin
(2) an increased boil dry time by increasing the secondary inventory
(3) corrosion resistant tubes
(4) higher steam quality
(5) increased manway size

1

System 80+ Enaineered Safety Systems Imorovements

(1) increased SIS redundancy - four trains separated into quadrants

(2) increased ESF capacity relative to power

(3) an in-containment refueling water storage tank, which eliminates automa-
tic suction realignment and allows for reactor cavity flooding

(4) safety depressurization system

(5) eliminated automatic injection by the residual heat removal (RHR) pumps

(6) eliminated chemical volume and control system (CVCS) safety functions

(7) higher pressure rating of RHR

(8) separate emergency and startup feedwater

(9) eliminate automatic isolation of EFWS

System 80+ Containment Imorovements

(1) larger margin to ultimate strength
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(2) larger operating floor space

( (3) larger free volume

(4) dual containment (pressure boundary plus a shield building with an
annulus between)

(5) equipment hatch sized for SG replacement

(6) reactor cavity designed for severe accident mitigation

Instrumentation and Control System Imorovements

(1) advanced control, alarm, and display systems
(2) control room design based on modern technology

1.4 Identification of Aaents and Contractors

ABB-CE is the principal designer of the NSSS. Other organizations provided
subcontracting services to ABB-CE as follows: Duke Engineering Services,
Incorporated (DESI) is the principal designer of the nuclear annex structures,
containment, and auxiliary and support systems. Stone and Webster Engineerin
Corporation (SWEC) is the principal designer for the steam and power conver g
sion system, radwaste systems, and structures other than the nuclear annex.
VECTRA Technologies, Inc. (formerly ABB-Impell) provided seismology and
structural analysis support.

O 1.5 Summary of Principal Review Matters

The procedure for certifying a design is conducted in accordance with the
requirements of subpart B of 10 CFR Part 52 and carried out in two stages.
The technical review stage is initiated by an application filed in accordance
with the requirements of 10 CFR 52.45, continues with reviews by the NRC staff
and the ACRS, and concludes with the issuance of a final design approval (FDA)for certification. The administrative review stage begins with the publica-
tion of a Federal Reaister notice that initiates rulemaking, in accordance
with Section 52.51, and records a proposed design certification rule. A draft
proposed design certification rule was published in an advance notice of
proposed rulemaking in the Federal Reaister (58 FR 58664) on November 3,1993.
The proposed rule will be issued after the FDA for design certification is
issued. The rulemaking will be conducted by the Commission and also, in the
event that there is a request for a hearing and the request is granted, by an
Atomic Safety and Licensing Board. The rulemaking culminates with the denial
or issuance of a design certification rule.

The staff performed its technical review of ABB-CE's application for certifi-
cation of the System 80+ standard design in accordance with Commission
guidance and the requirements of 10 CFR Sections 52.47 and 52.48. This FSER
describes the results of the staff's technical review. The staff evaluated
the technical information required by Section 52.47(a)(1)(1) in accordance
with the standard review plan (NUREG-0800); that evaluation is the subject ofthis report. The staff's evaluation of the technically relevant unresolved

(Q
safety issues (USIs), generic safety issues (GSIs), and Three Mile Island
requirements (Sections 52.47(a)(1)(ii) and (iv)) is provided in Chapter 20 of/
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this report. The evaluation of the site parameters required by Sec-
tion 52.47(a)(1)(iii) is provided in Chapter 2, and they are also discussed in i

Section 14.3. The staff's evaluation of the design-specific probabilistic
risk assessment (Section 52.47(a)(1)(v)) is provided in Chapter 19. The
evaluation of the inspections, tests, analyses, and acceptance criteria
(ITAAC) required by Section 52.47(a)(1)(vi) is described in Section 14.3 of
this report.

Interfcce requirements and representative conceptual designs (52.47(a)(1)(vii)
through (ix)) are evaluated throughout Chapters 8 and 9 of this report, and
are also discussed in Section 14.3. The staff also implemented the
Commission's Severe Accident Policy Statement, dated August 8, 1985, and the
Commission's SRMs on SECY-90-016 and SECY-93-087, in its resolution of severe
accident issues. The staff's evaluation of severe accident issues is provided
in Section 19.2 of this report.

The regulations in 10 CFR 52.47(a)(2) describe the level of design information
needed to certify a standard design. Determining the acceptable level of
design detail necessary for the staff to make its safety findings was one of
the most challenging aspects of the staff's review. The SRM for SECY-90-377,
" Requirements for Design CertificaHon Under 10 CFR Part 52," set forth the
Commission's position on the level of design information that is required for
a certification application, and the staff has followed that guidance in
preparing this document. The staff has also followed the guidance of
SECY-92-053, "Use of Design Acceptance Criteria During 10 CFR Part 52 Design
Certification Reviews." To allow for technology improvements and as-procured
equipment characteristics, the staff based its safety determinations on the
use of design acceptance criteria (DAC) for pipe stress analysis, radiation
shielding and airborne concentrations, instrumentation and controls (I&Cs),
and control room design. The DAC are part of the CDM proposed for the System
80+ design. The staff's evaluation of the proposed CDM, including the DAC, is
provided in Section 14.3 of this report.

As part of its technical review, the staff made numerous RAls to gain suffi-
cient bases for its safety findings, thereby meeting the requirement in
Section 52.47(a)(3) to advise ABB-CE on the staff's requirements for addi-
tional technical information. See Appendix B for an index of ABB-CE's
responses to these RAls. The staff's evaluation of the scope of the design to
be certified (Section 52.47(b)(1)) is provided in Section 1.2 of this report.
The requirements set forth in Sections 52.47(b)(2) and (3) do not apply to the
System 80+ standard design, because the System 80+ is an evolutionary reactor
design that does not require prototype testing, and also is not a modular
design, and is designed as a single unit, i.e, no safety systems would be
shared at a multi-unit site.

The staff used the safety standards set forth in Section 52.48 for its
technical review of the System 80+ standard design. In addition to these
safety standards, the staff also followed Commission guidance provided in the
SRMs for all applicable Commission papers, including those identified in
Table 1.2. As a result of this guidance, the staff proposed design-specific

| regulations and justified exemptions from existing regulations in order to
| complete the framework of safety standards. An index to these safety stan-

dards is provided in Section 1.6 of this report.
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Subsequent to the completion of the staff's review of the CESSAR-DC and CDH,
ABB-CE will prepare a design control document (DCD). The DCD will consist of
the CDM and Tier 2 information as described in Section 14.3 of this report.
Applications that reference the certified System 80+ design will be required
to conform with the DCD. The DCD will be available for public inspection at
the NRC's Public Document Room when the proposed rule for design certification
is published in the Federal Reaister.

1.6 Index of Aeolicable Reaulations and Exemotions

In accordance with 10 CFR 52.48, the staff used the current regulations in 10
CFR Parts 20, 50, 73, and 100 in reviewing ABB-CE's. application for design
certification. During this review, the staff recognized that if certain
regulations were applied to.the System 80+ design, the use of those regula-
tions would not serve the underlying purpose of the rule or would not be
needed for achieving the fundamental intent of the rule. These exemptions are
discussed in the sections of this report listed below.

,

In the SRM pertaining to SECY-91-262, " Resolution of Selected Technical and
Severe Accident Issues for Evolutionary Light Water Reactor Designs," the >

Commission approved the staff's recommendation to proceed with design-specific
rulemakings as part of individual design certifications to resolve selected
technical and severe accident issues as " applicable regulations" for the
ad'.anced boiling water reactor and System 80+ standard designs. Among these
issues are staff positions that deviate from or are not embodied in current i

regulations applicable to the System 80+ design. These issues-were proposed

O- in various Commission papers, such as SECY-93-087, " Policy, Technical, and
Licensing Issues Pertaining to Evolutionary and Advanced LWR designs." The
" applicable regulations" that are specific to the System 80+ design are
identified and evaluated in this report. The proposed design certification
rule will then include these " applicable regulations" for the System 80+
design for the purposes of 10 CFR 52.48, 52.54, 52.59, and 52.63. These.
" applicable regulations" are discussed in the sections of this report listed ;

below. |

Section Description of Exemption

3.1.1 Exemption from operating-basis earthquake design require-
ment.

3.11.3.1 Exemption from 50.49(b)(3) changing RG 1.97, Revision 2 to
Revision 3.

6.2.6 Exemptions from 10 CFR Part 50, Appendix J, assumptions for
leak rate testing.

9.3.2' Exemption from post-accident sampling.

15.A Exemption from " TID 14844" Radiological Source Term.

18.6.1.3.4 Exemption from safety parameter display console requirement
of 50.34(f)(2)(iv).

ABB-CE System 80+ FSER l-9 June 1994
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19.2.3.3.2.1.6 Exemption from dedicated containment penetration require-
ment.

Section Description of ADolicable Reaulation

3.9.3.1.1, Applicable regulation for intersystem loss-of-coolant
6.3.2, accident.
20 (S5I 105)

3,9.6, Applicable regulation for inservice testing of pumps
6.5/6.6 and valves.

7.1.3 Applicable regulation for digital instrumentation and con-
trol systems.

8.3.1 Applicable regulation for electric power system.

8.5, Applicable regulation for station blackout.
20 (USI A44)

9.5.1 Applicable regulation for fire protection.

15.3.9 Applicable regulation for containment bypass potential
19.2.3.3.5.1 resulting from steam generator tube ruptures.

17.3 Applicable regulation for a design reliability assurance
program.

19.1.1.1 Applicable regulation for analysis of external events.

19.2.3.3.2.1 Applicable regulation for core debris cooling.

19.2.3.3.3.1 Applicable regulation for high-pressure core melt ejection.

19.2.3.3.6 Applicable regulation for equipment survivability.

19.2.4 Applicable regulation for containment performance.

19.3.1 Applicable regulation for shutdown risk.

1.7 Interface Reauirements

Section 52.47(1)(1)(vii) requires interface requirements that must be met by
the site-specific elements of the non-certified portion of the plant design,
such as the ultimate heat sink. The scope of the System 80+ design is
discussed in CESSAR-DC Section 1.2 and is illustrated in CESSAR-DC
Table 1.2-1. A discussion of the certified and non-certified portions of the
System 80+ design are described in Section 1.2 of this report. CESSAR-DC
Table 1.9 provides an index of the interface requirements for the System 80+
design.

1.8 Combined License Action Items

O
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COL applicants and licensees who reference the certified System 80+ standardO design in the future will be required to satisfy the requirements and
i') commitments in the DCD. Also, certain requirements and commitments are

identified in the CESSAR-DC as " COL License Information," and in this report
as " COL Action Items." These COL action items relate to programs, procedures,
and issues that are outside of the scope of the certified design review. An
applicant for a COL will address each of these items in its application.

ABB-CE included the list of COL action items in Chapter 1 of the CESSAR-DC and
provided an explanation of the items in the applicable sections of the
CESSAR-DC. In the DSER, the staff had identified a number of COL action items
from its review that ABB-CE has not identified. ABB-CE incorporated the COL
action items that had been identified by the staff in the DSER and referred to
these items in Table 1.10-1 of the CESSAR-DC as " COL license information."Confirmatory Item 1.10-1 is, therefore, resolved. Neither the table listings
nor the descriptions within the cited CESSAR-DC sections are intended to
constitute requirements for the COL applicant. The requirements are providedin the appropriate governing regulations.

1.9 Index of Tier 2* Information

The staff has determined that the CESSAR-DC commitments that are discussed in
the following sections of this report, if considered for a change by COL
applicant or licensee that references the certified System 80+ design, will
require NRC review and approval prior to implementation of the change. The
commitments identified below will be listed in the proposed rule certifyingthe System 80+ design as Tier 2* information.

O
{)\ CESSAR-DC Section FSER Section Descriotion

3.8.2 3.8.2 ASME Code Section III, Subsection NE,
(1989 Edition) for containment design
and construction

3.8.3, 3.8.4 3.8.3, 3.8.4 ACI-349 (1985 Edition) for design dnd3.8.5 construction of internal structures
3.8.3, 3.8.4 3.8.3, 3.8.4 N690 (1984 Edition) for structural

design and construction

3.9.6 3.9.6.2.1 Design, qualification, and preopera-
tional testing for motor-operated valves

3.10 3.10.1 Equipment seismic qualification methods '

N.A. 3.12 Piping DAC

4.2 4.2 First cycle fuel, control rod and design
and the methods used to analyze these
components

7.2.2.3.2 7.1.2 Identification of review criteria (set-A point methodology)
h
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[ESSAR-DC Section FSER Section Description

7.1.2.32 7.1.4.6, 7.1.4.8 Hardware and software changes, software
program manual, software development
process

7.1.2.32,
7.3.1.1.6

'
7.1.4.9 Commercial dedication

7.1.2.5, 7.2.1.2 7.2.2 Equipment qualification
7.3.1.2

7.2.1.2, 7.3.1.2 7.1.2 Electromagnetic compatibility

7.3.1.2 7.3.10 ESFAS Hardware and software changes

7.4.1.1.10 7.4.6 Emergency shutdown from outside the con-
trol room, (master transfer switch)

18.5 18.9 Functional task analysis

18.6 18.9 Control room configuration

18.7 18.9 Information presentation and panel lay- |
out evaluation |

|

18.8 18.9 Control and monitoring outside the main
control room

18.9 18.9 Verification and validation

!
i

|

|
!
I

i
i

|

ABB-CE System 80+ FSER 1-12 June 1994



.
.

._ - ____ _ _ - ______________ ______________________ _______ _ _ _ _ _ _ _ _ _ _ ._ _. ._ _ _ . _ _ .

Table 1.1 System 80+ design certification scope
Reactor Systemsg
Reactor coolant system
Chemical and volume control system
Process sampling system

Primary sampling system
Secondary chemistry control system

Fuel system
Fuel storage and handling systems

Safeauards Systems

Safety depressurization system
Safety injection system
Shutdown cooling system
In-containment water storage system
Reactor coolant gas vent system
Emergency feedwater system
Cavity flooding system

Steam and Power Conversion Systems

Main steam supply system
Condensate and feedwater system
Main condenser

O Condensate storage system
Condensate cleanup system
Main condenser evacuation system
Demineralized water makeup system .

'

Extraction steam system
Heater drain system ,

Heater vents ,

SG blowdown system
SG wet layup recirculation system

Turbine Generator Systems
!

Turbine generator
Turbine bypass system
Turbine gland sealing system
Turbine lube oil system
Turbine control system
Turbine generator cooling system

Waste Manaaement Systems !

Liquid waste management system
Gaseous waste management system
Solid waste management system
Process and effluent radiation monitoring system

d
-
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Table 1.1 System 80+ design certification scope (continued)

O
Containment Systems

Containment spray system
Containment isolation system
Containment hydrogen recombiner system
Hydrogen mitigation system
Containment vessel

Coolina Water Systems

Componer.t cooling water system
Pool cooling and purification system
Station service water system
Turbine building service water system
Turbine building cooling water system
Chilled water systems

Essential chilled water system
Normal chilled water system

Suonort Systems

Compressed air systems
Instrument air system
Station air system

! Breathing air system
Compressed gas systems

| Fire protection system
Equipment and floor drainage system
Diesel generator systems

Diesel generator engine air intake and exhaust system
Diesel generator sngine cooling water system
Diesel generator engine fuel oil system
Diesel generator engine lube oil system
Diesel generator engine starting air system

|

| Control building ventilation system
| Fuel building ventilation system

Nuclear annex ventilation system'

Reactor building subsphere ventilation system
Diesel building ventilation system

i

| Annulus ventilation system
| Containment purge ventilation system

Containment cooling and ventilation system
|

Turbine building ventilation system
Communication systems
Lighting systems

| Normal lighting
Security lighting'

Emergency lighting

O
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Table 1.1 System 80+ design certification scope (continued)-

Instrumentation and Control Systems
,

Plant protection system i

Reactor protection system
Engineered safety features actuation system +

Control systems not required for safety i

Discrete indication and alarm system '

Integrity monitoring system
Data processing system

Onsite Power Systems

!
Ac power systems ''

Class lE ac power systems *

Class IE standby power supplies ;

Non-Class IE ac power systems '

Non-Class IE alternate ac source standby power supply
Dc power systems .i

Non-Class IE de power systems i

125V de auxiliary control power system |208/120V ac auxiliary control power systems
3

250V dc auxiliary control power system
Class IE de power systems )!

125V de and 120V ac vital instrumentation and control power system

Structures

Nuclear island
Reactor building
Nuclear annex

Control complex area |
'Technical support center and operations support center

Fuel pool area
Maintenance / outage area
Diesel generator rooms
Main steam valve houses
Chemical and volume control system area j

Turbine building
i

!

i

'|

1

i

ABB-CE System 80+ FSER l-15 June 1994
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Table 1.2 Commission papers applicable to CESSAR-DC

@
SECY No. Title Date

SECY-86-228 Introduction of Realistic Source August 6, 1986 )
Term Estimates Into Licensing

SECY-88-147 Integration Plan for Closure of May 25, 1988
Severe Accident Issues

SECY-89-012 Staff Plans for Accident Management January 18, 1989
Regulatory and Research Programs

SECY-89-013 Design Requirements Related to the January 19, 1989
Evolutionary Advanced Light Water
Reactors (ALWRs)

SECY-89-230 Unresolved Safety Issue A-17, August 1, 1989
' Systems Interactions in Nuclear
Power Plants,'

SECY-89-341 Updated Light Water Reactor Source Novmeber 6, 1989
Term Methodology and Potential
Regulatory Applications

SECY-90-016 Evolutionary Light Water Reactor January 12, 1990
(LWR) Certification Issues ar.d
Their Relationship to Current
Regulatory Requirements

SECY-90-065 Evolutionary and Passive Advanced March 7, 1990
Light Water Reactor Resources and
Schedules

SECY-90-241 Level of Detail Required for July 11, 1990
Design Certification Under Part 52

SECY-90-307 Impacts of Source Term Timing on August 30, 1990
NRC Regulatory Positions

SECY-90-313 Status of Accident Management September 5, 1990
Programs and Plans for Implementation

SECY-90-341 Staff Study on Source Term Update October 4, 1990
and Decoupling Siting from Design

SECY-90-353 Licensing Review Basis for the October 12, 1990
Combustion Engineering, Inc.,
System 80+ Evolutionary Light
Water Reactor

1 O
i
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Table 1.2. Commission papers applicable to CESSAR-DC (continued)
"

SECY No. Title Date.
.

SECY-90-377 Requirements for Design November 8, 1990 i

Certification Under 10 CFR Part 52

SECY-91-078 Chapter 11 of the_ Electric Power March 25, 1991 i
Research Institute's (EPRI's) ,

Requirements Document.and Additional
Evolutionary Light Water Reactor '

(LWR) Certification Issues

SECY-91-135 Conclusions of the Probabilistic May 14, 1991
Seismic Hazard Studies Conducted
for Nuclear Power Plants in the *

Eastern United States

SECY-91-161 Schedules for the Advanced Reactor May 31, 1991
Reviews and Regulatory Guidance
Revisions

SECY-91-178 Inspections, Tests, Analyses, and June 12, 1991
Acceptance Criteria (ITAAC) for
Design Certifications and Combined
Licenses

SECY-91-210 Inspections, Tests, Analyses, and July 16, 1991
Acceptance Criteria (ITAAC).
Requirements for Design Review and
Issuance of a Final Design Approval

SECY-91-229 Severe Accident Mitigation Design- July 31,.1991
Alternatives for Certified Standard <

Designs
|

SECY-91-262 Resolution of Selected Technical August 16, 1991 !and Severe Accident Issues for jEvolutionary Light Water Reactor
i.(LWR). Designs
i

SECY-91-272 Role of Personnel and Advanced' August 27, 1991
Control Rooms in Future Nuclear

j|Power Plants

'SECY-91-292 Digital Computer Systems for. September 16, 1991 !
Advanced Light Water Reactors. I

!

|

'O
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Table 1.2. Commission papers applicable to CESSAR-DC (continued)

SECY No. Title Date

SECY-91-348 Issuance of Final Revision to October 25, 1991
Appendix J to 10 CFR Part 50,
and Related Final Regulatory
Guide 1.XXX (MS 021-5)

SECY-92-053 Use of Design Acceptance Criteria February 19, 1992
During 10 CFR Part 52 Design
Certification Reviews

SECY-92-092 The Containment Performance Goal, March 17, 1992
External Events Sequences, and the
Definition of Containment Failure
for Advanced Light Water Reactors

SECY-92-127 Revised Accident Source Terms for April 10, 1992
Light Water Nuclear Power Plants

SECY-92-134 NRC Construction Inspection Program April 15, 1992
for Evolutionary and Advanced Reactors
Under 10 CFR Part 52

SECY-92-170 Rulemaking Procedures for Design May 8, 1992
Certification

SECY-92-196 Development of Design Acceptance May 28, 1992
Criteria for the Advanced Boiling
Water Reactor

SECY-92-214 Development of Inspections, Tests, June 11, 1992
Analyses, and Acceptance Criteria
(ITAAC) for Design Certifications

SECY-92-287 Form and Content for a Design August 18, 1992
and 287A Certification Rule and March 26, 1993

SECY-92-292 Advance Notice of Proposed August 21, 1992
Rulemaking on Severe Accident
Plant Performance Criteria for
Future LWRs

SECY-92-299 Development of Design Acceptance August 27, 1992
Criteria for the Advanced Boiling
Water Reactor in the Areas of
Instrumentation and Controls and
Control Room Design

9
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Table 1.2. Commission Papers Applicable to CESSAR-DC (Continued)n

s

SECY No. Title Date

SECY-92 327 Reviews of Inspections, Tests, September 22, 1992
and Analyses (ITA.AC) for the
GE Nuclear Energy Advanced
Boiling Water Reactor (ABWR)

SECY-92-368 Final Rule Amending 10 CFR October 29, 1992
Part 52

SECY-92-381 Rulemaking Procedures for Novmeber 10, 1992
Design Certification

SECY-92-436 Status of Development of the December 31, 1992
NRC's New Construction Inspection

SECY-93-087 Policy, Technical, and Licensing April 2, 1993
Issues Pertaining to Evolutionary
and Advanced Light-Water Reactor
Designs

SECY-93-097 Integrated Review Schedules for April 14, 1993
the Evolutionary and Advanced

h Light-Water Reactor Projects
G

SECY-93-190 Regulatory Approach to Shutdown July 12, 1993
and low-Power Operations

O ;
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2 SITE CHARACTERISTICS

The staff reviewed the site parameters required by 10 CFR 52.47 (a)(1)(iii)
and contained in CESSAR-DC Chapter 2, including the envelope of plant site
parameters for the System 80+ design in plant CESSAR-DC Table 2.0-1.
The staff found that the list of site parameters is consistent with that which
is contained in appropriate sections of the Standard Review Plan (SRP)
Chapter 2 and Title 10 of the Code of Federal Regulations,10 CFR Parts 50,
52, and 100. In its review of the System 80+ standard design, the staff finds
that the acceptance criteria provided in the SRP for the review of site
suitability for the site parameters shown in CESSAR-DC Table 2.0-1, " Envelope
of Plant Site Design Parameters," are sufficient.

The staff has not identified any unique features of the System 80+ design that
would require additional limitations for the selection of sites compatible
with the System 80+ design. Therefore, the combined license (COL) applicant
referencing the certified System 80+ design may use the applicable SRP
guidelines to evaluate the suitability of its site for the construction of the
System 80+ certified design. To ensure that the System 80+ design envelopes
by the site-related parameters, the staff will perform a detailed review of
site parameters during the COL application phase. The site-specific informa-
tion to be provided by the COL applicant referencing the System 80+ design isy discussed below.

\
In its letter dated March 27, 1992, ABB-CE stated that the site-specific
safety analysis reports (SARs), submitted by the COL applicant, will demon-
strate that the parameters specified in CESSAR-DC Table 2.0-1 are met. This
was DSER Confirmatory Item 2.4.3-1 and was also discussed in Sections 2.4.4 to
2.4.11 of the DSER. The letter from ABB-CE resolved this DSER Confirmatory |

item. This action by the COL applicant is COL Action Item 2.0-1.

It should be noted that the site-specific parameters, which are discussed here
as required at the time of a plant-specific COL application, may also be ;
submitted and considered by the NRC in connection with an application for an '

Early Site Permit under 10 CFR Part 52, Subpart A. The standard plant design
) certification is Subpart B of 10 CFR Part 52.

2.1 Geoaraohv and Democraohv

The COL applicant shall submit specific information related to site location
and description, exclusion area authority and control, and population distri-
bution as discussed in this section and listed in Table 1.10-1 of CESSAR-DC.
ABB-CE discussed this in CESSAR-DC Section 2.1. This is acceptable. This is
COL Action Item 2.1-1.

2.1.1 Site Location and Description
i

The COL applicant shall submit site-specific information related to site
(o) location, including political subdivisions, natural and man-made features,
v

i
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population, highways, railways, waterways, and other significant features of
the area. ABB-CE included this in Section 2.1.1 of CESSAR-DC.

2.1.2 Exclusion Area Authority and Control

The COL applicant shall provide site-specific information related to activi-
ties that may be permitted within the designated exclusion area. ABB-CE
included this in Section 2.1.2 of CESSAR-DC.

2.1.3 Population Distribution

The COL applicant shall provide population distribution data for the site
environs. ABB-CE included this in Section 2.1.3 of CESSAR-DC.

2.2 Nearby Industrial. Transoortation. and Military Facilities

Site-specific industrial, transportation, and military hazards are discussed
in Section 2.2 of CESSAR-DC. The COL applicant shall submit site-specific
information on nearby industrial, transportation and military facilities as
discussed in this section. This is acceptable. This is COL Action
Item 2.2-1.

2.2.1 Aircraft Hazards

As stated in Section 2.2.1 of CESSAR-DC, ABB-CE proposes that a site'for the
System 80+ plant be accepted without further review if the distances from the
plant reet the following requirements which are from SRP Section 3.5.1.6, |

"Airc; aft hazards":

(1) The plant-to-airport distance (D) is between 8 and 16 kilometers (5 and
10 mi]es), and the projected annual number of operations is less than2195 D (500 D for a distance between 5 and 10 miles); or if D is greater

than 16 kilometers (10 miles)j (and the projected annual number of2operations is less than 390 D 1000 D for a distance greater than
10 miles).

(2) The plant is at least 8 kilometers (5 miles) from the edge of military
training routes including low-level training routes, except for those
associated with a usage greater than 1000 flights per year, or where
activities (such as practice bombing) may create unusual stress condi- (

tions.

(3) The plant is at least 3.2 kilometers (2 miles) beyond the nearest edge of
a Federal airway, holding pattern, or airport.

If these site proximity acceptance criteria are not met, or if sufficiently
hazardous military activities are identified, the COL applicant will be
required to submit a detailed review of the aircraft hazards in the COL
application. These parameters are included in CESSAR-DC Table 2.0-1.

The proposed site requirements in CESSAR-DC Section 2.1.1 meet the criteria of
SRP Section 3.5.1.6 and are, therefore, acceptable. The criteria of SRP
Section 3.5.1.6 are based on the assumption that adherence to these criteria
results in very low offsite release probability (less than 10'7/ reactor-year).

ABB-CE System 80+ FSER 2-2 June 1994
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2.2.2 Transportation

The COL applicant will be required to submit site-specific information onj

nearby transportation. ABB-CE included this in Section 2.2.2 of CESSAR-DC.

2.2.3 Other Industrial Hazards

The COL applicant will be required to submit specific information on potential
industrial hazards on and offsite. ABB-CE included this in Section 2.2.3 of
CESSAR-DC.

2.3 Meteorolooy

ABB-CE specifies in Section 2.3 of CESSAR-DC bounding conditions and assump-
tions related to regional climatology, local meteorology, onsite meteorologi-
cal measurements program, short-term (accident) diffusion estimates y/Q, and
long-term (routine) diffusion estimates y/Q and onsite (accident) diffusion
estimates y/Q. The term X/Q is the relative atmospheric concentration of
radiological releases at the receptor point in terms of the rate of release
from the point of release.

ABB-CE states that site specific meteorology information would be provided by
the COL applicant. Further, ABB-CE noted that, if the site-specific meteorol-
ogy parameters are outside the values in CESSAR-DC Table 2.0-1, any al.terna-
tives required for siting the System 80+ design will be presented in the site-
specific SARs. This is in Section 2.3 of CESSAR-DC. This is acceptable.
This is COL Action Item 2.3-1.

2.3.1 Regional Climatology

The COL applicant shall submit site-specific information related to CESSAR-DC
Section 2.3.1, " Regional Climatology."

2.3.2 Local Meteorology

The COL applicant shall submit site-specific information related to CESSAR-DC
Section 2.3.2, " Local Meteorology."

2.3.2.1 Tornados

ABB-CE specified in Table 2.0-1 of CESSAR-DC the following criteria regarding
tornados (i.e., the site tornado design basis):

Maximum Tornado Wind Speed . . . . 330 mph . . . . . . . . . . . 531 km/hTranslational Velocity . . . . . . 70 mph . . . . . . . . . . . . 113 km/hRadius . . . . . . . . . . . . . . 150 ft . . . . . . . . . . . . . . 45.7m ;
Maximum Pressure Differential . . 2.4 psi 16.5 kPa...........
Missile Spectra . . . . . . . . . . per SRP 3.5.1.4 Spectrum II
Rate of Pressure Drop . . . . . . 1.7 psi /sec 11.7 kPa/sec.......
Rotational Speed . . . . . . . . . 260 mph 418 km/h i...........

The current NRC regulatory position with regard to a design-basis tornado

O 1974, and Regulatory Guide (RG) 1.76, " Design Basis Tornado for Nuclear Power
is in WASH-1300, " Technical Basis for Interim Regional Tornado Criteria," May

i
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I
thatexceedsthedesignbasistornado(DBT)shouldbeontheorderof10'pdoReactors." WASH-1300 stated that the probability of occurrence of a torn

per

year per nuclear power plant. The RG delineates the maximum wind speeds of
140 to 360 mph depending on the region of the contiguous 48 States.

The staff reevaluated the regulatory positions in RG 1.76 using tornado data
which was not available when the RG was developed. The staff's evaluation was
published as NUREG/CR-4461, " Tornado Climatology of the Cnntiguous United
States," dated May 1986, and included the tornado data tape prepared by the
National Severe Storm Forecast Center with 30 years of data,1954 through
1983. This tape contains the data for the approximately 30,000 tornados that
occurred during the period.

The reevaluation found that the tornado strike probabilities ragge from near
10'7 per year for much of the western United States to about 10' per year in

having an annual strike probability of 10'p values associated with a tornado
the central United States. Thus, windspee

range from less than 153 mph to
332 mph (less than 246 km/h to 534 km/h). These windspeed estimates are 50 to
100 mph (80 to 160 km/h) lower than the speed estimates presented in WASH-1300
and RG 1.76 for most of the United States. On the basis of this analysis,
NUREG/CR-4461 concluded that it is reasonable to reduce tornado design-basis
windspeed to 200 mph (322 km/h) for the United States west of the Rocky
Mountains and to 330 mph (531 km/h) east of the Focky Mountains.

Therefore, the staff concludes that the tornado design basis specified above
byABB-CEfortheSystem80+designisacpnservativeboundaryforatornado
having an annual strike probability of 10' and is acceptable. The staff
further finds that the translational speed, the radius of maximum rotational
speed, the rate of pressure drop, the rotational speed, and the maximum
pressure drop specified above is also acceptable.

It should be recognized, however, the tornado design-basis requirements have
been used in establishing structural requirements (minimum concrete wall
thickness) for the protection of nuclear plant safety-related structures,
systems, and components (SSCs) against the effects not covered explicitly in
review guidance such as RGs or the SRP. Specifically, some aviation (general
aviation light aircraft) crashes, nearby explosions, and explosion debris or
missiles have been reviewed and evaluated routinely by the staff by consider-
ing the existence of the tornado protection requirements. Hence, the staff's
acceptance of a COL application will also necessitate a concurrent review and
evaluation of the effect on the protection criteria for some external impact
hazards, such as general aviation or nearby explosions.

2.3.3 Onsite Meteorological Measurements Program

Details on the atmospheric diffusion characteristics of a nuclear power plant
site are required to determine that postulated accidental, as well as routine
operational, releases of radioactive materials are within NRC regulatory
guidelines. The meteorological characteristics of a site are determined by

l staff evaluation of meteorological data collected at the site by the onsite
meteorological measurements program in accordance with RG 1.23, "Onsite
Meteorological Programs."
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The onsite meteorological measurements program is discussed in CESSAR-DCg) Section 2.3.3. The COL applicant will submit the onsite meteorological
.

(
(/ measurements program for review by the staff. This is acceptable. This is

included in COL Action Item 2.3-1. i
'

,

2.3.4 Short-Term (Accident) Diffusion Estimates (y/Q)
!

In lieu of site specific meteorological data, ABB-CE provided a bounding set iof short-term (accident) atmospheric relative concentrations y/Qs for the |

System 80+ design. The meteorological data representative of an 80-90th ;
percentile of U.S. operating nuclear power plant sites were used to develop ithese y/Q values. ABB-CE calculated ground-level 0-2 hour y/Q values at

i0.5 mile Exclusion Area Boundary (EAB) using Gaussian diffusion model modified I

for source configuration and lateral plume meander under neutral and/or stable
atmospheric conditions. In calculating these y/Q values, ABB-CE used the

|
methodology provided in RG 1.145, " Atmospheric Dispersion Model for Potential

!Accident Consequence Assessment at Nuclear Power Plants."
|

For time periods greater than 2 hours (i.e., 0-8 hours, 8-24 hours, 1-4 days,
and 4-30 days), ABB-CE determined y/Q values at a 2.0 mile low population zone
(LPZ) using logarithmic interpolation method given in RG 1.145. Table 2.3-1
of CESSAR-DC provides these short-term (accident) y/Q values at both the EAB

,

i

and LPZ receptors, as follows:

Location Time Period Dilution Factor r/0 (sec/m )3

m EAB 0-2 hours 1.00 x 10~3[bi LPZ 0-8 hours 1.35 x 10''
LPZ 8-24 hours 1.00 x 10''
LPZ 1-4 days 5.40 x 10~5 !

.

LPZ 4-30 days 2.20 x 10'5 '

A site selected for use of a System 80+ facility should have y/Q values within
,the bounds specified above. In the event that a site selected for the {System 80+ design exceeds the bounding y/Q values the COL applicant must

demonstrate that the radiological consequences ass,ociated with the controlling {
i

design basis accident using its site-specific y/Q values continues to meet the '

dose reference values given in 10 CFR Part 100 and control room operator dose ilimits given in GDC 19.
j
i2.3.5 Long-Term (Routine) Diffusion Estimates (y/Q)

ABB-CE alsa determined long-term relative concentrations at the LPZ boundary.
|An annuai average y/Q value at the LPZ was calculated using the method I

described in RG 1.111, " Methods for Estimating Atmospheric Transport and
iDispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled
|Reactors," Revision 1 (July 1977). |

The staff finds that ABB-CE's method for determining long-term (routine)
values for y/Q were calculated using the methodology given in RG 1.111;
therefore, these values represent the values of atmospheric dispersion at the

iLPZ expected to occur at a selected site and are acceptable.
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2.3.6 Onsite (Accident) Diffusion Estimates (X/Q).

In Section 2.3.6 of CESSAR-DC, ABB-CE calculated the on-site accident one hour
X/Q values using a time-based b'uilding wake model. This model was developed
by Ramsdell (Ramsdell, J.V., " Diffusion in Building Wakes for Ground-Level
Releases," Atmoseheric Environment, Volume 248, No. 3, pp 377-388,1990).

! Solely for the purposes of determining the X/Q value associated with the
limiting accident scenario, ABB-CE used a meteorological database that was!

characterized as " representative of an 80-90th percentile of U.S. commercial
nuclear power plant sites." The resulting X/Q values were provided in CESSAR-
DC Tables 2.3-2 through 2.3-5.

To perform an independent assessment of the on-site (accident) diffusion
estimates (X/Qs) for the control room habitability assessment, Pacific
Northwest Laboratories (PNL) conducted a peer review meeting for NRC to assess
the 1990 Ramsdell Model. At that meeting, the peer group expressed concerns

I
regarding the model's treatment of receptors within three building heights of
the release point. The peer review group identified information for close-in
distances that could be used to evaluate the performance of the 1990 Ramsdell
Model. This work is the near-source dilution model developed by Wilson and
Chui (Wilson, D.J. and E.H. Chui, Influence of Building Size on Rooftop
Dispersion of Exhaust Gas, Atmosoberic Environment, Volume 28, 1994, acceptedfor publication).

One objective of the Wilson-Chui Model is to predict a lower-bound minimum
dilution function (i.e., maximum atmospheric relative concentrations). The
field measurements from the experimental data used to derive the 1990 Ramsdell
Model were used to evaluate the performance of the Wilson-Chui Model as a
predictive tool. The results of this comparison showed that use of the
Wilson-Chui Model resulted in X/Q values which were greater than thei

; experimental data in every case. For the purposes of evaluating ABB-CE's use
of the 1990 Ramsdell Model, the staff considered the Wilson-Chui Model results
at a performance level whereby it would not be exceeded by more than 5% of the
experimental data.

In conjunction with the 95th percentile Wilson-Chui Model X/Q values, the
staff used dose conversion factors based on International Commission on
Radiological Protection (ICRP) Publication 30, " Limits for Intakes of
Radionuclides by Workers." The staff determined that, using the Wilson-Chui
Model/ICRP Publication 30 framework, the control room habitability aspects of
the System 80+ design are acceptable. Control room habitability is discussed
in Section 6.4 of this report. For the System 80+ design, as long as the
linkage exists between the use of the 1990 Ramsdell Model and the dose
conversion factors based on ICRP Publication 2, " Report of Committee II on
Permissible Dose for Internal Radiation," the staff concludes that the
resulting on-site (accident) diffusion estimates (X/Qs) provided in CESSAR-DC
Tables 2.3-2 through 2.3-5 are acceptable.

2.4 Hydroloaical Enaineerina

Hydrological engineering parameters for a site are discussed in Section 2.4 of
CESSAR-DC. The COL applicant shall submit site-specific information on
hydrologic engineering as discussed in this section and listed in Table 1.10-1
of CESSAR-DC. This is acceptable. This COL Action Item 2.4-1.
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ABB-CE was requested to revise Enclosure 2 of.its letter dated March 127,1992,[ to remove the reference to certain hydraulic engineering subjects not
'

addressed in the CESSAR-DC or add evaluations of these subjects from Enclo-
sure 2 to the CESSAR-DC. This'was DSER Open Item 2.4.14-1. ABB-CE has
adequately added information to Section 2.4 of CESSAR-DC on these subjects.
This resolved DSER Open Item 2.4.14-1.

2.4.1 External Flonds

The COL applicant will be required to submit site-specific information on
external floods. ABB-CE included this in Section 2.4 of CESSAR-DC. This
information is necessary to establish the suitability of the proposed site for
the certified design by showing that the site-specific external flood level is
below that used for the certified design.

+

2.4.2 Internal Floods

This topic is discussed in Section 3.4, " Water Level (Flood) Design," of this "

report.

2.4.3 Probable Maximum Flood on Streams and Rivers

The COL applicant will be required to submit site-specific information on the
,

probable maximum flood.

2.4.4 Potential Dam Failures

f\ The COL applicant will be required to submit site-specific information onx- / potential dam failures.

2.4.5 Probable Maximum Surge and Seiche Flooding

The COL applicant will be required to submit site-specific information on
probable maximum surge and seiche flooding.

2.4.6 Probable Maximum Tsunami Loading
,

The COL applicant will be required to submit site-specific information on
probable maximum tsunami loading.

2.4.7 Ice Effects

The COL applicant will be required to submit site-specific information on
effects of ice.

2.4.8 Cooling Water Canals and Reservoirs
,

:The COL applicant will be required to submit site-specific information on
cooling water canals and reservoirs. ,

:

2.4.9 Channel Diversions

O channel diversions.The COL applicant will be required to submit site-specific information on
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2.4.10 Flood Protection Requirements

The COL applicant will be required to submit site-specific information on
flood protection requirements.

2.4.11 Cooling Water Supply

The COL applicant will be required to submit site-specific information on the
cooling water supply. Cooling water inlet temperatures are specified in
CESSAR-DC Table 2.0-1.

2.4.12 Groundwater

The COL applicant will be required to provide site-specific information on
groundwater. CESSAR-DC Table 2.0-1 specifies the maximum groundwater level to
be 0.6 m (2 ft) below grade. The staff reviewed this site parameter in
Section 2.6 of this report and found it acceptable.

2.4.13 Accidental Release of Liquid Effluents in Ground and Surface Water

The COL applicant will be required to submit site-specific information on
accidental release of liquid effluents in ground and surface water.

2.4.14 Technical Specifications and Emergency Operation Requirements

The COL applicant will be required to provide site-specific information on
technical specification and emergency operation requirements on hydrologic
engineering.

! 2.5 Geoloav. Seismoloav. and Geotechnical Enaineerino

The COL applicant will submit site-specific information related to basic
geologic and seismic information, vibratory ground motion, surface faulting,
and stability of subsurface materials and foundations as discussed in the
following sections and Table 1.10-1 of CESSAR-DC. This is acceptable. This
is COL Action Item 2.5-1.

2.5.1 Basic Geological and Seismic Information

The COL applicant will submit site-specific information related to regional
and site physiography, geomorphology, stratigraphy, lithology, and tectonics.

'

ABB-CE included this in Section 2.5.1 of CESSAR-DC.

2.5.2 Vibratory Ground Motion

The COL applicant will submit site-specific information related to seismic,
geologic, and tectonic parameters of the site and region, correlation of

. earthquake activity with geologic structure or tectonic provinces, maximum
|

earthquake potential, seismic wave transmission characteristics of the site.
| and the safe shutdown earthquake (SSE). ABB-CE included this in Section 2.5.2
; of CESSAR-DC.

O
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2.5.2.1 Seismicity'[m\
C/ The complete historical record of earthquakes in the region will be included

in the site-specific data. The COL applicant will submit all available
information pertaining to and concerning epicenter coordinates, depth of
focus, origin time, highest intensity, magnitude, seismic moment, source
mechanism, source dimensions, distance from site, strong motion recordings,
and earthquake-induced geologic failures for each event.

2.5.2.2 . Geologic and Tectonic Characteristics of Site and Region

The COL applicant will identify tectonic provinces based on the development
and characteristics of the current tectonic regime of the region and the
pattern and level of historic seismicity.

2.5.2.3 Correlation of Earthquake Activity with Geologic Structure or Tecto-
nic Provinces

The COL applicant will determine the relationship between earthquake activity
history and the geologic structure or tectonic provinces of the region.
2.5.2.4 Maximum Earthquake Potential

The COL applicant will show that the free field control motion described in
CESSAR-DC Section 2.5.2.5 envelops the maximum possible vibratory ground
motion at the site, by the site-specific analysis. This is discussed inSection 2.5.2.6 of this report.

() 2.5.2.5 Seismic Wave Transmission Characteristics of the Site
2.5.2.5.1 Control Motions

The ABB-CE System 80+ SSE design includes the application of three control
motion spectral shapes (CMS 1, CMS 2 and CMS 3) all anchored at 0.3-g horizontal
peak ground acceleration (Figure 2.5.2-1 of this report). The three spectralshapes are the following:

1. Control motion CMS 1 is the design spectrum from RG 1.60, " Design Response
Spectra for Seismic Design of Nuclear Power Plants." CMS 1 was used to
cover both deep soil and rock sites. It is applied at the free ground
surface. Because CMSI is a standardized response spectrum shape, ABB-CE
states in CESSAR-DC that it is considered an appropriate control motion
for both rock and soil sites.

2. Control motion CMS 2 was used to cover shallow and intermediate depth soil
sites as well as rock sites. It is applied at a hypothetical rock
outcrop. The CMS 2 spectrum is lower than the CMS 1 and CMS 3 spectra at
frequencies below 3 Hz. The CMS 2 spectrum is higher than CMSI and CMS 3 at
frequencies above about 10 Hz to account for high-frequency ground motions
observed for earthquakes in the eastern United States (EUS). The time-
history associated with this motion was used as a rock outcrop motion and
convolved upward through generic soil columns to yield a broad rarje of(m expected responses (see discussion in Section 2.5.2.5.2 of this report).(,
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3. Control motion CMS 3 was also used to cover shallow and intermediate depth
soil sites as well as rock sites. It is also applied at a hypothetical
rock outcrop. CMS 3 is based on the median spectra in NUREG/CR-0098,
" Development of Criteria for Seismic Review of Selected Nuclear Plsnts," l

dated May 31, 1978 to cover lower frequency motions which may not ce
covered by CMS 2. The high-frequency range is enhanced over the NUREG/- lCR-0098 spectrum up to a frequency of 15 Hz. The amplifications at these |
higher frequencies are not as great, however, as the CMS 2 spectrum. j

The COL applicant must demonstrate that the three control motions discussed
above adequately envelope the site parameters. This is discussed in Sec- ition 2.5.2.6 of this report and is included in COL Action Item 2.5-1.

In evaluating the control motions, the staff has the following comments:

DSER Open Item 2.5.2.5.1-1 regarding acceptance criteria of SRP Section 3.7.1,
" Seismic Design Parameters", for the 7-percent damping is addressed and closed
out in Section 3.7.1 of this report.

ABB-CE responded to the DSER Open Ite,m 2.5.2.5.1-2 regarding the problem of a
significant " valley" occurring in the foundation spectra in its letter dated
December 23, 1992. It is stated in that letter that the reduction of spectra
at the free-field foundation level occurs at a frequency corresponding
approximately to that of the sublayer between the ground surface (where the
CMSI motion is specified) and the foundation level. To overcome this reduc-
tion, the deconvolution is done considering a wide range of modulus values of
the soil comprising this layer. This is acceptable and this DSER open item is
closed.

ABB-CE discusses the above control motions, CMS 1, CMS 2, and CMS 3, in CESSAR-DC
Section 2.5.2.5.1 and indicates how they will be used to ganerate seismic
input for the design of Category I structures. This is acceptable. There-
fore, DSER Open Items 2.5.2.5.1-3 and 2.5.2.5.1-4 are resolved.

ABB-CE explains how the COL applicant is to use the three control motion
spectra in conjunction with the site-specific spectra to determine the
acceptability of the site in Section 2.5.2.5.1 of CESSAR-DC. This is accept-
able. Therefore, DSER Open Item 2.5-1 is resolved.

ABB-CE states that the System 80+ seismic design will cover the majority of
potential sites in the continental United States. The possible exceptions are
sites near active faults which could result in free field spectra higher than
the design basis. The staff notes that there are only two currently operating
nuclear power plant sites in the United States that have SSE ground accelera-
tion values higher than the envelope of the three control motion spectra used
in the certification of the System 80+ design. A discussion of the applica-
tion of the above three control motion spectra to the plant seismic design
criteria is in Section 3.7.2 of this report.

The COL applicant must perform a site-specific soil column analysis to
calculate response spectra at the ground surface and foundation level using

~

the site-specific control motion and soil condition. This analysis is needed
to verify the satisfaction of the following condition:

,
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If the site-specific rock outcrop spectra indicate exceedances at someg

/ T frequencies of interest, the computed site-specific free-field spectra atG/ ground surface will be compared.with the envelope of surface spectra from all
cases analyzed for the generic site study in the CESSAR-DC. If the site-
specific, free-field surface spectra are enveloped by these generic envelope
spectra, the site is considered acceptable. This is included in COL Action
Item 2.5-1.

2.5.2.5.2 Generic Soil' Sites

A set of 13 sites was developed (12 soil sites and I rock outcrop site) with
the aim of providing a broad range of potential site conditions for use in the
generic system design. The resulting ground-motion estimates provide a broad
range of responses over the frequency range of interest for the system design.
However, the following additional aspects of the problem need to be considered
by the COL applicant performing the site-specific soil column analysis:

(1) The range in potential rock shear wave velocity used in a sensitivity
study in response to a staff question (Q230.2 of Appendix B of this
report) submitted on September 26, 1991, was limited to 2440 m/sec (8000
ft/sec). The staff noted in the meetings of April 27 through April 30,
1992, (NRC meeting summary dated June 3, 1992) with ABB-CE that rock
velocities on the order of 3660 m/sec (12,000 ft/sec) had been measured
at EUS sites founded on hard crystalline rocks. Should the site-specific
rock velocities exceed 2440 m/sec (8000 ft/sec), the COL applicant should
do an analysis using the actual rock velocity of the prospective site.

9 (2) At deep-soil sites (on the order of 91 m (300 ft) deep or more), the[d\ effect of additional confinement produced by overburden leads to an
effective stiffening of the soils at the deeper depths. Both of these
effects can lead to higher peak responses at the ground surface, and
lower strains in the soil columns than considered in the generic evalua-tions. Should the soil depth exceed 91 m (300 ft), the COL applicant
should account for the effects of additional confinement and effective
stiffening of the soil at deeper depths when developing the surface
motions to evaluate the adequacy of the standard design.

The COL applicant referencing the certified System 80+ design will be required
to develop site-specific geological, seismological, and geotechnical data and
will submit these data to the NRC staff for review. These data should be
comparable to the design-basis assumptions regarding the SSE, including the
verification of the ground-motion response spectra. The staff will compare
the site-specific earthquake ground-motions to the ground motions used as
input for the design certification in accordance with procedures and accep-

!tance criteria in SRP Section 2.5.2," Vibratory Ground Motion." ABB-CE
|included this in Sections 2.5, 2.5.1, 2.5.2, 2.5.2.1, and 2.5.2.1 of CESSAR-

DC. This is acceptable. This is included in COL Action Item 2.5-1.

For a shallow soil site, to confirm that the site-specific conditions are I
satisfied and the standard design is suitable for a specific site, the COL
applicant may define the site-specific ground motion (ground response spectra)
at ground surface in the free field, if this ground motion is developed from an

(d statistical analysis of a sufficient number of ground-motion records that arei

chosen for their similarity in source path and site properties, as well as
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magnitude, fault type, and tectonic environment, and can be classified as a
site-specific (shallow soil site) surface ground motion. In all cases, the
appropriate level of the site-specific spectrum for comparison with the design
certification spectrum is the 84th percentile of t.he statistical analysis, of
the earthquake data. However, if the shallow site surface motion cannot be
developed in accordance with these criteria, the COL applicant should follow
the steps given below to confirm the suitability of the proposed site for the
certified plant:

(1) Define a site-specific ground motion as the free-field motion at a level
that complies with the guidelines of SRP Section 3.7.1, for example, at a
rock outcrop or a hypothetical rock outcrop.

(2) Compare the site-specific ground motion with the input motion specified
on the outcrop for the standard plant design.

(3) Determine if the site-specific input motion at the control point exceeds
the standard design outcrop motion.

(4) Perform site-specific soil column convolution analysis to develop the
free field ground surface motions for comparison with the design basis
surface spectra.

ABB-CE states this in Section 2.5 of CESSAR-DC. This is acceptable. This is
included in COL Action Item 2.5-1.

2.5.2.6 Safe Shutdown Earthquake

The COL applicant will compare site-specific earthquake ground motions to the
ground motions used as input for the design certification. The COL applicant
must verify that the site-specific design response spectra are enveloped by
the control motion spectra CMS 1, CMS 2, or CMS 3. ABB-CE included this in
Section 2.5.2 of CESSAR-DC. This is acceptable. This is included in COL
Action Item 2.5-1.

For control motion spectra CMS 2 and CMS 3, the vertical spectrum is defined to
be two-thirds of the corresponding horizontal spectrum over the entire fre-
quency range of interest. This two-thirds factor may constrain the site
selection by the COL applicant. However, both the horizontal and vertical
free field surface design spectra must envelope the 84th percentile spectra
that would be developed from any site-specific geological and seismological
evaluation (SRP Section 2.5.2).

2.5.2.7 Operating Basis Earthquake

The operating basis earthquake (0BE) is not considered in the design basis.
This approacn is acceptable since the Commission has eliminated the OBE from
the design for evolutionary reactors, per SECY-90-016, " Evolutionary LWR

)Certification Issces and Their Relationship to Current Regulatory Require- ;
ments," dated January 12, 1990. See the discussion of this approach in i

Section 3.1 of this report. l
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2.5.2.8 Site Response

V Section 2.5.2.7.1 of CESSAR-DC addresses the procedures used to perform
convolution calculations for vertically propagating shear wave and compression

For the shear wave problem, the method of calculation used by ABB-CEwaves.
has been a standard practice over the years to achieve what is reviewed as
reasonable estimates of site response to the specified ground-motion estim-
ates. Laboratory results are available for use in the selection of appropri-
ate soil properties, and a significant number of comparisons have been made by
a variety of investigators to correlate measured and computed responses.
ABB-CE used the synthetic time-histories H1 of motion CMS 2 as the input rock
outcrop motion for each soil case, and obtained the strain-compatible modulus
and damping values for that soil case. These properties were then used
without further modifications for the analysis involving synthetic time-
history H2 of CMS 2 and time-histories H1 and H2 of CMSI and CMS 3 as the input
rock outcrop motions.

For the compressional wave problem, no significant laboratory data are
available on which to base estimates of soil properties, and no significant
effort has been made to compare measured and computed responses. ABB-CE has,
therefore, performed the vertical (compressional wave) motion analyses by
converting the strain-compatible shear moduli (from the shear wave analysis)
to constrained moduli assuming a Poisson's ratio of 0.4 for all soil layers.
The strain-compatible damping values from the shear wave analysis were
multiplied by 1/3 to obtain an estimate of the damping associated with the
compressional waves.

O)(V In response to a staff question regarding the effect of the variation of
Poisson's ratio on the vertical soil-structure interaction (SSI) analyses,
ABB-CE performed a parametric study in which the seismic response at key
locations such as the ground surface was determined using Poisson's ratio
values of 0.3 and 0.47. The results of this study are discussed in Section
3.7.2 of this report. As stated therein, ABB-CE contends that, regardless of
the damping and Poisson's ratio used in the certification application, the
site can be considered as qualified as long as the vertical motion at the
surface as developed by the COL applicant for site-spacific conditions is
enveloped by the System 80+ surface spectra included in the CESSAR-DC. Based
on the results of this study, the staff concludes that the COL applicant must
address the impact of the actual site-specific Poisson's ratio and damping
values and their variability on the vertical seismic response. This isacceptable. This is included in COL Action Item 2.5-1. Therefore, DSER OpenItem 2.5.2.8-1 is resolved.

2.5.3 Surface Faulting

The COL applicant shall submit detailed surface and subsurface geological and
geophysical information to ensure that no potential exists for surface fault-
ing affecting the site. ABB-CE included this in Jection 2.5.3 of CESSAR-DC.
This is acceptable. This is included in COL Action Item 2.5-1.

The NRC stated in the DSER that it would not consider certifying the Sys-
n tem 80+ design to withstand surface faulting. ABB-CE states in Section 2.5.3
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of CESSAR-DC that the System 80+ plants will not be built on sites w.ith
surface faulting. This is acceptable. Therefore, DSER Open Item 2.5.3-1 is
resolved.

2.5.4 Stability of Subsurface Materials and Foundations

2.5.4.1 Geologic Features

The COL applicant will submit site-specific information regarding the geologic
features underlying the site. ABB-CE included this in Sections 2.5.4 cf
CESSAR-DC. This is acceptable. This is included in COL Action Item 2.5-1.

2.5.4.2 Properties of Underlying Materials

The COL applicant will use state-of-the-art methods to determine the static
and dynamic engineering properties of all foundation soils and rocks in the
site area. ABB-CE included this in Section 2.5.4.2 of CESSAR-DC. This is
acceptable. This is included in COL Action Item 2.5-1.

The COL applicant must verify that the minimum shear wave velocity of founda-
tion soils is not less than the values documented in the CESSAR-DC. ABB-CE
addresses this item by stating in CESSAR-DC Table 2.0-1 that a site has to
meet all three of the following criteria: minimum foundation level soil shear
wave velocity of 213 m/sec (700 ft/sec), minimum foundation level soil bearing
capacity of 59 ton /m2 (12 ksf), and no soil liquefaction potential when
subjected te the site-specific SSE ground motion. This is acceptable. This
is included in COL Action Item 2.0-1, which is discussed at the end of
Section 2.6 of this rerort.
2.5.4.3 Relationship of Foundation to Underlying Materials

The COL applicant must submit all data pertaining to site-specific soil layers
(including their thicknesses, densities, moduli, and Poisson's ratios) between
the basemat and the underlying rock stratum. Plot plans and profiles of site
explorations will be provided in the site-specific SAR. ABB-CE included this
in Section 2.5.4.3 of CESSAR-DC. This is acceptable. This is included in COL
Action Item 2.5-1.

2.5.4.4 Soil and Rock Characteristics

The COL applicant must perform geophysical and geotechnical investigations at
the site, and submit the encheering classifications and descriptions of wils
and rocks supporting the structural foundations. ABB-CE incluaed this in
Section 2.5.4.4 of CESSAR-DC. This is acceptable. This is included in COL
Action Item 2.5-1,

2.5.4.5 Excavation and Backfill

The COL applicant referencing the System 80+ certified design must submit data
concerning the extent (horizontally and vertically) of all seismic Category I
excavations, and backfills. The sources, quantities, and static and dynamic
engineering properties of borrow materials will be described in the site-
specific SAR. The compaction requirements, results of field compaction tests,
and fill material properties such as moisture content, density, permeability,
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compressibility, and gradation should also be submitted. ABB-CE included thism
I h in Section 2.5.4.5 of CESSAR-DC. This is acceptable. This is included in COL !V Action Item 2.5-1. j,

2.5.4.6 Groundwater Conditions

The COL applicant must submit the critical cases of groundwater conditions
relative to the foundation stability of the safety-related structures at the
site. They will also confirm that the soil properties of the various layers
under all possible groundwater conditions during the plant life will fall
within the range of values assumed in the CESSAR-DC. ABB-CE included this in
Section 2.5.4.6 of CESSAR-DC. This is acceptable. This is included in COL
Action Item 2.5-1,

2.5.4.7 Response of Soil and Rock to Dynamic Loading

ABB-CE presents standard curves in CESSAR-DC Section 2.5 showing the variation
of shear modulus and material damping with shear strain for soils based on the
publications by H. B. Seed and I. M. Idriss, " Soil Moduli and Damping Factors
for Dynamic Response Analysis," Report No. EERC 70-10, University of Califor-
nia, Earthquake Research Center, Berkeley, California, December 1970.

From these sets of curves, ABB-CE chose the upper curve for the shear modulus
variation and the lower curve for the damping variation. In response to the
staff question Q 230.7, which is listed in Appendix B of this report, ABB-CE
performed a parametric evaluation and found that selecting either the upper
curve or the lower curve for shear modulus variation was not necessarily(m, conservative. However, in the letter dated April 15, 1992, ABB-CE assertedV) that the wide range of soil depths and shear wave velocities used in the
System 80+ design covered the variations in response indicated by its paramet-
ric study.

The COL applicant must demonstrate that the assumptions made in the standard
design regarding the variation of shear wave velocity and material damping are
applicable to the site-specific design. ABB-CE included this in Sec-
tion 2.5.4.7 of the final CESSAR-DC. This is acceptable. This is included in
COL Action Item 2.5-1.

2.5.4.8 Liquefaction Potential

ABB-CE states in CESSAR-DC Table 2.0-1 that sites with liquefaction potential
at the site-specific SSE level will be excluded from consideration. The COL
applicant must demonstrate that no liquefaction potential exists at the SSE
level for the site for soils under and around all seismic Category I struc-
tures including Category I buried pipelines, tunnels, and electrical ducts.

The COL applicant must justify the selection of and the earthquake magnitude,
duration, and the corresponding number of excitation cycles the soil proper-
ties used in the liquefaction potential evaluation (e.g., by submitting
laboratory tests, field tests, and published data). In addition, the testing
methods should be documented and subject to review and approval by the staff,
ABB-CE included this in Section 2.5.4.8 of the final CESSAR-DC. This is(g) acceptable. This is included in COL Action Item 2.5-1.

v
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2.5.4.9 Earthquake Design Basis

The earthquake design basis for the System 80+ design is discussed in CESSAR-
DC Sections 2.5.2.6 and 2.5.2.7, and Appendix 28. The staff's evaluations of
these sections are provided in Sections 2.5.2 and 3.7.1 of this report.

2.5.4.10 Bearing Capacity

ABB-CE states in CESSAR-DC Table 2.0-1 that the minimum static bearing
capacity of foundation material to support the superimposed loads from the

2structures is 59 ton /m (12 ksf). The COL applicant must demonstrate that the
site-specific soil-bearing capacity is equal to or exceeds the value in
CESSAR-DC Table 2.0-1. The COL applicant should document the method used to
establish the site-specific soil-bearing capacity and submit it for review and
approval by the staff. ABB-CE included this in Section 2.5.4.10 of the final
CESSAR-DC. This is acceptable. This is included in COL Action Item 2.5-1.

2.5.5 Stability of Slopes

The COL applicant will be required to submit site-specific information on the
stability of slopes. ABB-CE included this in Sections 2.5.5, 2.5.5.1,
2.5.5.2, and 2.5.5.3 of CESSAR-DC. This is acceptable. This is included in
COL Action Item 2.5-1.

2.5.6 Embankments and Dams

The COL applicant will be required to provide site-specific information on
embankments and dams. ABB-CE included this in Sections 2.5.5, 2.5.5.1,
2.5.5.2, and 2.5.5.3 of CESSAR-DC. This is acceptable. This is included in
COL Action Item 2.5-1.

Annendix 2A: Characteristics of Generic Soil Sites

The information included in this CESSAR-DC appendix is reviewed and evaluated
in Section 2.5.2.5.2 of this report.

Apoendix 28: Characteristics of Selected Control Motions

The information included in this CESSAR-DC appendix is reviewed and evaluated
in Section 2.5.2.5.1 of this report.

Appendix 2C: Strain-Compatible Modulus and Dam.pina Values

The information included in this CESSAR-DC appendix is reviewed and evaluated
in Section 2.5.2.5.2 of this report.

2.6 Site Parameter Envelope

Pursuant to 10 CFR 52.47(a)(1)(iii) an applicant seeking design certification
is required to (1) submit site parameters postulated for the design and (2)
analyze and evaluate the design in terms of these parameters. A list of site
parameters for the System 80+ design is in CESSAR-DC Table 2.0-1. The staff's
evaluation of the parameters in Table 2.0-1 is the following:
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Groundwater - The site-specific maximum groundwater level is 0.6 m (2 ft) |,,

( ) below grade; this is acceptable because this is a conservatively chosen ground
C/ water elevation and should cover the conditions prevalent at a majority of

potential sites in the continental United States.
l

l

Maximum Flood (or Tsunami) Level - The site-specific maximum flood level is

1|0.3 m (1 ft) below grade which is consistent with the requirement of the EPRI
Advanced Light Water Reactor Utility Requirements Document (URD), Volume II,
"ALWR Evolutionary Plant," dated August 31, 1990. This is acceptable because
the minimum design-basis flood level for preventing damage to seismic
Category I SSCs is also at 0.3 m (1 ft) below plant grade. The maximum flood
level is discussed in Section 3.4 of this report.

Precipitation (Maximum Rainfall Rate) - In its question (Q311.1 of Appendix B
of this report), the staff questioned the appropriateness of using a maximum
rainfall rate of 0.25 m/hr (10 in/hr). ABB-CE responded in its letter dated
February 12, 1992, thpttheSystem80+designwillchang age
rainfall to 0.49 m/km /hr (19.4 in/mi /hr) and 0.16 m/km,e the maximum aveg/52

/5 min (6.2 in/mimin), to be consistent with Revision 1 of the EPRI URD. CESSARE Table 2.0-1states the latter values. In NUREG-1242, "NRC Review of Electric Power
Research Institutes Advanced Light Water Reactor Utility Requiremeats Docu-
ment," dated August 1992, the staff's evaluation of the EPRI URD, ti'e staff
accepted the above rainfall rates but noted that a number of great lake area
sites may not satisfy these parameters. Therefore, these rates are acceptable
to the extent that the standard plant design will only be certified to the
maximum rainfall rate described above.

Precipitation (Snow Load) - In its question (Q311.1 in Appendix B of (thisreport), the staff questioned the appropriateness of using 244 kg/m 50 psf)y

in CESSAR-DC Table 2.0-1 for the maximum snow load because this requirement
may exclude some regions in the Great Lakes area and northeastern U.S.,
according to the ground snow load map formerly (Fig. 7) of American Society of
Civil Engineeps (ASCE) 7-88 (formerly ANSI A58.1-1982). ABB-CE responded that
this 244 kg/m (50 psf) value will be used in the design of System 80+ and a
site-specific evaluation will be performed for plant sites with possible snow

2load in excess of 244 kg/m (50 psf). The s
certified to a maximum snow load of 244 kg/m}andard plant design will only be(50 psf).

Desian Temoeratures - CESSAR-DC Table 2.0-1 specifies three categories of
design temperatures: ambient, station service or emergency cooling water
inlet, and condenser circulating water inlet. The water temperatures in the
table are expressed in terms of the maximum and minimum temperatures for both
the 1-percent exceedance probability and zero exceedance probability. In the
DSER, the staff concluded that ABB-CE should clarify how the design tempera-
tures listed in Table 2.0-1 will be used in the design of plant systems. Thiswas DSER Open Item 2.6-1.

ABB-CE has specified the maximum and minimum design water temperatures for the
plant systems used for cooling which are evaluated in Section 9.2 of this
report. These maximum and minimum design water temperatures hre consistent
with the water temperatures in Table 2.0-1 of CESSAR-DC. This is acceptable.
On this basis, DSER Open Item 2.6-1 is resolved.,

()
!
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Extreme Wind - The design-basis velocity for extreme winds differs from that
for tornados because of the differences in recurrence internals and associated
acceptance criteria such as design limits and loading combinations. CESSAR-DC
Table 2.0-1 specifies basic windspeeds of 177 km/hr (110 mph) with importance
factors of 1.0 and 1.11 for non-safety-related and safety-related structures,
respectively. The design wind speed for safety-related structures is accept-
able as discussed in Section 3.3.1 of this report.

Tornado - The System 80+ design uses missile Spectrum II (alternate spectrum)
of SRP Section 3.5.1.4, " Missiles Generated by Natural Phenomena," which
deviates from Table 1.2-6 of the URD, with missile Spectrum I. The approach
is acceptable since both Spectra I and II meet the missile spectrum require-
ment of GDC 4 as given in SRP Section 3.5.1.4.

Soil Properties - The minimum soil-bearing capacity is 59 ton /m' (12 ksf) and
sites with liquefaction potential at the site-specific SSE level are excluded.
This information is reviewed and evaluated in Sections 2.5.4.8 and 2.5.4.10 ofthis report.

Egitmplqgy - The SSE and design ground response spectra are evaluated in Sec-
tion 2.'i of this report. The response time history is evaluated in Sec-
tion 3.i.1 of this report.

In the DSER, the staff concluded that the following site parameters should be
in CESSAR-DC Table 2.0-1. This was DSER Open Item 2.6-2. This data has been
added to the table with the EAB and LPZ distances increased; therefore, DSER
Open Item 2.6-2 is resolved.

Aircraft Hazards

| Plant to airport distance 8km(5 miles)<D<16km(Ipmiles)withannual
operation less than 195 0 or

D>16 km (10 milps) with an annual operation
less than 390 D

Plant to edge of military D28 km (5 miles) with an annual operation
training routes less than or equal to 1000 flights

Plant to edge of Federal D23.2 km (2 miles)airway, holding pattern, or
airport

Meteoroloav

Short-term dilution factor y/Q 1.0x10'3; EAB-800 meters (0.5 miles)
Long-term dilution factor X/Q 2.2x10'5; LPZ-3200 meters (2.0 miles)

The COL applicant should verify site-specific data to ensure that the data are
bounded by those site envelope characteristics included in CESSAR-DC Table
2.0-1 and discussed above. The COL applicant must justify any sites outside

ABB-CE System 80+ FSER 2-18 June 1994
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the design envelopes. ABB-CE included this in Section 2.0 of CESSAR-DC. This '

is acceptable. This is COL Action Item 2.0-1.- ,

;

The meteorol'ogic values in CESSAR-DC Table 2.3-1 is consistent with the CDM'
.

and CESSAR-DC Table 2.0-1. This resolves DSER Confirmatory Item 1.1-1. '
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Figure 2.5.2-1. Control Motions for System 80+ Seismic Design
(CMS 1, CMS 2, CMS 3) (Note: This is the same as Fig. 2.5-5 in CESSAR-DC.)

O
.
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3 DESIGN OF STRUCTURES, COMP 0NENTS, EQUIPMENT, AND SYSTEMS: APPLICATION OF

|
NATIONAL CODES AND STANDARDS IN DESIGN CERTIFICATION '

The staff's acceptance of national codes and standards for use in the design
certification application is based on the latest edition of a given code or
standard that has been reviewed and endorsed by the staff or endorsed with
exceptions. The specific editions of the national codes and standards that
are acceptable to the staff are part of the bases of the staff's finding in
this safety evaluation report. The staff has reviewed and found acceptable
those parts of codes and standards cited in this report, unless otherwise
noted.

For design certification, ABB-CE should identify baseline-specific editions of
the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code (hereinafter referred to as "ASME Code") relating to in-service inspec-
tion (ISI) and in-service testing (IST). Each plant should meet all baseline
ISI and IST requirements as specified in Sections 3.9.6 and 5.2.4 of this
report. However, the requirements for the initial 10-year ISI and IST program
must be determined by the edition of ASME Section XI in effect one year before
the issuance of an operating license. Subsequent ISI and IST programs must be
updated to the edition of Section XI in effect one year before the start of
corresponding 10-year ISI and IST intervals. Because Section XI requirements
evolve with the ASME Code, a licensee is required by 10 CFR 50.55a(f) and
50.55a(g) to meet the subsequent or new ISI and IST requirements to the extent-

( practical, within the limitations of design, geometry, and materials of
construction of the components. The regulations provide for the staff
evaluation, upon written request, of new Section XI ISI and IST requirements

.

determined by a licensee to be impractical for its facility. The staff has
regulatory authority (10 CFR 50.55a(f) and (g)) to grant relief from specific
impractical ISI or IST requirements and to impose alternative requirements, if
appropriate.

>

The ABB-CE design is based on performing ISI and IST in accordance with 10 CFR
50.55a(f) and 50.55a(g). The combined license (COL) applicant should note the
applicable ISI and IST code editions and submit the corresponding ISI and IST
programs for staff review and approval in accordance with 10 CFR 50.55a(f) and
50.55a(g). This is included in COL Action Items 1-2, 3.9-1, and 5.5.

However, pre-service inspection (PSI) requirements are related to the design,
which is based on specific editions of the ASME Code identified in the design
certification. Details related to PSI are discussed in Sections 5.2.4 and 6.6of this report. Because the PSI requirements can be incorporated into the
component design, 10 CFR 50.55a(g) does not have provisions for relief
from PSI requirements, and ABB-CE has not noted any deviations from the 1989
Edition of the Code.

Detailed discussions on ISI and IST are in Sections 3.9.6, 5.2.4, and 6.6 of
p this report.
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In the draft safety evaluation report (DSER), the staff noted that ABB-CE |

should verify that the CESSAR-DC identifies specific editions of all national
codes and standards. This was DSER Open Item 3-1.. CESSAR-DC Table 1.8-6
identifies the specific editions of the applicable national codes and stan-
dards, including the 1989 Edition of the ASME Code and addenda, for the Sys-
tem 80+ design. Relevant parts of this specific edition of the ASME Code have
been endorsed by 10 CFR 50.55a, and are, therefore, acceptable. On this

;
'

basis, DSER Open Item 3-1 resolved.
!

By DSER COL Action Item 3.9.3.1-1, the staff requested that the COL applicant
.

verify the edition of the ASME Code to be used in its design in accordance i

with Chapter 3 of this report. The staff's position is that the COL applicant
may propose editions of national codes and standards that are different from
those specified identified in CESSAR-DC Table 1.8-6, but the COL applicantt

i must submit information containing a summary of its evaluation for each change'

and provide the bases in a "50.59-like" determination. As set forth below,
CESSAR-DC Sections 3.9.3 and 5.2.1.1 state that the site-specific safety
analysis report (SAR) will provide information on the specific editions of the
ASME Code in the site-specific design and that ASME Code editions and addenda
other than those specified in CESSAR-DC Table 1.8-6 shall have been endorsed|

! by 10 CFR 50.55a. This is acceptable. This is included in COL Action ,

Item 1-2. j
t

3.1 General

The staff reviewed the information in CESSAR-DC Section 3.1 to verify that the
System 80+ standard design will meet the general design criteria (GDC) ofAppendix A to 10 CFR Part 50.

3.1.1 Elimination of Operating Basis Earthquake (0BE) from Design Consider-ation

Appendix A to 10 CFR Part 100 requires, in part, that all structures, systems,
{and components (SSCs) of the nuclear power plant necessary for continued !

operation without undue risk to the health and safety of the public shall be Idesigned to remain functional and within applicable stress and deformation j
limits when subject to an OBE. Changes to Appendix A to 10 CFR Part 100 are '

being proposed to redefine the OBE such that the OBE criterion can be satis-
fied without the need to perform explicit design and response analyses, if the
OBE is equal to or less than one-third of the safe-shutdown earthquake (SSE). (The proposed amendment to 10 CFR Part 100, Appendix A, would also allow, as an |

option, that the OBE be eliminated from design certification when the OBE is
established at less than or equal to one-third of the SSE. In this manner,
the OBE serves the function as an inspection level earthquake below which the
effect on the health and safety of the public would be insignificant and above
which the licensee would be required to shut down the plant and inspect for
damages. In addition, the staff notes that Appendix A to 10 CFR Part 100 ,

requires that the maximum vibratory ground acceleration of the OBE be at least {
one-half the maximum vibratory ground acceleration of the SSE. Therefore,
deviations from this regulation must be evaluated to ensure that 10 CFR 50.12
exemption criteria are satisfied when the OBE is eliminated from design

{analysis and is redefined only as an inspection level earthquake with the
maximum vibratory ground accele ation at one-third of that of the SSE. {

!
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Special circumstances exist for granting these exemptions from the require-

(mv)ments of Appendix A to Part 100 pursuant to 10 CFR 50.12. The purpose of
designing SSCs necessary for continued operation wi.thout undue risk to the
health and safety of the public to withstand an OBE is to ensure that these
SSCs remain functional and within applicable stress and deformation limits
when subjected to the effects of the OBE vibratory ground motion. However,
Appendix A to Part 100 also requires that these SSCs be designed to withstand '

the SSE and remain functional. Thus, when these SSCs are designed to remain
functional for the SSE, they will also remain functional at a lesser earth-
quake level (one-third the SSE) provided that all design functions of the OBE
are accounted for. The basis for selecting one-third the SSE as the earth-
quake level at which the plant will be required to shut down and be inspected

j for damage was that at this level the likelihood of damage and the frequency
| of earthquakes occurring was judged to be low based on actual earthquake
L experience. It should be noted that certain design functions had been

verified only for the OBE loads in the past. These design functions were the
~

evaluations of (1) fatigue damage caused by earthquake cycles and (2) relative
seismic anchor motions (SAMs) in piping systems. With the elimination of the
OBE from design, these design functions would not explicitly have been
verified. Consequently, for the System 80+ these design functions will be
verified in conjunction with the SSE using applicable stress and deformation

| limits as described below.
I

As described more fully below, the special circumstances described by 10 CFR |50.12(a)(2)(ii) exist in that the regulation need not be applied in this
particular circumstance to achieve the underlying purpose of the rule because

p ABB-CE has proposed acceptable alternative analysis methods that accomplish
Y the intent of the regulation. On this basis, the staff concludes that the

exemption is justified because the alternative analyses performed for the SSE
and the need to inspect the plant following an earthquake at or above one-
third the SSE accomplish the design objectives of the OBE design analyses.

Backaround

In SECY-90-016, " Evolutionary Light Water Reactor (LWR) Certification Issues
and Their Relationship to Current Regulatory Requirements," the staff
requested the Commission's approval to decouple the level of the OBE ground
motion from that of the SSE. The Commission approved the staff's position in
its staff requirements memorandum (SRM) of June 26, 1990. In SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor (ALWR) Designs," the staff further requested that
the Commission approve eliminating the OBE from the design of SSCs in both
evolutionary and passive advanced reactors designs. The Commission approved
this staff position in its SRM dated July 21, 1993. The elimination of the
OBE from design was requested by the Electric Power Research Institute (EPRI)
and also recommended by the Advisory Committee on Reactor Safeguards (ACRS) in
its letter of April 26, 1990.

In SECY-93-087, the staff examined the safety impact of eliminating the OBE as
it pertains to civil structures, piping systems, and equipment seismic
qualification. The staff also made several recommendations to ensure that

p eliminating the OBE would not result in a significant decrease in the overall
plant safety margin. In its SRM of July 21, 1993, the Commission approved and
agreed with the following staff positions:'

ABB-CE System 80+ FSER 3-3 June 1994
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Use two SSE events with 10 maximum stress cycles per event to account for*

earthquake cycles in the fatigue analyses until the staff issues new
guidance; alternatively, the number of fractional vibratory cycles
equivalent to that of 20 full SSE vibratory cycles may be used (but with
an amplitude not less than one-third of the maximum SSE amplitude) when
derived in accordance with Appendix D of Institute of Electrical and
Electronics Engineers (IEEE) 344-1987.

Consider the effects of anchor oisplacement in the piping caused by an*

SSE with the Service Level D limit.

Eliminate the OBE from the design of SSCs. When the OBE is eliminated
*

from the design, no replacement earthquake loading should be used to
establish the postulated pipe rupture and leakage crack locations.

The mechanistic pipe break and high-energy leakage crack locations*

determined by the piping high stress (without earthquake loads) and
fatigue locations (with earthquake loads) may be used for equipment
environmental qualification and compartment pressurization purposes.

With the elimination of the OBE, two alternatives exist that will*

essentially maintain the requirements provided in IEEE 344-1987 to
qualify equipment with the equivalent of five OBE events followed by one
SSE event. Of these alternatives, the equipment should be qualified with
five one-half SSE events followed by one full SSE event. Alternatively,
a number of fractional peak cycles equivalent to the maximum peak cycles
for five one-half SSE events may be used in accordance with Appendix D of
IEEE 344-1987 when followed by one full SSE.

Continue to use the OBE as a threshold criterion for conducting inspec-*

tion following an earthquake event.

The following sections present the staff's evaluation of the commitments
specified in the CESSAR-DC to ensure that appropriate measures and adequate
safety margins are maintained when the OBE is eliminated from the design. The
sections evaluate (1) ASME Code Class 1, 2, and 3 components and core support
structures, (2) concrete and steel structures, (3) equipment seismic qualifi-
cation, and (4) pre-earthquake planning and post-earthquake operator actions.

ASME Code Class 1. 2. and 3 Components and Core Suncort Structures

, The dynamic analysis methods for seismic analyses of ASME Code Class 1, 2, and
! 3 components and core support structures in the System 80+ are described in
!

the CESSAR-DC as approved by the NRC staff in Sections 3.9.2 and 3.12.3 of
this report. The loads and load combinations used for evaluating ASME Code
Class 1, 2, and 3 components and core support structures are provided in the
CESSAR-DC and are also discussed in Sections 3.9.3.1, 3.12.5.3, and 3.12.5.15
of this report. Conformance to existing staff guidelines that ensure the
operability of safety-related pumps and valves under SSE loading conditions
are discussed in Section 3.9.3.1 of this report. The functionality of the
supported system has also been taken into account. As specified in Regulatory
Guide (RG) 1.124, " Service Limits and Loading Combinations for Class 1 Linear-
Type Components Supports," Revision 1, to ensure that systems - whose normal
function is to prevent or mitigate consequences of events associated with the

ABB-CE System 80+ FSER 3-4 June 1994
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e\ SSE - will operate adequately regardless of plant condition, the Code Level B
service limits of Subsection NF or other justifiable limits approved by thef

d staff have been used.

The elimination of the OBE from the analysis and design of ASME Code Class 1,
2, and 3 components and core support structures requires all current OBE
design-related checks to be performed for the SSE. With regard to primary |
stress effects (seismic inertial stresses), the elimination of the OBE from
Service Level B analysis could have a potential impact on design in those
cases where the load combination includes other dynamic loadings (i.e., !
operational transients) in Service Level B but not in Service Level D. The
staff explored this possibility specifically for piping systems and found that
when the OBE is established at one-third of the SSE, the load combinations. j
Although cases have been found where the OBE controlled the design, they were
typically found when other normal operating loads were large and did not :

result in a different hardware configuration. Therefore, for primary stresses
in piping systems, the staff finds that eliminating the OBE from piping stress
load combinations will not reduce existing safety margins because the load
combination with the SSE loading is generally controlling.

For cyclic and secondary stress effects (e.g., fatigue and SAM), the elimina-
tion of the OBE would have a direct impact on the current methods used to
evaluate the adequacy of piping design. Because the cyclic (fatigue) effects ;

of earthquake-induced motions in piping systems and the relative motion '

effects of piping anchored to equipment and structures at various elevations
are currently evaluated only for OBE loadings, the elimination of the OBE from

pI the load combination could lead to uncertainty concerning how these effects
should be evaluated. The following paragraphs discuss the staff's evaluation
of the System 80+ guidelines, presented in the CESSAR-DC, for treating these
effects.

.

I(1) Fatique - In order to ensure adequate design considerations for the
fatigue effects of earthquake cycles, it is necessary to establish a
bounding load definition and number of earthquake cycles-to account for

,

the more frequent occurrences of lesser earthquakes and their after-
shocks. In CESSAR-DC Section 3.7.3.2, ABB-CE uses a cyclic load basis :

for fatigue analysis of earthquake loading for ASME Code Class 1, 2, and
3 components and core support structures equal to two SSE events with 10
maximum stress cycles per event (20 full cycles of the maximum SSE stress
range). This is equivalent to the cyclic load basis of one SSE and five

:
OBE events as currently recommended in the Standard Review Plan (SRP) ;

(NUREG-0800) Section 3.9.2. Alternatively, an equivalent number of ;

fractional vibratory cycles to that of 20 full SSE vibratory cycles may -

be used (but with an amplitude not less than one-third of the maximum SSE
amplitude) when derived in accordance with Appendix 0 of IEEE 344-1987. -

(2) Seismic Anchor Motion (SAM) - For the System 80+, the effects of dis-
placement-limited SAM due to an SSE are evaluated for safety-related ASME
Code Class 1, 2, and 3 components and component supports to ensure their ;

functionality during and following an SSE. The SAM effects include (but
are not limited to) relative displacements of piping between building
floors and slabs, at equipment nozzles, at piping penetrations, and at
connections of small-diameter piping to large-diameter piping.

ABB-CE System 80+ FSER 3-5 June 1994
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For piping systems, the effects of SAMs due to an SSE are combined with
the effects of other normal operational loadings that might occur
concurrently as specified in Table 3.9.2 of the CESSAR-DC.

(3) Pipino Stress Limits - For ASME Code Class 1, 2, and 3 piping, the design
requirements in the 1989 Edition of the ASME Code, Section III, Subsec-
tions NB, NC, and ND shall be met. In addition, the following changes
and additions to paragraphs NB-3650, NC-3650, and ND-3650 will be used
for piping systems when the OBE is eliminated from the design.

All equation numbers and terms used below are identified and defined in
ASME Code, Section III, unless otherwise noted.

ASME Code Class 1 Piping Stress Limits

(a) for primary stress evaluation (NB-3654.2), earthquake loads are not
required to be evaluated for consideration of Level B Service Limits
for Equation (Eq.) (9).

(b) For satisfaction of primary plus secondary stress intensity range
(NB-3653.1), in Eq. (10), M shall be either (1) the resultant range4

of all loads considering one-half the range of the SSE or (2) the
resultant range of moment due to the full range of the SSE alone,
whichever is greater. The use of the SSE is intended to provide a
bounding design for the cumulative effects of earthquakes of a
lesser magnitude and is therefore to be included in consideration of
Level B Service Limits for Eq. (10). A reduced range (with an
equivalent number of fractional vibratory peak cycles) of the SSE
moment may be used for consideration of Level B Service Limits (but
with a range not less than one-third of the maximum SSE moment
range).

(c) For satisfaction of peak stress intensity (NB-3653.2), the load sets
developed in NB-3653.1 based on the above Position 3(b) will be used
in calculating the peak stress intensity, S and the alternating
cumulative damage. alt, f r evaluating the Ea,tigue effects and
stress intensity, S

(d) For simplified elastic-plastic discontinuity analysis (NB-3653.6),
if Eq. (10) cannot be satisfied for all pairs of load sets, then the
alternative analysis as described in NB-3653.6 will be followed.
For treatment of SAM moments, the following condition shall be
satisfied in consideration of Level D Service Limits:

0, N + M, .,
S,=C I i ) $ 6.0 S,sa 2 TI I

where: S ,,is the nominal value of SAM ntress3

* *
M is the same as M in Eq. (12)i i
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O **
\ M is the same as M in Eq. (10), except that it includes only(d moments due to SAM , displacements caused by an SSE

i

* *
The combined moment range (M M shall be either (1) the resul-tant range of thermal expansko+n an)d thermal anchor movements plus
one-half the range of the SSE anchor motion or (2) the resultant
range of moment due to the full range of the SSE anchor motion
alone, whichever is greater.

ASME Code Class 2 and 3 Piping Stress Limits

(a) For consideration of occasional loads (NC/ND-3653.1), earthquake
loads (i.e., inertia and SAM) are not required for satisfying
Level B Service Limits for Eq. (9).

(b) For consideration of thermal expansion or secondary stresses
(NC/ND-3653.2), M in Eq. (10) is not required to include the moment
effects of SAMs d,ue to an earthquake.

(c) For consideration of secondary stresses in Level D Service Limit
(NC/ND-3655), the following condition will be satisfied:

*

M, + M,
S, =i s 3.0 S Eq. (10b)z n

V
*

where:
M[1erangeofmomentsduetothermalexpansionis the range of moments due to SAMs due to an SSE M, ist

*
The combined moment range (M + M ) shall be either (1) the resultant
range of moments due to thermal e,xpansion plus one-half of the range of
moments due to the SSE anchor motions, or (2) the resultant range of
moment due to the full range of the SSE anchor motion alone, whichever is
greater.

Upon reviewing the supplemental criteria above to be used when the OBE is
eliminated from the design of piping systems, the staff finds that the
criteria strive to maintain the existing design margins of the ASME Code,
Section III although some criteria appear to be more stringent and others
more relaxed. The net effect results in safety margins equivalent to
that of the 1989 Edition of the ASME Code, Section III, rules. This
gives a more controlled check of piping system stresses in those areas
where actual failures of piping systems due to seismic loadings have
occurred. The staff concludes that the piping criteria for the Sys-
tem 80+ meet the staff recommendations in SECY-93-087 for considering
earthquake cycles in fatigue analyses and for evaluating the effects of
anchor displacements in the piping caused by an SSE and are, thus,

fO acceptable.
O

;

ABB-CE System 80+ FSEP, 3-7 June 1994



(4) Pipe Break Postulation Without OBE - It is recognized that pipe rupture
is a rare event which might occur only under unanticipated conditions of
design, construction, or operational errors or unanticipated loads or
unanticipated corrosive en~vironments. The staff's observation of actual
piping failures have found that they generally occur at high stress and
fatigue locations, such as at the terminal ends of a piping system at its
connection to component nozzles. Currently, in accordance with SRP
(NUREG-0800) Section 3.6.2,. Revision 2 dated June 1987, pipe breaks are
postulated in high energy piping at locations of high stress and high
fatigue usage factor. The load combination used in calculating the high
stress and usage factor includes normal and upset load conditions (i.e.,
pressure, weight, thermal, OBE, and other operational transient load-
ings).

From a historical viewpoint, the criteria for postulating hign-energy breaks
at specified locations were first introduced in the early 1970s. The basis
for the mechanistic approach for selecting pipe break locations was derived
from the premise that although pipe breaks could result from random events
induced by unanticipated conditions, the failure mechanism and the expected
location of failure would likely be caused by local conditions of high stress
or high fatigue in the piping. In order to ensure that a sufficient number of
pipe breaks would be postulated, breaks were recommended to be postulated for
a wide spectrum of events to envelop the uncertair. ties of unanticipated
failure mechanisms. Breaks were postulated at terminal ends of the piping, at
high-stress and high-fatigue locations, and as a minimum at two additional
intermediate locations when the stresses were below the high stress threshold
limit. The resulting criteria which were incorporated in SRP Section 3.6.2
resulted in many postulated pipe break locations and caused the installation
of numerous pipe rupture mitigation devices in nuclear plants.

!

In the mid-1980s, the Nuclear Regulatory Commission's (NRC's) Executive
Director for Operations (ED0) initiated a comprehensive review of nuclear
power plant piping to identify areas where changes to the piping requirements
could improve the licensing process as well as the safety and reliability
of nuclear power plants. The NRC's Piping Review Committee (PRC) in an
integrated effort with the nuclear industry under the Pressure Vessel Researchi

t

Committee (PVRC) conducted a comprehensive study of piping criteria including
the mechanistic pipe break postulation guidelines. The PRC found that when an
excessive number of pipe rupture mitigation devices (i.e., pipe whip re-
straints and jet impingement shields) are installed on high energy piping
systems, the potential exists for piping systems to be overly constrained.|

This condition was found in several nuclear plants in which massive pipe
restraints adversely affected the ability of the high-temperature piping to
freely expand during normal plant operation. The PRC also found through
numerous dynamic tests and field observations of non-seismically designed
piping systems that had undergone high-seismic loadings that butt-welded,

'

piping possesses an inherent ability to withstand large seismic inertial
loadings without failure.

As a result of the PRC's effort, the NRC staff recognized that the mechanistic
pipe rupture criteria for selecting locations of pipe breaks resulted in an
excessive number of pipe rupture mitigation devices that could hinder the
normal operation of the plant and might not contribute significantly to the
overall safety of the plant. Accordingly, the SRP was revised to reduce the
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number of postulated pipe breaks by (1) eliminating the need to postulate pipe
breaks at the two arbitrary intermediate locations and (2) providing a leak-

d before-break (LBB) approach in lieu of postulating pipe breaks when the system ;

and material specific information is adequate to justify its application. '

On the basis of recent dynamic pipe tests conducted by EPRI and NRC in the
Piping and Fitting Dynamic Reliability Program, it has been demonstrated that
the piping can withstand seismic inertial loadings higher than an SSE without
rupturing. Thus, the likelihood of a pipe break in a seismically designed -

piping system due to an earthquake magnitude of one-third SSE is remote.
Operating experience has shown that pipe breaks are more likely to occur under
conditions caused by normal operation (e.g., erosion-corrosion, thermal
constraint, fatigue, and operational transients).

On the basis of the above discussion, the staff concludes that no replacement
earthquake loading should be used to establish postulated pipe break and
leakage crack locations due to high stresses in the pipe. Instead, the
criteria for postulating pipe breaks and leakage cracks in seismically ,

designed, high- and moderate-energy piping systems should be based on factors ;

attributed to normal and operational transients only. CESSAR-DC Sec-
,

tions 3.6.1 and 3.6.2 conform to the above staff's position of pipe break :

postulation. However, for establishing pipe breaks and leakage cracks due to |

fatigue effects, the calculation of the cumulative usage factor will continue '

to include seismic cyclic effects. The staff's revised criteria for pipe
break postulation are given below. The revised criteria are intended to
ensure that breaks and leakage cracks are postulated to occur at the most

O likely locations and to reduce the number of pipe rupture mitigation devices
(e.g., pipe whip restraints and jet impingement shields) that might hinder r

plant operation without giving a compensatory level of safety.
,

Consistent with the above staff finding, the guidelines in SRP Section 3.6.2, -

Branch Technical Position (BTP) Mechanical Engineering Branch (MEB) 3-1,
" Postulated Rupture Locations in Fluid System Piping Inside and Outside ;

Containment," have been revised for the System 80+ as follows: '

B.1.b.(1),(a): Footnote 2 should read, "For those loads and conditions in
which Level A and Level B stress limits have been.specified in
the Design Specification (excluding earthquake loads)."

B.1.b.(1).(d): "The maximum stress as calculated by the sum of Eqs. (9) and ;

(10) in Paragraph NC-3652, ASME Code, Section III, considering '

those loads and conditions thereof for which level A and +

level B stress limits have been specified in the system's
Design Specification (i.e., sustained loads, occasional loads,
and thermal expansion) excluding earthquake loads should not
exceed 0.8(1.8 Sn + S,) . "

The System 80+ criteria are consistent with the above staff position for
postulating pipe breaks and cracks. The staff concludes that the criteria

^

meet the staff recommendations in SECY-93-087 and thus, are acceptable.

- A Concrete and Steel Structures .

(4

:
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The current design practice for considering OBE and SSE ground motion effects
in the seismic design of nuclear plant structures was established in the 1960s
with conceptual goals of (1) maintaining continued plant operation without
damage to the structures for OBE level earthquakes and (2) ensuring safe
shutdown of plant and maintaining the plant in a safe-shutdown condition
during and after the occurrence of an SSE. To achieve these goals, the
structural responses are kept at or below the material yield stresses to
preclude the onset of plastic deformation for load combinations due to )

'

accident conditions plus the SSE. For load combinations due to operating
conditions plus the OBE, stresses are limited at one-half to five-eights yield
stress. The current load combinations in SRP Section 3.8 were developed from
the above design philosophy.

In the design of the containment, the staff reviewed the extent to which the
elimination of the OBE from the load combinations would lead to a reduction ofthe safety margin. An examination of the nuclear structural design practice
and the SRP Sections 3.8.1, 3.8.2, and 3.8.3 load combination equations,
however, shows that the major dynamic load for the overall design of struc- !
tures is either the OBE or the SSE. For Category I steel and concrete |structures, the staff's N idance on load combinations is in SRP Section 3.8.4. i

The staff's review of the controlling load combinations finds that, in
general, the load combinations with the SSE control the design of steel
structures although there may be specific cases where the load combinations
with the OBE control. Similar to the piping design, an examination of the
pertinent load combinations for concrete structures should lead to the same
conclusion that the OBE loads, in most cases, do not control the outcome of
the structural design.

All other potential dynamic leads are conservatively accounted for in the
definition of equivalent dead and live loads, except those that produce local
effects that are handled by local reinforcement details. Therefore, it can be
concluded that no reduction in safety margins of concrete and steel structures
results from the elimination of the OBE as a design requirement.

For the System 80+, the following criteria for structures are used to ensure
that when the OBE is eliminated from design, the structures will continue to
be designed appropriately for earthquake effects.

(1) SSE Relative Displacements Between Structures - In CESSAR-DC Sec-
tion 3.7.2, the seismic response building displacements, structural
member forces, floor response spec (tra (FRS), etc.) of the nuclear island
(NI) structures is discussed. ABB-CE nas considerea the tnrough-soil,
structure-to-structure interaction effect under SSE loading in the
analyses of System 80+ structures including the NI structures, component
cooling water (CCW) heat exchanger (Hx) structures, diesel fuel storage
structures (DFSSs), radwaste building, and turbine building. Therefore,
the staff concludes that the effects of through-soil, structure-to-
structure interaction under SSE loadings for all structures housing
seismically-designed piping have been adequately considered under SSE;

loadings to establish the relative displacements between buildings
(seismic anchor movement for piping systems).

(2) Seismic Instrumentation - CESSAR-DC Sections 3.7.4 states that seismic
| instrumentation will be installed so that prompt action can be taken when
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n the response spectra level and the cumulative absolute velocity (CAV)

|V) experienced at the site exceed the shutdown level. It also gives
information on pre-earthquake planning and post-earthquake operator
action. The acceptability review of seismic. instrumentation is discussed
in Section 3.7.4 of this report.

(3) Use of RGs 1.143 and 1.27 - The staff guidelines in RG 1.143, " Design
Guidunce for Radioactive Waste Management Systems, Structures, and
Components Installed in Light-Water-Cooled Nuclear Power Plants,"
Revision 1, and in RG 1.27, " Ultimate Heat Sink for Nuclear Power
Plants," Revision 2, provide for a seismic design of radwaste buildings
and ultimate heat sink features based on the OBE. With the elimination
of the OBE, ABB-CE proposed that these structures and features be
designed to withstand the SSE. The structural design criteria using the
SSE loading use the corresponding loads and load combinations provided in
SRP Section 3.8.4. The staff finds that designing these structures and
features to the SSE will give a conservative design comparable to that
given in the regulatory guides and is thus acceptable. Alternate methods
to ensure the seismic adequacy of these structures and features will be.
reviewed by the staff on a case-by-case basis.

Eouioment Seismic Oualification

The proposed elimination of OBE from explicit design consideration affects
different aspects of equipment qualification in different manners. In the
area of equipment qualification, the requirements in the regulations (10 CFR
Parts 50 and 100) are interpreted by the staff through SRP Section 3.10, which

(O) deals with seismic and dynamic qualification of mechanical and electrical
equipment.v

When the equipment is qualified by analysis, the acceptance criteria are
derived from the ASME Code. The effect of eliminating the OBE on equipment
qualification by analysis should be negligible. It is well known that
mechanical equipment such as pumps and valves are, in general, seismically
rugged when adequately anchored, and that their operability limits are
generally established through maximum permissible moments and forces or
tolerance limits based on available clearances that are controlled by the SSE
rather than the OBE. Therefore, for mechanical equipment, elimination of OBE
from qualification analysis should not reduce any margin. Also, some electri-
cal equipment is allowed to be qualified by analysis which requires demon-
stration that five OBE events followed by one SSE event do not cause its
failure to perform its safety function. With the elimination of OBE, analysis
checks for fatigue effects may be done at a fraction of the SSE (e.g.,
50 cycles at one-half of the SSE peak amplitude or 150 cycles at one-third of
the SSE peak amplitude).

When equipment for seismic loadings is qualified by analysis, testing, or a
combination of both, the staff recommends the use of IEEE 344-1987 as endorsed
in RG 1.100, " Seismic Qualification of Electric and Mechanical Equipment for
Nuclear Power Plants," Revision 2. For analysis, the selection of the level
of service limit for different loading combinations shall ensure the function-

A ality of the equipment during and following a SSE. For testing, IEEE 344-1987 !

(V has detailed requirements for performing seismic qualification using five OBEl

events followed by an SSE event. Where complex mathematical models are based
|
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solely on calculated structural parameters, verification testing should be
done.

With the elimination of the OBE, and in order to maintain the equivalent
qualification requirements in IEEE 344-1987 to qualify equipment with the
equivalent of five OBE events followed by one SSE event, the staff recom-
mended, in SECY-93-087, that equipment be qualified with five half-SSE events
followed by one full SSE event. Alternatively, the staff recommended a number
of fractional peak cycles equivalent to the maximum peak cycles for five
half-SSE events may be used in accordance with Appendix D of IEEE 344-1987
when followed by one full SSE. In CESSAR-DC Section 3.7.3.2 and Section 3.10,
ABB-CE commits to the above staff recommendations as stated in SECY-93-087.
Thus, the CESSAR-DC criteria for equipment seismic qualification, when the OBE
is eliminated from design, are acceptable.

Pre-Earthauake Plannino and Post-Earthauake Operator Actions
-

The design certification of the System 80+ using a single-earthquake (SSE)
design is predicated on the adequacy of pre-earthquake planning and post-
earthquake inspections for damage that are to be implemented by the COL
applicant. The COL applicant will be required to submit to the NRC as a part
of its application the procedures it plans to use for pre-earthquake planning
and post-earthquake actions. For design certification, the NRC staff reviewed
the criteria developed in EPRI Reports NP-5930, "A Criterion for Determining
Exceedance of the Operating Basis Earthquake," July 1988, NP-6695, " Guidelines
for Nuclear Plant Response to an Earthquake," December 1989, and TR-100082,
" Standardization of the Cumulative Absolute Velocity," December 1991, for
evaluating the need to shut down the plant following an earthquake and the
commitments for the System 80+ for ensuring that these actions can be taken as
provided for in CESSAR-DC Section 3.7.4.

EPRI NP-5930

The staff's review of EPRI Report NP-5930 finds that it is adequate for, and
may be used by, a COL applicant with the following exceptions:

(1) A free-field instrument must be used for determining the CAV and the
spectral acceleration level.

~ (2) The response spectrum check is as follows:

The 5-percent damped ground response spectrum for the earttiquake motion
at the site exceeds (1) one-third the corresponding SSE response spectral
acceleration between 2 and 10 hertz (Hz), or it exceeds an acceleration
of 0.20 g between 2 and 10 Hz whichever is greater or (2) one-third the
corresponding SSE response spectral velocity between 1 and 2 Hz or a
velocity of 15 cm/second (6 in/second) between 1 and 2 Hz, whichever is
greater.

(3) The licensee shall shut down the plant if an earthquake results in a
simultaneous exceedance of the 5-percent damped ground response spectrum
enumerated in item 2 and a CAV exceedance of 0.16 g-sec for any one fre-
quency on any one component of the free field ground motion. The CAV-

shall be determined in accordance with EPRI Report TR-100082. Also, any
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I

,q evidence of significant damage observed during the plant walkdown in
I i accordance with the EPRI Report NC-6695 recommendations shall be suffi-
V cient cause for plant shutdown.

(4) The instrumentation installed at the nuclear power plant shall be capable
of on-line digital recording of all three components of the ground motion
and of converting the recorded (digital) signal into the standardized CAV
and the 5-percent damped response spectrum. The digitizing rate of the
time history of the ground motions shall be at least 200 samples per
second and the band-width shall be at least from 0.20 Hz to 50 Hz. The
pre-event memory of the instrument shall be sufficient to record the
onset of the earthquake.

(5) The system must be capable of routinely calibrating the response spectrum
check of 0.20 g. Also, the CAV of 0.16 g-sec should be calibrated with a
copy of the October 1987 earthquake in Whittier, California or an equiv-
alent calibration record provided for this purpose by the manufacturer of
the instrumentation. In the event that an actual earthquake has been
recorded at the plant site, the above calibration shall be done to
demonstrate that the system was functioning properly at the time of the
earthquake.

EPRI NC-6695

The staff's review of the EPRI Report NC-6695 finds that it may be used by the
COL applicant with the following exceptions:

O Section 3.1. Short-Term Actions*(
Item 3. " Evaluation of Ground Motion Records"*

There is a time limitation of 4 hours within which the licensee shall
determine if the shutdown criterion has been exceeded. After an earth-
quake has been recorded at the site, the licensee shall submit a response
spectrum calibration record and CAV calibration record to demonstrate
that the system was functioning properly.

Item 4. " Decision on Shutdown"*

Exceedance of the EPRI criterion as amended by the NRC or observed
evidence of significant damage as defined by EPRI NC-6695 shall consti-
tute a condition for mandatory shutdown, unless conditions prevent the ;

licensee from accomplishing an orderly shutdown without jeopardizing the l
health and safety of the public.

Add item 7. " Documentation"*

The licensee shall record the chronology of events and control room !
problems while the earthquake evaluation is in progress. i

1
Section 4.3. " Guidelines" (p. 4-3) j

*

Because earthquake-induced vibration of the reactor vessel could lead to
V changes in NFs a prompt check of the NF monitoring instruments shall be
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made to indicate if the reactor is stable. Therefore, this check should
be added to the checks listed in this section.

Section 4.3.4. " Pre-Shutdown Inspection"*
.

Exceeding the EPRI criterion or evidence of significant damage should
constitute a condition for mandatory plant shutdown, as the staff stated
in its recommendation for Section 3.1, item 4, " Decision on Shutdown."

Section 4.3.4.1. " Safe-Shutdown Eouioment" (o. 4-7)
.

In addition to the safe shutdown systems on this list, containment
integrity must be maintained following an earthquake. Since the contain-
ment isolation valves (CIVs) may have malfunctioned during the earth-
quake, inspection of the containment isolation system is necessary to
assure continued containment integrity.

Conclusions

On the basis of the changes to the existing seismic design criteria discussed
above, the staff concludes that eliminating the OBE from the design of SSCs in
the System 80+ standard plant will not reduce the level of safety given in
current regulatory guidelines for seismic design. On the contrary, the staff
finds that the changes provide an enhancement to safety by refocusing current
design requirements to emphasize those areas where failure modes are more
likely to occur and by precluding the need for seismic design requirements
that do not significantly contribute to the overall safety of the plant.

On the basis of its review of relevant CESSAR-DC sections reflecting the above
positions, the staff concludes that, as an exemption from the regulation in
accordance with the criteria described by 10 CFR 50.12(a)(2)(ii), the elimina-
tion of the OBE from the design of SSCs in the System 80+ standard plant meets
the Commission-approved staff recommendations in SECY-93-087 and is, there-
fore, acceptable.

3.2 Classification of SSCs

By DSER Open Item 3.2-1, the staff noted that ABB-CE should submit the final
version of the distribution systems design guide (DSDG). As the result of the
receipt of a final DSDG dated January 15, 1993, for staff review, DSER Open
Item 3.2-1 is resolved. Information necessary for the staff's safety evalua-
tion was extracted by ABB-CE from the DSDG, modified, or clarified as neces-
sary and subsequently included in Appendix 3.9A to the CESSAR-DC by Amend-
ment P. The staff's review of Appendix 3.9A is discussed in Section 3.12 ofthis report.

3.2.1 Seismic Classification

GDC 2, " Design Bases for Protection Against Natural Phenomena," in part,
requires that nuclear power plant SSCs important to safety be designed to
withstand the effects of earthquakes without loss of capability to perform
their safety functions. Certain of these features are necessary to ensure
(1) the integrity of the reactor coolant pressure boundary (RCPB), (2) the
capability to shut down the reactor and maintain it in a safe-shutdown
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r- condition, and (3) the capability to prevent or mitigate the consequences of I
( accidents that could result in potential offsite exposures that are comparable l
b to the guidelines in 10 CFR Part 100. The earthquake for which these

safety-related plant features are designed is defined as the SSE in 10 CFR
Part 100, Appendix A. The SSE is based on an evaluation of the maximum
earthquake potential and is that earthquake which produces the maximum
vibratory ground motion for which SSCs are designed to remain functional. ;

Those plant features that are designed to remain functional if an SSE occurs
are designated seismic Category I in RG 1.29, " Seismic Design Classification,"
Revision 3. The staff reviewed the CESSAR-DC in accordance with SRP Sec-
tion 3.2.1, which references RG 1.29.

The SSCs of the System 80+ standard design, which includes the reactor
building (RB) and the nuclear annex (NA), that are required to be designed to
withstand the effects of an SSE and remain functional are listed in CESSAR-DC
Table 3.2-1. This table, in part, lists major components in fluid systems,
mechanical systems, and associated structures designated as seismic Cate-
gory I.

In its request for additional information (RAI) question (Q)210.10, the staff
noted that ABB-CE did not clearly classify the seismic category for piping and
component supports in the CESSAR-DC. In response, ABB-CE modified CESSAR-DC
Section 3.2.1, in Amendment K, to state that piping supports and component
supports are of the same seismic category as the piping and components to
which they apply. This is acceptable because piping and component supports
shall be classified in accordance with RG 1.29 to the same seismic category of
their associated piping and components. On this basis, DSER Confirmatory
Item 3.2.1-1 is resolved.

CESSAR-DC Sections 3.2.1, 3.7.2.8, and 3.7.3.13 state that equipment, struc-
tures, and piping in the System 80+ design that are non-seismic Category I but
that could degrade or cause the failure of seismic Category I items if their
structural integrity is lost, are analyzed and designed to ensure that their
integrity is maintained under seismic loading from the SSE. By DSER Open
Item 3.2.1-1, the staff requested that ABB-CE clarify the use of the term
" restrained as required." Amendment N to CESSAR-DC Sections 3.7.3.-13(A) and
3.7.3.13(C) stated that the attached non-Category I piping, up to the first
anchor beyond the interface, is designed in such a manner that during an
earthquake of SSE intensity it will not cause a failure of the Category I
piping. These commitments are in conformance with RG 1.29, and thus, accept-
able. On this basis, DSER Open Item 3.2.1-1 is resolved.

On the basis of its review of CESSAR-DC Section 3.2.1, the staff concludes
that the SSCs important to safety that must be designed to withstand the
effects of an SSE and remain functional are properly classified as seismic
Category I in accordance with RG 1.29 and the design constitutes an acceptable
basis for satisfying the requirements of GDC 2 and is, therefore, acceptable.

3.2.2 System Quality Group Classification

GDC 1, " Quality Standards and Records," in 10 CFR Part 50, Appendix A,
'

O requires that nuclear power plant SSCs important to safety be designed,
|] fabricated, erected, and tested to quality standards commensurate with the,

importance of the safety function to be performed. This requirement is'
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applicable to both pressure-retaining and non-pressure-retaining SSCs that are
part of the RCPB and other systems important to safety, where reliance is
placed on these systems to (1) prevent or mitigate,the consequences of ,

accidents and malfunctions originating within the RCPB, (2) permit shutdown of
the reactor and maintain it in a safe-shutdown condition, and (3) retain
radioactive material.

The staff reviewed the CESSAR-DC for compliance with GDC 1 in accordance with
SRP Section 3.2.2, " System Quality Group Classification." SRP Section 3.2.2
references RG 1.26, " Quality Group Classification and Standards for Water ,
Steam , and R:dioactive-Waste-Containing Components of Nuclear Power Plants,"
Revision 3, as the principal document used in the staff review for identify-
ing, on a functional basis, the pressure-retaining components of those systems
important to safety as NRC Quality Group A, B, C, or D. Those ASME Code,
Section III, Class I components that are part of the RCPB are identified in
10 CFR 50.55a. Conformance of these RCPB components to 10 CFR 50.55a is dis-
cussed in Section 5.2.1.1 of this report. These RCPB components are
designated in RG 1.26 as Quality Group A. Certain other RCPB components that
meet the exclusion requirements of 10'CFR 50.55a(c)(2) are classified as
Quality Group B in accordance with RG 1.26.

ABB-CE used American Nuclear Society (ANS) Safety Class 1, 2, 3, and non-
nuclear safety (NNS) as defined in American National Standards Institute
(ANSI)/ANS 51.1-1983, " Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," for the classification of system components
as an alternative method of meeting RG 1.26. CESSAR-DC Section 3.2.2 and
Table 3.2-3 correlate (1) CESSAR-DC Safety Class 1, 2, 3, and NNS of ANSI /
ANS 51.1, (2) Quality Group A, B, C, and D of RG 1.26, and (3) ASME Code Sec-
tion III classes. The relationship between the three methods of classifica-
tion in the CESSAR-DC is summarized in the following table. Note that this
table is only applicable to pressure-retaining components.

ASME Code
System 80+ Section III

NRC Quality Group Safety Class Safety Class
A 1 1

B 2 2

C 3 3

D NNS~ -

All pressure-retaining components classified as Quality Group A, B, or C are
constructed in accordance with ASME Code, Section III, Class 1, 2, or 3 rules,
respectively. Construction, as defined in ASME Code, Section III, Article
NCA-ll10, and as used herein, is an all-inclusive term comprising materials,
design, fabrication, examination, testing, inspection, and certification
required in the manufacture and installation of components. Components
classified as Quality Group D are designed to the applicable standards noted
ir. CESSAR-DC Table 3.2-3.
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O This table (above) is acceptable for defining the relationship between the

(V) three methods of classification for pressure-retaining components. However,
the staff has not completely endorsed ~ ANSI /ANS 51.1-1983 and cannot rely on
the safety classifications in this document in determining the acceptability !
of non-pressure-retaining SSCs. Therefore, for non-pressure-retaining |
components, the staff's review of CESSAR-DC Table 3.2-1 concentrates on an |
evaluation of quality assurance (QA) in accordance with 10 CFR Part 50
(Appendix B) and seismic classifications.

1

The staff also relies on its review of system piping and instrumentation
diagrams (P& ids) to determine the appropriate classification boundaries for
pressure-retaining components. The P& ids that were available in the CESSAR-DC
when the staff reviewed it were generally acceptable and properly classified
pressure-retaining components in accordance with RG 1.26. By letter dated
April 15,1992 (LD-92-049), ABB-CE transmitted revised P& ids and flow diagrams
for auxiliary systems including the chemical and volume and control system
(CVCS). The staff reviewed the revised P& ids for the CVCS, which were
incorporated into Amendment K to CESSAR-DC Figure 9.3.4-1, and found them
consistent with CESSAR-DC Tables 3.2-1 and 3.2-2. On this basis, DSER Open
Item 3.2.2-1 is resolved.

By DSER Open Item 3.2.2-2, the staff noted that discrepancies were'found in i

safety classifications for the CVCS, and that ABB-CE's response related to
generic safety issue (GSI)-23 (reactor coolant pump (RCP) seal integrity
issue) was inadequate. In Amendment K to CESSAR-DC, ABB-CE resolved the
discrepancies by revising CESSAR-DC Tables 3.2-1 and 3.2-2 and Figure 9.3.4-1.
In addition, ABB-CE responded to GSI-23 by integrating into the CVCS a(nV) dedicated seal injection system (DSIS). The DSIS is considered a part of the
CVCS and provides a diverse and reliable means of seal water injection for RCP
seal cooling. Although the CVCS and DSIS are considered, and found acceptable
by the staff, as non-safety-related systems, the RCP seal injection-related
portions of the CVCS and DSIS as noted in CESSAR-DC Figure 9.3.4-1 (Amend-
ment Q) are ASME Code Class 3, seismic Category I and Quality Group A. This
classification assures enhanced reliability and availability of the RCP seal
injection system and therefore, is acceptable. CESSAR-DC Tables 3.2-1 and
3.2-2, Amendment U, included DSIS components. On this basis, DSER Open
Item 3.2.2-2 is resolved.

In response to RAI Q210.7 and DSER Open Item 3.2.2-3, which questioned
iABB-CE's classification of the new- and spent-fuel racks as non-nuclear-safety

and with a QA requirement of N (not subject to 10 CFR Part 50, Appendix B |
requirements), ABB-CE reclassified the new and spent fuel racks as Safety !Class 3, seismic Category I, and QA Class 1. The revised classification meets '

the applicable QA requirements of Appendix B to 10 CFR Part 50; is commensu- I

rate with the importance of the safety function of the new and spent fuel
racks; and is, therefore, acceptable. On this basis, DSER Open Item 3.2.2-3
is resolved.

In response to RAI Q210.9, in which the staff questioned ABB-CE's commitment
to specific portions of RG 1.151, " Instrument Sensing Lines," Revision 0,
ABB-CE revised CESSAR-DC Sections 3.2.1 and 3.2.2 (Amendment N) by stating

fm that the COL applicant will construct instrument-sensing lines and their

D) supports per RG 1.151, in particular, positions relating to applicable seismic<

and ASME Code criteria. Also, ABB-CE revised CESSAR-DC Table 1.8-1 (Amend-
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ment J) to reference CESSAR-DC Sections 3.2.1 and 3.2.2. The staff concludes
that RG 1.151 Positions C.2 and C.3, which provide guidance on the above
issues, are satisfied. On this basis, DSER Confirmatory Item 3.2.2-1 is
resolved. -

In RAI Q210.10, the staff noted that the safety class and QA requirements for
piping and component supports were not clearly defined in the CESSAR-DC. In
response, ABB-CE modified CESSAR-DC Section 3.2.2 (Amendment K) to state that
piping supports and component supports are of the same safety class and have
the same QA requirements as the piping and components to which they apply.
This CESSAR-DC statement is acceptable because the piping and component
supports shall be classified in accordance with RG 1.26 to the same safety
class of their associated piping and components. On this basis, DSER Confir-
matory Item 3.2.2-2 is resolved.

On the basis of its review of CESSAR-DC Section 3.2.2 and applicable P& ids,
~

the staff concludes that the quality group classifications of all pressure-
retaining and non-pressure-retaining SSCs important to safety that are iden-
tified in CESSAR-DC Table 3.2-1 are in conformance with RG 1.26, Revision 3,
and with staff positions on previously licensed pressurized-water-reactor
(PWR) plants and are, therefore, acceptable. Table 3.2-1, in part, identifies
major components in fluid systems (such as pressure vessels, Hxs, storage
tanks, pumps, piping, and valves) and in mechanical systems (such as cranes,
refueling platforms, and other miscellaneous handling equipment). In addi-
tion, P& ids in the CESSAR-DC identify the classification boundaries of
interconnecting piping and valves. All of the above SSCs are constructed in
conformance with applicable ASME Code and industry standards. Conformance to
RG 1.26, previous staff positions, and applicable ASME Codes and industry
standards provides assurance that component quality will be commensurate with
the importance of the safety function of these systems. This constitutes the
basis for complying with GDC 1 and is, therefore, acceptable.

3.3 Wind and Tornado Loadinos

3.3.1 Wind Loadings

GDC 2 requires, in part, that SSCs important to safety shall be designed to
withstand the effects of natural phenomena without loss of capability to
perform their safety functions.

All seismic Category I structures exposed to wind forces are designed to
withstand the effects of the design wind specified in CESSAR-DC Table 2.0-1.
Procedures used to transform the wind velocity into pressure loadings on
structures are in accordance with American Society of Civil Engineers (ASCE) 7
(Formerly ANSI A58.1-1982), ASCE Paper 3269, and ASCE Paper 4933. The plant
design with respect to capability of the structures to withstand design wind
loadings is acceptable and meets the requirements of GDC 2. The design
reflects, as described in SRP Section 3.3.1,

(1) appropriate consideration for the most severe wind not to exceed the
velocities presented in CESSAR-DC Table 2.0-1 for future sites;

(2) appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena; and
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q (3) the importance of the safety function to be performed.

These requirements are being met by the use of ASCE 7 and ASCE Papers 3269 and
4933, to transform the wind velocity into an effective pressure on structures
and for selecting pressure coefficients corresponding to the structural
geometry and physical configuration.

The plant structures are being designed with sufficient margin to prevent
ttructural damage during the most severe wind loadings at a specific site not
exceeding that specified in CESSAR-DC Table 2.0-1 so that the requirements of
Item 1 (above) are met. In addition, in the design of seismic Category I
structures, load combinations that occur as a result of the most severe wind
loads and the loads resulting from normal and accident conditions have been
taken into account (CESSAR-DC Section 3.8) as required by Item 2 (above).

The procedures used to determine the design wind loadings on structures for
the plant have been used in the design of conventional structures and provide
a conservative baseline that, together with other engineering design consider-
ations, ensures that the structures will withstand such environmental forces.
The use of these procedures gives reasonable assurance that, in the event of
design-basis winds, the structural integrity of the applicable t,lant struc-
tures will not be impaired and, in consequence, safety-related systems and
components located within these structures are adequately protected and will
perform their intended safety functions, if needed, thus satisfying t.he
requirements of Item 3 (above). Accordingly, the design is acceptable with
respect to the determination of design wind loadings.

10(v; By DSER COL Action Item 3.3.1-1, the staff noted that the COL applicant must
ensure that the velocity of the wind as presented in CESSAR-DC Table 2.0-1
will not be exceeded by the site-specific design-basis wind. Also, any
deviations from the plant arrangement of the System 80+ with respect to
location or orientation of various buildings must be reviewed and accepted by
the staff. ABB-CE incorporates the above information into CESSAR-DC Sec-
tion 2.0. This is acceptable. This is included in COL Action Item 2.0-1.

3.3.2 Tornado Loadings

The staff position with regard to design-basis tornados (DBTs) is contained in
two documents written in 1974: WASH-1300 (U.S. NRC, " Technical Basis for
Interim Regional Tornado Criteria") and RG 1.76, " Design Basis Tornado for
Nuclear Power Plants," Revision 0. According to WASH-1300, the probability of
occurrence of a tornado that exceeds the DBT should be on the order of
10'7/ year for each nuclear power plant. The RG delineates the maximum wind
speeds of 579 kilometers per hour (km/hr) (360 miles per hour (mph)) for the
contiguous United States.

The staff reevaluated the regulatory positions in RG 1.76 using the consider-
able quantity of tornado data which has become available since the RG was
developed. The reevaluation is discussed in NUREG/CR-4461, " Tornado Climatol-
ogy of the Contiguous United States," dated May 1986. The staff's interim
position on RG 1.76 was issued in the March 25, 1988 letter, "ALWR Design
Basis Tornado." In this interim position, the staff concluded that thep} maximum tornado wind speed of 531 km/hr (330 mph) is acceptable. In;

b SECY-93-087, the staff recommended that the Commission approve its position
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that a maximum tornado wind speed of 483 km/hr (300 mph) is to be the DBT
employed in the design of evolutionary and passive ALWRs. In its SRM dated
July 21, 1993, the Commission approved the staff position.

| ABB-CE states, in the CESSAR-DC, that all seismic Category I structures
'

exposed to tornado forces and needed for the safe shutdown of the plant are
designed to resist tornado effects in accordance with the interim staff
position in RG 1.76, and the tornado missile spectrum is in accordance with
SRP Section 3.5.1.4. CESSAR-DC Table 2.0-1 specifies a maximum tornado wind
speed of 531 km/hr (330 mph), maximum rotational tornado wind speed of
418 km/hr (260 mph), and a maximum translational tornado wind speed of
113 km/hr (70 mph). Also specified are a simultaneous atmospheric pressure
drop to 16.5 kPa (2.4 psi) at the rate of 11.7 kPa/sec (1.7 psi /sec) and thei

radius of 45.7 m (150 ft). Because the values of these parameters are more
severe than the tornado design-basis requirements specified in SECY-39-087 as
approved in the July 21, 1993, SRM, the staff concludes that the ABB-CE
System 80+ tornado design basis is acceptable.

The procedures used to transform the tornado wind velocity into pressure
loadings are the same as for the winds discussed in Section 3.3.1 of this
report. The tornado missile effects are determined using procedures discussed
in CESSAR-DC Section 3.5. The tornado loadings are tornado wind pressure,
internal pressure by tornado-created atmospheric pressure drop, and forces
generated by the impact of tornado missiles. These loadings are combined with

; other loads as described in CESSAR-DC Section 3.8.

In view of the foregoing, the staff concludes that ABB-CE meets the require-
ments of GDC 2 and the guidelines of SRP Section 3.3.2 with respect to the
structural capability to withstand design tornado wind loading and tornado
missiles. ABB-CE meets the requirements of GDC 2 with respect to the capabil-
ity of the structures to withstand design tornado wind loading and tornado
missiles so that their design reflects

(1) appropriate consideration of the r.:.;t severe tornado characterized by the
tornado parameters mentioned above

(2) appropriate combinations of the effects of this severe natural phenomena
with those resulting from normal plant operation and/or accident condi-

| tions

! (3) the importance of the safety function to be performed
1

These requirements are met by using interim RG 1.76 and the methods of
i transforming the tornado wind velocity into an effective pressure on struc-

tures as described in CESSAR-DC Section 3.3.1.

By committing design loads and load combinations to meet the guidelines of SRP
! Section 3.8, ABB-CE is designing the plant structures with sufficient margin
| to prevent structural damage during the most severe tornado loadings, so the
| requirements of Item 1 (above) are met. In addition, the design of seismic

Category I structures, as required by Item 2 (above) includes, in an accept-|
t

able manner, load combinations of the most severe tornado load and loads
resulting from normal plant operation and accident conditions. The procedures
to determine the loadings on structures induced by the DBT specified for the
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,q plant have been used in the design of conventional structures for most severe

(V winds and serve as a conservative baseline, which, together with other engi-i

neering design considerations, will ensure that the structures will withstand
such severe environmental forces.

The use of these procedures gives reasonable assurance that, in the event of a
DBT, the structural integrity of applicable plant structures will not be
impaired and, consequently, safety-related systems and components located
within these structures will be adequately protected and will perform their
intended safety functions if needed, thus satisfying the requirement of Item 3
(above).

By DSER COL Action Item 3.3.2-1, the staff noted that the COL applicant must
ensure that tornado parameters as described above and presented in CESSAR-DC
Table 2.0-1 shall not be exceeded by those of the site-specific DBT. ABB-Ot
incorporates the above information into CESSAR-DC Section 2.0. This is
acceptable. This is included in COL Action Item 2.0-1.

3.4 Water level (Flood) Desian

The System 80+ standard design requires flood protection, from both external
and internal sources, for all SSCs whose failure could prevent safe shutdown
of the plant or could result in an uncontrolled release of radioactivity. The
staff reviewed the information in CESSAR-DC Section 3.4 on design of flood
levels, flood protection design measures, and the information submitted by
ABB-CE in response to the staff's RA!s. The staff's review and acceptance

pi criteria are in accordance with RG 1.59, " Design Basis Floods for Nuclear
O Power Plants," Revision 2, with regard to the methods utilized for establish-i

ing the probable maximum flood (PMF), probable maximum precipitation (PMP),
seiche, and other pertinent hydrologic considerations. In addition, the
staff's review and acceptance criteria are in accordance with RG 1.102, " Flood
Protection for Nuclear Power Plants," Revision 1, as related to the means for
protecting structures and systems important to safety from the effects of the
PMF and PMP.

3.4.1 Flood Protection

CESSAR-DC Section 3.4 states that all seismic Category I structures, compo-
nents, and equipment are designed for applicable loading caused by postulated
floods. Specifically, the elevation level for floods at the reactor site is
determined in accordance with RG 1.59 and ANSI /ANS 2.8, " Determining Design
Basis Flooding at Power Reactor ~ Sites." The finished yard grade adjacent to
safety-related structures will be maintained at least 0.3 m (1 ft) below the
ground floor elevation and no exterior access openings are lower than 0.3 m
(1 ft) above plant grade elevation. Waterstops are used in all horizontal and
vertical construction joints in all exterior walls up to flood level eleva-
tion. Walls subject to flooding are waterproofed and all penetrations in
exterior walls up to the flood level elevation are sealed against the intru-
sion of water.

By DSER COL Action Item 3.4.1-1, the staff noted that the maximum site-
rT specific flood levels and other safety-related structures where flood protec-
('s-) tion measures are required for the site will be addressed in the site-specific

SAR. Subsequently, ABB-CE revised *.ESSAR-DC Section 2.4.1 to address this COL
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action item. This is included in COL Action Item 2.4-1. CESSAR-DC Sec-
tion 2.4.1 states, in part, that the site-specific flooding projections will
consider severe precipitation, snow melt, flooding due to ice cover, river
flooding, ocean flooding, tsunami flooding, seiche effects, wave and storm
surge effects, hurricane effects, high lake levels, and any other effects
appropriate for the specific site. CESSAR-DC Section 3.4.2 also states that
site-specific information will include a description of the site and elevation
for all safety-related structures, exterior accesses, equipment, and systems.
The staff finds that all the considerations for projecting maximum heights of
site flooding events have been addressed in the CESSAR-DC. This is accept-able.

CESSAR-DC Section 3.4.4 states that seismic Category I structures are designed
with flood protection measures in accordance with RG 1.102. Flood barriers
are integrated into the design to provide additional flood protection while
minimizing the impact on maintenance accessibility. Floods are controlled in
the plant by the divisional structural walls which serve as a barrier between
redundant divisions of safe shutdown systems and components, so that a single
flooding event will not affect redundant safety systems. The lowest elevation
of the 'ructure wall have no door or other passage, and the limited penetra-tions t iugh the lower wall are sealed against water. Where flood doors are
providec open and close sensors will indicate status. CESSAR-DC Sec-
tion 3.4.4.1 states that a site-specific evaluation will be performed to
ensure that all penetrations in seismic Category I structures below the
external flood level are properly sealed to protect safety-related equipment.This is acceptable.

The primary means of flood control in the NA and RB subsphere is provided by
the divisional wall which serves as a barrier between redundant trains of safeshutdown systems and components. Each half of the spherical containment
subsphere is compartmentalized to separate safe shutdown components to the
extent practical, while maintaining accessibility to the compartment. The
subsphere, which houses the front-line safety systems is compartmentalized
into fw' quadrants, with two quadrants on either side of the divisional
struct >r Et wall . Although flood barriers separate the quadrants, the capabil-
ity of yamoving equipment will be maintained. Emergency feedwater (EFW) pumps
are located in separate compartments within the quadrants, and each compart-ment is protected by flood barriers. Penetrations are sealed and no doors are
provided in the divisional wall that separates the NA and RB subsphere up to
elevation (EL.) 21.3 m (70 ft), which is the maximum internal flood. Safety-
related electrical components are located at higher elevations such that flood
events will not affect components. Flood barriers also give separation
between electrical equipment and fluid mechanical systems at the lowest
ele mi ons within the NA. Curbs provide similar separation at higher eleva-tions. CESSAR-DC Section 3.4.4.1 states that a site-specific flood analysis
will ensure that all seismic Category I structures are protected against flood
damage. This meets GDC 2 and is, therefore, acceptable.

The NA floor drainage systems are separated by division and Safety Class 3
valves will prevent backflow of water to areas containing safety-related
equipment. Each subsphere quadrant is provided with redundant sump pumps 1(Safety Class 3) and associated instrumentation, which are powered from the
diesel generators in the event of loss of offsite power.

I

i
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p Reducing the potential for possible flood sources is incorporated into the

V) internal flood protection design. The CCW system and emergency feedwater
systems (EFWS) are fully separated by division walls to prevent the migration
of water between the divisions ~from a single flood source within one division. |
The station service water system (SSWS) is located outside the NA to eliminate
a significant source of water. Safety Class 3 floor drain sump pumps and
associated instrumentation in the diesel generator building will prevent
flooding of the diesel generators. These pumps will be powered from the
diesel generators in the event of loss of offsite power.

In response to RAI Q410.32(g) and RAI Q410.98, ABB-CE gave two different
answers for the identification of seismic Category I structures requiring
flood protection. Q410.32(g) asked ABB-CE to identify which of the structures
listed in CESSAR-DC Table 3.2-4 will be designed using flood loading criteria.
Q410.98 asked ABB-CE to discuss the internal flood protection methods to be
used in the design as discussed in CESSAR-DC Section 3.4. Although the two
responses were similar, the staff was not clear if the structures would be
identified in CESSAR-DC Section 3.4.4.1 or by reference to CESSAR-DC Ta-
ble 3.2-1. This was DSER Open Item 3.4.1-1.

In response to this concern, ABB-CE revised CESSAR-DC Section 3.4.4.1 which
state::, in part, that seismic Category I structures identified in CESSAR-DC
Table 3.2-1 are designed for flood protection. The staff's review finds that
Section 3.4.4.1 (flood protection measures) is consistent with Table 3.2-1
(classification of SSCs). Therefore, DSER Open Item 3.4.1-1 is resolved.

In addition, the seismic Category I diesel fuel oil storage structures, whichp) ABB-CE added to CESSAR-DC Section 9.5.4 in response to RAI Q410.124(b), were;

V not identified as structures requiring flood protection in accordance with
RG 1.29. This was DSER Open Item 3.4.1-2.

In response to this open issue, ABB-CE revised CESSAR-DC Section 9.5.4 and
added Section 9.5.4.1.2 to address the DFSS interface. Section 9.5.4.1.2
states, in part, that the seismic Category I portion of the diesel fuel oil
storage structure is designed to withstand the effects of natural phenomena,
including SSE, floods, tornados, and hurricanes. ABB-CE has added flood
protection requirement to the design of DFSS. On this basis, DSER Open
Item 3.4.1-2 is resolved.

On the basis of its review of the System 80+ design for flood protection, the
staff finds that all of the DSER open issues as discussed above are resolved.
Therefore, the staff concludes that the water level design for postulated
floods is in accordance with SRP Section 3.4.1 and meets the requirements of
GDC 2 and the guidance of RGs 1.59 and 1.102.

3.4.2 Analysis Procedures

CESSAR-DC Section 3.4.1 specifies that the design-basis flood level for the
System 80+ plant is 0.3 m (1 ft) below plant finished yard grade. The maximum
flood level for a specific site will be determined in accordance with RG 1.59
and ANSI /ANS 2.8-1983, " Determining Design Basis Flooding at Power Plant
Sites." The staff requires, in accordance with CESSAR-DC Table 2.0-1, thatp) the maximum flood level at a site be below the design-basis flood level. The;

|
V design-basis flood is used in determining the applicable water level for the

I
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design of all seismic Category I structures, in accordance with the load
combinations discussed in CESSAR-DC Section 3.8.4. The forces acting on those
structures are determined on the basis of full external hydrostatic pressure
corresponding to that flood level. All seismic Category I structures wil.1 be
stable regarding both moment and uplift forces resulting from proper load
combinations, including the design-basis flood level. These pr'ovisions will
be incorporated into construction to maintain a dry environment in these
structures during all flood conditions.

The analysis procedures for the design of the System 80+ plant are acceptable,
as follows. ABB-CE has sctisfied the review criteria of SRP Section 3.4.2 and
the requirements of GDC 2, with respect to the structural capability to
withstand the effects of the flood level and highest groundwater level. The
design reflects the following, as described in SRP Section 3.4.2:

(1) appropriate consideration for the most severe flood not to exceed the
flood level identified above for any future site

(2) appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena

(3) the importance of the safety function to be performed

By limiting the design-basis flood elevation to a minimum of 0.3 m (1 ft)
below the grade and the design groundwater level to 0.6 m (2 ft) below the
grade, ABB-CE provides sufficient margin to prevent structural damage during
the most severe flood described above, as well as the associated dynamic
effects that are appropriate for the flood levels, so the requirement of
Item 1 (above) is met. In addition, as required by Item 2 (above), the design
of seismic Category I structures includes, in an acceptable manner, load
combinations that will occur as a result of both the most severe flood or
groundwater-related loads described above and loads resulting from normal and
accident conditions.

The procedures used to determine the loadings on seismic Category I structures
induced by the design flood or highest groundwater level specified for the
plant are acceptable. The procedures used to determine the external hydro-
static pressure corresponding to the flood level have been used in the design
of conventional structures and prove to serve as a conservative baseline that
ensures that structures will withstand such environmental forces.

The use of these procedures gives reasonable assurance that, in the event of
floods as described above, the structural integrity of the plant seismic
Category I structures will not be impaired and, in consequence, seismic
Category I systems and components located within these structures will be
adequately protected and may be expected to perform necessary safety func-
tions, thus satisfying the requirements of Item 3 (above).

By DSER COL Action Item 3.4.2-1, the staff noted that the COL applicant must
provide a specific description of the site and the elevation for all safety-
related structures, exterior accesses, equipment, and systems, from the
standpoint of hydrology considerations and flood history (including date,
level, peak discharge and related information for major historical flood
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events in the site region). The individual applicant will also address the
'

( following topics: '

PMP*

precipitation losses*

runoff and stream course models.

maximum flood flowa

water level determination.

coincident wind wave activitya '

CESSAR-DC Section 3.4.2 states that site-specific information will include a
description of the site and elevation for all safety-related structures, -

exterior accesses, equipment, and systems. This is acceptable. This is-
included in COL Action Item 3.4-1.,

By DSER COL Action Item 3.4.2-2, the staff noted that the COL applicant should e

ensure and demonstrate in the site-specific application that all seismic '

Category I structures are either protected against flood damage or are not
subject to such damage. Hydrostatic and hydrodynamic effects of the flood
must be considered and described for all postulated design flood levels for
the conditions set for the future site, as outlined above. CESSAR-DC Sec-
tion 3.4.2 states that all seismic Category I structures are protected against
flood damage. This is acceptable. This is included in COL Action Item 3.4-1.<

3.5 Missile Protection

p The System 80+ standard design provides missile protection or redundancy for
seismic Category I SSCs. The protection of essential SSCs is done by means of '

(1) minimizing the source of missiles, (2) orientatian or physical separation
of potential missile sources away from safety-related equipment and compo-
nents, (3) missile containment through the use of protective shields and
barriers near the source, and (4) hardening the safety-related equipment and
components to withstand missile impact. The staff's review of the facility- j

design for protecting SSCs important to safety against missiles is as follows.
1

3.5.1 Missile Selection and Description '

CESSAR-DC Section 3.5.1 id iitifies potential missiles and characterizes them
by type, source, and prc'0 ability.of occurrence, retention, and impact. For
equipment with energy sources capable of creating a missile, the selection is
based on the application cf single-failure criterion to the retention features
of the component. Where ufficient retention redundancy is provided in the -
event of a failure, no missile is postulated.

Internally-generated missiles can be generated from two types of equipment:
rotating components and pressurized components. Rotating components include
turbine wheels, fans, and auxiliary pumps and their associated motors.
Pressurized components include valves, Hxs, vessels, and their associated
components.

The types of missiles ABB-CE considered in the design of seismic Category I
SSCs are discussed in the following sections of this report:

Internally-generated missiles (Outside the Containment) - 3.5.1.1*
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Internally-generated missiles (Inside the Containment) - 3.5.1.2.

Turbine Missiles - 3.5.1.3.

Missiles Generated by Natural Phenomena (Tornado) - 3.5.1.4.

Missiles Generated by Everits Near the Site - 3.5.1.5.

Aircraft Hazards - 3.5.1.6.

3.5.1.1 Internally-generated missiles (Outside the Containment)

The staff reviewed the design of the facility for protecting SSCs important to
safety against internally-generated missiles outside the containment in accor-
dance with SRP Section 3.5.1.1. Conformance to the acceptance criteria forms
the basis for the staff's evaluation of the design for missile protection
outside the containment with respect to the applicable regulations of 10 CFR
Part 50. Specifically, GDC 4 (10 CFR Part 50, Appendix A) requires that these
SSCs be protected against missiles. The review of internally-generated
missiles does not include main turbine missiles which are evaluated inSection 3.5.1.3 of this report.

ABB-CE evaluated the potential missile sources from rotating and pressurized
component failures. Precautions against missiles generated by rotating or
pressurized equipment are made by reducing the potential for sources of
missiles by equipment design, by orientation or physical separation of poten-
tial missile sources away from safety-related equipment, by missile contain-
ment through the use of protective shields near the source, and by hardening
of those components that remain vulnerable. ABB-CE evaluated internal missile
sources, such as auxiliary pumps and associated motors, valve stems and
bonnets, and pressure vessels and concluded that none of these components are
a credible source of missiles. Additionally, the CESSAR-DC states that the
redundant safety systems outside the containment are physically separated so
that no single gravitational or other type missile can impact both systems.

CESSAR-DC Section 3.5.1.1 states that there are no postulated missiles
originating from auxiliary pumps and their associated motors outside contain-
ment for the following reasons:

(1) The pump motors are induction type which have relatively slow running
speeds and are not prone to overspeed. The motors are all pretested at
full running speed by the motor vendor before installation.

(2) The motor stator would tend to serve as a natural container of rotor
missiles if there were to be any.

(3) All pumps normally have relatively low suction pressures and, therefore,
would not tend to be driven to overspeed due to a pipe break in the
discharge line. Also, the induction motor would tend to act as a brake
to prevent pump overspeed.

(4) Industry experience shows that there have been no occurrences of impeller
pieces penetrating pump casings.

ABB-CE states that no missiles are postulated from valves because all valve
stems have a back-seat or shoulder that is larger than the valve bonnet
opening. Motor-operated and manual valve stems are restrained by stem threads
and operators on motor , hydraulic , and pneumatic-operated valves prevent
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ejection. Pneumatic-operated diaphragms and safety valve stems are restrained
( be spring force. Additionally, all valve bonnets are either pressure sealed,,

v threaded or bolted such that there is redundancy for prevention of missile
generation.

ABB-CE states that all pressurized vessels outside containment are moderate
energy (1.90 MPa (275 psig)) or less and are designed and constructed to the
standards of the ASME Code. In addition, all vessels will receive periodic
in-service inspections and, where appropriate, will be provided with pressure
relief devices.

On the basis of its review of the adequacy of the design for maintaining the
capability for a safe shutdown in the event of internally-generated missiles

|
outside the containment, the staff concludes that the above analysis is
correct and that internally-generated missiles from rotating and pressurizedi

components are not credible. The design is in conformance with the require- I'

ments of GDC 4 and meets the acceptance criteria of SRP Section 3.5.1.1 with
respect to protection from internally-generated missiles outside the contain-
ment and is, therefore, acceptable.

3.5.1.2 Internally-generated missiles (Inside the Containment)

The staff reviewed the design of the facility for protecting SSCs important to
i
: safety against internally-generated missiles inside the containment in
I acccrdance with SRP Section 3.5.1.2. Conformance to the acceptance criteria

formi the basis for the staff's evaluation of the design for missile protec-
'

r~~ tion inside the containment with respect to the applicable regulations of
10 CFR Part 50.

Protection for the SSCs inside the containment that are required for safe
shutdown of the facility against postulated internally-generated missiles

,

associated with plant operation, such as missiles generated by rotating or {pressurized equipment, is provided by any one or a combination of barriers, i

separation, and equipment design. The primary means of protecting safety- I

related equipment from potential damage of the internally-generated missiles
is shield walls and separation within the containment.

ABB-CE evaluated the potential missile sources inside the containment and
states that the only credible missile sources identified are from the follow-
ing high-energy systems:

.

|
reactor ve.ssel - control rod drive assembly, closure head nut and stud, |

*

and heated junction thermocouple assembly I

steam generator - studs and nuts of manways and handhole*

pressurizer - safety valve flange bolt, lower temperature element, anda

manway stud and nut

RCP and piping - reactor. coolant piping temperature nozzle with resis-*

tance temperature detector (RTD) assembly, surge and spray piping
thermowells with RTD, and RCP thermowell with RTD(Q/

O
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Other items considered and specifically excluded, because of redundant reten-
tion features, are valve stems, valve bonnets, and pressurized cover plates.

ABB-CE lists postulated missiles from equipment inside the containment in
.

CESSAR-DC Table 3.5-1 and summaries missile characteristics based on the
criteria that either (1) the structures, shields, barriers, and equipment
orientation protects the safety-related equipment from the primary missiles
(above) and from any secondary missiles generated by their impact or (2) these
missiles do not have sufficient energy to cause unacceptable impact or damage.
Based on its review of CESSAR-DC Table 3.5-1, the staff finds ABB-CE's assump-
tions and evaluation for the internally-generated missiles inside the contain-
ment to be acceptable. ,

I

On the basis of its review of the adequacy of the facility design for protect-
ing SSCs from internally-generated missiles inside the containment, the staff
concludes that through the use of barriers, separation, and equipment design, '

the facility design meets the requirements of GDC 4 and the acceptance
criteria of FRP Section 3.5.1.2 and is, therefore, acceptable.

3.5.1.3 Turbine Missiles

The turbine generator placement and orientation for the System 80+ are
illustrated in CESSAR-DC Figure 1.2-1. With respect to the RB, the turbine
system is oriented so that a postulated turbine missile is not likely to
strike the RB.

The probability of unacceptable damage from turbine missiles is exprese,ed as
the product of (1) the probability of turbine missile generation resu; ting in
the ejection of turbine disk (or internal structure (IS)) fragments tbough
the turbine casing (P ); (2) the probability of ejected missiles perfrmting3

intervening barriers and striking safety-related structures, systems or
components (P ); and (3) the probability of safety-related structures,2

systems, or components failing to perform their safety fgnetions (P ).
CESSAR-DC Section 3.5.1.3 states that P 3is less than 10' per turbine tail-2ure.

In previous reviews of the probability calculations, the staff found that the
mathematical models used to calculate P and P required numerous approxima-2 3tions and simplifying assumptions in der to incorporate available data in
the analysis. As a result, the calculacions of P and P were not accurate;z 3
however, the calculation of P is considered more accurate and precise.
Therefore, in recent years, tbe staff placed emphasis on reviewing the
probability of turbine missile generation (P ). If P is controlled to a3

j minimum, the final failure probability of unacceptabl'e damage can be met.'

Consistent with the staff position taken in recently licensed plants, the
probability of turbine missile generation should be kept to no greater than4

.

| 10 / reactor-year for an unfavorably oriented turbine and 10" for a favorably
oriented turbine. As stated above, the turbine is favorably oriented. The
staff also recommended certain actions for situations when the probabilityi

does not meet the minimum values required (see Table 3.1 of this chapter).

CESSAR-DC Section 3.5.1.3 states that the design follows the guidelines of
RG 1.115, " Protection Against Low-Trajectory Turbine Missiles," Revision 1.
In a letter dated April 30, 1992 (LD-92-063), ABB-CE stated that the combined

|

|
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probability of turbine missile generation and adverse impact effects on/n\ seismic Category I systems and components is less than 10''/ year.b
By DSER COL Action Item 3.5.1.3-1, the staff noted that the COL applicant
should submit a summary of the turbine maintenance and inspection program to
ensure that the turbine missile generation probability (P ) will be less than

310''/ year. ABB-CE, in Amendment P, revised CESSAR-DC Section 3.5.1.3 to state
that a summary of the turbine maintenance and inspection program including
probability calculations of turbine missile generation will be submitted.
This will ensure that the turbine missile generation probability be less than
10''/ year for a favorably oriented turbine system (U.S. NRC, " Safety Evalua-
tion Report Related to the Operation of Hope Creek Generating Station,"
NUREG-1048, Supplement No. 6, July 1986; and U.S. NRC, letter from C.E. Rossi
to J. A. Martin, Westinghouse, Orlando, Florida, February 2,1987) and is,
therefore, acceptable. This is included in COL Action Item 3.5-1.

ABB-CE has sufficiently demonstrated to the staff, in accordance with
RG 1.115, that the probability of turbine missile damage to SSCs important to
safety is acceptably low. Therefore, the staff concludes that the turbine
missile risk for the proposed plant design is acceptable and meets the
requirements of GDC 4.

3.5.1.4 Missiles Generated by Natural Phenomena (Tornado)

The staff reviewed the tornado-generated missiles in accordance with SRP
Section 3.5.1.4. Conformance to the acceptance criteria forms the basis for

h
the staff's evaluation of the tornado-missile spectrum with respect to the[J applicable regulations of 10 CFR Part 50.

The staff did not use the portions of the SRP acceptance criteria concerning
missile strike probability per year to damage safety-related systems. The
review for this section of the SRP is concerned with establishing the missile
spectrum, not with calculating the probability of damage.

The SRP acceptance criteria specify that the design should meet GDC 2 and 4.
GDC 2 requires that SSCs important to safety be protected from the effects of
natural phenomena, and GDC 4 requires that SSCs be protected against missiles.
ABB-CE considered tornado-generated missiles as the only limiting hazard
arising from natural phenomena that are of concern. ABB-CE selected Spec-
trum 11 per SRP Section 3.5.1.4 (Rev. 2) as the design-basis missile spectrum.
The spectrum includes weight, impact velocity, and dimensions of the missile, '

and is in accordance with RG 1.76. The design impact velocities were selected
for Region I, the region of highest velocity as defined in WASH-1300. On the
basis of its review of the missile spectrum in CESSAR-DC Table 3.5-2, the
staff finds that the spectrum is representative and acceptable at a site with
a tornado velocity less than 531 km/hr (330 mph), a site parameter defined in
CESSAR-DC Table 2.1.

The evaluation of the protection devices (barriers and structures) afforded
safety-related equipment from the identified tornado missiles, including
compliance with the guidelines of RG 1.117, " Tornado Design Classification,"
Revision 1, Positions C.1 through C.3, is addressed in Section 3.5.2 of thisp) report. The adequacy of barriers and structures to withstand the effects oft

V the identified tornado missiles is discussed in Section 3.5.3 of this report.

ABB-CE System 80+ FSER 3-29 June 1994



The tornado-missile spectrum is properly selected and meets the require-
ments of GDC 2 and 4, with respect to protection against natural phenomena
and missiles, and the guidelines of RG 1.76, Positions C.1 and C.2, and
RG 1.117, Positions C.1 through C.3, with respect to identification of

. missiles generated by natural phenomena. The tornado-missile spectrum also
meets the acceptance criteria of SRP Section 3.5.1.4 and is, therefore,
acceptable.

3.5.1.5 Missiles Generated by the Events Near the Site

By DSER COL Action Item 3.5.1.5-1, the staff noted that the missiles generated
near the site will be addressed in the site-specific SAR. CESSAR-DC Sec-
tion 3.5.1.5 states that justification will be provided in the site-specific
SAR. This is acceptable. This is included in COL Action Item 3.5-1.

3.5.1.6 Aircraft Hazards

By DSER COL Action item 3.5.1.6-1, the staff noted that the hazards due to
aircraft impact near the site are considered to be site specific in the design|

! of System 80+ and will be addressed in the site-specific SAR. CESSAR-DC'

Section 3.5.1.6 states that justification will be provided in the site-
specific SAR. This is acceptable. This is included in COL Action Item 2.2-1.
3.5.2 SSCs To Be Protected From Externally Generated Missiles

The staff reviewed the design of the facility for protecting SSCs important to
safety against externally-generated missiles in accordance with SRP Sec-
tion 3.5.2. Conformance to the acceptance criteria forms the basis for the
staff's evaluation of the design of the facility for providing protection from
tornado-generated missiles with respect to the applicable regulations of
10 CFR Part 50.

The SRP acceptance criteria specify that the design should meet GDC 2 and 4.
The spectrum of tornado missiles is discussed in Section 3.5.1.4 of this
report. ABB-CE states that all safety-related systems, equipment, and compo-
nents required to safely shut down the reactor and maintain it in a safe-
shutdown condition are housed in seismic Category I structures designed as
tornado-resistant structures.

In addition, protection from low-trajectory turbine missiles, including
compliance with RG 1.115, " Protection Against Low-Trajectory Missiles,"
Revision 1, is addressed in Section 3.5.1.3 of this report.

The System 80+ standard design regarding protection from externally-generated
missiles is in accordance with the requirements of GDC 2 and 4 with respect to
missile and environmental effects and the guidelines of RG 1.13 (Post-
tion C.2), RG 1.27 (Positions C.1 through C.3), RG 1.115, and RG 1.117 (Posi-
tions C.1 through C.3) with respect to protection of safety-related plant
features from tornado missiles, including stored fuel and the ultimate heat
sink. The design of the facility for providing protection from tornado-
generated missiles also meets the applicable acceptance criteria of SRP
Section 3.5.2 and is, therefore, acceptable.

3.5.3 Barrier Design Procedure
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For the design of missile barriers, ABB-CE proposes several methods for i

O estimating missile penetration depth for concrete structures. To ensure that
no secondary missiles are generated as a result of,spalling, a minimum barrier
thickness of three times the estimated penetration formulas may be used if '

justified by full-scale impact tests. The staff's position is that, although
no restriction is placed on the formulas to be used for local missile damage
predication as long as it is technically sound, the minimum design wall and
roof thicknesses documented in Table 1, " Minimum Acceptable Barrier Thickness
Requirements For Local Damage Predication Against Tornado Generated Missiles,"
of SRP Section 3.5.3 must be complied with. This is because these concrete
thicknesses are the minimum required for protection against Spectrum II
tornado missiles proposed in the CESSAR-DC. By DSER Open Item 3.5.3-1, the
staff noted that ABB-CE should incorporate Table 1 of SRP Section 3.5.3 into
the CESSAR-DC. Subsequently, ABB-CE incorporated this information into
CESSAR-DC Table 3.5-3 in Amendment N. This is acceptable and resolves DSER
Open Item 3.5.3-1.

The local damage predication formula for steel structures in CESSAR-DC
Section 3.5.3.1.2 is identical to one'of the formulas specified in SRP
Section 3.5.3, and is, therefore, acceptable.

,

The staff evaluated the procedures for the design of seismic Category I SSC to
withstand the effects of missile impact in accordance with SRP Section 3.5.3.
The evaluation included the review of the procedures for the prediction of
local damage of concrete and steel structures and for the prediction of
overall structural response due to missile impact as well as the adequacy of

p the missile parameters. The staff concludes that the barrier design procedure ,

is in accordance with the guidelines of SRP Section 3.5.3 and meets the
requirements of GDC 2 and 4 and is, therefore, acceptable. :

The procedures used by ABB-CE to determine the effects and loadings on seismic
Category I structures and missile barriers induced by design-basis missiles !

selected for the plant are acceptable since these procedures are in compliance
with the guidelines of SRP Section 3.5.3 and give a sound basis for engineer-
ing design to ensure that the structures or barriers are adequately resistant *

to and will withstand the effects of such forces. The use of these procedures
provides reasonable assurance that in the event of design-basis missiles
striking seismic Category I structures or. missile barriers, the structural

.

integrity of the structures, shields and barriers will not be impaired or '

degraded to an extent that will result in a loss of required protection.
Seismic Category I systems and components protected by these structures are,
therefore, adequately protected against the effects of missiles and will .

perform their intended safety functions, if needed. Conformance with these
procedures is an acceptable basis for satisfying, in part, the requirements of
GDC 2 and 4.

3.5.4 General Design Bases 1

CESSAR-DC Section 3.5.4 requires that missile protection measures be provided i
for all seismic Category I SSCs. Specifically, appropriate missile barrier !

design procedures are used in designing systems and parts of systems located
inside the containment to prevent a. loss-of-coolant accident (LOCA) orO preclude the systems' loss of their safety function from the impact of poten-

,

I
tial missiles. For systems and equipment outside containment, appropriate
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design features (e.g., proper turbine orientation, natural separation, or
missile barriers) are used to ensure that any potential missile impact will
not prevent the systems or equipment from performing their safety functions.
Furthermore, the safety-related instrument and control systems and all the
systems and equipment required to conduct a safe plant shutdown are protectedfrom potential missile sources.

The general design requirements for missile protection have been adequately
addressed in CESSAR-DC Section 3.5.4. The staff considers that the design
bases conform to the guidelines provided in Section 3.5 of RG 1.70 and are,
therefore, acceptable.

3.6 Protection Acainst Dynamic Effects Associated With the Postulated Rupture
of Picina

3.6.1 Plant Design for Protection Against Postulated Piping Failures in Fluid
Systems Outside Containment

The staff reviewed the CESSAR-DC design for protecting SSCs against postulated
piping failures outside containment in accordance with SRP Section 3.6.1.
Conformance with the acceptance criteria forms the basis for the staff's
evaluation of the CESSAR-DC design for providing protection against postulated
piping failures outside the containment with respect to the applicable;

regulations of 10 CFR Part 50.
|
| The SRP acceptance criteria specify that the design should meet GDC 4 as it

relates to accommodating the dynamic effects of postulated pipe rupture,
including the effect of pipe whipping and discharging fluids. The design is
in compliance with GDC 4 if it conforms to SRP Section 3.6.1, BTP Auxiliary
Systems Branch (ASB) 3-1, " Plant Design for Protection Against Postulated
Piping Failures in fluid Systems Outside Containment," in regard to high-
energy and moderate-energy fluid systems outside the containment. BTP ASB 3-1

1

specifies that postulated piping failures in fluid systems should not cause a
loss of function of essential safety-related systems and that nuclear plants
should be able to withstand postulated failures of any fluid system piping

| outside the containment, taking into account the direct results of such'

failure and the further failure of any single active component with acceptable
off-site consequences.

The fluid-system piping is designed in accordance with the high-energy and
moderate-energy pipe criteria of Appendix B of BTP ASB 3-1 to meet the above
requirements with respect to protection against pipe breaks outside the
containment. These criteria concern failures in high-energy and moderate-
energy fluid systems. The CESSAR-DC identifies the high-and-moderate-energy
piping systems in accordance with the guidelines of SRP Section 3.6.1, BTP
ASB 3-1, and also identifies those systems requiring protection from postu-lated piping failures.

The plant design accommodates the effects of postulated pipe breaks by means
of physical separation, enclosure in suitably designed structures or compart-|

'

ments, drainage systems, pipe whip restraints, and equipment shields.I

Separation between redundant safety systems with their auxiliary supporting
features is the basic protective measure.
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o Based on its review of the criteria for establishing the effects of high-IV) energy and moderate-energy pipe failure on safety-related systems and struc-
tures, the staff concludes that the protection provided against pipe failure '

outside the containment conforms with the guidelines of BTP ASB 3-1.

There are no high-energy lines in the vicinity of the control room. There-
fore, there are no effects upon the habitability of the control room by pipe
break, either from pipe whip, jet impingement, or transport of steam. Control
room habitability systems are discussed further in Section 6.4 of this report.

The CESSAR-DC identifies the essential systems which are required to be
protected from the effects of postulated piping failures. By means of design
features, such as separation, barriers, and pipe whip and jet impingement
restraints, the effects of pipe break will not damage essential systems to an
extent that would impair their safety function. The potential environmental
effects of steam on essential systems are discussed in Section 3.11 of this
report.

On the basis of its review, the staff concludes that the System 80+ plant is
adequately designed and protected against postulated piping failures outside
the containment, including the combination of pipe failure and single active
failure. The staff concludes that the facility design for providing protec-
tion against postulated piping failures complies with the requirements of
GDC 4 and the guidance of BTP ASB 3-1 with respect to the protection of
safety-related systems and components from postulated high- and moderate-
energy line breaks. The design of the facility for providing protection
against postulated piping failures also meets the acceptance criteria of SRP

(o) Section 3.6.1.
v

3.6.2 Determination of Rupture Locations and Dynamic Effects Associated.With
the Postulated Rupture of Piping

GDC 4 requires that SSCs important to safety be designed to be compatible with
and to accommodate the effects of the environmental conditions resulting from
normal operations, maintenance, testing, and postulated accidents, including
LOCA. It also requires that they be adequately protected against dynamic
effects (including the effects of missiles, pipe whipping, and discharging
fluids) that may result from equipment failures and from events and conditions
outside the nuclear power plant.

CESSAR-DC Section 3.6.2 describes the design bases for locating breaks and
cracks in piping inside and outside containment, the procedure used to define
the thrust at the break location, the jet impingement loading criteria, and
the dynamic response models and results. On the basis of its review of the
information in CESSAR-DC Section 3.6.2, the staff finds that it conforms to
the modified guidelines of SRP Section 3.6.2, Revision 2, including BTP |

MEB 3-1, as described in the following. !

In DSER Section 3.6.2 the staff noted three general issues. In the first of i

these general issues, DSER Open Item 3.6.2-1, the staff stated that, contrary
to the representation that CESSAR-DC Section 3.6.2 contains descriptions of

Im results relating to the determination of break locations and dynamic effects
C) associated with the postulated rupture of piping, no such descriptions were

found in CESSAR-DC Section 3.6.2. ABB-CE was asked to delete this inference.
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By Amendment N, ABB-CE revised CESSAR-DC Section 3.6.2 to eliminate the
statement that descriptions of these results were contained in Section 3.6.2.
In addition, CESSAR-DC Section 3.6 states that the, COL applicant will supply
final designs of high and moderate energy fluid systems. On this basis, DSER
Open item 3.6.2-1 is resolved. The other two issues relate to the general
methodology for determining the location of pipe ruptures and their dynamic
effects.

Relative to the second general issue, the staff noted in the DSER that, by
letter LD-92-056 of April 30, 1992, ABB-CE had transmitted a draft of Sec-
tion 7 of the System 80+ DSDG to the NRC for review. Section 7 of the DSDG
provided detailed requirements for the design of piping; heating, ventilation,
and air conditioning (HVAC); and cable tray / conduit systems and supports. In
particular, detailed requirements for pipe rupture were included in the DSDG.
However, the staff noted in DSER Section 3.6.2 that evaluation of the DSDG
could not be completed until the entire DSDG was in final form. Accordingly,
by DSER Open Item 3.2-1, ABB-CE was asked to submit the final version of the
DSDG for staff review. Subsequently, a complete version of the DSDG, dated
January 15, 1993, was submitted for review. Although not part of CESSAR-DC,

.

the DSDG has been subjected to a number of staff audits following which the
information necessary for the staff's safety evaluation of CESSAR-DC was
extracted from the DSDG, modified or clarified as necessary, and subsequently
included in Appendix 3.9A to CESSAR-DC by Amendment P. Results of the staff's
satisfactory review of this appendix are discussed in Section 3.12 of this
report. On this basis, DSER Open Item 3.2-1 is resolved.

Relative to the third general issue, the staff noted that CESSAR-DC Sec-~
tions 3.6.2.1.3 and 3.6.2.2 contain the statement that dynamic effects of pipe
ruptures in the reactor coolant loop, surge line (SL), shutdown cooling (SC)
line, safety injection (SI) line, and main steamline (MSL) inside the contain-
ment were to be eliminated from the System 80+ plant design basis by LBB
evaluations. CESSAR-DC Section 3.6.3 described the LBB evaluations to be
performed to eliminate these dynamic effects. However, by RAIs Q210.13,
Q210.27, and other requests, the staff noted that, pending the resolution of
RAI Q252.03 concerning the LBB evaluation procedure, the criteria in Sec-
tion 3.6.2 of CESSAR-DC were applicable to all high- and moderate-energy fluid
system piping and asked ABB-CE to delete or revise various sections of
CESSAR-DC to state this position. Subsequently, ABB-CE responded to these
staff requests by asking the staff to reconsider its position. The staff
reaffirmed its position in DSER Section 3.6.2, and, by DSER Open Item 3.6.2-2,
asked ABB-CE to revise CESSAR-DC Section 3.6.2 to reflect the reaffirmed staff
position.

By RAI Q252.03 the staff stated that (1) LBB analyses were to be based on
specific plant data and (2) pre-approval of LBB based solely on methods and
procedures was not acceptable. Requirements for LBB analyses were also
provided. Subsequently, as a result of interactions (described in part in
DSER Section 3.6.3) with the staff, ABB-CE proposed an approach which was
acceptable to the staff. As documented in DSER Section 3.6.3, ABB-CE proposed
to perform bounding LBB analyses based on the acceptance limits of NUREG-1061,
Volume 3, to derive acceptable stress limits for the LBB piping which are to
be satisfied in the final design. By DSER Open Item 3.6.3-1, ABB-CE was asked
by the staff to submit these bounding LBB analyses for review and approval for
design certification. As discussed in Section 3.6.3 of this report, the staff
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n\ finds these LBB bounding analyses acceptable for the System 80+ design. On

(b the basis of staff's approval of LBB method for System 80+ design, it is
acceptable to eliminate the dynamic effects of the pipe ruptures of those
lines which are eliminated by LBB and noted in CESSAR-DC Section 3.6.2.1.3.
On this basis, DSER Open Item 3.6.2-2 is resolved.

Coincident with publication of the DSER, a fourth general issue arose concern-
ing the consideration of OBE effects in pipe break postulation criteria. One
of the guidelines in SRP Section 3.6.2, BTP MEB 3-1, states that the analyses
for the maximum stresses, stress ranges, and usage factors to be used for the
determination of postulated high-energy and moderate-energy pipe break and
crack locations should be based on loads which include the OBE. In
SECY-93-087, the staff recommended the elimination of the OBE in the design
process on the basis that it would not result in a significant decrease in the
overall plant safety margin. The detailed basis for the staff's recommenda-
tion is discussed in Section 3.1.1 of this report. For pipe break postulation
without OBE, the staff specified alternative criteria that differed from SRP
Section 3.6.2. ABB-CE has incorporated these criteria into CESSAR-DC Sec-
tion 3.6.2 for System 80+ design and, therefore, meets the Commission approved
staff position, as described in Section 3.1.1 of this report.

3.6.2.1 Pipe Break Criteria for High-Energy Piping Systems

CESSAR-DC Section 3.6.2.1 provides information on the criteria used to define
break and crack locations and configurations in high-energy and moderate-
energy fluid systems both inside and outside containment. The staff reviewed
this information in accordance with SRP Section 3.6.2, Revision 2. The reviewA; extended to the criteria for ASME Code, Section III, Class 1, 2, and 3, andg

V seismic Category I non-ASME high- and moderate-energy system piping and to the
criteria for piping in containment penetration areas and in other than
containment penetration areas. -

The staff finds that the criteria in CESSAR-DC Section 3.6.1.1 for the
definition of high- and moderate-energy fluid system piping are consistent
with the criteria in SRP Section 3.6.1, BTP ASB 3-1, and are used correctly in
CESSAR-DC Section 3.6.2 for identifying the high-energy fluid systems inside
and outside containment, which are listed in CESSAR-DC Tables 3.6-3 and 3.6-4,
respectively. The staff's review of the criteria used by ABB-CE to define
break locations and configurations are discussed below.

3.6.2.1.1 Pipe-Break Criteria Within the Containment Penetration Areas

SRP Section 3.6.2, including BTP MEB 3-1, Revision 2, states that breaks need
not be postulated in portions of high-energy fluid system piping located
between the CIVs inside and outside the containment that are designed to meet
ASME Code, Section III, Article NE-ll20 and additional guidelines specified in
BTP MEB 3-1. These guidelines include an augmented ISI program that must be
implemented for those portions of piping within the break exclusion zone.

By RAI Q210.14 and DSER Open Items 3.6.2-3 and 3.6.2-4, the staff asked ABB-CE
to revise the criteria in CESSAR-DC Section 3.6.2.1.4.1 F (in Amendment I) for

o piping in containment penetration areas. The staff also requested ABB-CE to
( clarify the design and ISI requirements specified in CESSAR-DC Sec-
A tion 3.6.2.1 4.1 F, Item 3 (in Amendment I), for these break exclusion zones.
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Furthermore, ABB-CE was asked not to revise the break location criteria for
ASME Code Section III, Class I high-energy and moderate-energy fluid system
piping in areas other than in containment penetration areas which were
specified in CESSAR-DC Section'3.6.2.1.4.1 A as proposed in response to RAI
Q210.14. In response, by Amendment N ABB-CE modified CESSAR-DC Sec-
tions 3.6.2.1.4.1.A and 3.6.2.1.4.1.F (which has been changed to
3.6.2.1.4.1.G in Amendment N and thereafter) in accordance with BTP MEB 3-1,
Revision 2, as requested. On this basis, DSER Open Items 3.6.2-3 and 3.6.2-4
are resolvej

3.6.2.1.2 Pipe-Break Criteria Outside the Containment Penetration Areas
|In earlier amendments to CESSAR-DC, ABB-CE specified the pipe-break criteria
|for outside containment penetration areas, which conforms to SRP Sec- I

tion 3.6.2, Revision 1. In response to the preceding staff requests in RAI
Q210.14 and DSER Open Items 3.6.2-3 and 3.6.2-4, ABB-CE, by the CESSAR-DC,

|Amendment N, adopted the staff position fcm postulation of pipe breaks for
|ASME Class 1 piping as delineated in SRP Section 3.6.2, BTP MEB 3-1 Revi- '

sion 2. However, in Amendment P ABB-CE reinstated the pipe break criteria
for Class 1 piping outside the containment penetration areas as delineated in
SRP Section 3.6.2, Revision 1. The staff's review of this reinstated position
is as follows.

Before issuance of Revision 2 of BTP MEB 3-1 in June 1987, breaks were
postulated at intermediate locations between terminal ends of a pipe run if
the maximum stress range as calculated by Eq. (10) is greater than 2.4 S, and
if the maximum stress range as calculated by either Eqs. (12) or (13) is
greater than 2.4 S
ASMESect. ion 111,$,ubsectionNB3653.where Eqs. (10), (12), and (13) and S, are as defined inThis staff position was implemented in
many plants operating today. In Revision 2 of BTP MEB 3-1, the same criteria
are maintained for break exclusion in the containment penetration areas.
However, for other areas, the criteria were revised to require that breaks be
postulated at any intermediate locations when only Eq. (10) predicts stresses
of greater than 2.4 S,. The use of Eqs. (12) and (13) was eliminated. This
resulted in an inconsistency in the Revision 2 criteria in that they allow
higher limits in the containment penetration areas than in other areas. The
break exclusion areas should provide a margin greater than (or at least equal
to) the margin for areas outside the break exclusion area. To determine the
impact of this inconsistency, the staff audited several calculations for both
boiling-water reactors (BWRs) and PWRs which compared the number of postulated
pipe breaks resulting from the use of Revision 1 and 2 criteria. These
analyses indicated that the Revision 2 criteria result in a significant
increase in the number of postulated breaks, which may be counter-productive
in terms of enhancing plant safety. Therefore, the staff has recommended that
SRP Section 3.6.2 be revised to reinstate that portion of the Revision 1
criteria related to allowing the use of Eqs. (12) and (13) for the postulation
of intermediate pipe breaks in ASME Class I piping system. On the basis of
the above evaluation, the staff concludes that it is acceptable to reinstate
the Revision 1 criteria related to allowing the use of Eqs. (12) and (13) in
CESSAR-DC Section 3.6.2.1.4 A (Amendment P).

3.6.2.2 Pipe-Break Analysis Methods
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By RAI 0210.15 through RAI Q210.24, RAI Q210.28 and RAI Q210.29, and addi-
( tional comments from the review of Amendment R to CESSAR-DC, the staff made a( number of requests that ABB-CE revise CESSAR-DC Section 3.6.2 to commit to

many of the details of the break and crack location and configuration criteria !

of BTP MEB 3-1, Revision 2, 1987. ABB-CE has responded to all of these
requests by committing to revise CESSAR-DC Section 3.6.2 in accordance with
the staff's comments and BTP MEB 3-1, Revision 2. Subsequently, ABB-CE
incorporated the requested changes into Amendment U to CESSAR-DC. On this
basis, DSER Confirmatory Item 3.6.2-1 is resolved.

SRP Section 3.6.2 also states that for the final design approval, the follow-
ing information should be provided:

sketches of applicable piping systems showing the location, size, and.

orientation of postulated pipe breaks and the location of pipe whip or
restraints and jet impingement barriers

a summary of the data developed to select postulated break locations-

(this should include calculated stress intensities, cumulative usage
factors and stress ranges as delineated in SRP Section 3.6.2, BTP
MEB 3-1)

By RAls Q210.12, Q210.25, and Q210.26, and DSER Open Item 3.6.2-5, the staff
requested that ABB-CE submit provide the sketches and data. ABB-CE responded
to these requests for detailed information by stating that it was not required
for certification, that it depended on plant-specific information, and that it

p would be subject to revision until the specific details of piping and other
g j plant design are finalized. However, as an alternative approach to address

the lack of design detail regarding pipe rupture, ABB-CE committed tov

(1) include design considerations and guidance for pipe routing and postulated
pipe rupture analyses and (2) prepare a set of sample piping layouts and
analyses, which will include a preliminary postulated pipe rupture evaluation
of an economizer feedwater line. By DSER Open Item 3.6.2-5, the staff noted
that until the above-referenced sample layouts and analyses, as well as the
entire DSDG, are reviewed, the staff could not make a safety determination on
the acceptability of ABB-CE's alternative approach to the design detail
regarding pipe rupture.

Subsequently, ABB-CE submitted the report, " Design and Analysis of System 80+
Distribution Systems" (DADS), Revision 1, dated January 1993, for staff
review. Appendix L of this report summarized the results of a sample ASME
Code, Section III Class 2/3 stress analysis which included a postulated pipebreak analysis. The feedwater economizer line in the RB was used as the
sample model. This report referenced the DSDG and a " sample piping analysis
specification" (SPAS). ABB-CE also submitted a draft of this specification,
" System 80+ Design Certification Sample Piping Analysis Specification," dated
January 15, 1993, for staff review. The information in the DSDG, Sec-
tion 7.1.8, and the SPAS, Section 7, both entitled " Postulated Pipe Breaks,"
are identical to the information in CESSAR-DC Section 3.6.2.

Relative to these ABB-CE submittals, the staff notes that !
n

(1) The DADS, DSDG, and SPAS are not part of CESSAR-DC.
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(2) The DADS Appendix L sample feedwater economizer line-break analysis was
considered only as an illustrative example of an analysis by ABB-CE and
was not reviewed since the piping analysis guidelines in CESSAR-DC Appen-
dix 3.9A and the piping benchmark program (see Section 3.12.4.3 of this
report) will ensure that the piping stress analysis for break postulation
will be done satisfactorily by the COL applicant.

(3) The DSDG, Section 7.1.8, and the SPAS, Section 7, provide only informa-
tion already contained in CESSAR-DC Section 3.6.2. Similarly, no addi-
tional information is provided by CESSAR-DC Appendix 3.9 A, Sec-
tion 1.8.2, which merely references CESSAR-DC Section 3.6.2. Con-
sequently, none of the DSDG, SPAS, or CESSAR-DC Appendix 3.9A provides
any pipe break postulation criteria supplementary to those in CESSAR-DC
Section 3.6.2.

However, as noted in the following discussion, ABB-CE has developed details of
the methodology for pipe whip analyses of the System 80+ design. These
details are included in CESSAR-DC Appendix 3.6A. The staff reviewed this
appendix and found it acceptable. Therefore, pipe whip analyses performed in
accordance with the criteria and methods of Appendix 3.6A will be acceptable.

The staff concludes that proper implementation of (1) the piping design
criteria in CESSAR-DC Appendix 3.9A together with the piping benchmark program
and (2) the pipe whip analysis guidelines in CESSAR-DC 3.6A will assure that
the piping stress analyses for break postulation and the pipe whip analyses
are done satisfactorily. On this basis, DSER Open Item 3.6.2-5 is resolved.

CESSAR-DC Section 3.6.2.2 describes the analytical methods used to define the
forcing functions and response models for the dynamic effects due to pipe
breaks. Based on its review of the CESSAR-DC Section 3.6.2.2.2.1 methodology
for the determination of pipe thrust and jet loads, the staff finds that the
methods are in accordance with SRP Section 3.6.2, Revision 2, and, hence,
acceptabl e. However, in part by RAI Q210.26, the staff asked ABB-CE to
clarify the use of the ANSI /ANS-58.2 standard " Design Bases for Protection of
Light-Water Nuclear Power Plants Against the Effects of Postulated Pipe
Rupture," for calculating fluid thrust forces. In response to this request,
ABB-CE satisfactorily demonstrated how the methodology of Appendix B of the
standard was used to develop the one-step forcing function described in
CESSAR-DC Section 3.6.2. These forcing functions were shown to be at least as
conservative as the forcing functions described in the standard. DSER
Section 3.6.2 stated erroneously that, by RAI Q210.26, the staff had requested
ABB-CE to cite the 1988 Edition of the ANSI /ANS 58.2 standard. The DSER also
stated that ABB-CE had committed to comply with this request (DSER Confirma-
tory Item 3.6.2-2). However, the edition of the standard cited by CESSAR-DC
was the 1988 Edition. Accordingly, DSER Confirmatory Item 3.6.2-2 is with-
drawn and is resolved.

The staff reviewed methods for dynamic analysis of pipe whip described in
CESSAR-DC Section 3.6.2.2.2. As part of its assessment of ABB-CE's methods of
dynamic analysis of pipe whip, by RAI Q210.30, the staff asked ABB-CE to
submit justification for the elastic-plastic moment curvature law used in the

; finite difference pipe whip analysis method described in the CESSAR-DC Appen-
| dix 3.6A. ABB-CE responded to RAI Q210.30 by submitting a general description

of analysis methods only and deleting CESSAR-DC Appendix 3.6A in its entirety.
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This response did not give sufficient information to assess the acceptability

L} of the methods of dynamic analysis of pipe whip for the System 80+ plant
design. Subsequently, in response to requests made in the staff audits that
ABB-CE submitted details of the methodology for pipe whip analyses of the.
System 80+ design, ABB-CE, by Amendment P, included in Appendix 3.6A descrip-
tions of the energy balance and lumped parameter analysis methods. Further-
more, as previously noted by staff, neither the DSDG Section 7.1.8 nor
CESSAR-DC Appendix 3.9 A, Section 1.8.2, provided pipe break information
supplemental to that in CESSAR-DC Section 3.6.2.

By Amendments T and U to CESSAR-DC, ABB-CE revised Appendix 3.6A to submit
guidelines for the design and selection of pipe-whip restraints, and pipe
rupture and jet impingement evaluation methods. The pipe-rupture evaluation
methods include energy balance and dynamic analysis for simplified and
detailed models. The staff has reviewed Appendix 3.6A and found it to be in
accordance with the guidelines of SRP Section 3.6.2, Revision 2, and hence
acceptable. On this basis, DSER Open Item 3.6.2-6 is resolved.

Additionally, the staff conducted audit reviews to further assess ABB-CE's
methods of dynamic analysis of pipe whip against the BTP MEB 3-1 B.I.c.(4)
criterion that structures separating high-energy lines from safety-related
components be designed to withstand the consequences of the pipe break in the
high-energy line. This produces the greatest effect at the structure irre-
spective of the fact that the break postulation stress criteria might not
require such a break location be postulated.

CESSAR-DC Section 3.6.2.1.1 commits to comply with the BTP MEB 3-1 criterion(A) except that structures inside the containment are designed to withstand theV dynamic load effects of postulated pipe breaks not eliminated by the LBB
method. This is acceptable on the basis of staff's approval of LBB method for
System 80+ design as discussed in Section 3.6.3 of this report. As such, the
dynamic effects of pipe breaks inside the containment need not be considered
for piping systems evaluated by LBB.

CESSAR-DC Section 3.6.1.1 provides design bases for postulated piping failures
in fluid systems and indicates that protection of vital equipment is achieved
by separation of redundant safe shutdown systems and by separation of high
energy piping systems from each safe shutdown system. More specifically, safe
shutdown systems inside the containment are protected by separation and
barriers, including the secondary shield wall, refueling cavity walls, and the
operating floors. Most safe shutdown systems outside containment are located
in the RB subsphere and NA, and divided by a structural wall which serves as a
barrier between redundant trains of safe shutdown systems. The main steam,
steam generator blowdown, and main feedwater lines outside containment are
separated from safe shutdown systems by locating the essential portions of
these systems in the main steam valve houses (MSVHs). The high-energy
portions of the CVCS lines in the NA are 5-cm (2-in.) lines which are located
in the vicinity of the 122-cm (4-ft) thick NA divisional wall.

During the audits, the staff asked ABB-CE to provide for staff review sample
calculations for the dynamic effects of worst-case breaks in the MSL in the
MSVH, and in the CVCS line in the vicinity of the NA divisional wall. Thep)i staff found that the dynamic effects on the MSVH due to the worst-case MSL '

'v breaks was conservatively evaluated by ignoring the restraint of MSL whip

ABB-CE System 80+ FSER 3-39 June 1994

__ _ _ _ _ .



restraints. The effects of the worst-case CVCS line break were also evaluated
in accordance with the procedures in CESSAR-DC Appendix 3.6A, which was
reviewed and found acceptable by the staff as discussed above. On the basis
of the results of these audit reviews, the staff concludes that ABB-CE's
evaluation of the dynamic effects of pipe breaks is in accordance with BTP MEB
3-1 criteria and, hence, acceptable.

CESSAR-DC Section 3.6.2.3 describes the dynamic analysis methods used to
verify the design adequacy of SSCs supports under pipe ship or jet impingement
loadings.

By RAls Q210.31 and Q210.32, the staff asked ABB-CE to clarify the allowable
stresses and dynamic load factors used in the pipe whip analyses as described
in the CESSAR-DC Section 3.6.2.3. ABB-CE responded to these requests by
committing to using a 50-percent ultimate strain criterion and a dynamic load _

factor of 2 for other than energy-absorbing whip restraint structural ele-
ments. These criteria are in accordance with SRP Section 3.6.2, Revision 2,
and, hence, acceptable.

3.6.2.3 Conclusions

On the basis of its review of Section 3.6.2 of the CESSAR-DC, the staff
concludes that the criteria for postulating pipe rupture and crack locations
not eliminated by LBB and the methodology for evaluating the subsequent
dynamic effects resulting from these ruptures comply with SRP Section 3.6.2,
meet GDC 4 and, therefore, are acceptable for ensuring that the System 80+
plant design is adequately protected against the effects of postulated
high-energy line breaks. The staff's conclusion is based on the following.

The pipe rupture locations will be determined using the staff-approved
criteria and guidelines just discussed. The design methods for mitigation
devices for high-energy pipe rupture and the measures to deal with the
subsequent dynamic effects of pipe whip and jet impingement have been suffi-
ciently and adequately defined by ABB-CE to provide adequate assurance that
upon completion of the high-energy line break analyses by the COL applicant,
the ability of safety-related SSCs to perform their safety functions will not
be impaired by the postulated pipe ruptures.

The provisions for protection against the dynamic effects associated with pipe
ruptures of the RCPB inside the containment and the resulting discharging
fluid provides adequate assurance that design-basis LOCAs will not be aggra-
vated by the sequential failures of safety-related piping and that the
performance of the emergency core cooling system will not be degraded as a
result of these dynamic effects.

.

The final arrangement of piping and restraints and the final design consider-
ations for high-energy and moderate-energy fluid systems inside and outside
the containment, including the RCPB, shall be the responsibility of the COL
applicant to complete and shall use the staff-approved high-energy line break
criteria and guidelines discus. sed above to ensure that the SSCs important to
safety that are in close proximity to the postulated pipe ruptures will br
protected. CESSAR-DC Section 3.6 states that the COL applicant will provide
final designs of high-energy and moderate-energy fluid systems. This ir
acceptable. This is included in COL Action Item 3.6-1. In using the criteria

ABB-CE System 80+ FSER 3-40 June 1994
|

|



and guidelines discussed above, the staff is assured that the consequences of
pipe ruptures not eliminated by LBB will be adequately mitigated so that the .

reactor can be safely shut down and can be maintained in a safe-shutdown !

condition in the event of a pos'tulated rupture of a high-energy or moderate-
energy piping system inside and outside the containment.

3.6.3 LBB Evaluation Procedure

In CESSAR-DC, Amendment E, Section 3.6.3.9, ABB-CE stated that the Class 1
piping with a diameter of 25-cm (10 in.) or greater and the MSL piping meet
all the criteria for the application of LBB. The LBB analysis is used to :
eliminate the dynamic effects of postulated pipe ruptures.

.

Under the broad-scope revision to GDC 4 (52 FR 41288; October 27, 1987), the
NRC allows the use of advenced technology to exclude from structural. design
consideration the dynamic effects of pipe ruptures in nuclear power plants,
provided it is demonstrated that the probability of pipe rupture is extremely
low under conditions consistent with the design bases for the piping. The
demonstration of low probability of pipe rupture utilizes a deterministic
fracture mechanics analysis that evaluates the stability of postulated, small,
through-wall flaws in piping and the ability to detect leakage through the
flaws long before the flaw could grow to unstable sizes and rupture the pipe.
The concept underlying such analyses is referred to as LBB.

3.6.3.1 LBB Acceptance Criteria
,

O GDC 4 states, in part, that " dynamic effects associated with postulated pipe
ruptures in nuclear power units may be excluded from the design basis when !

analyses reviewed and approved by the Commission demonstrate that the proba-
bility of fluid system piping rupture is extremely low under conditions !consistent with the design basis for the piping."

The analyses referred to in GDC 4 should be based on such specific data as
piping geometry, materials, and piping loads. The staff must review the LBB
analyses for specific piping design before ABB-CE can exclude the dynamic 4

effects from the design basis. Applicants seeking design certification for i
ALWRs under 10 CFR Part 52 should establish preliminary stress analysis
results, provided bounding limits (both upper and lower bound) are determined,

.

in order to establish assurance that adequate margins are available for '

leakage, loads, and flaw sizes. These bounding values and preliminary
analyses should be verified when as-built and as-procured information becomes ,

available during the COL phase. Verification of the preliminary LBB analysis 4

should be completed at the COL stage based on actual material properties and
final, as-built piping analyses as part of inspection, test, analyses, and

,

acceptance criteria (ITAAC) associated with 10 CFR Part 52 before fuel
loading. The staff' position on LBB application is stated in SECY-93-087 and'
the Commission approved it.in its SRM dated July 21, 1993.

A margin of 10 on leakage is required so that leakage from the postulated flaw I

size is assured of detection when the pipe is- subjected to normal operational
loads. A margin of V2 on loads is required to ensure that leakage-size flaws
are stable at normal plus accident loads (e.g., SSE and safety-relief valve

E O discharge loads). A factor of 2 between the leakage-size flaw and the
- critical-size flaw is required to ensure an adequate stability margin for the
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leakage-size flaw. The analysis must be done for an entire pipe run from
anchor to anchor.

In addition, applicants seeking approval of LBB during the design certifi,ca-
tion phase for an ALWR will be required to perform LBB analyses to establish
through-wall flaw sizes and flaw stability. For through-wall flaw sizes, a
lower-bound, normal-operational stress limit must be established for dead
weight, pressure, and thermal loadings. The mean or best-estimate stress-
strain curve should be used. For flaw stability, an upper-bound stress limit
should be established for normal loadings plus SSE. A lower-bound stress-
strain curve for base metal should be used regardless of whether the weld or
base metal is limiting. In addition, a lower-bound toughness (weld metal or
base metal) should be used.

A deterministic fracture mechanics evaluation accounting for material tough-
ness is required. Applicants may propose any fracture mechanics evaluation
method for NRC staff review. However, ABB-CE will have to validate the method
by comparing it with other acceptable methods or with experimental data.

3.6.3.2 LBB Limitations

The staff has established certain limitations on the use of the LBB approach
for excluding piping that is likely to be susceptible to failure from various
degradation mechanisms during service. A significant portion of the LBB
review involves the evaluation of the susceptibility of the candidate piping
in various degradation mechanisms to demonstrate that the candidate piping is
not susceptible to failure from these degradation mechanisms. The NRC staff
reviews the operating history and measures to prevent or mitigate these
mechanisms.

The LBB approach cannot be applied to piping that can fail in service from
such effects as water hammer, creep, erosion, corrosion, erosion-corrosion,
fatigue, thermal stratification, and environmental conditions. Such piping is
excluded because these degradation mechanisms challenge the assumptions in the
LBB acceptance criteria. For example, (1) water hammer may introduce exces-
sive dynamic loads that are not accounted for in the LBB analyses and (2) cor-
rosion and fatigue may introduce flaws whose geometry may not be bounded by
the postulated through-wall flaw in the LBB analyses. Adhering to the
defense-in-depth principle, piping susceptible to failure from these potential
degradation mechanisms is excluded from LBB applications.

I

The limitations and acceptance criteria for LBB used by the NRC staff are!

! discussed in NUREG-1061, Volume 3, " Evaluation of Potential for Pipe Breaks,
l

Report of the U.S. Nuclear Regulatory Commission Piping Review Committee,"
dated November 1984.

3.6.3.3 LBB Design Basis

The broad-scope rule introduced an acknowledged inconsistency in the design
basis by excluding the dynamic effects of postulated pipe ruptures while
retaining non-mechanistic pipe rupture for containments, emergency core
cooling systems (ECCS), and environmental qualification (EQ) of safety-related &
electrical and mechanical equipment. S
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m The NRC staff subsequently clarified its intended treatment of the contain-

[V) ment, ECCS, and EQ in the context of LBB application in a request for public
comments on this issue that was published on April 6, 1988 (53 FR 11311).
Effects resulting from postulated pipe breaks can be generally divided into
local dynamic effects and global effects. Local dynamic effects of a pipe
break are uniquely associated with that of a particular pipe break. These
specific effects are not caused by any other source or even by a postulated
pipe break at a different location. Examples of local dynamic effects are
pipe whip, jet impingement, missiles, local pressurization, pipe break
reaction forces, and decompression waves in the intact portions of that piping
or communicating piping. Global effects of a pipe break need not be
associated with a particular pipe break. Global effects can be caused by
failures from such sources as pump seals, leaking valve packing, flanged
connections, bellows, manways, rupture disks, and ruptures of other piping.
Examples of global effects are gross pressurization, temperatures, humidity,
flooding, loss of fluid inventory, radiation, and chemical condition.

The application of LBB technology eliminates the local dynamic effects of
postulated pipe breaks from the design basis. However, global effects may
still be caused by something other than the postulated pipe break. Since the
global effects from the postulated pipe break provide a reasonably conserva-
tive design envelope, the NRC staff will continue to require the consideration
of global effects for various aspects of the plant design such as EQ, ECCS,
and the containment.

The elimination of local dynamic effects of postulated high-energy pipe breaks
from the design basis of ALWRs using advanced fracture mechanics analyses (LBB

( approach) is permitted in the revised GDC 4 of 10 CFR Part 50, Appendix A.
L

3.6.3.4 ABB-CE LBB Evaluation Approach

The application of the LBB approach to ALWRs seeking design certification
under 10 CFR Part 52 is acceptable when appropriate bounding limits are
established during the design certification phase using preliminary analyses
results and verified during the COL phase by the COL applicant performing the
appropriate ITAAC discussed herein. Bounding analyses as described above must ;

be done by ABB-CE requesting the application of LBB during the design certifi- ;

cation phase. NUREG-1061, Volume 3, constitutes the current NRC-approved LBB
methodology and acceptance criteria. i

By letter dated May 8, 1992 (LD-92-064), ABB-CE stated that it will perform
bounding LBB evaluations based on preliminary pipe design analyses for piping

,

evaluated for LBB using the guidelines of NUREG-1061, Volume 3. For each |
piping system evaluated for LBB, potential degradation mechanisms, steam j
hammer and water hammer, and thermal stratification were to be considered, as '

applicable. In addition, dynamic strain aging of carbon steel, environmental
effects on fatigue, and thermal aging of cast stainless steel piping were to i
be considered in each LBB evaluation as appropriate. Each LBB piping system
was to be evaluated from anchor point to anchor point. Leakage detection
outside the containment would be considered for the MSL if the anchor-to-
anchor portion of the piping evaluated includes piping that can leak outside
the containment. A leak detection capability of 0.06 L/sec (1.0 gpm) was to

(,m) be used with a factor of 10 for calculating the length of a leakage crack.
ABB-CE also submitted a reference for benchmarking its LBB calculations.v
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In a meeting with the staff on April 22 and 23, 1992 (meeting summary dated
May 28, 1992), ABB-CE proposed not to perform the actual routing of candidate

|piping for LBB analyses. ABB-CE proposed to use the LBB acceptance limits
given in NUREG-1061, Volume 3, to derive corresponding acceptable stress
limits for the LBB piping. ABB-CE stated that the acceptable stress limits
would form a " window" in stresses and the COL applicant would have to verify
that the piping is within this window during the COL stage to justify the j

-

application of LBB. This window concept is a new approach in meeting the
staff's established LBB criteria. The staff noted that ABB-CE should perform |the bounding LBB analyses based on the actual pipe routing. Since ABB-CE does
not intend to complete the actual pipe routing, the staff cannot rule out the
possibility that the COL applicant will not be able to satisfy this theoreti-
cal window. If the COL applicant cannot meet the limits in the window,
appropriate hardware would have to be added for protection against a
postulated pipe break. The hardware modification would be feasible except for
the building structure that may already have been constructed. Thus, the
staff noted that if the bounding LBB analyses are not based on actual pipe

j routing, the building subcompartments.should be designed to accommodate a
j postulated pipe break of the LBB candidate piping.

Subsequently, the staff found that preliminary pipe routings were used in the
bounding LBB analyses, and that stresses in LBB candidate piping systems were
within the acceptance limits (or window) based on NUREG-1061, Volume 3. The
preliminary routings were of conventional design. The stresses met the ASME
Code and the LBB acceptance limits with ample margins. Consequently, the
earlier staff concern was alleviated because it is extremely unlikely that the
actual routings of the LBB candidate piping systems in the COL stage will not
be able to meet the acceptance window limits. The staff also found that the
related subcompartments are designed to withstand the pressures resulting from
pipe breaks not eliminated by LBB, leakage cracks in piping for which LBB is
approved, and postulated high-energy leakages from other sources. Thus the
staff concluded that this ABB-CE approach was acceptable and, by DSER Open
item 3.6.3-1, asked ABB-CE to submit its bounding LBB analyses for staff
review and approval for design certification.

As part of the LBB bounding analysis review, the staff noted in the DSER that
it would alsp (evaluate ABB-CE's justification for using a conversion factor of2.4 L/sec/cm 250 gpm/in.2) of leak area for estimating leakage and ABB-CE's
justification for combining loads for the flaw stability analysis. By letter
dated May 8,1992 (LD-92-064), ABB-CE further clarified these two subjects.
Previously, for estimating leakage, the staff accepted the EPRI PICEP computer
program referenced in CESSAR-DC Section 3.6.3.3.2 for other LBB applications.
In DSER Section 3.6.3, the staff also stated that (1) the staff was concerned
that ABB-CE is not applying state-of-the-art technology in estimating leakage
and (2) for stability analysis, the staff was concerned that ABB-CE was not
combining the appropriate transient loads for stability analysis. Sub-
sequently, in Amendment R to CESSAR-DC, ABB-CE committed in Appendix 3.9A,
Section 1.9.6.2, to use the PICEP program to estimate leakage. The staff
review of the bounding analyses of the LBB candidate piping systems as
documented in Section 3.6.3.5.3 of this report also found that loads were
properly combined in these analyses. Accordingly, the earlier staff concern
on appropriateness of combining the transient loads was resolved.
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pT By DSER COL Action Item 3.6.3-1, the staff noted that the COL applicant should
be required to verify that the actual material properties and final, as-builtid piping analyses meet the acceptance parameters established in the bounding LBB
analyses. CESSAR-DC Section 3.6.3.8 incorporates the above information. This
is acceptable. This is included in COL Action Item 3.6-1.

3.6.3.5 Review of ABB-CE Bounding LBB Analyses

Using the criteria of NUREG-1061, Volume 3, the staff reviewed the bounding
LBB analyses submitted or presented during audit reviews and meetings by
ABB-CE for compliance with GDC 4. ABB-CE submitted or presented these
analyses in response to DSER Open Item 3.6.3-1. The results of this review
are provided in the following:

For clarification, the staff notes that criteria and analyses in the DSDG,
Section 7.1.9 and Appendix 7A; the SPAS, Section 9; and the DADS, Appendices A
through J, relating to LBB analyses were not considered as part of CESSAR-DC.
These documents are noted in Section 3.6.2.3 of this report. Instead, the
staff conducted its reviews on the basis of the information in CESSAR-DC Sec-
tion 3.6.3 and Appendix 3.9A, Section 1.9, and specific analyses found in the
sections that follow.

3.6.3.5.1 Piping Analyzed for LBB

CESSAR-DC Sections 3.6.2.1.3 and 3.6.3 indicate that LBB analyses are to be
performed for the following piping systems:

) main coolant loop (MCL) piping, hot and cold legsa

surge line (SL)s -

direct vessel injection (DVI) line (main run inside the containment)=

shutdown cooling (SC) line (main run inside the containment)*

MSL (main run inside the containment)
_a '

Design parameters used in the LBB analyses are listed in Table 3.2 of this
report. The capability of the leak detection systems for each of the piping
systems in Table 3.2 is 3.8 L/ min (1.0 gpm). Except for the MSL, LDB has been
applied to all of these types of systems in the System 80 and other PWR
plants.

3.6.3.5.2 Acceptance Criteria for System 80+ LBB Analyses

For consistency with previous reviews, the staff used the following acceptance
criteria for evaluating compliance of the ABB-CE System 80+ LBB analyses with
GDC 4:

(1) The loading conditions should include the static forces and moments
(pressure, deadweight, and thermal expansion) due to normal operation and
the forces and moments associated with the SSE. These forces and moments
should be located where the highest stresses, coincident with the
limiting material propert_ies, are induced for base materials, weldments,
and safe ends.

/~'s<
(d (2) For the piping run/ systems under evaluation, all pertinent information

which demonstrates that degradation or failure of the piping resulting
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from stress corrosion cracking, fatigue, or water hammer are not likely,
should be provided. Relevant operating history should be cited, which
includes system operational procedures; system or component modification;
water chemistry parameters, limits, and controls; and resistance of
material to various forms of stress corrosion and performance under
cyclic loadings.

(3) The materials data provided should include types of materials and
materials specifications used for base metal, weldments, and safe ends;
the materials properties including the fracture mechanics parameter
"J-integral" (J) resistance (J-R) curve used in the analyses; and long-
term effects such as thermal aging and other limitations to valid data
(e.g., J maximum and maximum crack growth).

(4) A through-wall flaw should be postulated at the highest stressed loca-
tions determined from criterion (1) above. The size of the flaw should
be large enough so that the leakage is assured of detection with at least
a factor of 10 using the minimum installed leak detection capability when
the pipe is subjected to normal operational loads.

(5) It should be demonstrated that the postulated leakage flaw is stable
under normal plus SSE loads for long periods of time; that is, crack
growth, if any, is minimal during an earthquake. The margin, in terms of
applied loads, should be at least 1.4 and should be determined by flaw
stability analysis, that is, the leakage-size flaw will not experience
unstable crack growth even if larger loads (larger than design loads) are
applied. However, the final rule permits a reduction of the margin of
1.4 to 1.0 if the individual normal and seismic (pressure, deadweight,
thermal expansion, SSE, and SAM) loads are summed absolutely. This
analysis should demonstrate that crack growth is stable and the final
flaw size is limited, so that a double-ended pipe break will not occur.

(6) The flaw size should be determined by comparing the leakage-size flaw to
the critical-size flaw. Under normal plus SSE loads, it should be
demonstrated that there is a margin of at least 2 between the leakage-
size flaw and the critical-size flaw to account for the uncertainties
inherent in the analyses and leakage detection capability. A limit-load
analysis may suffice for this purpose; however, an elastic-plastic
fracture mechanics (tearing instability) analysis is preferable.

3.6.3.5.3 Results of Review of ABB-CE Bounding LBB Analyses

The ABB-CE approach for the design of System 80+ piping systems evaluated for
LBB is described in CESSAR-DC Appendix 3.9A Sections 1.9.1 through 1.9.3. In
this approach, LBB acceptance criteria are established for each of these
systems. These criteria are provided in piping evaluation diagrams (PEDS)
which define acceptable ranges of normal operating and " maximum design" loads
(see below) for the systems. The PEDS are developed on the basis of current
regulatory leakage and flaw stability requirements and on the system design
parameters, including pipe sizes and materials and welding processes specified
in Table 3.2 of this report. In principle, layouts of the systems in accor-
dance with the design parameters of Table 3.2 which satisfy the acceptance
criteria in the PEDS will also satisfy the regulatory leakage and flaw
stability requirements. Consistent with DSER COL Action Item 3.6.3-1,
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Ip CESSAR-DC Appendix 3.9A, Section 1.9.1, states that site-specific evaluation
will confirm that the bases of the acceptance criteria are satisfied by.the

( final as-built piping design and materials. This is acceptable.w-

The staff reviewed the following ABB-CE calculations for the development of
the PEDS for the Table 3.2 piping systems:

!

ABB-CE Calculation No. ALWR-ME-C-014, "LBB Piping Evaluation Diagram For*

a 42" ID, 31/2" Thick Wall Pipe, Such as the Main Coolant Hot Leg Line," |
April 2, 1993.

ABB-CE Calculation No. ALWR-ME-C-015, "LBB Piping Evaluation Diagram For-

a 30" ID, 21/2" Thick Wall Pipe Such as the Main Coolant Cold Leg Line,"
April 1, 1993.

ABB-CE Calculation No. ALWR-ME-C-010, "LBB Piping Evaluation Diagram For.

a 12" Sch. 160 Pipe Such as the Surge Line For System 80+," March 16,
1993.

ABB-CE Calculation No. ALWR-ME-C-Oll, "LBB Piping Evaluation Diagram For=

a 12" Sch. 160 Pipe Such as the Direct Vessel Injection Line For Sys-
tem 80+," March 16, 1993.

ABB-CE Calculation No. ALWR-ME-C-012, "LBB Piping Evaluation Diagram For-

a 16" Sch., 140 Pipe Such as the Shutdown Cooling Line For Syste'm 80+,"
March 17, 1993.

(mb) ABB-CE Calculation No. ALWR-ME-C-013, "LBB Piping Evaluation Diagram For.

a 28" ID 1%" Thick Wall Pipe Such as the Main Steamline For System 80+,"
March 15, 1993.

As a result of the discussion with the staff, ABB-CE incorporates the PEDS
into CESSAR-DC Figures 3.9A-30 through 3.9A-36 of Appendix 3.9A. The staff
also reviewed ABB-CE and Duke Engineering and Services, Inc. (DESI) calcula-
tions which demonstrated that preliainary layouts of the piping systems in
Table 3.2 (LBB piping systems) will satisfy the acceptance criteria in the
PEDS:

.

ABB-CE Calculation No. ALWR-ME-C-006 " System 80+ Surge Line Routing,*

Stress Analysis and LBB Evaluation," Revision 01, April 3,1993.

DESI Calculation No. 4248-04-1627.00-0001, " Direct Vessel Injection Line-

For ABB-CE System 80+ ALWR," January 30, 1993.

DESI Calculation No. 4248-04-1627.00-0002, " Piping Analysis for Shutdown-

Cooling System for ALWR Plant," March 11, 1993.

DESI Calculation No. 4248-04-1627.00-0004, " Main Steamline for ABB-CE*

System 80+ ALWR," January 10, 1993.
,

,

Subsequently, CESSAR-DC Section 3.9.2.5, Amendment T, provided clarification
that in the stability analyses, the normal operating and seismic loads are

O) summed absolutely and in the leak rate analyses, individual normal loadi
U components are summed algebraically. This is acceptable.

1
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On the basis of these reviews, the staff finds that ABB-CE demonstrated that ;
compliance with the PED acceptance criteria can be reasonably achieved by
applying customary layout procedures to the LBB piping systems.

1

During review of the DESI calculations, 4248-04-1627.00-0001, -0002, and
-0004, the staff found that in piping systems containing both ASME Code
Section 111, Class 1 and Class 2 portions of piping, locations of highest
stresses were based on ASME Code Class 1 piping criteria. This was accept-
able.

Relative to the evaluation criteria in the preceding, the staff found the
following:

(1) In conformance with evaluation criterion (1), normal operating procedure
(NDP) loads are defined in CESSAR-DC Appendix 3.9A, Section 1.9.4.4, to
include pressure, deadweight, and normal steady-state thermal conditions.
NOP loads are used to calculate a crack length that will result in
10 times the detectable leakage rate of 1.0 gpm. This section also
specified that NOP loads, critical thermal transients (including loads
due to thermal stratification), SSE loads, and NOP dynamic transient
loads (such as from rapid valve closure) are considered in the flaw
stability analyses. In particular, for the SL, loads due to thermal
stratification with a temperature difference of 200 *C (360 'F) were
conservatively considered in combination with the limiting plant forced
shutdown condition (i.e., reactor trip followed by plant cooldown
condition). The largest of the design loads is referred to as the
" maximum design" load.

In addition, since the flaw stability analyses are uniformly based on the
most limiting material properties (i.e. base-metal tensile properties and
the lower of base metal / weld metal fracture toughness properties) and the
PEDS are asse:: sed at the locations of highest stresses in the piping
systems, the LBB evaluations are bounding for the limiting location in
the piping system.

(2) For ABB-CE facilities there is no history of cracking failures in the MCL
and interconnected systems and MSL piping. These piping systems have an
operating history which demonstrates their inherent stability. This
includes a low susceptibility to cracking failure from the effects of
corrosion (e.g., intergranular stress corrosion cracking), water hammer
or fatigue (low and high cycle). CESSAR-DC Section 3.6.3.1 provides
evaluations to verify that these systems satisfy the applicability
requirements of NUREG-1061, Volume 3 for LBB applications. The ABB-CE
operating history totals more than 212 reactor-years of operation by
15 plants, including 7 plants each having more than 15 years of operation
and 11 plants each with more than 10 years of operation. The ABB-CE
operating history includes a total of 21 reactor-years of operation by
three System 80 reactor units in the Palo Verde Nuclear Generating
Station (PVNGS).

To date, the staff has approved LBB applications in ABB-CE plants for
only the MCL hot- and cold-leg piping in three units of the PVNGS, the ;

)only System 80 plant. The MCL piping in these System 80 units are
similar in size, materials, and methoas of construction to the System 80+ 1

|
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designs. Additionally, the staff has approved LBB applications in~

[Vh stainless steel piping systems similar to the System 80+ SL, DVI, and SC
piping systems. However, the application of LBB to the MSL piping has
not previously been approved by the staff in #WR plants. Accordingly,
particular attention was paid to the MSL piping during the staff's
evaluation of the applicability of LBB to piping systems in the Sys-i

' tem 80+ design. The results of this evaluation are discussed next.

In response to issues raised by the staff, ABB-CE revised CESSAR-DC
Section 3.6.3.1 to provide additional information regarding the suscep-
tibility of the MSL to: (1) erosion, erosion / corrosion and erosion /
cavitation, (2) water hammer, (3) indirect causes, and (4) fatigue. As

| discussed below, the staff finds this information acceptable.

| ABB-CE stated that SA-516 Grade 70 carbon steel used for MSL piping was
'

not susceptible to erosion-corrosion under the MSL dry steam operating
condition. ABB-CE also stated that for these service conditions, a
protective oxide film is formed on the carbon steel piping surface which
inhibits corrosion; consequently, the piping is also resistant to
erosion / corrosion effects. The staff agrees with these assessments, that
is, for piping systems in these service conditions, carbon steel is the
preferred material. Carbon steel MSLs have a successful and extensive
operating history (thousands of years) in nuclear (PWRs and BWRs) and
fossil power plants. Furthermore, considering the lack of experience
with the use of alternate materials, the use of such materials could
introduce currently unidentified issues.

,9
I

J As a part of the assessment of the potential for adverse effects due to
.

D water hammer, ABB-CE provided an analysis of eight documented water
hammer events in NUREG/CR-2059 and EPRI NP-6766 (U.S. NRC, " Compilation
of Data Concerning Known and Suspected Water Hammer Events in Nuclear
Power Plants, CY 1969 - May 1981," NUREG/CR-2059, May 1982 and Electric

|

Power Research Institute, " Water Hammer Prevention, Mitigation, and '

Accumulation, Volume 1: Plant Water Hammer Experience," Final Report,
EPRI NP-6766, July 1992). Of these eight events, six were severe and
occurred in piping adjacent to the main steam isolation valves due to
valve operation (3 events) and steam-propelled water slugs (3 events).
The remaining two were not considered severe and were of unknown causes:
one occurred in piping downstream of the steam bypass valve and the other
in the main steam relief valve piping. ABB-CE noted that none of these
events caused damage to these piping lines. These lines are not part of

|the MSL for which ABB-CE requested LBB approval. ABB-CE further noted ;
that water hammer due to steam-propelled water slugs were to be prevented i
by proper procedures for operation of the MSL. It is well recognized j
that water hammer events in plants usually occurred during the initial

,

stages of operation and reoccurrences were prevented by proper procedures i

for operation developed in response to these early events. Application
of procedures developed for the System 80 plants to the System 80+ design
provides adequate assurance that water hammer events in the System 80+
design will be prevented or minimized (see discussion of GSI A-47 in
Chapter 20 of this report). The severe water hammer events were isola-

n) tion-valve-related and produced effects which can be predicted by

(d analysis and have been considered in the design of the MSL. Moreover,
the potential for unanalyzed severe loading events is extremely unlikely
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considering that no other initiating mechanism has been identified.
Finally, the effects of severe, isolation-valve-related events in the MSL
will have a lesser impact on the portion of the MSLs inside the con-
tainment where LBB is requested for the System 80+ design.

ABB-CE also stated that as an example of prevention of failures due to
indirect causes, the overhead polar crane, although not seismic Cate-
gory I, is designed such that an SSE will not cause failure in a manner
to adversely affect a safety system.

Furthermore, in evaluating potential detrimental effects due to fatigue,
ABB-CE clarified that because the MSL piping is not subjected to severe
thermal or other transient loading, the allowable stress utilized in the
analysis of ASME Code, Section III, Class 2 piping (such as the MSL)
would include consideration of the number of equivalent full temperature
cycles for determining the stress range reduction factors fcr cyclic
conditions. In addition, the code requirements on piping material
toughness should be adequate to accommodate dynamic strain aging effects.
The staff agrees that this method of fatigue analysis and code require-
ments for piping material toughness is appropriate for ASME Code, Sec-
tion III, Class 2 piping systems, including the MSL piping. ABB-CE also
noted that fatigue damage in the MSL will be due primarily to thermal
cycling during heatup and cooldown and, as indicated in CESSAR-DC
Section 3.6.3.1.8, the cyclic thermal stresses are conservatively consid-
ered in the ASME Code, Section III, Class 2 design of the MSL. Specifi-
cally, for the range of expected equivalent full temperature cycles in
the MSL over the life of the plant, the ASME Code Class 2 allowable
thermal stress range during these cycles is less than the ASME Code
Class 1 allowable range. Subsequently, ABB-CE incorporated this informa-
tion into Amendment U to CESSAR-DC Section 3.6.3.1.8, which is accept-
abl e.

On the basis of the preceding discussion, the staff finds the application
of LBB to the MSL in the System 80+ design is acceptable.

(3) The material tensile and fracture toughness properties used in the
analyses are described in CESSAR-DC Appendix 3.9A, Section 1.9.6.3.

The tensile properties were based on data fron, the Piping Fracture
Mechanics Data Base (PIFRAC), NUREG/CR-4894 (U.S. Nuclear Regulatory
Commission, "A Users' Guide to the NRC's Piping Fracture Mechanics Data
Base (PIFRAC)," NUREG/CR-4894, May 1987). Data used utilized in the
piping flaw finite element analyses are shown in CESSAR-DC Fig-
ures 3.9A-18 and 3.9A-20 for SA-516 Grade 70 carbon steel and SA-312 Type
316 stainless steel materials, respectively. Corresponding Ramberg-
Osgood representations of these data are shown in CESSAR-DC Fig-
ures 3.9A-19 and 3.9A-21, respectively. Use of these PIFRAC tensileproperty data is acceptable.

The material resistance curve for the SA-516 Grade 70 carbon steel piping
systems was based on PIFRAC data for a SA-516 Grade 70 shieldeo metal arc
weld as shown in CESSAR-DC Figure 3.9A-22. However, the material
resistance curve for the SA-312 Type 316 stainless steel piping systems
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O was based on PIFRAC and the following industry data for gas tungster, arc
welds (GTAWs) as shown in CESSAR-DC Figure 3.9A-23:

Electric Power Resear'ch Institute, " Evaluation of the Toughness of-

Austenitic Stainless Steel Pipe Weldments," June 1986.

U.S. Nuclear Regulatory Commission, " Analysis of Experiments on-

Stainless Steel Flux Welds," NUREG/CR-4878 (BMI-2151), April 1987.

U.S. Nuclear Regulatory Commission, "Short Cracks in Piping and-

Piping Welds," NUREG/CR-4599 (BMI-2173), April 1992.

ABB-CE specifies in CESSAR-DC Section 3.6.3.4 that SA-312 Type 316 stainless
steel piping to be used in piping systems to which LBB evaluations are to be
applied will be seamless pipes. In addition, CESSAR-DC Appendix 3.9A, Sec-
tion 1.9.6.3.2, states that shop and field welds in such piping will be GTAWs.
Accordingly, use of these PIFRAC and industry material resistance property
data is acceptable.

(4) Consistent with RG 1.45, the System 80+ MCL pressure boundary has leak
detection systems inside the containment boundary such that a leakage of
3.8 L/ min (1 gpm) can be detected within 1 hour. The calculated leak
rate through the postulated flaw is large relative to the staff's
required sensitivity of the plant's leak detection systems. As specified
in CESSAR-DC Section 3.6.3.3. and Appendix 3.9A, Sections 1.9.4.2,
1.9.5.2, and 1.9.6.2, the margin is a factor of 10 on leakage and is

A consistent with the guidelines of NUREG-1061, Volume 3.
t a

O The RCPB leakage detection systems for System 80+ are described in
CESSAR-DC Section 5.2.5. The staff concludes in Section 5.2.5 of this
report that the RCPB detection systems with the detection capability of
3.8 L/ min (1 gpm) satisfy RG 1.45 and SRP Section 5.2.5, and therefore,
are acceptable.

The MSL leakage detection for System 80+ is addressed in CESSAR-DC -

Section 3.6.3.3.1. The unidentified plant leakage is continuously
monitored using containment sump, reactor cavity sump, and containment
cooler condensate tank instruments. An alarm of a leak rate greater than
3.8 L/ min (1 gpm) will require the operator to perform a reactor coolant
system (RCS) inventory balance, which quantifies the unidentified RCS
leakage. Subtracting the RCS unidentified leakage and any known high-
energy line leaks inside the containment from the plant leak rate
provides an estimate of MSL leakage. An MSL leak rate in excess of
38 L/ min (10 gpm) would require plant shutdown according to the Technical
Specifications (TS).

The staff has reviewed the proposed MSL leakage detection and compared it
to the RCPB leakage detection. The staff finds that the method of MSL
leakage detection along with the commitment in the TS is acceptable. The
leakage rate of 38 L/ min (10 gpm) is based on ABB-CE's calculation of the
maximum leakage rate from a crack opening under N0P loadings. ABB-CE

(o) calculated this maximum leakage rate to be approximately 300-580 L/ min
(75-145 gpm). There is sufficient margin by comparing the calculated

U 300-580 L/ min (75-145 gpm) with the TS limit of 40 L/ min (10 gpm).
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Therefore, the staff concludes that the MSL leakage detection for appli-
cation of LBB to the MSLs in the System 80+ design is acceptable.

(5) The acceptance criteria in the PEDS were developed in part by applying a
margin of /2 on loads utilized in the leakage-size flaw stability
analyses. This margin of /2 on loads is consisteat with NUREG-1061,
Volume 3 criteria for the method of combining the load components and
hence acceptable.

(6) Similar to Item 5, the acceptance criteria in the PEDS were also devel-
oped on the basis of stability analyses of flaws 2 times the leakage-size
flaws for the loads considered. This margin of 2 on leakage-size flaw is
consistent with NUREG-1061, Volume 3 criteria and hence acceptable.

Relative to the development of the PEDS in Items 5 and 6 (above), the
staff would note that the boundaries of the regions of allowable loading
in these diagrams were developed on the assumption that the boundaries
were piecewise linear. Additional calculations performed by ABB-CE
verified that this assumption was essentially valid and also conserva-
tive. Moreover, torsional moments were not considered in the flaw
stability evaluations since their effects were small relative to those
due to bending moments. Furthermore, two evaluation diagrams are needed
for the SL since thermal stratification effects are recognized as
significant for the SL. Similar effects in the DVI line were small
relative to the other loads and were neglected.

On the basis of its review, the staff finds that the System 80+ MCL, SL, DVI
line, SC line, and MSL piping inside the containment comply with GDC 4 accord-
ing to the criteria in NUREG-1061, Volume 3.

3.6.3.5.4 Conclusions

On the basis of its review, the staff finds that the ABB-CE LBB approach
complies with GDC 4 and the Commission approved staff positions on LBB
applications as stated in SECY-93-087. Appropriate bounding limits were
established using preliminary analysis results, and conformance with such
bounding limits will be verified during the COL phase by performing the
appropriate ITAAC. Thus, the likelihood of large pipe breaks occurring in the
CE System 80+ MCL, SL, DVI line, SC line, and MSL piping inside the contain-
ment is sufficiently low so that dynamic effe ts associated with postulated
pipe breaks need not be included in the design basis.

3.7 Seismic Desian

Using SRP Section 3.7 as the guideline, the staff reviewed CESSAR-DC Sec-
tion 3.7 concerning the seismic design adequacy of the ABB-CE System 80+
standard plant. In addition, the staff conducted design audits at Duke
Engineering and Services (DE&S) office in Charlotte, North Carolina,
ABB-Impell office in San Ramon, California (consultant to ABB-CE), ABB-CE's
office in Windsor, Connecticut, and the NRC office in Rockville, Maryland.
The audit at the DE&S office covered the soil-structure interaction (SSI)
methodology for the NI, including the NA structures, and the design criteria
and analysis methodology for the non-nuclear island (NNI) structures. The
audit at the ABB-Impell office covered the seismic analysis and modeling
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issues for the NI structures and included the audi' of design calculations forn
{ seismic SSI analysis and the development of seismic models. The audit at the

.

\ ABB-CE office technically resolved or closed a number of seismic modeling and
analysis issues noted in the DSER and subsequent design audits. The audit at
the NRC office resolved the issue of System 80+ steel containment vessel (SCV)
sliding and overturning during a seismic event, in addition to a number of
seismic modeling and analysis issues.

At the April 27 through 30, 1)92, meeting, the staff asked ABB-CE to make
extensive modifications to CESSAR-DC Section 3.7 because responses to RAI
Q220.3 through Q220.40 were extensive and needed to be included in the
CESSAR-DC. In the DSER, the staff identified Confirmatory Item 3.7-1 for
ABB-CE to revise the CESSAR-DC to include responses to these RAls and supple-
mental information related to seismic design.

A significant amount of new information introduced at this was subsequently
included in the CESSAR-DC, including:

In Amendment N to the CESSAR-DC, ABB-CE considered three control.

motions, CMS 1, CMS 2, and CMS 3 at ground surface and rock outcrop
levels as discussed in CESSAR-DC Section 2.5.

In Amendment N to the CESSAR-DC, ABB-CE included a list of the seismic.

Category I SSCs in Table 3.2-1. The NI structures are modeled as lumped
mass sticks and their typical sketches are shown in CESSAR-DC Fig-
ures 3.7-13 through 3.7-17. These models are based on the new plant
layout which consists of interconnected containment shield building andm
NA structures on a common rectangular basemat.

On this basis, DSER Confirmatory Item 3.7-1 is resolved.

3.7.1 Seismic Design Parameters

The seismic input for the design of the System 80+ plant consists of three
control motion spectral shapes all anchored at 0.3g horizontal peak ground
acceleration (PGA) (Brinkman, C.B. (ABB-CE), letter to NRC, LD-92-051,
April 15, 1992; I.M. Idriss for ABB Impell Corporation, " Earthquake Ground
Motions - Selection of Control Motion and Development of Generic Soil Sites,"
Draft No. 2, September 4,1990; U.S. Nuclear Regulatory Commission, Presenta-
tion material from the April 27-30, 1992, NRC/ABB meeting at the NRC office,
Bethesda, Maryland: (a) Selection of Control Motion for the System 80+
Standard Design; and CESSAR-DC Section 2.5.2). These three motions are

(1) RG 1.60 design ground spectra, identified as CMS 1, specified at the
ground surface in the free field for both deep soil and rock sites. This
motion is anchored to a PGA of 0.3g for the two horizontal directions and
the vertical direction.

(2) The control motion, identified as CMS 2, presented in CESSAR-DC Sec-
tion 2.5.2: these spectra are applied at the rock outcrop. This motion
is anchored to a PGA of 0.3g for the two horizontal directions and 0.2g
for the vertical direction.

\

:
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(3) Another control motion, identified as CMS 3, based on NUREG/CR-0098
(Newmark, N.M., and Hall, W.J., " Development of Criteria for Seismic
Review of Selected Nuclear Power Plants," NUREG/CR-0098, prepared for the
U.S. NRC, May 1978) median' spectra: these spectra are specified at the
rock outcrop and are modified by shifting the spectral shape for high-
frequency cutoff from 8 Hz to 15 Hz. This motion is also anchored to a
PGA of 0.3g for the two horizontal directions and 0.29 for the vertical
direction.

The response spectra for the input time histories and the associated ground
surface and foundation-level response spectra, as well as the time histories
matching the target response spectra for CMSI, CMS 2, and CMS 3 are presented in
CESSAR-DC Sections 2.5.2 and 3.7.1. The average power spectral densities
(PSDs) of the synthetic time histories are shown in CESSAR-DC Appendix 2B.
The control motion spectra (CMS 1, CMS 2, and CMS 3) are also evaluated in Sec-
tion 2.5.2 of this report.

For the CMS 2 case, the response spectra corresponding to the synthetic time
histories match the CMS 2 rock outcrop response spectra for damping ratios of
5 percent or less (ABB-CE's response to Q220.9, Brinkman, C.B., letter to NRC,
LD-92-030, February 25,1992). By DSER Open Item 3.7.1-1, the staff expressed
the concern that the response spectra corresponding to the synthetic time
hhtories do not satisfy the acceptance criteria of SRP Section 3.7.1 for 7-
percent damping, the damping ratio associated with reinforced concrete and
bolted steel structures under SSE conditions. Figures Id, 2d, and 3d of RAI
Q220.9 (LD-92-030) stated that there are more than five points below the
target spectrum for each of the three components of the time histories, H1,
H2, and V. In response to this open item, ABB-CE stated in a letter dated
December 23, 1992 (LD-92-123), that the CMS 2 rock outcrop spectra are below
the target spectra in the 3- to 20-Hz range. However, for the seismic SSI
analysis, the conservative approach of convolving rock outcrop motion to the
surface was used, resulting in high amplitudes of the surface and foundation
spectra, instead of the traditional approach of deconvolving the control
motion from the ground surface to the rock level. In addition, ABB-CE
developed target PSD for CMS 2 and CMS 3 motions, and demonstrated that PSD for
CMS 2 and CMS 3 are greater than the target PSD throughout the range of frequen-
cies of significance. The staff agrees that ABB-CE's approach is conservative
and, therefore, concludes that the synthetic time histories are acceptable.
On this basis, DSER Open Item 3.7.1-1 is resolved.

By DSER Open Item 3.7.1-2, the staff noted that the time histories associated
with CMS 1 and CMS 3 could not be reviewed because they had not been submitted.
CESSAR-DC Amendment P, Figures 3.7-1 to 3.7-3 provided the response spectra
corresponding to the synthetic time histories for the CMSI motion along with
the target spectra for 2-percent, 5-percent, and 7-percent damping. CESSAR-DC
Amendment P, Figures 3.7-10 to 3.7-12, provided the response spectra corre-
sponding to the synthetic time histories for the CMS 3 motion along with the
target spectra for 1-percent, 2-percent, 5-percent, and 7-percent damping.
CESSAR-DC Amendment N, Appendix 2B, provided the PSDs for the CMSI and CMS 3
motions. On the basis of its review of these spectra, the staff concludes
that the response spectra for the CMS 1 and CMS 3 synthetic time histories
envelope the target spectra for the corresponding damping ratios and satisfy
the guidelines of SRP Section 3.7.1. This resolves Open Item 3.7.1-2.

1

!
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On the basis of the preceding discussion, the staff concludes that the SSEp; input ground motions (the design response spectra and the design time histo-t
V ries) documented in CESSAR-DC Sections 2.5.2 and 3.7.1 meet the SRP and RG

guidelines and, therefore, are acceptable.

Damping ratios used in the analysis of the CE System 80+ seismic Category I
structures comply with the SSE damping ratios specified in RG 1.61. For
soils, damping values (soil material damping and energy dissipation as a
result of wave propagation) are determined on the basis of soil shear strains
induced in the free field. The approach for soil damping complies with the
SRP Section 3.7.2 guidelines and is, therefore, acceptable.

By DSER Open Item 3.7.1-3, the staff noted that ABB-CE presented a cursory
i,

| description of procedures to be used for selecting the percentage of critical |
damping. It was not clear from CESSAR-DC Table 3.7-1 whether ASME Code l!

| Case N-411-1 damping is applied to piping analysis with limitations as
idescribed in RG 1.84. CESSAR-DC Section 3.7.1.3, Amendment N, described '

procedures to be used for selecting the percentage of critical damping. In a
reference to CESSAR-DC Table 3.7-1, ABB-CE stated that when response spectra

,

method of analysis is used for piping, damping values may be based on Code
]Case N-411-1 as limited by RG 1.84. On the basis of ABB-CE's compliance with |

RG 1.84, the staff concludes that the damping values used in the seismic
analysis of seismic Category I SSCs comply with the guidelines of SRP Sec-
tion 3.7.1. This is acceptable and resolves DSER Open Item 3.7.1-3.

The System 80+ seismic Category I structures have concrete foundations
p supported on soil, rock, or compacted backfill. CESSAR-DC Section 3.8.5
f i
O specifies that the NI foundation mat is approximately 3 m (10 ft) thick, and

the top of the NI basemat is located 12.42 m 10.3 m (40.75 ft i 1 ft) below
the finished grade elevation.

As discussed above, ABB-CE meets the requirements of designing the standard
plant to withstand an earthquake that is more severe than the SSE for all
currently licensed plants with the exception of the two coastal California
sites.

GDC 2 requires, in part, that SSCs important to safety shall be designed to
withstand the effects of natural phenomena such as earthquakes and the design
of these SSCs shall reflect appropriate consideration of the most severe of
the natural phenomena historically reported. ABB-CE meets the relevant
requirements of GDC 2 by appropriate consideration of the most severe earth-
quake to which the System 80+ Category I SSCs will be subjected, but with the
elimination of OBE from design consideration as discussed in Section 3.1.1 of
this report. ABB-CE meets these requirements by using the following methods
and procedures.

ABB-CE used three sets of ground response spectra to design Syst % SSCs.
Site acceptance criteria are developed to ensure that the design he consid-
ered the most severe earthquake for a rite selected by the COL applicant. The

i specific percentage of critical damping values used in the seismic analyses
f are in conformance with RG 1.61 and ASME Code Case N-411-1, as endorsed by
t m RG 1.84. The synthetic time histories used for the design of System 80+ SSCs

were developed in accordance with the guidelines of SRP Section 3.7.1 and were
j adjusted in amplitude and frequency content to obtain response spectra that
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envelope the design ground response spectra and also exhibit sufficient energy
in the frequency range of interest. Conformance with the recommendations of
SRP Section 2.5.2 and RG 1.61 ensures that the seismic inputs to seismic
Category I SSCs are adequately defined so as to form a conservative basis for
the design of such SSCs to withstand seismic loading.

Certain site-specific SSCs for the System 80+ that are not part of the
certified design may be designed using site-specific spectra. To develop
these spectra, the horizontal and vertical free-field ground surface site-
specific ground motion spectra for the controlling earthquake (s) for a site
should be obtained using the procedures of SRP Section 2.5.2. The maximum
spectral amplitude of these spectra in the frequency range 5 to 10 Hz should
be obtained. Both the horizontal and vertical design response spectra for the
System 80+ certified design should be scaled throughout their entire frequency
range in such a manner that the minimum spectral amplitudes of the certified
design spectra are equal to the maximum amplitudes of the horizontal and
vertical site-specific ground motion spectra, respectively, in the 5- to 10-Hz
frequency range. The resulting design response spectra should be used as the
minimum for the design of site-specific SSCs for the System 80+ as discussed
in Section 2.5.2.5.4 of the CESSAR-DC.

3.7.2 Seismic System Analysis

3.7.2.1 Nuclear Island Structures

The scope of the staff's review of the seismic analysis of the NI structures
includes the seismic analysis methods and acceptance criteria used for the
System 80+ NI structures. On the basis of CESSAR-DC Table 3.2-1, and Sec-
tion 3.7.2, the System 80+ RB and NA seismic Category I structures can be
grouped as follows.

reactor building*

- containment shield building
- SCV
- internal structure (IS)
- subsphere

NA structures=

- control area
- EFW tank /MSVH areas
- emergency diesel generator areas

CVCS/ Maintenance Area-

- spent fuel pool area

The containment shield building, SCV, IS, subsphere, and NA structures are on
a common basemat and, thus, form the NI. Before the issuance of the DSER, the
staff stated in RAI Q220.13 that ABB-CE did not cover all seismic Category I
structures in this section of the CESSAR-DC. The staff asked ABB-CE to submit
a list of all seismic Category I SSCs and to identify the method of seismic
analysis for each. In response (Brinkman, C.B. (ABB-CE), letter to NRC,
LD-92-016, February 12,1992), ABB-CE referred to CESSAR-DC Table 3.2-1 for
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q the list of seismic Category I SSCs and to CESSAR-DC Section 3.7.3.5 for the

(V3 analysis methods. ABB-CE's response is sufficient.

for seismic analysis, the NI structures are modeled as lumped mass stick .
models shown in CESSAR-DC Figures 3.7-13 through 3.7-20. For the NI struc-
tures, the seismic SSI analysis is performed using the substructure method
formulated in the frequency domain using the complex response method and the
finite element technique. These modeling and analysis techniques are in
accordance with the guidelines of SRP Section 3.7.2 and are, therefore,
acceptable.

Appendix 3.7B to the CESSAR-DC includes seismic analysis results for the
design of structures and equipment for all soil cases and control motions
CMS 1, CMS 2, and CMS 3. Representative plots of envelope SSE response spectra
are shown in CESSAR-DC Figures 3.7B-7 to 3.78-42 and seismic profiles for
floor accelerations, cumulative stick shears, axial forces, torques and
moments are shown in Figures 3.7B-58 to 3.78-102. Soil amplification at
frequencies in the range of dominant structural frequencies are presented and
discussed in CESSAR-DC Appendix 3.78.

The envelope of the floor shears, axial forces and moments from all soil cases
are used to design the NI structures, except for the SCV. In order to compute
the distribution of applied loads and to develop design loads for individual
shear walls and floor slabs, ABB-CE developed a detailed three-dimensional
(3-D) finite element model (FEM) of the NI structures. This model uses shell'

elements to model the shear walls and floor diaphragms, solid elements to
model thick walls and the basemat, and beam elements to model the columns.

) The FEM is used for load distribution for all structures except for the SCV.
ABB-CE has performed benchmark tests to verify proper computation of designv

forces from the FE analysis results. CESSAR-DC Appendix 3.8A states that the
FEMs are used for global in-plane distribution of forces and the out-of-plane
design calculations are performed based on local models, which are more
detailed, or hand calculations with proper assumptions on end conditions and
load distribution. Because the SCV is modeled in the seismic SSI analyses
with a simpler model, a special procedure is followed to compute the stresses
in the SCV due to the seismic loads. A dynamic analysis of the detailed FEM
subjected to the 15 percent peak broadened translational and rotational
spectra at EL. 28 m (91.75 ft) of the IS (SCV support location) is performed
in order to determine the stresses in the SCV.

The CESSAR-DC designates the major NI structures such as the shield building,
SCV, ISs, and the NA structures as " seismic systems." A smaller set of
safety-related SSCs housed within the major buildings and structures are
designated as " seismic subsystems." The decoupling criteria for subsystems is
in accordance with the guidelines of SRP Section 3.7.2 end, therefore, is
acceptable.

The safety-related structures are modeled as multi-degree of freedom systems
using an adequate number of masses. The major structural elements such as
slabs, foundation mat, roof slabs, shear walls, and braced vertical frames are
included in the model. All subsystems such as equipment and piping are
considered in accordance with the decoupling criteria of SRP Section 3.7.2.
For all seismic analyses, dead load plus 25 percent of live load is assumed to

m
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contribute to the inertial masses. In addition, mass associated with all
heavy equipment is also included in the computation of floor masses.

The modeling approach for all NI structures, except for the SCV, consists of
developing equivalent 3-D lumped parameter stick models based on 3-D FEM.
Because of its slenderness, the SCV has significant membrane type behavior and
is thus modeled using shell elements.

Before the issuance of the DSER, many of the RAI questions (Q220.12, 220.14,
220.16 through 220.20, 220.22, 220.23, 220.27, 220.31, and 220.33, Wambach,
T.V., NRC letter to E.H. Kennedy, ABB-CE, September 26, 1991) were associated
with various structural models presented in CESSAR-DC Section 3.7.2. In the
DSER, the staff noted that it was not completely clear how the model was
actually fine-tuned. The staff further noted that a change in nodal masses

i will alter frequencies and participation factors of all modes at the same
time. The staff noted in the DSER that the detailed process of developing
dynamic models of NI structures, including the fine-tuning, be documented
systematically in an auditable form. The staff also requested that ABB-CE
clearly describe this process in the CESSAR-DC. This was DSER Open
Item 3.7.2-2. Furthermore, the staff noted that ABB-CE had committed to
revising CESSAR-DC Section 3.7 to incorporate the appropriate materials
presented in the RAI responses and at the meetings. Subsequently, as
described below, ABB-CE submitted extensive explanations in both its responses
(LD-92-016) and at the April 27 through 30, 1992, audit (U.S. Nuclear Regula-
tory Commission, Presentation material from the April 27 through 30, 1992,
NRC/ABB meeting at the NRC office, Bethesda, Maryland), March 17 and 18,
1993, audit (U.S. Nuclear Regulatory Commission, Audit summary for the
March 17 and 18, 1993, NRC audit, Duke Engineering Services Company office,
Charlotte, North Carolina), and June 8 through 10, 1993, audit (U.S. Nuclear
Regulatory Commission, Audit summary for the June 8 through 10, 1993, NRC

| audit, ABB-Impell office, San Ramon, California) as well as in the CESSAR-DC.
l ABB-CE indicated that the dynamic analysis models of the NI structures were

developed by constructing and analyzing detailed FEMs to obtain the dynamic
characteristics of these structures. To reduce the number of dynamic degrees
of freedom (DD0F) for inclusion in the SSI analysis of the NI, stick models
were subsequently developed by separately analyzing the shear walls of two
adjacent floors of the detailed FEM to yield equivalent beam properties for
each stick. The stick models were then fine-tuned by adjusting the cross-
sectional properties, that is, stiffness, so that the dynamic characteristics
of the stick models would match those of the detailed FEMs. In the June 8
through 10, 1993, audit with the staff, ABB-CE stated that the physical mass
of the system represented by modal masses was not altered. The staff reviewed
the mass calculations and found them acceptable. ABB-CE also stated that the
masses used in the development of the stick models were based on a realistic
best estimate of masses expected at the time of a seismic event. ABB-CE
further stated that this would include the building deadweight due to concrete
and steel; major permanent equipment such as tanks, pumps, Hxs, and nuclear
steam supply system (NSSS); and an allowance of 2.4 to 3.6 kPa (50 to 75 psf)
for commodities such as switchgear, motor control centers, piping and miscel-
laneous floor loads. The allowance of 2.4 to 3.6 kPa (50 to 75 psf) for live
load is approximately equivalent to 25 percent of the floor live load of 9.6
to 14.4 kPa (200 to 300 psf), and is in accordance with the industry practice.
ABB-CE also stated that the masses used in the equivalent static FEM analysis
and the design are the full live load of 9.6 to 14.4 kPa (200 to 300 psf) in
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p addition to those included in the dynamic model. In CESSAR-DC

V) Section 3.7.2.3.4 (Amendment S) ABB-CE stated that for all seismic analyses,
>

<

25 percent of the live load in addition to the dead load is assumed to
contribute to the inertial forces. In CESSAR-DC Section 3.7.2.3.4
(Amendment S), ABB-CE further stated that all heavy equipment is also included
in the computation of floor masses.

The dynamic model of the steel containment was developed in a similar process
except that a coarse-mesh FEM resulted in lieu of a stick model. On the basis
of accepted industry practice, the staff finds that ABB-CE's process for
developing a dynamic analysis model of the NI is acceptable.

During the June 8 through 10, 1993, audit, the staff audited the detailed
process of developing the dynamic models of the NI structures, including the
fine tuning to determine the cross-sectional properties of the stick models.
The staff found that the tuning of the IS, which includes the subsphere
region, was done by constructing a 3-D FEM of the structure and developing
stick models which capture the mode shapes and natural frequencies of the
major modes of vibration, as described in the CESSAR-DC. The fine tuning was
done by adjusting the stick model cross-sectional properties to match the
frequencies, mode shapes, and participation factors with the 3-D FEM. The
concrete shield building stick model was tuned to capture the dominant
frequencies and mode shapes determined from an axisymmetric model, as
described in the CESSAR-DC. The cross-sectional areas were reduced in the
dome region to account for the vertical displacement caused by the bending of
the dome. Similarly, the shear areas and the moments of inertia were adjusted
until a good frequency and participation factor match was obtained for the
shield building.

The procedure for the adjustment of the IS, concrete shield building, and NA
structures stick models in order to dynamically tune the stick models to 3-D
FEMs is incorporated in CESSAR-DC Section 3.7.2.3.4.1.

In the June 8 through 10, 1993, audit meeting with the staff, ABB-CE further
stated that the masses of the stick models and the 3-D FEMs differ by less
than 1 percent. In addition, the stiffness equivalency was checked by
applying unit loads on a sample of major floors, both for the stick and the
FEMs, and calculating the displacements produced by the unit loads. The
results showed that the displacements from the stick models are similar to the
displacements of the FEMs. On the basis of the matching of the natural
frequencies and mode shapes and the correlation between the mass and stiff-
ness, the staff concludes that the stick and the FEMs are dynamically.equiva-
lent.

The additional NI structures which comprise the NA were divided into eight
FEMs were constructed for each floor and stick model properties wereareas.

determined from these models. On the basis of its review, the staff deter-
mines that the procedure used for modeling of structures in order to properly
represent the 3-D characteristics of structures is in accordance with the SRP
Section 3.7.2 guidelines and is, hence, acceptable. In addition, the proce-
dures used for designating systems versus subsystems and the decoupling
criteria for subsystems as described in the CESSAR-DC are in accordance with
the SRP Section 3.7.2 guidelines. The staff, therefore, concludes that the

v
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process of developing dynamic models of NI structures is acceptable. This
resolves DSER Open Item 3.7.2-2.

In Section 3.7 of the DSER, the staff discussed that the seismic analyses of
the NI documented in the CESSAR-DC, Amendment I, were based on old structural
layouts. Using the results of these analyses, ABB-CE performed a preliminary
buckling assessment of the steel containment. At the April 27 through 30,
1992, meeting with the staff, ABB-CE presented new stick models for the
containment shield building and the NA structures which were developed on the
basis of new structural arrangements. In the DSER, the staff noted some
modeling anomalies. For example, staff questioned how independent sticks can
be generated for the case of structures that are connected by large, rigid,
horizontal diaphragms supported by vertical shear walls. Large torsional
stiffnesses of floor diaphragms are needed to couple these various areas of
the structures located on the common foundation basemat. Before preparing the
DSER, the staff did not conduct a comprehensive review of the modeling to
determine whether or not the corresponding sticks were properly coupled to
form a finite element system analysis model. Also, the staff noted that the
sticks were not connected to the exterior vertical walls of the shield
building in the seismic analysis for soil-structure interaction (SASSI)
models, although, physically, the diaphragms are rigidly attached to the
outside vertical walls. By DSER Open Item 3.7.2-4, the staff noted that
ABB-CE should define the criteria to ensure that the stick models developed
are equivalent to the 3-D FEMs. The staff also noted that SSI analysis for
the NI structures had not been performed on these new stick models.

In a response dated February 2, 1993 (LD-93-Oll) to DSER Open Item 3.7.2-4,
ABB-CE noted that since large and rigid horizontal diaphragms connect the NI
structures, the individual stick models are also connected at the appropriate
elevations with rigid links. In this manner, the rigidity of the slabs is
properly modeled. An additional analysis was performed by ABB-CE (LD-93-Oll)
in order to assess whether connecting the stick models rigidly to the outside
vertical walls affects the dynamic response of the models. Soil Case B-3.5
was used as the benchmark case, and it was reanalyzed using a structural model
which was connected to the outside vertical walls. Results from this analysis

, and their comparison to the original results without connection to the outside
l walls are shown in ABB-CE letter LD-93-011 dated February 2,1993. These

results indicate that the original analysis was conservative because when the
stick models are connected to the outside vertical walls, the spectral
amplitudes are lower at all frequencies. ABB-CE did additional studies which
were presented to the staff during the June 8 through 10, 1993, audit. ABB-CE|

l contended that for the RB and NA complex area, the summation of the individual
torsional moments of inertia of all sticks is much less than the torsional
stiffness provided by the transfer terms when calculating the torsionalI

stiffness about the torsional center of the floor. Hence, splitting the
common walls of two adjacent areas in two stick models has minimal impact on
the torsional stiffness of the entire RB and NA complex. In addition, ABB-CE
presented analysis results to demonstrate that the torsional response is not
significant and that responses in one horizontal direction due to the applica-
tion of earthquake in the other horizontal direction are low and, therefore,I

l

the torsional response does not govern the design forces. In order to
demonstrate the dynamic equivalency of the stick models to the 3-D FEMs,

i ABB-CE compared the mass and stiffness of the two models. ABB-CE reported
) (June 8 through 10, 1993, audit) that the masses of the stick models and the
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a 3-0 FEMs differ by less than i percent. Stiffness equivalency was checked by

(b applying unit loads on a sample of major floor elevations, one floor at a$

time, and calculating the displacements produced by these unit loads. The
same process was used for both the stick and the FEMs and the results showed
that the displacements from the stick models were similar to the displacements
of the FEMs. On the basis of these evaluations the staff concludes that the
procedures used for modeling of systems in order to properly represent the 3-D
characteristics of structures are adequate and are in compliance with the
guidelines of SRP Section 3.7.2. On this basis, DSER Open Item 3.7.2-4 is
resolved.

By DSER Confirmatory Item 3.7.2-1, the staff sought assurance that the
relative displacement among supports and the rocking and torsional effects are
properly accounted for in the seismic analysis of System 80+ SSCs. Sub-
sequently, ABB-CE revised the text to incorporate the appropriate portions of
the responses into CESSAR-DC, Amendment N. This is acceptable and resolves
Confirmatory Item 3.7.2-1.

The major components of the RCS are constructed per NCA-1110 of the ASME Code
for the Section III, Class I components. These components are the reactor
vessel, steam generators, RCPs, the reactor coolant main loop piping, the SL,
and the pressurizer. CESSAR-DC Section 3.7.2.1.2 describes the seismic system
analysis performed to assess the dynamic interaction between the components of
the RCS and between the RCS and the RB and other structures.

The seismic system analysis is performed for a composite model developed by
a coupling simplified models of (1) the interconnected major RCS components,

(d excluding the SL and (2) the reactor and other building structures and theiri

common basemat. The representation of the reactor vessel assembly in this
simplified RCS model includes a simplified model of the internal components of
the reactor to assess the dynamic interaction between those components and the
vessel assembly. Methods of analysis for this model, including seismic
inputs, procedures for damping and the methods for combining modal responses
and the responses to the three earthquake components are in accordance with
the review criteria of SRP Section 3.7.2 and are, therefore, acceptable.

In RAI Q210.33 (letter from T.V. Wambach (NRC) to E.H. Kennedy (ABB-CE),
September 26, 1991), the staff asked ABB-CE to demonstrate that the simplified
model for the RCS was in accordance with the guidelines of SRP Section 3.7.2, |
Revision 2, Paragraph II.l.a.(iii). ABB-CE responded, in LD-92-016, dated
February 12, 1992, by explaining that the number of DD0F was twice the number
of modes in the model. In the DSER, the staff expressed a concern that ABB-CE
did not demonstrate that inaccuracies arising from the use of a single mass
point for a run of piping, as was the case of the hot leg piping, were
adequately addressed. Accordingly, by DSER Open Item 3.7.2-5, the staff
requested that ABB-CE demonstrate that issues addressed in SRP Section 3.7.2,
Paragraph II.1.a.(iii) on reducing large static models to models with a
smaller number of degree-of-freedom for dynamic analysis have been satisfac-

|

torily considered in the coupled system analysis model. ABB-CE responded by l
letter LD-92-123, dated December 23, 1992, that the dynamic modeling of the
hot leg piping was based on matching significant frequencies as determined by

n a multi-mass model for each hot leg. Each hot leg was modeled using 9 mass
( j . points with 27 DDOF. ABB-CE further stated that the predominant frequencies
v are 178.4 Hz and 183.1 Hz in the lateral directions and 483.6 Hz in the axial
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direction. ABB-CE contended that the use of only 1 mass point with 2 DD0F is
sufficient to match the fundamental frequencies in the lateral directions.
ABB-CE stated that matching higher frequencies would serve no purpose since
inclusion of these modes will not change the response of the hot leg piping to
seismic excitation. On the basis of this information, the staff concludes
that the modeling of the hot leg in the composite model is adequate and
satisfies the SRP Section 3.7.2 recommendations for reducing large models to
fewer degrees of freedom (00F) models for dynamic analysis. This resolvesDSER Open Item 3.7.2-5.

The substructuring methodology of the computer program SASSI as described in
CESSAR-DC Appendix 3.7B was used for the seismic SSI analysis. In this
substructuring method, the soil strata and half-space are analyzed first in
the frequency domain. From this analysis, the impedances at the soil-struc-
ture interface are computed. Subsequently, the impedances are combined with
models of the superstructures; the control motion is applied to the combined
system, and the equations of motion are solved for computation of seismic

j accelerations and displacements. Figures 3.7-21 and 3.7-22 of the CESSAR-DC
show schematic diagrams of the SSI analysis procedure. For the CMSI motion,
the control motion is applied directly at the free-field ground surface. For
the analysis using the CMS 2 and CMS 3 motions, the rock outcrop motion is
convolved through the soil media to produce the surface and the foundation
level motions. The computed surface motion is applied as the control motion
in the SASSI SSI model at the free-field ground surface.

A confirmatory SSI analysis of the NI structures was performed by the staff,
using the NRC computer program CARES, Version 1.1. The purpose of the confir-
matory analysis was to check the accuracy of ABB-CE's results of the SSI
analysis of the NI structures obtained by using the large finite element
analysis program, SASSI. All of the NI structures (listed earlier in this
section) are supported by one common foundation basemat. In the confirmatory
analysis using the CARES Version 1.1, the CMS 2 ground motion was applied at
the rock outcrop, and convolved up to the bottom of the basemat where the soil
springs and dashpots were assumed to act. In the SASSI analysis, the rock
outcrop motion was convolved up to the ground surface from where it was
deconvolved down during the SSI analysis. The same structural model that was

i used in the SASSI program was used in the CARES program. However, there was
considerable difference in the manner of modeling the effects of the founda-
tion soil medium in the two codes, namely, SASSI and CARES. In SASSI, the,

effect of the foundation soil stiffness was considered at various nodes along|

the excavated soil boundary, whereas in the CARES program, the simplified SSI'

model assumed the soil springs and the dashpots to act at one central point at
the bottom of the mat. Both the ground response spectra and the FRS predicted
by the CARES program at selected points in the simplified SSI model agreed

| well with the SASSI results for the soil case B3.5, using the CMS 2 ground
| motion. This confirmatory analysis provides confidence in the accuracy of the
) SSI analysis results performed by ABB-CE using the SASSI program.

| The site ground surface response time histories from the control motions CMS 1,
CMS 2, and CMS 3 discussed in Section 2.5 of this report were used as input to

I the SSI analysis model. ABB-CE used the SASSI computer code to perform SSI
analyses (CESSAR-DC Appendix 3.78). In these analyses, soil properties are
derived from the initial free-field computations for each generic soil columnI

model, using either the SHAKE computer code or the initial SASSI segment,
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o\ SITE. The staff raised a number of questions in the DSER regarding procedures
I

b to be implemented to ascertain " bounding" estimates of the responses of the
System 80+ SSCs.

The staff's primary concern with ABB-CE's approach was how the analysis
results from the 13 generic soil column cases can be demonstrated to bound the
dynamic response of multiple-mode response systems of interest. The staff
contended that, in general, each soil column develops different amplification
at the modal frequencies of these SSI systems, with the system frequencies
being different for each soil column case. In addition, a peak system
response of interest will be a summation of a few modal responses. The staff
further noted that for control motion CMS 1 where the motion is defined at the
ground surface, the development of " bounding" free-field responses was not
clear. Because " bounding" was not demonstrated in the CESSAR-DC, the staff
tried (Q220.0, letter from T.V. Wambach (NRC) to E.H. Kennedy (ABB-CE),
September 26, 1991) to determine if the COL applicant would perform site-
specific SSE analyses to confirm that the System 80+ standard design is indeed
sufficient for the site. In response (LD-92-016), ABB-CE stated that there
was no intent to supply either site-specific SSE analyses or results in the
site-specific SAR. As a result, the staff noted in the DSER that ABB-CE may
use any justifiable methods to address the issue of " bounding," but that a
limited number of sensitivity studies without further justification would not
be acceptable. This was DSER Open Item 3.7.2-3.

In response to the above concern, ABB-CE stated (LD-92-123, letter dated
December 23, 1992, and the CESSAR-DC) that ABB-CE had selected the three

/ ground motions and the 13 different soil profiles as the seismic basis for the
i System 80+ with the objective to obtain a conservative envelope for seismic

demand. Initially, ten generic soil profiles (including the rock case) were
selected to cover a broad band of shear wave velocities and depths to bedrock
for the site. These profiles were A-1, B-1, B-2, B-3, B-4, C-1, C-2, C-3,
D-1, and the rock case. After applying the CMS 2 control motion at the rock
outcrop and convolving the motion to the free-field soil surface, the response
spectra obtained at the ground surface were enveloped by ABB-CE to determine
if any significant " valleys" occurred in the envelope of the original soil

ABB-CE then determined that three additional soil cases, B-1.5, B-3.5cases.
and C-1.5, were necessary in order to fill in these valleys and obtain an
envelope of surface spectra that covered a broad band of frequencies with no
significant deficiency in any frequency range. In addition, the envelope of
the spectra at the free-field foundation level showed that no significant
valleys occurred at the free-field foundation level. With the addition of the
CMSI and CMS 3 motions, the seismic demand further increased, thus adding more
conservatism to the response.

In the soil and SSI analyses, the CMS 2 and CMS 3 motions are applied as rock
outcrop motions. To obtain motion at the ground surface or at the foundation
level in the free-field, the CMS 2 and CMS 3 motions are convolved through the
soil profiles of each of the 12 soil cases considered. The resulting motions
at the free-field surface and foundation level provide higher spectral
amplitudes compared to the CMS 2 and CMS 3 rock outcrop spectra at frequencies
close to the soil column frequencies, and in many cases, the PGA at the

n surface and foundation level is higher than 0.3g for both the horizontal and
vertical directions. For deep soil sites, this introduces conservatism,
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since, per the SRP recommendations, for deep sites the control motions may be
applied at the ground surface.

In order to study the effect of'the variation of Poisson's ratio on the
vertical SSI analyses, ABB-CE performed a study in which the seismic response
at key locations such as ground surface was determined at two Poisson's ratios
of 0.3 and 0.47 instead of the value of 0.4 assumed in the CESSAR-DC. The
results of this study were presented in a meeting with the staff on July 28,
1993 (U.S. Nuclear Regulatory Commission, Audit summary for the July 28, 1983,
NRC audit, NRC office, Rockville, Maryland). ABB-CE found that the vertical
response spectra were significantly impacted when the SSI analysis was
performed using damping of one-third of that used in the horizontal SSI
analysis in compliance with tne CESSAR-DC. However, ABB-CE contended that
the current thinking of the industry is that the P-wave damping used in
vertical SSI analysis should be equal to the S-wave damping used in the
horizontal SSI analysis. ABB-CE evaluated the impact of using Poisson's

_

ratios of 0.3 and 0.47, considering the same damping in the P-wave analysis as
in the S-wave analysis. The impact of the variation of Poisson's ratio in the
vertical direction was not significant when the damping value for the vertical
direction was equal to that in the horizontal direction. In addition, ABB-CE
contended that regardless of the damping and Poisson's ratio used in the
certification application, the site can be considered as qualified as long as
the vertical motion at the surface as developed by the COL applicant for site-
specific conditions is enveloped by the System 80+ surface spectra included in
the CESSAR-DC. On the basis of the results of this study, the staff concludes
that the COL applicant must address the impact of the Poisson's ratio and its
variability on the vertical seismic response. Subsequently, CESSAR-DC
Section 2.5.4, Amendment U, incorporated the above information. This is
acceptable. This is included in COL Action Item 2.5-1.

During the audit of June 8 through 10, 1993, the staff raised the issue that
the cutoff frequencies used in the SHAKE computations may impact the strain
computations. The staff requested that ABB-CE evaluate the impact of the
cutoff frequency on the high-frequency computation in the soil column for the
soft sites. ABB-CE contended in the July 28, 1993, audit that a cutoff
frequency of 40 Hz was used in all SHAKE analyses in order to satisfy the
criteria that the cutoff frequency chosen is (1) high enough within the
frequency range of interest and (2) consistent with the frequency content of
input motions. This is acceptable.

ABB-CE also addressed the staff concern that deep-soil sites of relatively
stiff soils may not have been covered in the range of columns investigated by
ABB-CE. The ABB-CE study evaluated two additional soil column cases: case
D-1 soil column was extended to a depth of 122 m (400 ft), and an additional
soil column in which the shear wave velocity varied from 305 m/sec
(1000 ft/sec) to 914 m/sec (3000 ft/sec) over a depth of 244 m (800 ft) from
the ground surface. The results of the study, presented in the July 28, 1993,
meeting with the staff, demonstrated that the surface motions from both of
these soil column cases were within the envelope of the surface spectra used
as the design basis for the System 80+.

During the June 8 through 10, 1993, audit, the staff noted that ABB-CE needs
to show that the Winkler soil spring and the uniform soil spring derived from
a finite element analysis are compatible for a governing SSI case. ABB-CE
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reanalyzed the Winkler sensitivity model with applied loads from Case B-1 for^

( ) the CMS 1 motion of the SSI analysis. On the basis of the results obtained
(July 28, 1993, meeting), the staff concludes that the Winkler representationv

is adequate for the purposes of static analysis of the superstructure and the
basemat.

ABB-CE presented the methodology for the computation of dynamic lateral soil
pressure in the audit of June 8 through 10, 1993. ABB-CE stated that two-
dimensional (2-D) models of the NI structures, obtained by taking a slice
through the middle of the NI structures, are used in the SASSI models and that
simple models of the turbine and the radwaste buildings are included to
account for the increased pressure due to these buildings. Furthermore,
torsional displacements at corners of basemat are evaluated and the lateral
pressures are increased by the ratio of horizontal displacement due to torsion
to the horizontal displacement due to translation only. The staff concludes
that this approach effectively takes into account the effect of adjacent
structures as well as the torsional response on the dynamic lateral pressures
and is, therefore, acceptable. With regard to the structure-to-soil-to-
structure interaction (SSSI), ABB-CE stated (June 8 through 10, 1993, audit)
that, due to the weight and size of the RB and NA complex, it expects that
SSSI is a consideration for other structures that are located in the vicinity
of the NI structures. Two-dimensional FEMs from the lateral pressure evalua-
tion are used to assess the changes in the near-field motion at the surface
due to the dynamic influence of the RB and NA complex and the modified free-
field surface motions are applied as input to the final analysis of other
seismic Category I structures. The staff concludes that this approach is in

p compliance with the guidelines of SRP Section 3.7.2 for the coupling between
the structures and soil and is, therefore, acceptable.

ABB-CE used the time-history method of analysis to generate the FRS in
accordance with the guidelines of RG 1.122, " Development of Floor Design
Response Spectrum for Seismic Design of Floor-Supported Equipment or Compo-
nents," Revision 1. The horizontal and vertical models of the NI are
decoupled and floor responses in horizontal and vertical directions are
obtained by three separate analyses. The effects of floor flexibility on
vertical response spectra for floors with frequencies less than 40 Hz are
considered as described in CESSAR-DC Section 3.7.2.5. The spectra are
generated for appropriate damping ratios and the peaks are broadened by
f15 percent and smoothed in accordance with the guidelines of RG 1.122.

ABB-CE has presented the site acceptance criteria in Section 2.5.2.5.3 and .

Figure 2.5-38 of the CESSAR-DC. For a rock site, site-specific response
spectra at 5 percent damping in the horizontal and vertical directions will be
developed and compared to the envelope of the CMS 1, CMS 2, and CMS 3 control
motions. If the site-specific response spectra are enveloped by the envelope
of the CMS 1, CMS 2, and CMS 3 response spectra, the site will be considered
acceptable for construction. If the site-specific response spectra exceed the
envelope of the CMS 1, CMS 2, and CMS 3 response spectra at any frequency, a
site-specific evaluation will be performed. In this evaluation site-specific
structural dynamic analysis will be performed and the resulting in-structure
response spectra at six critical locations (foundation basemat El. 15.24 m

e\ (50 ft), interior structure El. 27.97 m (91.75 ft), control room El. 35.2 m

[d (115.5 ft), top of steel containment vessel El. 76.5 m (251 ft), interior
;

structure El. 44.5 m (146 ft), and shield building El. 80.31 m (263.5 ft))
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will be compared to the respective design response spectra, which are the
envelope of all generic rock and soil cases. If the in-structure response
spectra from the site-specific evaluation are within 10 percent of the in-
structure design response spectra, for each of the six locations, the site is
considered acceptable. If the in-structure response spectra from the site-
specific evaluation exceed the in-structure design response spectra for any of
the six locations by more than 10 percent at any frequency, the design might
still meet the certified design and licensing commitments due to the substan-
tial design margin between the certified design commitments and the actual
bases upon which the plant was designed. To demonstrate that the plant design
meets the certified design and licensing commitments, a confirmatory site-
specific evaluation will be performed to demonstrate that System 80+ standard
certified design meets all the applicable design criteria when subjected to
the site-specific response spectra. The results of the confirmatory site-
specific evaluation will be reviewed and approved by the staff.

For a soil-site, site-specific response spectra at 5 percent damping in the
horizontal and vertical directions at the free-field ground surface will be
developed and compared to the envelope of the CMS 1 spectra and the surface
spectra from CMS 2 and CMS 3 control motions. If the site-specific ground
surface response spectra are enveloped by the envelope of the CMSI spectra and
the surface spectra from CMS 2 and CMS 3, the site will be considered acceptable
for construction. If the site-specific ground response spectra exceed the
envelope of the CMSI spectra and the surface spectra from CMS 2 and CMS 3 at any
frequency, a site-specific evaluation will be performed. In this evaluation,
in-structure response spectra at six critical locations, defined above for
rock site evaluation, obtained from the site-specific evaluation will be
compared to the respective design response spectra, which are the envelope ofall generic rock and soil cases. If the in-structure response spectra from
the site-specific evaluation are within 10 percent of the in-structure design
response spectra for each of the six locations, the site is considered
acceptable. If the in-structure response spectra from the site-specific
evaluation exceed the in-structure design response spectra for any of the six
locations by more than 10 percent at any frequency, the design might still
meet the certified design and licensing commitments due to the substantial
design margin between the certified design commitments and the actual bases
upon which the plant was designed. To demonstrate that the plant design meets
the certified design and licensing commitments, a confirmatory site-specific ;
evaluation will be performed to demonstrate that System 80+ standard certified
design meets all the applicable design criteria when subjected to the site-
specific response spectra. The results of the confirmatory site-specific
evaluation will be reviewed and approved by the staff.

,

'

!The above actions are referenced in CESSAR-DC Section 3.7, and they are '

included in COL Action Item 3.7-1. This is acceptable.

The design of the System 80+ subsystems such as piping and equipment is based
ion one of the four options discussed below. The first option is to use an |

envelope of broadened response spectra for all rock and soil cases at the
appropriate location as input to the analyses of the subsystems. The second
option is to group sites into major groups such as hard soil and rock sites,medium soil sites, or soft soil sites. For each group, the envelope of
broadened response spectra is developed and used. The third option is to use
15 percent peak shifted response spectra from each soil case. The fourth
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p option is to use site-specific response spectra. CESSAR-DC Figure 2.5-38

J presents the site acceptance criteria in order to provide a consistent basisi
C for the analysis and design of the System 80+ SSCs. Therefore, when a COL

applicant meets the site acceptance criteria, the design will contain all.the
conservatism embedded in the design of the System 80+, which is based on the
13 generic soil cases. On the basis of the provisions in the analysis, design
and site acceptance process described herein, the staff concludes that the
13 generic soil cases provide a conservative basis for the design of the Sys-
tem 80+ SSCs. On this basis, DSER Open Item 3.7.2-3 is resolved.

In the seismic analysis of the NI structures, three statistically independent,
orthogonal, components of earthquake motion are applied to the structural
models as separate load cases. For the time-history analysis, the total
response is obtained by algebraically adding the responses at each time step
caused by each of the three components of earthquake motion. For the response
spectrum analysis, the total response is obtained by taking the square root of
the sum of squares (SRSS) of the maximum codirectional responses caused by
each of the three components of earthquake motinn at a particular point of the
structure.

For the response spectrum method, the approach to determine the total seismic
response of the structure is to combine the response of individual modes of
the structure in accordance with the guidelines of RG 1.92 and, therefore, is
acceptable.

Before the issuance of the DSER, the staff asked ABB-CE (Q220.24, letter from
pi T.V. Wambach, (NRC) to E.H. Kennedy (ABB-CE), September 26, 1991) to submit

|
,V the analysis methods and the design criteria that will be applied to the non-,

safety-related structures to ensure protection of adjacent safety-related
structures. ABB-CE committed to revising Section 3.7.2.8 to include three
design scenarios f or the non-safety-related structures (LD-92-016,
February 12, 1992). Under Scenario A, sufficient separation will be main-
tained between non-safety-related structures and safety-related structures in
order to ensure that the failure of a non-safety-related structure due to a
seismic event does not impair the integrity of an adjacent safety-related
structure. Before the issuance of the DSER, ABB-CE's response was not
complete because the analysis methods and the design criteria used to ensure
structural integrity of non-safety-related structures during and after the
occurrence of the postulated SSE were not provided for Scenario B. In this
scenario, when the non-safety-related structure fails, it may fall onto the
adjacent safety-related structure. This was DSER Open Item 3.7.2-6. In
Scenario C, the safety-related structure is designed to withstand loads due to
the collapse of the adjacent non-safety-related structure if sufficient
separation of the structures is not achieved. In order to clarify Scenario B,
ABB-CE revised CESSAR-DC Section 3.7.2.8 (Amendment Q) to state that the non-
Category I structures adjacent to the safety-related structures will be
analyzed and designed to prevent their failure under SSE conditions in such a
manner that the margin of safety of these structures is equivalent to that of
Category I structures. This requirement is in accordance with the guidelines

iof SRP Section 3.7.2 and is, therefore, acceptable and resolves DSER Open '

Item 3.7.2-6.
,

[ j In order to account for the expected variations of structural properties, |
|

V dampings, and other parameters, the response spectra are generated for |

|
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appropriate critical damping ratios and the peaks are broadened by 15 percent
and smoothed in accordance with the guidelines of RG 1.122.

Before the issuance of the DSER, ABB-CE stated in CESSAR-DC Section 3.7.2.9
.that the soil property related spectrum peaks are further broadened, where
required, to conservatively account for all potential variations of soil
properties within the envelope of site soil conditions. In the DSER, the
staff noted that this statement may imply that the floor response spectrum for
each soil case will be broadened first to account for uncertainty of soil
properties before the spectra of all soil cases are enveloped. Further, the

staff noted in the DSER that it was not clear whether or not ABB-CE considered
the variation in soil properties by using three sets of values, as recommended
in SRP Section 3.7.2. By DSER Open item 3.7.2-7, the staff requested that
ABB-CE revise the text to clearly describe the procedures employed.

According to the response submitted by ABB-CE in the June 21 through 23, 1993,
-

audit (U.S. Nuclear Regulatory Commission, audit summary for the June 21
through 23, 1993, NRC audit, ABB-CE office, Windsor, Connecticut), the effects
of parameter variations on FRS are incorporated into the raw spectra in accor-
dance with the four options discussed earlier. The design of piping, compo-
nents and equipment is based on one of these four options. In addition,
ABB-CE performed a parametric study to assess the effects of cracked concrete
on the in-structure response spectra. An SSI analysis was performed assuming
cracked concrete cross-sections during the SSE event and the reduced stiffness
for all concrete structural elements. To account for this stiffness reduc-
tion, the Young's modulus of elasticity of concrete was reduced to 70 percent
of its original (uncracked) value. Soil Cases A-1, B-3.5 and the fixed base
with concrete backfill, all with the CMS 2 motions, were selected for the
parametric study, since these were controlling soil cases in the SSI analysis
as described in CESSAR-DC Appendix 3.78, Section 2.2, Amendment Q. For
concrete structures, such as the IS, it is shown that the effects of concrete
cracking caused a peak shifting of less than 15 percent and a small amplitude
increase. The increase in amplitude near the predominant spectral peak was
below the envelope of all the soil cases. ABB-CE concluded that since several
different cases were considered in the SSI analyses, the frequency shift and
amplitude change due to concrete cracking is covered by the 15-percent spectra
broadening criteria established for the design of piping, components and
equipment. For the SCV, concrete cracking made almost no difference in its
response.

In order to assess the effects of uncertainties in the material properties of
the soil, a parametric study using Case B-3.5 was performed by ABB-CE. Per
the SRP recommendations, low-strain shear modulus variations of 2% times the
best-estimate values must be considered. However, ABB-CE stated that, for
Case B-3.5, half of the low strain modulus results in a soil profile that is
too soft to support nuclear power plant structures. Therefore, ABB-CE did an
upper bound soil analysis with 2 times the low-strain shear modulus using
Case B-3.5. For stiffer soil profiles, the low-bound case would coincide with
a softer soil case among those analyzed for the System 80+. Therefore, ABB-CE
contended that the results of the upper-bound B-3.5 are sufficient to assess
the effects of soil variation. As shown in ABB-CE's letter LD-93-006 dated
January 20, 1993, a shift of less than 15 percent in the fundamental frequency
of response occurred due to the stiffening of the soil. A small increase in
amplitude was also observed at the shifted peak. However, this increase was
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well below the envelope of all the soil cases using the CMS 2 motion. For the(q- SCV, there was almost no shift in the fundamental spectral peak, and there was
\ some increase in the amplitude. The resulting amplitude was also well within

the envelope of all the soil cases using the CMS 2 motion as shown in ABB-CE's
letter LD-93-006 dated January 20, 1993.

On the basis of these studies, the staff concludes that variation in soil
material properties are adequately considered and the recommendations of SRP
Section 3.7.2 for the procedures to consider the effects of the expected
variations of structural properties, damping, soil properties, and SSI on the
FRS and time histories are satisfied. This resolves DSER Open Item 3.7.2-7.

Constant seismic vertical load factors are not used in the seismic analysis of
seismic Category I SSCs. Seismic Category I SSCs are analyzed in the vertical
direction using the methods described earlier. The vertical floor flexibili-
ties are accounted for in the response spectra at each individual floor
elevation of the building structures.

In the June 8 through 10, 1993, audit, ABB-CE presented the methodology to
take into account the effect of vertical floor flexibility on the vertical in-
structure FRS. ABB-CE stated that the vertical amplification factors are
calculated for the most common slab and support system assuming cracked
conditions wherever applicable. The amplification factors also depend on the
elevation where the slab is located and are applied as a multiplier to the
vertical earthquake zero period acceleration (ZPA) at each elevation.

In the June 8 through 10, 1993, audit, ABB-CE stated that the load combination

(vn)associated with the buoyant forces due to the maximum groundwater level and
the envelope seismic forces produced significant uplift of the NI basemat.
However, uplift analysis considering the individual SSI analysis cases rather
than an envelope of seismic response of all cases showed a minimal uplift.
This uplift area was subsequently modeled in the 3-D finite element static
model of the NI which was used to predict the maximum stresses used for the
design of the basemat. ABB-CE completed the uplift analysis and incorporated
the results into CESSAR-DC Appendix 3.7B, Section 3.0, and Appendix 3.8B, Sec-
tion 6.1.2.

The models used in the seismic analysis of seismic Category I SSCs give 3-D
representation of the systems including torsional D0F. In CESSAR-DC Sec-
tion 3.7.2.11 of early amendments, ABB-CE stated that, in addition to the
eccentricity due to the non-symmetrical configuration, an additional eccen-
tricity of 5-percent of the maximum building dimension was included to account
for accidental torsion during an earthquake. It was clarified in the April 27
through 30, 1992, meeting that the additional torsion was not incorporated in
the dynamic analysis. It was, instead, applied to the static FEMs of struc-
tures to calculate element forces and moments. The staff, based on engineer-
ing judgment, found this approach acceptable. In the DSER, the staff identi-
fied Confirmatory Item 3.7.2-3 that ABB-CE should modify the CESSAR-DC to
clearly describe the procedures employed. ABB-CE revised Section 3.7.2.11 of
the CESSAR-DC, Amendment N, to state that the additional 5-percent eccentri-
city are applied to the static finite element structural model to calculate
element forces and moments. On the basis of this revision, DSER Confirmatory
Item 3.7.2-3 is resolved.g
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CESSAR-DC Sections 3.7.1.3, 3.7.2.1.2.1, and 3.7.3.6 specify that damping is
in accordance with RG 1.61 or CESSAR-DC Table 3.7-1, or both. By DSER
Confirmatory Item 3.7.2-2, the staff requested that ABB-CE revise the footnote
to CESSAR-DC Table 3.7-1 of the early amendments, which specified that when
the response spectrum method of analysis is used, piping damping values may be
based on ASME Code Case N-411-1. The staff asked ABB-CE to commit to all of
the conditions of RG 1.84 on the use of ASME Code Case N-411-1. Subsequently,
ABB-CE revised the footnote in Table 3.7-1 of the CESSAR-DC, Amendment N, to
state that the Code Case N-411-1 damping may be used as limited by RG 1.84.
On this basis, DSER Confirmatory Item 3.7.2-2 is resolved.

In CESSAR-DC Section 3.7.2.15 of the early amendments, ABB-CE stated that
composite damping is to be used for modal superposition methods of analysis
and that proportional damping will be used for direct integration time-history
methods. In the DSER, the staff required that (1) both composite damping and
proportional damping be clearly defined and (2) adequate guidance be provided
for estimating the damping ratio for the latter method for the case where
element damping in the various elements of the model are different. This wasDSER Open Item 3.7.2-8. Subsequently, in CESSAR-DC Amendment 0, ABB-CE
provided the procedure for determining the composite modal damping for use in
the modal superposition method. According to CESSAR-DC Amendment Q, se time-
history method using the proportional damping is only used for subsystems such
as piping. In CESSAR-DC Section 3.7.3.15.1, Amendment Q, ABB-CE also pre-
sented the methodology for estimating the damping ratios to be used in the
proportional damping matrix for the time-history method. For subsystem.
dynamic time-history analyses using direct integration, damping is input using
a proportional damping matrix [C] that is given by:

C = aM + pK

where M is the subsystem mass matrix and K is the subsystem stiffness
matrix. The damping ratio ( at any frequency f is given by

3

"(= + p n f,

The values of a and p are computed by specifying damping ratio & at two
frequencies f and f . CESSAR-DC Figure 3.7-33 shows a typical plot of1 2

damping value versus frequency. Frequencies f and f are selected so that
1 2

all subsystem modes with significant participation lie between the frequencies f
1and f . Furthermore, damping at frequencies f and f are selected from2 1 2

Table 3.7-1 of the CESSAR-DC. In this manner, the damping values for all
frequencies between f and f will be less than the selected ratio. Since1 2

all significant modes lie between f and f , the damping values for these1 2

modes will also be less than the selected damping value. The staff concludes
that this procedure provides adequate guidance for estimating the damping
values for the composite modal damping and proportional damping methods and is
therefore acceptable. This resolves Open Item 3.7.2-8.

In the DSER, the staff identified Confirmatory Item 3.7.2-4 for ABB-CE to
revise the CESSAR-DC to either submit detailed methodologies for the analyses
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of the safety-related dams or commit to present these details in the site-,,,

( \ specific SAR. CESSAR-DC Section 3.7.2.13 in conjunction with Section 2.5.5
( ,/ and Table 1.10-1 state that, if applicable for the site, analyses of safety-

related dams will be performed and the appropriate methods will be provided in
the site-specific SAR. This is included in COL Action Item 2.5-1. On thisbasis, DSER Confirmatory Item 3.7.2-4 is resolved.

On the basis of its review, the staff concludes that the plant design is
acceptable and meets the requirements of GDC 2 and Appendix A to 10 CFR
Part 100. This conclusion is based on the following:

ABB-CE meets the requirements of GDC 2 and Appendix A to 10 CFR Part 100 with
respect to the capability of the structures to withstand the effects of the
SSE. The design reflects, in accordance with the guidelines of SRP Sec-
tion 3.7.2

(1) consideration for the most severe earthquake appropriate for the applica-
tion of the System 80+ design to the site (GDC 2) with the elimination of
OBE from the design of SSC in accordance with the staff's position in
SECY-93-087, as approved by the Commission on July 21, 1993 and di<r assed
in Section 3.1.1 of this report.

(2) appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena.

(3) the importance of the safety functions to be performed (GDC 2) (the use
of a suitable dynamic analysis or a suitable qualification test to

( demonstrate the SSCs can withstand the seismic and other concurrentU loads, except where it can be demonstrated that the use of an equivalent
static load method provides adequate consideration (Appendix A,10 CFR
Part 100)).

ABB-CE has met the requirements of Item 1 (above) by using acceptable seismic
design parameters in accordance with SRP Sections 3.7.1 and 2.5. The combina-
tion of earthquake loads with those resulting from normal and accident
conditions in the design of seismic Category I structures as specified in SRP
Sections 3.8.1 through 3.8.5, gives the assurance that the criteria under
Item 2 (above) are met.

The scope of review of the seismic system and subsystem analysis for the plant
included the seismic analysis methods for seismic Category I NI structures.
It included review of procedures for modeling, seismic SSI, development of
FRS, inclusion of torsional effects, evaluation of seismic Category I struc-
ture overturning and sliding, and determination of composite damping. The

1

review included design criteria and procedures for evaluation of the interac- i
!tion of non-seismic Category I structures with seismic Category I structures

and the effects of parameter variations on FRS.

The system and subsystem analyses are performed on a linear basis. Time-
history methods form the bases for the analyses of all major seismic Cate-

;gory I SSCs. When the modal response spectrum method is used, the methods |

used in combining modal responses are in conformance with the position offm

(V RG 1.92 and also meet high-frequency mode contribution requirements. The SRSS
)

of the maximum co-directional responses is used in accounting for three
!
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components of the earthquake motion in the response spectrum method. For the
time-history analysis, three statistically independent orthogonal components
of earthquake motion are applied to the structural,models as separate loading
cases and the total response is obtained by algebraically summing the response
parameters in the time domain.

For the design of the individual members of the SSCs, the earthquake loads
obtained from the seismic analysis are applied statically to an FEM and the
100-40-40 method is used in accounting for three components of the earthquake
motion. In this method,100 percent of the load from any one excitation is
combined with 40 percent of the loads from the remaining two orthogonal
directions using the absolute sum method. This is done for each of the three
directions and the maximum load combination is used for evaluating the member
adequacy. This method is equivalent to, but slightly more conservative than,
the SRSS method (NUREG/CR-0098 and U.S. Nuclear Regulatory Commission, Audit
summary for the March 17-18, 1993, NRC audit, Duke Engineering Services
Company office, Charlotte, North Carolina). Floor spectra inputs for design
and test verifications of SSCs are generated from the time-history method and
they are in conformance with the position of RG 1.122. A vertical seismic
system dynamic analysis is used for all SSCs where analyses show significant
structural amplification in the vertical direction. Torsional effects and
stability against overturning, sliding and uplift are considered.

A coupled structure and soil model is used to evaluate seismic SSI effects
upon seismic responses. Appropriate nonlinear stress-strain and damping
relationships for the soil are considered in the analysis.

3.7.2.2 Category I NNI SSCs

The staff's review of the seismic analysis of the seismic Category I NNI SSCs
covers the seismic analysis methods and acceptance criteria documented in the
CESSAR-DC. ABB-CE System 80+ NNI SSCs include two DFSS, two CCW Hx structures,
a boric acid storage tank (BAST), buried tunnel and piping systems, and
conduit banks. The DFSSs, CCW Hx structures, and pipe tunnels are reinforced
concrete structures with mat foundations.

For the seismic analysis of the NNI seismic Category I structures, ABB-CE used
the lumped mass model to represent the structural systems. The DFSS and CCW
Hx structures were modeled, according to CESSAR-DC Sections 3.7.2 and 3.8.4,
and Appendix 3.7C, Amendment U, with the masses lumped at floor levels. The
lumped masses include the weight of the floor and one-half the weight of walls
directly above and below, the dead weight of known equipment and components,
plus 25 percent of specified live load. Each mass point has three transla-
tional and three rotational D0F. The elastic single-stick models, with beam
type elements connecting the lumped masses, were developed based on the cross-
sectional properties of the structural walls between the stories they repre-
sent. The stick models also accounted for the effects of both shear and
flexural deformations and the torsional effects resulting from the eccentrici-
ties between the center of mass and center of rigidity of each floor. In
order to ensure that the models developed will properly simulate the dynamic
behavior of the structures during an earthquake event, the frequencies
calculated from the fixed-base lumped mass models were tuned by the analysis
of detailed FEMs of these two buildings. In addition to the torsional D0F
included in the dynamic model, an eccentricity of 5 percent of the maximum
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p building dimension, which results in an accidental torque, is applied to the
( static finite element structural model to calculate the element forces due to
x accidental torsion. Because of.the axisymmetry of the building configura-

tions, the soil-structural foundation systems of these two structures were
<

represented by the 2-D models; however, the flexibility of the foundation mats |
was not considered. The techniques used for modeling the seismic Category I
structures (including the consideration of accidental torsion) described above
meet the guidelines of SRP Section 3.7.2 and are, therefore, acceptable. The
dynamic models of these 'two buildings are shown in Figures 3.7C-1, 3.7C-2,
3.7C-3, and 3.7C-4 of the Appendix 3.7C to the CESSAR-DC, Amendment U.

As discussed in CESSAR-DC Section 3.7.2 and Appendix 3.7C, Amendment U, ABB-CE
performed dynamic analyses of the seismic Category I NNI structures to i

generate the SSE responses (structural accelerations, displacements, and FRS)
on a linear elastic basis. The three sets of ground motion time histories
(each ground motion time history has two horizontal components and one
vertical component) corresponding to the three control motions, CMS 1, CMS 2,
and CMS 3, were used as input ground motions in the seismic analyses. As
discussed in Section 3.7.2.1 of this report, all three components of these
ground motion time histories met both the guidelines for the response spectrum
enveloping and the guidelines for PSD enveloping of SRP Section 3.7.1 and are,
thus, acceptable.

The seismic responses were calculated for the two horizontal directions and
the vertical direction. ABB-CE did not use the technique of constant static
factors for computing the vertical responses. The structural damping ratio of
7 percent used for reinforced concrete structures used complies with the SSE

(A) damping value specified in RG 1.61. The techniques used for the dynamic
v analyses of these structures discussed above comply with the guidelines of SRP

Section 3.7.2 and are, thus, acceptable. The SSI and SSSI models of these two
structures are given in CESSAR-DC Figures 3.7C-1 through 3.7C-4.

ABB-CE used the ABB-Impell version of the SASSI computer code to analyze the
soil-structure system models and to generate the structural responses for
accelerations, displacements, and FRS for these two buildings. As discussed
in Section 3.7.2.1 of this report, this version of the SASSI computer code has
been reviewed and found acceptable by the staff. Because these two buildings
are located adjacent to the NI structures and the NI structures are much
heavier than the NNI structures, ABB-CE considered the effects of SSSI when
the structural responses in the north-south (NS) and vertical directions of
the NNI structures were calculated. The procedures applied to the NNI
structures seismic analysis and design, as described in CESSAR-DC Sec-
tions 3.7.2 and 3.8.4, and Appendix 3.7C, Amendment U, are as follows:

(1) In the NS direction, using the lumped-mass NNI structural model developed
above and the structural model developed for the NI structures (Sec-
tion 3.7.2.1 of this report), ABB-CE developed a 2-D SASSI model with the
structural embedments considered and the foundation mats assumed to be
rigid. This SASSI model contained the structural model of the NI struc-
tures and one of the NNI structures. It also included the supporting
soil foundation and adjacent soil.

(2) In the east-west (EW) direction, using the lumped-mass structural model
of the NNI structures, ABB-CE developed a 2-D dynamic FEM for each of thev
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NNI structures and surrounding soil. This model did not include the SSSI
effects from the NI structures.

(3) Using the ABB-Impell version of SASSI computer code and the NS and
vertical components of the artificial ground motion time histories (CMSI,
CMS 2 and CMS 3), ABB-CE performed the SASSI analysis to generate structur-
al responses for accelerations, displacements, and FRS in the NS and
vertical directions of the DFSS and CCW Hx structures. These seismic
structural responses considered the SSSI effects.

(4) Using the SASSI computer code, the finite element soil-structure system
model developed in Step 2 above and the EW components of the artificial
ground motion time histories (CMS 1, CMS 2 and CMS 3), ABB-CE performed SSI
analyses to generate seismic structural responses in the EW direction of
these two structures. Because the DFSS and CCW Hx structures are
axisymmetrical (rectangular shape), the torsional motion about the
vertical axis need not be considered. To address the staff's concern
regarding the use of only the EW component of the three ground motion
time histories as input for calculating the EW structural responses,
ABB-CE demonstrated, during the January 31 through February 1, 1994,
audit, that the effects of the vertical component of the three ground
motions on the EW structural responses are negligible.

(5) The NS, EW, and vertical seismic structural accelerations and building
displacement obtained from Steps 3 and 4 above were used as one of the
design-basis loads for the structural design, and the NS, EW, and
vertical FRS will be used as the input motions for the analysis of
subsystems (piping systems and components) housed by these two buildings.

For the case of NNI structures founded on rock for which the SSI effects.
becomes negligible, a 3-D fixed-based structural model was analyzed to
generate structural responses in the three directions. The analysis used
computer code SAP 90 and the three components of the ground motion time
histories corresponding to the three design response spectra, that is, CMS 1,
CMS 2 and CMS 3, applied simultaneously. The SAP 90 computer code in public
domain was reviewed and validated by the staff during the previous licensing
review of conventional plants such as Watts Bar. Therefore, the use of the
SAP 90 computer code for these two structures founded on rock is acceptable.

As a result of its review, the staff finds that the procedures used for
calculating seismic responses, including FRS, of the DFSS and CCW Hx struc-
tures meet the guidelines of SRP Section 3.7.2 and are, therefore, acceptable.

As described in CESSAR-DC Section 3.7.2 and Appendix 3.7C, Amendment U, the i
SSI and SSSI analyses were performed to calculate the structural responses, i

including FRS, of the DFSS and CCW Hx structures considering all generic site |conditions used in the seismic SSI analysis of the NI structures. The struc- '

tural responses (structural member forces, bending moments, and displacements)
corresponding to each site condition and design ground response spectrum were
calculated based on the SASSI and SAP 90 analyses. The final structural
responses for design were calculated by enveloping all the individual
responses. For the generation of the FRS envelopes, ABB-CE (1) calculated the j

,

FRS for various damping ratios at the required locations in each of the three
!directions, using the 2-D finite element soil-structure system models or 3-D '
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p\ fixed base structural model developed for all site conditions _ and design
f ground motions considered; (2) developed the FRS envelopes from the FRS forb all site conditions and design ground motions; and (3) applied a peak broaden-

ing of 15 percent to the FRS envelopes to account for the uncertainties l
associated with structural modeling, material properties, and soil ~ dynamic i
moduli. On the basis of its review discussed in Section 3.7.2.1 of this- )report, the staff concludes that the use of the 12 generic site conditions for
calculating the structural response envelopes of the DFSSS and CCW Hx struc- ;

tures covers a wide range of site conditions and provides acceptable results !
for the design of the DFSS and CCW Hx structures and the subsystems housed 1

therein. As a result of this review, the staff finds that ABB-CE's procedures
for developing the structural response, including FRS envelopes meet the
guidelines of SRP Section 3.7.2 and RG 1.122, " Development of Floor Design
Response Spectra for Seismic Design of Floor Supported Equipment or Compo- -

nents," Revision 1, and are, therefore, acceptable.
;

In Section 5.2.4 of Appendix 3.8A to the CESSAR-DC, Amendment U, and the
markups of Section 5.1.1.3 of Appendix 3.8A to the CESSAR-DC dated February 9,
1994, ABB-CE submitted the evaluation criteria and analysis procedures for
evaluating dynamic stability (overturning, sliding, and flotation) of the
seismic Category I structures, including the NNI structures. In addition,

iABB-CE presented its calculations for staff review and demonstrated that the
safety coefficients against building sliding, overturning and flotation are
higher than the acceptable safety factor of 1.1 specified in SRP Sec-
tion 3.8.5. As a result of its review of CESSAR-DC Appendix 3.8A, Sec-
tion 5.1.1.3, Amendment V, and the calculation audit conducted, the staff !

concludes that ABB-CE's evaluation criteria and analysis procedures are

k consistent with the guidelines of SRP Section 3.7.2 and are, therefore,
acceptable. >

For the evaluation of the interaction of non-safety-related structures with
safety-related structures, CESSAR-DC Section 3.7.2.8, Amendment U, stated
that, when the safety-related structures and non-safety-related structures are
integrally connected, the non-safety-related structures are analyzed and
designed as a part of the safety-related structures. If these structures are
adjacent to each other, in order to ensure that the failure of a non-safety-
related structure under the effect of a seismic event does not impair the
integrity of the adjacent safety-related structure, the evaluation procedures
are as follows:

(1) sufficient separation between non-safety-related structures and safety-
related structures is maintained, or

(2) the non-safety-related structures are analyzed and designed to prevent
their failure under SSE conditions, or

(3) the safety-related structures are designed to withstand loads due to i

collapse of the adjacent non-safety-related structures if the separation
criterion is not met.

4 The procedures for evaluating the interaction of non-safety-related structures
with safety-related structures are consistent with the guidelines of SRP

1Section 3.7.2.and are acceptable. j
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The staff's evaluations of the . seismic analyses and design of the specific NNI
SSCs are discussed below.

Diesel Fuel Storaae Structure (DFSS)

As described in CESSAR-DC Section 3.8.4 and Figure 1.2-24, Amendment U, there l

are two DFSSs in the System 80+ standard plant design. Each of these two
buildings is a reinforced concrete box-type structure with a plan dimension of |

,

19.2 m x 13.4 m (63 ft x 44 ft) and a height of 7.7 m (25 ft). The thickness I

of the walls, roof, and foundation mat is 0.7 m (2.25 ft). The embedment of
the building is 3.8 m (12.75 ft) measured from the grade to the bottom of tue

ibase mat. Each of these two buildings contains two bays and each bay encloses
|a diesel fuel oil tank, a tank vent, a sump with a sump pump, and related

piping systems.

As described in Amendment U of Appendix 3.7C to the CESSAR-DC, a dynamic model
with two lumped masses connected by a massless equivalent structural member
was developed to represent a DFSS in the analysis. This model coupled with
the soil foundation model was used to perform the SASSI SSI and SSSI analyses
or SAP 90 fixed base analyses to calculate structural responses (including FRS)
for each of the site conditions considered and for each set of design basis
ground motion time histories. Based on the discussion above and the audit
conducted from January 31 through February 1, 1994, the staff finds that the
analysis procedures meet the guidelines of SRP Section 3.7.2 and the computer
codes used for the analysis were accepted by the staff during previous
licensing reviews. Therefore, the analysis results, including the structural
response envelopes and FRS envelopes, are acceptable.

Comoonent Coolina Water Heat Exchanaer Structure

Each of the two CCW Hx structures, as described in CESSAR-DC Section 3.8.4 and
Figure 1.2-25, Amendment V, is a two-story box-type reinforced concrete
building with a plan dimension of 33.5 m x 13.4 m (110 ft x 44 ft) and a
height of 11.6 m (38 ft). The base mat is 1.2 m (4 ft) in thickness. On the
roof of the building, there are two reinforced concrete fan rooms, each
located at one end of the building. The dimensions of each of these two fan
rooms is 13.4 m x 7.0 m x 3 m (44 ft x 23 ft x 10 ft) and the thickness of the
walls and roof is 0.7 m (2.25 ft). The embedment measured from the grade to
the bottom of the base mat is 5.2 m (17 ft). One of these two buildings is
located at the north side of the NI structures and the other is located at the
south side. Each building houses two CCW Hxs, the CCW and station service
water (SSW) piping systems, and associated valves, sumps, and sump pumps.

A three-mass lumped mass model with the massless structural members in between
was developed for this building. The model coupled with the soil foundation
model was also used to conduct the SASSI analyses (both SSI and SSSI analyses)
or the SAP 90 fixed base analyses (without soil foundation) for calculating'

I seismic responses, including FRS, of this building. On the basis of this
I discussion and the audit conducted from January 31 through February 1, 1994,
| the staff finds that the analysis procedures meet the guidelines of SRP
| Section 3.7.2 and the computer code used for the analysis was accepted by the
' staff during previous licensing reviews. Therefore, the analysis results &

(including structural response envelopes and FRS envelopes) are acceptable. W
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Boric Acid Storaae Tank (BAST)

( The BAST is a flat-bottom, free-standing cylindrical steel tank anchored to
the reinforced concrete foundation mat which is founded on the ground surface.
In Amendment U of CESSAR-DC Section 3.7.5, ABB-CE stated that the design
procedures for the seismic Category I tanks (including boric acid tank)
address the guidelines documented in NUREG/CR-1161, and the criteria for the
qualification of this tank addresses the design requirements and acceptance
criteria for ASME Code, Section III, Class 2 and 3 components. As a result of
its review, the staff finds that tha analysis and design procedures described
in CESSAR-DC Section 3.7.5 meet the guidelines of SRP Section 3.7.3.11.14 and
are, therefore, acceptable. In addition, the design of the BAST meets design
requirements and acceptance criteria for ASME Code, Section III, Class 2 and 3
components and is also acceptable.

Buried Pioina, Pioe Tunnels and Conduit Banks

The design requirements and analysis procedures for the seismic Category I
buried piping systems are in CESSAR-DC'Section 3.7.3.12.1. The CESSAR-DC

lstates that these piping systems are designed to meet the design requirements
and acceptance criteria for ASME Code, Section III, Class 2 and 3 piping. The
adequacy of these design requirements and acceptance criteria for the piping
systems are discussed in Section 3.12 of this report. In this section, only
the procedures that are used for the seismic analysis of buried piping are
reviewed and discussed. As described in CESSAR-DC Section 3.7.3.12.1.3 and 1

Appendix 3.8A, Amendment U, the analysis of buried piping considers the
strains (axial and bending) and associated stresses from the effects of
seismic wave passage, seismic differential movements between the soil and'w ,- anchor points, and thermal expansion and contraction. In addition, the
effects of the lateral soil pressure and the groundwater effects acting on the
piping are also considered in the design. These analysis procedures meet the
guidelines of SRP Section 3.7.3.11.12 and are, thus, acceptable.

For the seismic, Category I pipe tunnels, an equivalent static analysis wasperformed. In the analysis, the strains
stresses due to the seismic wave passage a(nd seismic differential movementsaxial and bending) and associated
between the soil and anchor points were considered. In addition, the lateral
dynamic soil pressure due to earthquake was also taken into consideration. As
stated in CESSAR-DC Appendix 3.8A, Section 11.8, the same analysis approach is
applied for the analysis of cable tunnels and conduit banks. These analysis
procedures meet the guidelines of the SRP Section 3.7.3 and are, thus,acceptable.

3.7.3 Seismic Subsystem Analysis

The scope of the staff's review of the seismic subsystem analyses included the
seismic analysis methods for CE System 80+ seismic Category I SSCs that are
not explicitly contained in the structural models for the seismic analyses ofseismic Category I structures. Such items include all seismic Category I
cable trays and supports, conduit and supports, HVAC duct and supports, above-
ground tanks and structural elements that support other seismic Category I
itemsb suppor,ted items.the dynamic effects of which could affect the seismic response of theSeismic analysis of piping and pipe supports, seismic\._J qualification of seismic Category I mechanical equipment and seismic qualifi-
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cation of seismic Category I instrumentation and electrical equipment is
evaluated in Sections 3.9 and 3.10 of this report.

CESSAR-DC Section 3.7.3 states that seismic Category I structures, subsystems,
and components are analyzed by the response spectrum or time-history method as
described in CESSAR-DC Section 3.7.2.1.1 or by an equivalent static method as
described in CESSAR-DC Section 3.7.3.5. These analysis methods are in
accordance with the guidelines of SRP Section 3.7.2, Item II.1, referenced by
SRP Section 3.7.3, Item 11.1 and, therefore, are acceptable. |

CESSAR-DC Section 3.7.3.3 supplies information on modeling techniques. The '

procedure for dynamic decoupling of subsystems and for modeling criteria,
respectively, are in accordance with the guidelines of SRP Section 3.7.2,
Items II.3.b and Item II.l.a.(iii). The use of these criteria for the
purposes stated are also in accordance with SRP Section 3.7.3, Items 11.1 and
II.3 guidelines, and are acceptable.

j

CESSAR-DC Section 3.7.3.4 states that the basis for the acceptability of
subsystems is that the stresses and deformations produced by the vibratory
motion of the postulated seismic events combined with other design loadings
are within the established limits. In addition, CESSAR-DC Section 3.7.3.4,
provides information on the design approach to avoid resonance of components
and subsystems. In this approach, within practical limitations, the funda-
mental frequencies of the components and subsystems are designed to be
"sufficiently removed" from the resonant range. If resonance does occur, the
resonance should be accounted for in the analysis. This procedure is in
compliance with the SRP Section 3.7.3 guideline that equipment in the reso-
nance range is adequately designed for the applicable loads and is acceptable.

CESSAR-DC Sections 3.7.2.15 and 3.7.3.15 provide information on procedures for
damping for the modal superposition and the direct integration methods,
respectively. CESSAR-DC Section 3.7.3.6 and Table 3.7-1 give additional
information on damping. These procedures are in accordance with RGs 1.61 and
1.84 and the SRP Section 3.7.3, Item II.5, criteria and are acceptable.

| CESSAR-DC Section 3.7.3.6 (which references CESSAR-DC Section 3.7.2.6) states
that for the time-history method of analysis, three statistically independent
earthquake motions (2 horizontal and 1 vertical) are used as input and the
total response is obtained by algebraically summing the responses in the time
domain. For the response spectrum method, the total response due to the three

I
independent components of earthquake motion (2 horizontal and 1 vertical) areI
obtained by combining the separate responses by the SRSS method. This is in
accordance with the guideline of SRP Section 3.7.3, Item II.6, and is accept-

| able.

CESSAR-DC Section 3.7.3.7 states that for the response spectrum method of
analysis (1) the SRSS method of combination will be used for modes that are
not spaced closely and (2) the RG 1.92 method of combination will be used for
closely spaced modes. These provisions are in accordance with the guidelines
of SRP Section 3.7.3, Item 11.7, and are acceptable.

|

CESSAR-DC Section 3.7.3.11 states that torsional effects due to eccentric
masses are considered for subsystems including piping. This is in compliance
with SRP Section 3.7.3, Item 11.11, and is acceptable.
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e Before the issuance of the DSER, ABB-CE stated in CESSAR-DC Section 3.7.3.12

V)I that the intake structure will be designed so that " differential movement .

between this structure and the The staff noted that )ABB-CE gave no indication of th, earth is negligible."e magnitude of this permissible motion or the !

level of stresses associated with such " negligible" relative motion. By DSER
Open Item 3.7.3-7, the staff noted that ABB-CE should provide generic ap-
proaches for the evaluation of the intake structure as well as acceptance
criteria that will be used to evaluate that structure. Subsequently, in
various meetings with the staff, ABB-CE stated that the design approaches and
acceptance criteria for avaluating intake structure is a site-specific item.
CESSAR-DC Table 1.9 1 ,dment U, included this item. This is acceptable<

and resolves DSER Ope. 3.7.3-7.

On the basis of its review, the staff concludes that the seismic subsystem
analysis procedures and criteria proposed by ABB-CE provide an acceptable
basis for the seismic design of subsystem and components.

The staff concludes that the seist 7bsystem analysis procedure and criteria
are acceptable and meet the requi ; of GDC 2 and 10 CFR Part 100,m
Appendix A. This conclusion is bo . on ABB-CE's meeting the requirements of
GDC 2 and 10 CFR Part 100, Appendix A with respect to the capability of the
structural subsystems to withstand the effects of the earthquakes so that
their design reflects the following:

(1) consideration for the most severe earthquake appropriate for the applica-
tion of the System 80+ design to the site (GDC 2) with the elimination of

3 OBE from the design of SSC in accordance with the staff's position in
SECY-93-087, as approved by commission on July 21, 1993 and discussed
in Section 3.1.1 of this rey c

(2) appropriate combination of the effects of normal and accident conditions
with the effect of the natural phenomenon

(3) the importance of the safety functions to be performed (GDC 2); the use
of a suitable dynamic analysis or a suitable qualification test to
demonstrate that SSCs can withstand the seismic and other concurrent
loads, except where it can be demonstrated that the use of an equivalent
static load method provides adequate consideration (10 CFR Part 100,
Appendix A)

ABB-CE meets the requirements of Item 1 (listed above) by use of the accept-
able seismic design parameters as per SRP Section 3.7.1. The combination of
loads resulting from earthquakes with those resulting from normal and accident
conditions in the design of seismic Category I structural subsystems is in

,

conformance with Item 2 (listed above).

3.7.3.1 Ductwork, Cable Tray, Conduits, and Supports

In the DSER, the staff identified Open Item 3.9.3-9 which stated that the
applicant should provide explicit information about the duct support design
and reconcile the commitments for the duct and duct support design with the )EPRI Vtility Requirements Document.!p ,

/ '
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The details of the HVAC ductwork analysis and design procedures are given in
CESSAR-DC Appendix 3.9A, Section 2. Seismic Category I HVAC ductwork is
designed and supported to withstand the loads and load combinations presented
in CESSAR-DC Appendix 3.9A, Sections 2.2 and 2.3, respectively. The analysis
and design guidelines ensure that the HVAC ductwork and supports will be
within the allowable stress and deflection criteria under the design loads and i

load combinations. In areas where non-safety-related ductwork passes over or inear safety-related equipment or components, the supports / restraints and duct
system is designed using seismic Category I criteria to prevent any damage, j
degradation, or interference with the performance of equipment required for '

safety functions.

The design loads for seismic Category I ductwork and supports are specified in
CESSAR-DC Appendix 3.9A, Section 2.2, which include internal pressure, dead
and live load, thermal effects, seismic loads, and wind and tornado loads, if
applicable. The design load combinations specified in CESSAR-DC Appen-
dix 3.9A, Section 2.3, include normal, severe, extreme, and abnormal load
combinations. The design loads and load combinations are in accordance with
the guidelines of SRP Section 3.8.4 and, therefore, acceptable. The analysis
procedures and acceptance criteria for seismic Category I ductwork and
supports are specified in CESSAR-DC Appendix 3.9A, Section 2.4. The damping
values used are in accordance with RG 1.61 and therefore, acceptable. The
effect of eccentricity of forces relative to the duct centerline is consid-
ered. The seismic analysis of seismic Category I ductwork and supports is
performed using the static coefficient method, response spectrum modal
analysis or the time-history analysis. These methods are applied in accor-
dance with the guidelines of SRP Section 3.7.3 and, therefore, are acceptable.
The allowable stress criteria for seismic Category I ductwork and supports are
specified in CESSAR-DC Appendix 3.9A, Section 2.5. The allowable stress
criteria are established using conservative values in compliance with the
requirements of American Institute of Steel Construction (AISC) " Manual of
Steel Construction, Allowable Stress Design" and ANSI /AISC 690-84, as dis-
cussed in Section 3.8.4.1 of this report, and are acceptable.

The details of the cable tray / conduit and supports analysis and design
procedures are in CESSAR-DC Appendix 3.9A, Section 3. Seismic Category I
cable tray / conduit and supports are designed and supported to withstand the
loads and load combinations presented in CESSAR-DC Appendix 3.9A, Section 3.2
and 3.3, respectively. The analysis and design guidelines ensure that the
cable tray / conduit and supports will be within the allowable stress and
deflection criteria under the design loads and load combinations. In areas
where non-safety-related cable tray and/or conduit passes over or near safety-
related equipment or components, the tray, conduit, and support / restraint
systems are design using seismic Category I criteria to prevent any damage,
degradation, or interference with the performance of the safety-related
degradation equipment.

The design loads for seismic Category I cable tray / conduit and supports are
specified in CESSAR-DC Appendix 3.9A, Section 3.2, which include dead and live
loads, thermal effects, and seismic loads. The design load combinations are
specified in CESSAR-DC Appendix 3.9A, Section 3.3, which include normal and
extreme load combinations. The design loads and load combinations are in
accordance with the guidelines of SRP Section 3.8.4 and are acceptable. The
damping values are specified in CESSAR-DC Appendix 3.9A, Section 3.4 and are
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in accordance with RG 1.61 and are acceptable. The seismic analysis procedure-s

( for seismic Category I cable tray / conduit and supports is specified in
( CESSAR-DC Appendix 3.9A, Section 3.5. The seismic analysis of seismic

Category I cable tray / conduit and supports is performed using the static
coefficient method, response spectrum modal analysis or the time history
analysis. These methods are applied in accordance with the guidelines of
SRP Section 3.7.3 and, therefore, are acceptable. The allowable stress
criteria for seismic Category I cable tray / conduit and supports is specified
in CESSAR-DC Appendix 3.9A, Sections 3.3 and 3.5.4. The allowable stress
criteria are established using conservative values in compliance with the
requirements of AISI standard for carbon steel and stainless steel cold-formed
sections (American Iron and Steel Insttitute, " Cold-Formed Steel Design
Manual," 1986, Washington, D.C.) and ANSI /AISC 690-84 for structural steel
members, bolts and welds, as discussed in Section 3.8.4.1 of this report, and
are acceptable.

The staff concludes that the design of seismic Category I ductwork and
supports, cable tray and supports, and conduit and supports is acceptable and
meets the relevant requirements of 10 CFR 50.55a, and GDC 1, 2, and 4. This
conclusion is based on the following:

(1) ABB-CE has met the requirements of 10 CFR 50.55a and GDC 1 with respect
to assuring that the safety-related ductwork and supports and cable
tray / conduit and supports are designed, fabricated, constructed, tested
and in pected to quality standards commensurate with their safety
function ny meeting the guidelines of RGs and industry standards indi-
cated below.

b (2) ABB-CE has met the requirements of 10 CFR Part 50, Appendix A, GDC 2 by
designing the safety-related ductwork and supports and cable tray / conduit
and supports to withstand the most severe earthquake that has been estab-
lished with sufficient margin and the combinations of the effects of
normal and accident conditions with the effects of environmental loading
such as earthquake and other natural phenomenon.

(3) ABB-CE has met the requirements of 10 CFR Part 50, Appendix A, GDC 4 by
assuring that the design of the safety-related ductwork and supports and
cable tray / conduit and supports are capable of withstanding the effects
of the conditions associated with N0P and postulated accidents.

The criteria used in the analysis, design, and construction of safety-related
ductwork and supports and cable tray / conduit and supports to account for
anticipated loadings and postulated conditions that may be imposed upon each
structure during its service lifetime are in conformance with established
criteria, codes, standards, and specifications acceptable to the staff. The
use of these criteria as defined by the applicable codes, standards, and |
specifications, the loads and loading combinations; the design and analysis

,procedures; the structural acceptance criteria; and the materials and the |

testing give reasonable assurance that, in the event of winds, tornados,
- earthquakes, and various postulated accidents, the safety-related ductwork and

supports and cable tray / conduit and supports will withstand the specified
g design conditions without impairment of structural integrity or the perfor-
( mance of required safety function. On this basis, DSER Open Item 3.9.3.1-9 is
L resolved.
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3.7.4 Seismic Instrumentation

As described below, the seismic instrumentation system specified for the
System 80+ design in CESSAR-DC Section 3.7.4 is acceptable and meets GDC 2 and
10 CFR Part 100, Appendix A. ABB-CE meets these requirements by requiring
installation of instrumentation that is capable of adequately measuring the
effects of an earthquake.

As specified in CESSAR-DC Section 3.7.4.1, five triaxial accelerometers will
be installed: one on the common basemat of the NI, one in the shield build-
ing, one at the operating floor of the containment structure, one on the
foundation mat of the CCW Hx building, and one at El. 28 m (91.75 ft) of the
CCW Hx building; also, a free field instrument will be installed at the
finished grade. The requirements specified in CESSAR-DC Sections 3.7.4.3 and
3.7.4.5 constitute an acceptable program for obtaining data on seismic ground
motion as well as data on the amplitude, frequency, and phases relationship of
the seismic response of major structures and systems in the event of an earth-
quake. A readout of pertinent data from the various seismic instruments will
yield sufficient infcnr.stion to guide the operator on a timely basis to
determine if the level of earthquake ground motion requiring plant shutdown
has been exceeded. Data obtained from such installed seismic instrumentation
will be sufficient to ascertain that the seismic analysis assumptions and the
analytical models used in the seismic design of the System 80+ were adequate
and that allowable stresses have not been exceeded under conditions whencontinuity of operation is intended. The staff finds the design for seismic
instrumentation acceptable.

In view of the time and effort required to determine if the level of earth-
quake ground motion requiring plant shutdown has been exceeded, COL applicants
should establish plant operating procedures that define specifically what
constitutes a significant exceedance of the level of earthquake ground motion
requiring plant shutdown. This was DSER Open Item 3.7.4-1. CESSAR-DC
Section 3.7.4.4 includes this information and Sections 3.7 and 3.7.4.6 state
that the COL applicant will submit to the NRC, as part of its application,
procedures for pre-earthquake planning and post-earthquake actions. On this
basis, DSER Open Item 3.7.4-1 is resolved. This is included in COL Actionitem 3.7-1.

3.8 Desian of Cateaory I Structures

3.8.1 Concrete Containment

This section is not applicable to the ABB-CE System 80+ design because a con-
crete containment is not used.

3.8.2 Steel Containment

Section 3.8.2.1 of the CESSAR-DC describes the ABB-CE System 80+ SCV and the
containment penetrations, including the equipment hatch, personnel locks, fuel
transfer penetration, and the mechanical and electrical penetrations. The
containment is a spherical, welded steel vessel structure designed in accor-
dance with Section III, Division 1, Subsection NE, Class MC components of the
ASME Code, 1989 Edition. The diameter of the containment is 61 m (200 ft) and
the plate nominal thickness is 43.8 mm (1.75 in.). The containment plate
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material.is ASME A537 Class 2. In the transition region, where the contain-
t ment enters the concrete (El. 28 m (91 ft-9 in.)), the containment shell

-

thickness is 50 mm (2 in.). Above elevation 28 m (91 ft-9 in.), the contain-
ment is an independent, free-standing structure. Below this elevation, the
vessel is encased between the base slab of the ISs and the shield building
foundation. The embedded portion of the steel containment shell is connected
to the shield building foundation and the base slab of ISs by radially
extending shear transfer plates to resist sliding due to the effects of
earthquakes.

.

The equipment hatch, personnel locks, and the fuel transfer penetration are
designed, fabricated, and tested in accordance with Section III, Subsection NE
of the ASME Code. The equipment hatch consists of a cylindrical sleeve in the
SCV shell and a dished head 6.7 m (22 ft) in diameter with mating bolted
fl anges. The two personnel locks are 3.05 m (10 ft) in diameter and each has '

double doors with an interlocking system to prevent both doors from being
opened simultaneously. Seals for the equipment hatch and the personnel locks
are designed to maintain containment integrity under design-basis accident
conditions, including pressure, temperature, and radiation. The containment
performance under severe accident conditions is discussed in Chapter 19 ofthis report.

t

Mechanical penetrations are treated as fabricated piping assemblies and meet
the requirements of the ASME Code, Section III, Subsections NE and NC.
Mechanical bellows are supplied where necessary to minimize reactions on the

.

SCV. The bellows are designed to maintain containment integrity under alldesign load conditions. ,

The containment electrical penetration assemblies are designed, fabricated,
and tested in accordance with IEEE-317," Electrical Penetration Assemblies in
Containment Structures for Nuclear Power Generating Stations." The pressure
boundary portion of the assembly is designed, fabricated, and tested in

,

'

accordance with Section III, Subsection NE of the ASME Code. The containment ielectrical penetration assemblies, including seals, are designed to maintain
containment integrity under design-basis accident conditions, including '

pressure, temperature, and radiation.

Before issuing the DSER, the staff raised a question (Q220.41, letter from '

T.V. Wambach (NRC) to E.H. Kennedy (ABB-CE), September 26,1991) about the
stability (i.e., possibility of overturning or sliding) of the steel contain- .

:
ment and the ISs during an earthquake. ABB-CE's calculations (Letter from
C.B. Brinkman (ABB-CE) to NRC, LD-92-0166, February 12, 1992) determined that

!both. structures will be stable, with no relative movement of structures, for
design-basis loading cases in combination with SSE. In the DSER, the staff
had expressed the concern that ABB-CE had not evaluated earthquakes beyond the
SSE, such as the review level earthquake (RLE) of approximately twice the
magnitude of SSE as stated in SECY-93-087; this evaluation is needed for the

,

seismic margins assessment (SMA). The staff's position'on design for beyond-
design-basis-event scenarios (NRC, SECY-90-016, " Evolutionary Light Water '

Reactor (LWR) Certification Issues and Their Relationship to current Regulato-
ry Requirements," S.J. Chilk, to J.M. Taylor, June 26,1990) is that the

O stability problem associated with beyond-design-basis earthquakes be addressed
in the probabilistic risk assessment (PRA)-based seismic margin evaluation as
part of the design certification for the System 80+ plant.
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ABB-CE presented the results of its evaluation of the potential for the
containment sliding and overturning due to the design-basis earthquake and the
RLE for seismic margins in the July 28, 1993 audit meeting (audit summary for
the July 28, 1993, NRC audit, Rockville, Maryland) with the staff, and
summarized it in CESSAR-DC Section 3.8.2.4.3. ABB-CE considered four poten-
tial failure modes: overturning of the IS independent of the SCV, overturning
of the IS together with the SCV, sliding between the IS and the SCV, and
sliding between the IS and the SCV combined with respect to the supporting
concrete. The stability requirements defined by ABB-CE are (1) the line of
action of the reaction force is located below the base of the crane wall and
(2) shear bars are designed to resist the full sliding forces without consid-
eration for frictional resistance for the design-basis earthquake and consid-
ering friction for the RLE. The stability analysis is performed in the time
domain. The earthquake levels applied are a RLE of 0.6 , used for the9
determination of seismic margin, applied at the free ground surface, and the
design-basis earthquake (SSE) of 0.39, as specified in the CESSAR-DC. The
acceleration time histories for the " worst case" soil conditions are deter-
mined by comparing the acceleration profiles of the IS for the three control
motions CMS 1, CMS 2, and CMS 3 for the various soil conditions specified in the
CESSAR-DC. On the basis of the results of the analysis and the technical
discussions during the meeting, ABB-CE committed that positive shear transfer
mechanism will be provided to connect the SCV to the shield building founda-
tion slab and the base slab of the ISs. Subsequently, ABB-CE incorporated the
design basis and details of this shear transfer mechanism into CESSAR-DC Sec-
tion 3.8.2.4.3, Amendment U. The factor of safety against sliding and
overturning of the SCV is 2.4, which is acceptable.

At the transition region between the free-standing part and the encased
portion of the steel containment, compressible material is provided to reduce
bearing loads on the concrete as well as to reduce thermally induced local
bending etresses in the steel containment. In the DSER, the staff had
expresr.ed its concern (Q220.42 and Q220.43) about the mechanical properties of
this compressible material and the stress conditions and buckling potential of
the steel containment in this region because ABB-CE did not present informa-
tion in the CESSAR-DC concerning: (1) composition of the compressible
material, (2) how these material properties are obtained, (3) the uncertainty
these material properties have, and (4) accessibility for periodic inspection.
ABB-CE stated (LD-92-0166, February 12,1992) that the material is self-
expanding cork and its static mechanical properties are determined from a load
deflection test. ABB-CE responded in the meeting (presentation material from
the April 27 through 30, 1992, NRC/ABB meeting, Bethesda, Maryland) that the
transition region will be available for periodic inspection over the lifetime
of the plant. ABB-CE also stated that the staff could examine the design
information related to the transition region. In the DSER, the staff stated:

I

that ABB-CE's responses are acceptable, except that ABB-CE should also address
the issues associated with (1) the uncertainty of the mechanical properties of
and the EQ as well as age-related degradation management for a 60-year design
life for this compressible material (DSER Open Item 3.8.2-1) and (2) the
measure (s) to be implemented to prevent collection of moisture in the transi-
tion region (DSER Open Item 3.8.2-2). By DSER Open Item 3.8.2-12, the staff
also stated that ABB-CE should provide a corrosion analysis of the SCV for a
60-year plant design life.
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/m To address these open items, ABB-CE performed a stress analysis of the SCV to
i take into account the variation in the material properties of the compressible

material. As a result, ABB-CE revised the CESSAR-DC to describe the steps to
'

be taken to inspect the compressible material and to prevent corrosion of, the
SCV during the life of the plant. These steps include coating the SCV near
the transition region, sealing concrete to preclude moisture intrusion, visual
inspection of the containment base metal and welds in accordance with ASME
Code Section XI and 10 CFR Part 50, Appendix J, use of sloped floors and
drains to prevent collection of moisture in the transition region, provisions
for the removability of the compressible material, and a design to preclude
equipment or ductwork from being located such that it inhibits a visual
inspection at the steel concrete interface. Furthermore, the SCV thickness of
50 mm (2 in.) in the transition region is beyond design requirements and
allows for corrosion over the 60-year life of the plant. The staff reviewed
these provisions and determined they were adequate to address the concern of
the degradation of the material properties of the compressible material over
the 60-year life of the plant and the corrosion potential due to the collec-
tion of moisture in the transition region. On this basis, DSER Open
Items 3.8.2-1, 3.8.2-2, and 3.8.2-12 are resolved.

Before issuing the DSER, the staff requested (Q220.49, letter from
T.V. Wambach (NRC) to E.H. Kennedy (ABB-CE), September 26, 1991) that informa-
tion on taking measurements at critical locations during preoperational
structural integrity testing of the steel containment be provided because this
information may be useful in validating the containment analysis methods.
Subsequently, ABB-CE stated (LD-92-0166, February 12, 1992) that the pre-
operational structural integrity testing data will be taken as described in[mT CESSAR-DC Section 14.2.12.1.130, " Containment Integrated Leak Rate Test andV Structural Integrity Test." ABB-CE's response with respect to the type,
amount and location of data collection is adequate and acceptable.

In RAI Q220.50, the staff expressed concern about the potential sources of a
missile or high-energy-line break against the steel containment. ABB-CE
stated that there are no high-energy lines between the steel containment and
the operating floor and refueling cavity walls. However, there are high-
energy lines between the secondary shield wall and the steel containment, and
between the steel containment and the shield building. ABB-CE stated that
high-energy lines, if not eliminated from break potential by LBB analysis,
will be kept from being a source of hazard to safety-related components and
equipment by separation, guard pipes, shields, and whip restraints. Between
the steel containment and the shield building, high-energy lines will be
enclosed in guard pipes eliminating any potential missiles. Postulated
missiles from equipment in the containment are listed in CESSAR-DC
Table 3.5-1, and the missile protection requirements are given in CESSAR-DC
Section 3.5.1. ABB-CE's response satisfactorily addressed the staff's con-
cern.

1

On containment shell stress analysis, in SRP Section 3.8.2, the staff recom-
mends that the stresses in the containment for the load combinations of SRP |Table 3.8-2 satisfy the limits prescribed in SRP Table 3.8.2-1. Before
issuing the DSER, ABB-CE performed a 3-D shell analysis of the System 80+
containment for the loading combinations specified above. Based on vendorp\ |data, the compressible material in the transition region was taken to have a[ '

(/ modulus of 488 kPa/cm (180 psi /in.). The FEM included the equipment hatch and
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personnel air locks. Two mesh sizes were used. In the DSER, the staff noted
that ABB-CE would satisfy the SRP guidelines subject to resolution of DSER
Open Items 3.8.2-4 and 3.8.2-5. .DSER Open Item 3.8.2-4 required that ABB-CE
submit for staff review the stress analysis results for the most highly
stressed meridian, as presented at the April 29, 1992, meeting (Ref. 14)
between the NRC staff and ABB-CE representatives. DSER Open Item 3.8.2-5
required that ABB-CE describe the method that it plans to use to verify that
the designs of the penetrations and penetration reinforcements satisfy the
stress limits of SRP Table 3.8.2-1.

On containment shell buckling, in SRP Section 3.8.2, the staff recommends that
the stresses in the containment satisfy the stability requirements of ASME
Code Subsection NE and RG 1.57 for loading combinations that include compres-
sive stresses. Before issuing the DSER, ABB-CE performed an elastic bifurca-
tion buckling analysis of the System 80+ containment for the compressive

_

loading combination. The 3-D shell FEM model that was used included the
equipment hatch and the personnel airlock penetrations. The compressible
material in the transition region had a modulus of 488 kPa/cm (180 psi /in.).
For a comparison of the finite element results to the classical solution, a
capacity reduction factor of 0.125 was applied to the closed-form buckling
stress to account for the differences between classical shell buckling theory
and experimental buckling results applicable to shells with imperfections. In
the DSER, the staff noted that ABB-CE would satisfy these criteria subject to
resolution of DSER Open Items 3.8.2-6, 3.8.2-7, 3.8.2-8, and 3.8.2-9.

DSER Open Item 3.8.2-6 required ABB-CE to verify that the mesh size of the
finite element is sufficiently small to achieve convergence of the ANSYS
bifurcation buckling load. DSER Open Item 3.8.2-7 required that ABB-CE
substantiate the buckled shape resulting from the previous analysis or perform
an additional analysis to eliminate the anomalies. DSER Open Item 3.8.2-8
noted that ABB-CE should justify the acceptability of a factor of safety of 2
for stability with Level C loading condition. DSER Open Item 3.8.2-9 request-
ed that ABB-CE submit for staff review the pre-buckling stresses for the most
highly stressed meridian and verify that stresses at buckling are within the
elastic range.

Subsequently, ABB-CE presented the results of the SCV stress and buckling
analysis in an audit meeting with the staff on August 10 and 11, 1993 (audit
summary for the August 10 and 11,1993, NRC audit at the ABB-CE office in
Windsor, Connecticut), and later summarized in the CESSAR-DC, Amendment U.
Major issues discussed by ABB-CE in its presentation and summarized in the
CESSAR-DC include containment technical data and configuration, SCV analysis
for design basis loads, 3-D FEM of the SCV, description of design loadings
including seismic input spectra, loading combinations, material properties,
buckling analysis methods, modeling of imperfections, compliance with ASME
Code allowables for service loads and stability safety factors for buckling
analysis and large deflection analysis.

The service load stress analysis for Level A through D conditions is performed
using the ANSYS Version 4.4(a), a 3-D, finite-element code based on linear-
elastic, thin-shell theory. Th'e analysis is performed for the design loads
and load combinations described in SRP Section 3.8.2 and CESSAR-DC Sec-
tion 3.8.2.4.2 and Table 3.8.2. In the audit (audit summary for the Au-
gust 10-11, 1993, NRC audit at the ABB-CE office in Windsor, Connecticut),
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ABB-CE also presented the allowable stress intensities specified in SRPn

lV) Section 3.8.2 and CESSAR-DC Table 3.8-3E for the primary general membrane
stresses (P,), primary local membrane stresses (P ),, local membrane plus
bending stresses (P + P ), and local membrane and bending plus secondary |t 3
stresses (P +P# + Q) in accordance with the ASME Code Section III, Subsec-
tion NE. AhB-CEpresentedtheresultsforthemaximumelementstressintensi-

i

ties for the test, design, and the service level conditions in CESSAR-DC
Table 3.8-3E, Amendment U, which demonstrates that the stress intensities are
within the allowable limits of the ASME Code. On this basis, DSER Open
Item 3.8.2-4 is resolved.

In accordance with CESSAR-DC Section 3.8.2.1.1, the SCV will be thickened
around the penetrations to compensate for the loss of area due to openings
using the area replacement rule of ASME Code Section III, Subsection NE,
Paragraph NE-3332. The additional thickness will depend upon the nominal
size, thickness and location of the penetration sleeve and will be in accor-
dance with the ASME Code. This clarification is acceptable and resolves DSER
Open Item 3.8.2-5.

In the August 10 and 11, 1993, audit, ABB-CE also presented the methodology
for its SCV buckling analysis using the ANSYS finite element code. The
methodology has been summarized in the CESSAR-DC (Amendment U). ABB-CE used
the ASME Code Section III, Subsection NE, Paragraph 3222 rigorous analysis
methodology which considers the effect of gross and local buckling, geometric
imperfections, nonlinearities, large deflections, and inertial forces. ABB-CE
performed the rigorous analysis by using the large deflection elastic-plastic

n option in an ANSYS static analysis. With the large deflection option, the
( deflection under load is continuously used to redefine the geometry of the
V structure, thus producing a revised stiffness matrix. By observing the rate

of change in deflection per iteration, an estimate of the stability of the
structure can be made. If the rate of change is increasing, the loading is
above critical and is an indication of buckling instability. If the rate of
change is decreasing or constant, the structure is at or below the critical
buckling load. The total load levels at the last converged load step are
divided by the nominal load levels to determine the safety factor.

In order to verify the validity of the ANSYS buckling analysis results and to
demonstrate that the finite element mesh size is sufficiently small to have
achieved convergence of the ANSYS buckling load, ABB-CE performed the stabi-
lity analysis of a 3-D full sphere and demonstrated that the results are
comparable to the classical full-sphere theoretical buckling solution.

In the August 10-11, 1993, audit, ABB-CE also presented the results of the SCV
buckling analysis using the ANSYS computer code for a 3-D containment FEM.
These results are summarized in CESSAR-DC Amendment U. The analysis is done
taking into account an external design-basis pressure of 13.8 kPa (2 psi),
gravity loads due to the weight of the SCV, and seismic loads applied as nodal
forces based on nodal accelerations and masses. The direction and combination
of force resultants are varied to determine the critical direction of applica-
tion. The material properties of the SCV are based on the operating tempera-
ture of 43.3 *C (110 'F). The stress-strain curve is modified to account for
potential residual stresses by applying a plasticity reduction factor takenn

(V) from ASME Code Case N-284. The imperfections are modeled based on the ASME
Code, Article NE-4221, requirement that the maximum deviation from true
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theoretical form for a vessel of the System 80+ dimensions designed for
external pressure shall not exceed the thickness of the vessel. The imperfec-
tion is assumed to be axisymmetric. For the Service Level A stability
analysis, ABB-CE applied the design-basis accident pressure of 365 kPa
(53 psi) and design-basis accident temperature of 143 *C (290 *F) in addition
to the dead and live loads. The analysis is performed with an imperfection of
a full sine wave with a half-wavelength of 2.4 m (8 ft) and a peak-to-peak
amplitude of 43.8 mm (1.75 in.). The SCV stability safety factor for Level A
loads is 3.0.

For the Service Level C and D stability analyses, ABB-CE applied the external
pressure of 13.8 kPa (2 psi) due to inadvertent containment spray actuation
and SSE leads in addition to the dead and live loads. The Service Level C and
D stability analyses are completed for two types of imperfections: (1) a full
sine wave with a half-wavelength of 2.4 m (8 ft) and a peak-to-peak amplitude
of 43.8 mm (1.75 in.) and (2) a half sine wave with a half-wavelength of 4.9 m
(16 ft) and a peak-to-peak amplitude of 43.8 mm (1.75 in.). The resulting SCV
Service Level C stability factors for these two types of imperfections are
2.70 and 2.74, respectively and exceed the ASME Code, NE-3222, required factor
of safety of 2.5.

In CESSAR-DC Section 3.8.2.4.3, Amendment U, ABB-CE presented the results for
the ultimate load analysis of the containment. The ultimate capacity is
determined using an elastic analysis with the axisymmetric model. The
internal pressure is increased until the maximum stress intensity reaches the
Service Level C allowable membrane stress intensity, which equals the nominal
yield stress value for the given temperature. Temperature values of 65.6 *C
(150 *F), 143.3 *C (290 *F), 176.7 *C (350 *F), and 232.2 *C (450 *F) are
evaluated. As summarized in Table 3.8-3D of the CESSAR-DC, the minimum
ultimate pressure capacity at 232 *C (450 *F) is 910 kPa (132 psi). This
satisfies the requirements of GDC 50 as related to steel containment being
designed with sufficient margin of safety to accommodate appropriate design
loads.

In CESSAR-DC Section 3.8.2.4.3, Amendment U, ABB-CE also presented the evalua-
tion for the combustible gas loading using an elastic analysis with the
axisymmetric model. The peak pressure from hydrogen combustion and the
design-basis pressure are added together and applied as an internal pressure
to the SCV. The maximum calculated stress intensity is within the Level C
allowable stress intensity limit as summarized in CESSAR-DC Table 3.8-3E,
Amendment U.

In addition to the stress and buckling analyses done by ABB-CE for the SCV,
the staff's consultants at Ames National Laboratory have also performed an
independent review of the structural design of the ABB-CE System 80+ SCV. The
results of the Ames work are documented in NUREG/CR 5957 (U.S. NRC, "Sys-
tem 80+ Containment Structural Design Review," 1993) and in NUREG/CR 6161
(U.S. NRC, " Buckling Evaluation of System 80+ Containment," June 1994). The
stress analysis of the SCV is performed using the BOSOR4 finite difference
computer program. The evaluation of the SCV against buckling is performed by
using B050R5 finite difference and ABAQUS finite element computer codes. For
the stress analysis, the containment is modeled as an axisymmetric shell con-
sisting of different segments and mesh points with the additional mass of the
penetrations and appurtenances being smeared around the circumference. The
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transition region near tem base is modeled using elastic springs with a(mV) foundation modulus of 488 kPa/cm (180 psi /in.). The structural analysis of
the containment shell is performed for each individual load case using the
nonlinear elastic axisymmetric stress analysis option of BOS0R4. The results
are combined to calculate the stress intensities for the design conditions
and Service Levels A, B, C, and D, which are compared to allowable stress
intensities from the AShE Code. The results confirm ABB-CE's conclusion that
the calculated stress intensities are below the ASME Code allowable limits.

The buckling analysis of System 80+ SCV was done by Ames using the computer
code 80SOR5 for the axisymmetric case and ABAQUS for the 3-D case, taking into
account the non-axisymmetric seismic loads as well as the effect of equipmenthatch and personnel locks. For the axisymmetric case, the loading combination
for the buckling evaluation is chosen on the basis of the stress analysis as
that loading which resulted in the largest compressive stress. The control-
ling load case for Level C is the inadvertent spray actuation resulting in
external pressure of 13.8 kPa (2 psi) and a temperature of 43.3 *C (110 'F)
in addition to the seismic loading due to SSE. The buckling analysis is
performed on the basis of the worst meridian assumption, that is, the maximum
stresses are assumed to exist uniformly around the circumference. The
material nonlinearities and residual stresses are incorporated using a stress-
strain constitutive relationship derived from the ASME Code Case N-284. For
the System 80+, the perfect shell with an elastic material was initially
analyzed. A sinusoidal imperfection with a radial amplitude of 21.9 mm (0.875
in.), which corresponds to the ASME Code specified maximum deviation of one
shell thickness of 43.8 mm (1.75 in.), is introduced and the imperfection

A wavelength is varied to identify the critical imperfection configuration.
!V) Sensitivity studies are conducted to investigate the effects of mesh size and

transition zone stiffness on the controlling buckling load. The factor of
safety against buckling is defined as a load multiplier which is equal to the
ratio of the loads at which buckling occurs to the input loads. For the
axisymmetric case using B0S0R5, the calculated factor of safety for Level C is
2.35. This is less than the factor of safety of 2.5 prescribed by Sec-
tion NE-3222 of the ASME Code but more than the factor of safety of 1.67
specified by ASME Code Case N-284 or the factor of safety of 2 prescribed by
RG 1.57. Since the load is applied in a conservative manner as discussed
above, and the factor of safety is acceptable according to ASME Code Case
N-284 and RG 1.57, the staff concludes that the factor of safety for buckling
of 2.35 for Level C is acceptable.

As a prelude to the non-axisymmetric buckling analysis of the System 80+ SCV,
Ames verified the ability of the computer code ABAQUS to predict the critical
load for elastic buckling problems. Ames analyzed a circular cylinder under
axial load and a spherical shell under uniform radial pressure, and demon-
strated that the results are in agreement with the classical theoretical
solution. In addition, Ames formulated and analyzed three sample studies with
the computer codes ABAQUS and BOSOR using a nonlinear stress-strain relation-
ship, and compared the results in order to optimize the finite element type
and mesh size, and to benchmark the computer program ABAQUS. The sample
studies considered were System 80+ SCV buckling analysis with uniform external
pressure, System 80+ SCV buckling analysis due to its own weight, and buckling
of a reinforced opening with a ring load. Subsequent to the program verifica-e)( tion, the System 80+ SCV 3-D FEM was formulated, including the equipmentV hatch, two personnel locks, and the embedded region. An imperfection sensi-
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tivity study was performed in order to determine the imperfection to be
modeled in the System 80+ SCV FEM. The first several vibration modes were
calculated, SSE response spectrum was entered, and the SRSS accelerations were
converted to nodal inertial forces for application in the buckling analysis.
One hundred percent of the seismic inertial forces were applied in the
direction of the equipment hatch barrel, with 40 percent in the other two
orthogonal directions. As a result of the buckling analysis for the Level C
loading, the load multiplier was determined to be 2.4, compared to the factor
of safety 2.35 from the axisymmetric buckling analysis using 8050R5 and the
factor of 2.7 determined by ABB-CE using ANSYS. Three other loading condi-
tions were investigated with full seismic loading in (1) a direction opposite
to the equipment hatch barrel, (2) the vertical direction, and (3) the
direction of the lower personnel air lock.

On the basis of the results of the buckling evaluations performed by ABB-CE
and independent verification analyses performed by the staff's consultant at
Ames, the staff concludes that the System 80+ SCV has factors of safety
against buckling that meet the ASME Code and is acceptable. This resolves
DSER Open Items 3.8.2-6, 3.8.2-7, 3.8.2-8, and 3.8.2-9.

!

In addition to the analysis for design-basis loading, Ames also performed a
buckling analysis for the System 80+ containment under seismic loading beyond
SSE. The objective of the analysis was to evaluate the containment buckling
potential for seismic loading at least twice the SSE and inclusive of such
sustained loads as dead weight. In this analysis, the axisymmetric model was
used and the material model consisted of the effective stress-strain curve for
the SCV material, SA537 Class 2, including residual stress effects. The
factor of safety against buckling, A, is defined as a load multiplier equiva-
lent to the ratio between the seismic load which causes buckling, to the SSE
loads. The unfactored dead load is added to the factored SSE loads. Hence,i

|

the load on the structure is D + A (SSE). In the analysis, A is increased
until buckling occurs. The minimum predicted buckling load is determined by
introducing the geometric imperfections and the material nonlinearities into
the analysis and performing an imperfection sensitivity analysis by varying
the imperfection wavelength parameter. The minimum buckling load multiplier
was determined to be 2.9, indicating that the System 80+ SCV is not suscepti-
ble to buckling unless subjected to a seismic loading as high as approximately|

( 3 times the SSE.

By DSER Open Item 3.8.2-3, staff noted that ABB-CE should address the contain-
ment shell seismic fragility and the containment performance in its PRA
evaluation for the beyond-design-basis events. ABB-CE presented its PRA-based
seismic-margins analysis rathodology and results in CESSAR-DC Section 19.7.5.
The staff's evaluation of the System 80+ seismic margin assessment is included
in Section 19.7.5 of this eport. This resolves DSER Open Item 3.8.2-3.

ABB CE submitted an ultimate capacity analysis of the containment. The
current staff position on containment performance under severe accident
conditions is delineated in SECY-93-087 and the corresponding SRM (NRC, Staff
requirement memorandum (SRM), SECY-93-087, " Policy, Technical, and Licensing
Issues Pertaining to Evolutionary and Advanced Light Water Reactor (LWR)
Designs," S.J. Chilk to J.M. Taylor, July 21, 1993). By DSER Open
item 3.8.2-10, the staff requested that ABB-CE verify that the Sandia strain
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criteria (NRC, NUREG/CP-0095, " Evaluation of the Performance of the Sequoyah |
Unit 1 Containment Under Conditions of Severe Accident loading," Paper
No. SAND 88-163]C, pp 571-588, 1988) have been satisfied for all strains in the
axisymmetric analysis model. By DSER Open Item 3.8.2-11, the staff requested
that ABB-CE describe the method to be used to verify that the strains at all
discontinuities (i.e., around penetrations and penetration reinforcements)
satisfy the Sandia strain criteria. ABB-CE's presentation of the severe
accident phenomenology and containment performance for the System 80+ is
documented in Section 19.11 of the CESSAR-DC. The staff's safety evaluation
of the System 80+ containment performance under severe accidents is discussed
in Section 19.11 of this report. This resolves DSER Open Items 3.8.2-10
and 3.8.2-11.

In order to reconcile the as-built data with the structural design-basis
loads, a structural analysis report will be prepared for the SCV as required
by ASME Code, Section III. This report will document that the containment
structure meets the requirements specified in CESSAR-DC Section 3.8.2 and that
design changes and identified construction deviations which could potentially
affect the structural capability of the containment have been incorporated
into the structural analysis. Records for construction material properties,
as-built dimensions and arrangements, and design documents for the containment
structure will be reviewed. Deviations from the design will be considered
acceptable provided an evaluation is performed to verify that the structural
design meets the requirements of CESSAR-DC Section 3.8.2. The as-built
structural analysis report will be prepared by the COL applicant. This is
included in COL Action Item 3.8-1.,

/

U The material, quality control, and construction techniques for the SCV are in
CESSAR-DC Section 3.8.2.6. The SCV material, fabrication, erection, and
. nondestructive examination are in accordance with Subsection NE, Class MC
components of the ASME Code, Section III, 1989 Edition. The general QA
provisions for the SCV are as outlined in Chapter 17 of the CESSAR-DC,
supplemented by the ASME Code. The SCV is ASME Code stamped and, therefore,
the ASME Code requirements for quality control have priority over those
outlined in Chapter 17 of CESSAR-DC in case of any conflict.

Construction techniques for the assembly of the SCV are described in CESSAR-DC
Section 3.8.2.6.3. Testing and in-service surveillance requirements for the
SCV are in CESSAR-DC Section 3.8.2.7. The SCV, personnel airlocks, and
equipment hatch are inspected and tested in accordance with the ASME Code
Section Ill, Subsection NE, and the penetrations are pressure tested as
prescribed in Subsection NC of the ASME Code. In accordance with CESSAR-DC
Section 3.8.2.7, periodic leakage rate tests of the SCV are conducted in
accordance with 10 CFR Part 50, Appendix J.

The staff's review finds that sufficient information is given in accordance
with the guidelines of SRP Section 3.8.2. The staff concludes that the design
of the steel containment is acceptable and meets the relevant requirements of
GDC 1, 2, 4, 16, 50, and 51. The conclusion is based on the following:

(1) ABB-CE meets the recommendations of SRP Section 3.8.2 and the require-g) ments of GDC 1 by ensuring that the steel containment is designed,i

(./ fabricated, erected, constructed, tested, and inspected to the quality
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The use of these criteria as defined by the applicable codes, standards, and
guides; the loads and loading combinations; the design and analysis proce-
dures; the structural acceptance criteria; the materials and quality control
programs; and the testing and in-service surveillance requirements provide
reasonable assurance that, in the event of earthquakes and various postulated
accidents occurring within and outside the plant, the structure will withstand
the specified conditions without impairment of structural integrity or of the
performance of required safety functions. Furthermore, the seismic Category I
concrete shield building protects the steel containment from the effects of
wind and tornados and various postulated accidents occurring outside the
shield building.

3.8.3 Concrete and Structural Steel Internal Structures

CESSAR-DC Section 3.8.3 describes the internal structure and its design
_

requirements. The IS is a group of reinforced concrete structures that
enclose and support the systems and components inside the steel containment.
These structures also serve as biological shields and as protection from
missiles. The concrete base of the IS rests inside the lower portion of the
SCV and is connected to it with radially extending shear bars. With the
exception of platforms and miscellaneous steel, the ISs are seismic Cate-
gory I. The major ISs are the primary shield wall, the secondary shield wall,
the refueling cavity, the in-containment refueling water storage tank (IRWST),
various floors including the operating floor, and the support systems for the
reactor vessel, steam generators, RCPs, and primary loop piping.

The primary shield wall, which encloses the reactor vessel and protects the
vessel from internal missiles and serves as a biological shield, is a minimum
of 1.8 m (6 ft) thick.

The secondary shield wall (crane wall) supports the polar crane, protects the
SCV from internal missiles, and serves as biological shield for the coolant
loop and equipment. The crane wall is a right cylinder with an inside
diameter of 39.6 m (130 ft), a height of 36 m (118 ft), and a minimum thick-
ness of 1.2 m (4 ft).

The refueling cavity comprises the storage area for the upper guide structure,
the storage area for the core support barrel, and the refueling cavity. The
refueling cavity, when filled with borated water, forms a pool above the
reactor vessel. The shield walls that form the refueling cavity are a minimum
of 1.8 m (6 ft) thick.

The IRWST is a single source of water for the SI and containment spray pumps
and a heat sink for the safety depressurization system (SDS). The IRWST has a
stainless steel liner to prevent leakage, is dish-like in shape, and utilizes
the lower section of the IS as its boundary. A complete description of the
IRWST and its design basis loadings is in CESSAR-DC Section 6.8.

The operating floor provides access for operating personnel and serves as a
biological shield. The operating floor consists of a reinforced concrete slab
inside the crane wall and a steel grating outside the crane wall.

The support systems for the reactor vessel, steam generators, RCPs and primary
loop piping are described in CESSAR-DC Section 5.4.14.
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m CESSAR-DC Section 3.8.3 and Appendix 3.8A describe the applicable codes, |
standards and specifications, loads and load combinations, design and analysis '

procedures, structural acceptance criteria, material and quality control
procedures, and testing and in-service surveillance requirements for the ISs
which are in compliance with the guidelines of SRP Section 3.8.3.

Concrete and structural steel ISs are designed to resist dead and live loads,
operating thermal and pipe reaction loads, hydrostatic and earth pressure
loads, accident temperature and pressure loads, and seismic loads.

Design load combinations for concrete and structural steel ISs include normal !
operating loads, normal operating loads combined with extreme environmental
loads, normal operating loads combined with abnormal loads, and normal
operating loads combined with abnormal and extreme environmental loads. These
load combinations are described in CESSAR-DC Appendix 3.8A, Section 5.0. The
load combinations described in CESSAR-DC Appendix 3.8A, Section 5.0, for
seismic Category I structures are in compliance with the guidelines of SRP
Section 3.8.3 and are, therefore, acceptable.

The IS and the supporting substructure are modeled with 3-D solid, plate or
shell and beam finite elements in order to determine the design forces and
moments from to the applied loads and load combinations.

During the NRC and ABB-CE meeting on April 27 to April 30, 1992, the s.taff
audited the methodology for considering the effects of concrete cracking in ,

the seismic analysis of ABB-CE System 80+ structures. SRP Section 3.7.2
specifies that consideration should be given in the analysis, to the effects

O on FRS, of expected variations of structural properties. Prior to the
! issuance of the DSER, ABB-CE stated that concrete cracking was not considered
l explicitly in the seismic analysis of Category I structures. ABB-CE contended

that it was implicitly considered through the SSI analyses of the 13 soil
cases discussed in CESSAR-DC Section 2.5 (ABB-CE, " System 80+ Standard Design
- CESSAR-DC Design Certification," Amendment I, Windsor, Connecticut, Decem-
ber 21, 1990). These analyses cover a wide range of soil column frequencies
to account for structural frequency changes as related to cracked concrete
cross-sections. This answer (the implicit consideration of concrete cracking)
was not technically acceptable to the staff and the staff stated in the DSER
that further justification was required. The staff also asked that the
effects of concrete cracking be addressed for all seismic Category I struc-
tures. Subsequently, ABB-CE performed a parametric study to assess the
effects of cracked concrete on the in-structure response spectra and presented
the results in CESSAR-DC Appendix 3.7B. ABB-CE performed an SSI analysis
assuming that the concrete has cracked during the SSE event and that the
stiffness of all concrete structural elements was reduced to 70 percent of its
original (uncracked) value. For concrete structures, such as the IS, it is
shown that the effects of concrete cracking caused peak shifting of less than
15 percent. The increase in amplitude near the predominant spectral peak was
below the envelope of all the soil cases. ABB-CE concluded that-since several
different cases are considered in the SSI analyses, the frequency shift and
amplitude change due to concrete cracking is covered by the 15 percent spectra
broadening criteria established for the design of piping, components and

p equipment. For the SCV, concrete cracking made almost no difference in its
- Il response. On the basis of these studies, the staff concludes that the effectsd of concrete cracking have been adequately addressed and the guidelines of SRP

'
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Section 3.7.2 for the procedure to consider the effects of the expected
variations of structural properties such as concrete cracking on the seismic
analysis of seismic Category I structures are satisfied. This resolves DSER
Open Item 3.8.3-1.

;

lStructural acceptance criteria for the concrete and structural steel ISs are '

described in CESSAR-DC Section 3.8.3.5 and Appendix 3.8A, Section 5.0. The
allowable limits are in conformance with the guidelines of SRP Section 3.8.3

,

and are, therefore, acceptable.

CESSAR-DC Tables 3.8-4 and 1.8-6 list ACI 349-85 and ANSI /AISC N690-84 as the
standards for the design of concrete and steel structures, respectively. ACI
318-89, Chapter 21, is used to determine the detailing requirements at
structural joints and regions where reinforcing bars are spliced for seismic
Category I structures. The use of ACI 318-89, Chapter 21, for detailing
requirements amounts to an enhancement to the requirement of complying with
ACI 349, as specified in SRP Section 3.8.3, and is, therefore, acceptable to
the staff. The staff provides its positions on ACI 349-85 and ANSI /AISC
N690-84 to ABB-CE and appends them to this chapter in Appendices 3A and 38.
ABB-CE incorporated these supplementary provisions in CESSAR-DC Sec-
tion 3.8.4.5. The staff's evaluation of ABB-CE's compliance with ACI 349-85
and ANSI /AISC N690-84 is discussed in Section 3.8.4 of this report. Any
change to the use of ANSI /AISC Standard N690 (1984 Edition) and ACI Stan-
dard 349 (1985 Edition) for the design and construction of containment
internal structural elements would involve an unreviewed safety question and,
therefore, require NRC review and approval before implementation. Any
requested change to the use of these codes shall either be specifically
described in the COL application or submitted for license amendment after COL
issuance.

In the October 28 and 29, 1993, audit (audit summary for the October 28 and
29, 1993, NRC audit at the Duke Engineering Services Company office in
Charlotte, North Carolina), the staff audited several selected areas in the NI
structures on the structural design and detailing considerations, including
the ISs. The areas were selected primarily from seismic loading
considerations, based on ABB-CE's experience in designing several nuclear
power facilities. The main purpose of the audit was to review and discuss the
design calculations for these areas, evaluate the design adequacy, and obtain
insights of the design process for the purpose of incorporation into the
CESSAR-DC. In order to provide ductility, which would prevent brittle or
catastrophic failure, in seismic Category I internal reinforced concrete
structures, Chapter 21 of ACI 318 is used to determine the required anchorage
and splicing of connections, the configuration of reinforcing steel in the
structural joints, the regions where reinforcing bars are spliced, and the
required placement of stirrups and hoop steel. CESSAR-DC Appendix 3.8B
describes design and analysis results for the selected areas of the ISs. A
detailed review of the analysis and design of the ISs for the selected areas
provides the staff confidence that the guidelines of SRP Section 3.8.3 are
complied with and the overall design is acceptable and that the critical
dimensions and member sizes are adequate.

The design of ISs addresses the vertical alignment of the crane wall with the
corresponding wall below the SCV. A 125-mm (5-in.) vertical misalignment of
the center line of the crane wall above and below the SCV is evaluated, and

,
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the resulting stresses are found acceptable for the typical reinforcingp')i pattern determined for the crane wall. The design also considers potentialV differential basemat settlement and the effect on the crane wall alignment.
.

Materials, quality control, and special construction techniques for the
concrete ISs are as described in CESSAR-DC Section 3.8.4 and the staff
evaluation is in Section 3.8.4 of this report.

On the basis of its review, the staff determines that sufficient information
is provided in the CESSAR-DC in accordance with the guidelines of SRP Sec-
tion 3.8.3. The staff concludes that the design of the containment ISs is

,

,

acceptable and meets the relevant requirements of 10 CFR 50.55a, and GDC 1, 2,
4, 5, and 50. The conclusion is based on the following:

(1) ABB-CE meets the recommendations of SRP Section 3.8.3 and the require-
ments of 10 CFR 50.55a and GDC 1 by ensuring that the containment ISs are
designed, fabricated, erected, constructed, tested, and inspected to the
quality standards commensurate with its safety function to be performed
by meeting the guidelines of RGs and industry standards.

(2) ABB-CE meets the requirements of GDC 2 by designing the containment ISs
to withstand a severe earthquake that is more severe than the SSEs for
all currently licensed plants (with the exception of the two coastal
California sites) with sufficient margin, and the combinations of the
effects of normal and accident conditions with the effects of environmen-
tal loading such as earthquakes and other natural phenomena.

r"~N

(v) (3) ABB-CE meets the requirements of GDC 4 by designing the containment ISs
to withstand the effects associated with system and equipment failures,
including missiles, pipe whip, and loads associated with a spectrum of
1.0CAs .

(4) ABB-CE meets the requirements of GDC 5 by demonstrating that the struc-
tural systems and components are not shared between units.

i (5) ABB-CE meets the requirements of GDC 50 by designing the containment ISs
; to accommodate, with sufficient margin, the design leakage rate and the

calculated pressure and temperature conditions resulting from accident
conditions, and by ensuring that the design conditions are not exceeded
during the full course of the accident condition. In meeting these design
requirements, ABB-CE has used the recommendations of RGs and industry
standards. ABB-CE has also performed appropriate analysis to demonstrate
that the ultimate capacity of the structures will not be exceeded and has
established the minimum margin of safety for the design.

The criteria used in the analysis, design, and construction of the containment
ISs to account for anticipated loadings and postulated conditions that may be
imposed on the structures during their service lifetime conform with estab-
lished criteria, codes, standards, and RGs acceptable to the staff. These
include meeting the positions of RGs 1.94 and 1.142 and industry standards
ACI 349-85 and ANSI /AISC N690-84.

o

(d The use of these criteria as defined by the applicable codes, standards, and
J

\

guides; the loads and loading combinations; the design and analysis
i
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procedures; the structural acceptance criteria; the materials and quality
control programs; and the testing and in-service surveillance requirements
provide reasonable assurance that, in tha event of earthquakes and various
postulated accidents occurring within the containment, the interior structures
.will withstand the specified conditions n thout impairment of structural
integrity or of the performance of required safety functions.

3.8.4 Oiner Category I Structures

3.8.4.7 RB and NA Structures

CESSAR-DC Section 3.8.4 describes seismic Category I structures other than the
steel containment and the IS and their design requirements. The description
for the RB is provided in CESSAR-DC Section 3.8.4.1.1 and the NA structures
are described in CESSAR-DC Section 3.8.4.1.2.

The RB comprises the containment shield building and subsphere in addition to
the SCV and the ISs. With the exception of platforms and miscellaneous steel,
these structures are seismic Category I.

The containment shield building is a reinforced concrete structure composed of
a right cylinder with a hemispherical dome; it shares a common foundation mat
with the NA structures. The containment shield building serves as a biologi-
cal shield and as protection from external missiles for the SCV and safety-
related equipment enclosed in the containment building. The containment
shield building has an inner radius of 32 m (105 ft) and a wall thickness of
1.2 m (4 ft) up to El. 44.5 m (146 ft). Above El. 44.5 m (146 ft), and
including the dome, the shield building wall thickness is 0.9 m (3 ft). The
height of the containment shield building is approximately 65.5 m (215 ft).
The structural outline of the containment shield building is shown in
CESSAR-DC Figures 1.2-2 and 1.2-3. Above the concrete base, there is an
annular space between the SCV and the containment shield building for struc-
tural separation. The shield building and the NA are connected to form a
monolithic structure.

The subsphere is the portion of the RB which is below EL. 28 m (91 ft 9 in.),
external to the SCV and internal to the containment shield building and houses
auxiliary safety-related equipment.

The NA comprises the control complex, diesel generator areas, MSVH areas, CVCS
and maintenance areas, spent fuel storage area, and the unit vent. The NA,
with the exception of the unit vent, is a seismic Category I reinforced
concrete structure comprising walls, columns, beams, and floor slabs. The NA
shares common walls and foundation basemat with, and is monolithically
connected to, the RB, forming the NI. Structural details of the nuclear
system complex are shown in CESSAR-DC Figures 1.2-2 through 1.2-10.

CESSAR-DC Section 3.8.4 in conjunction with Appendix 3.8A provide the appli-
cable codes, standards and specifications, loads and load combinations, design
and analysis procedures, structural acceptance criteria, material and quality
control procedures, and testing and in-service surveillance requirements for
the RB and the NA structures.
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The RB and the NA structures are designed to resist dead and live loads,/ operating thermal and pipe reaction laads, hydrostatic and earth pressureb loads, accident temperature and pressure loads, and seismic loads.

Before issuing the DSER, the staff asked, in RAI Q220.51 (letter from
T.V. Wambach (NRC) to E.H. Kennedy (ABB-CE), September 26, 1991), if the
dynamic effects of pressure loads due to pipe breaks are considered in the
design. ABB-CE stated (LD-92-016, February 12, 1992) that the dynamic effect
of pressure loads for postulated pipe breaks that are not eliminated by LBB
evaluations is considered for design-basis conditions. The staff interpreted
this response as a commitment by ABB-CE to design all subcompartments for
global pressure / temperature effects, unless otherwise justified. In the DSER,
the staff noted that, based on the staff evaluation of "LBB Design Basis" in
Section 3.6.3 of the DSER, ABB-CE's response is acceptable subject to resolu-
tion of DSER Open Item 3.8.4-2 which stated that ABB-CE should clarify, in the
CESSAR-DC, the commitment to design all subcompartments for global pressure /temperature effects. CESSAR-DC Amendment R provided the subcompartment
pressure and temperature for the MSVH but did not provide similar information
for the pipe chase containing CVCS and other subcompartments. Subsequently,
ABB-CE revised CESSAR-DC Section 3.8.4.5 to state that the structural analysis
report, as required by Tier 1 certified design material, will document that

i
the structural design has been verified for subcompartment pressurization and
anchor loads. This is acceptable and resolves DSER Open item 3.8.4-2.

Design load combinations for the RB and the NA structures include normal
operating loads, normal operating loads combined with extreme environmental

;g loads, normal operating loads combined with abnormal loads, and normal
i

( operating loads combined with abnormal and extreme environmental loads. These( load combinations are described in CESSAR-DC Appendix 3.8A, Section 5.0. The
i
'

load combinations described in CESSAR-DC Appendix 3.8A, Section 5.0, for
seismic Category I structures are in compliance with the guidelines of SRP
Section 3.8.4 and are, therefore, acceptable.

The containment shield building is analyzed with a 3-D FEM to determine the I
forces and moments due.to the applied loads and load combinations.

The NI, consisting of the RB and NA structures, is designed to prevent
overturning, sliding, and flotation. ABB-CE has completed the calculations to
verify the overturning and sliding stability of the NI.

The nuclear system complex is analyzed with a detailed 3-D FEM, using shell,
plate, and beam elements, for the design load and load combinations to
determine the distribution of the loads to all structural components. Out-of- |

plane design forces and moments are determined by manual calculations or local
area models. The details of the models and methods of application of loads
including seismic effects are in CESSAR-DC Appendix 3.8A.

Structural acceptance criteria for the RB and the NA structures are described
in CESSAR-DC Section 3.8.4.5 and Appendix 3.8A, Section 5.0. The allowable

i

limits are in conformance with the guidelines of SRP Section 3.8.4 and are,
therefore, acceptable.

C CESSAR-DC Tables 3.8-4 and 1.8-6 list ACI 349-85 and ANSI /AISC N690-84 as the\ standards that will be used for design of concrete and steel structures,
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respectively. ACI 318-89, Chapter 21, is used to determine the detailing
requirements at structural joints and regions where reinforcing bars are
spliced for seismic Category I structures. The use of ACI 318-89, Chapter 21,
for detailing requirements is acceptable. The use.of the ACI 349-85 code,
requirements for the design of the seismic Category I reinforced concrete
structures is acceptable, except for the design requirements for the steel
embedments; the staff position on these requirements should be satisfied. The
staff position on steel embedment design is described in Appendix 3A to this
chapter. CESSAR-DC Section 3.8.4.5 incorporates the staff position as a part
of design criteria. This is acceptable. CESSAR-DC Section 3.8.4.5 describes
the limitations for the use of ANSI /AISC N690-84 in the design of steel struc-
tures. The use of the ANSI /AISC N690-84 standard with these limitations
complies with the staff position described in Appendix 3B to this chapter.
Any change to the use of ANSI /AISC Standard N690 (1984 Edition) and ACI
Standard 349 (1985 Edition) for the design and construction of RB and NA
structural elements would involve an unreviewed safety question and, there-
fore, requires NRC review and approval prior to implementation. Any requested
change to the use of these codes shall either be specifically described in the
COL application or submitted for license amendment after COL issuance.

In the October 28-29, 1993, audit (audit summary for the October 28-29, 1993,
NRC audit at the Duke Engineering Services Company office in Charlotte, North
Carolina), the staff also audited several selected areas in the RB and the NA
structures including structural design and detailing considerations. The
areas were selected primarily from seismic loading considerations and ABB-CE's
experience in designing several nuclear power facilities. The main purpose of
the audit was to review and discuss the design calculations for these areas,
evaluate the design adequacy, and obtain some insights of the design process
for the purpose of incorporation into the CESSAR-DC.

FEMs are used for global in-plane distribution of forces and the out-of-plane
design calculations are performed based on more detailed local models or hand

i calculations witn proper assumptions on end conditions and load distribution.
| In order to provide ductility in the seismic Category I RB and the reinforced
'

concrete NA structures, Chapter 21 of ACI 318 is used to determine the
required anchorage and splicing of connections, the configuration of reinforc-
ing steel in the structural joints, the regions where reinforcing bars are
spliced, and the required placement of stirrups and boop steel. CESSAR
Appendix 3.8B provides design and analysis results for the selected areas of|

the RB and the NA structures. A detailed review of the analysis and design of
the RB and the NA structures for the selected areas gives the staff confidence
that the guidelines of SRP Section 3.8.4 are complied with and overall design
is acceptable and that the critical dimensions and member sizes are adequate.

Major materials used in the construction of the RB and the NA structures are
concrete, reinforcing bars, and structural steel. Cement for concrete will be
Type I or II conforming to " Standard Specification for Portland Cement,"
American Society for Testing and Materials (ASTM C150). Aggregates for
concrete will conform to " Standard Specification for Concrete Aggregate,"
ASTM C33. Water used in mixing concrete will be clean and free from injurious
amounts of oil, acids, alkalis, salts, organic materials or other substances,

' that may be deleterious to concrete or steel. The mixing water properties
will be compared with distilled water by performing the tests described in
CESSAR-DC Section 3.8.4.6.1. Admixtures, if used, will conform with the
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applicable ASTM standard in CESSAR-DC Section 3.8.4.6.1. In order to prevent[mC') corrosion of reinforcing bars, the combined chloride content of the admixtures
and mixing water will not exceed 250 ppm. The ingredient materials will be
stored in accordance with the recommendations of ACI 304 and the concrete
mixes will be designed in accordance with ACI 301. Reinforcing steel will
consist of deformed reinforcing bars conforming to ASTM A615, Grade 60 or ASTM
A706, Grade 60. The f abrication and fabrication tolerances of reinforcing bars
will be in accordance with CRSI MSP-1, " Manual of Standard Practice." The
placement of reinforcing bars, including spacing of bars, concrete protection
of reinforcement, splicing of bars, and field tolerances will be in accordance
with ACI 349-85. Epoxy coated steel is used wherever a corrosive environment
is encountered. The structural steel will consist of low carbon steel
conforming to ASTM A36 or other structural steels listed in ANSI /AISC N690-84.
Fabrication and erection of structural steel will be in accordance with the
requirements of ANSI /AISC N690-84. The welded structural connections will be
in accordance with the requirements of ANSI /AISC N690-84, and bolted connec-
tions will be made with high strength bolts conforming to either ASTM A325 or
A490. The quality control of materials will be in accordance with the
relevant ASTM specifications and the overall QA program described in CESSAR-DC
Chapter 17 supplemented by the special provisions of ACI 349-85, ASTM A615 or
A706, and ANSI /AISC N690-84. Cylindrical and dome portions of the shield
building will be constructed using standard construction techniques and
testing and surveillance during construction will be in accardance with
ACI 349-85, ACI 301, ANSI /AISC 690-84 or ANSI N45.2.5, as applicable.
Compliance with industry standards indicated above provides assurance that
seismic Category I structures are fabricated, erected, and constructed to
quality standards commensurate with their safety functions.

In order to reconcile the as-built data with the structural design-basisL

loads, a structural analysis report will be prepared for seismic Category.I
structures. This report will document that the structures meet the require-
ments specified in CESSAR-DC Section 3.8 and that design changes and identi-
fied construction deviations which could potentially affect the structural
capability have been incorporated into the structural analysis. Records for
construction material properties for concrete, reinforcing steel and structur-
al steel, as-built dimensions and arrangements, and design documents for the
structures will be reviewed. Deviations from the design will be considered
acceptable if an evaluation is performed to verify that the structural design
meets the requirements of CESSAR-DC Section 3.8 and if the seismic FRS of the
as-built structure do not exceed the design-basis FRS by more than 10 percent.

On the basis of its review, the staff determitas M sufficient information
is provided in the CESSAR-DC in accordance with the guidelines of SRP Sec-
tion 3.8.4. The staff concludes that the design of the RB and the NA struc-
tures is acceptable and meets the relevant requirements of 10 CFR 30.55a, and
GDC 1, 2, 4, and 5. The conclusion is based on the following:

(1) ABB-CE meets the recommendations of SRP Section 3.8.4 and the require-
ments of 10 CFR 50.55a and GDC 1 by ensuring that the RB ano the NA
structures are designed, fabricated, erected, constructed, tested, and
inspected to the quality standards commensurate with its safety function ;
to be performed by meeting the guidelines of RGs and industry standards.- m

)
4

x
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(2) ABB-CE meets the requirements of GDC 2 by designing the RB and the NA
structures to withstand a severe earthquake that is more severe than the
SSEs for all currently licensed plants (with the exception of the two
coastal California sites) with sufficient margin, and the combinations of
the effects of normal and accident conditions with the effects of
environmental loading such as earthquakes and other natural phenomena.

(3) ABB-CE meets the requirements of GDC 4 by designing the RB and the NA
structures to withstand the effects as ociated with system and equipment
failures, including missiles, pipe whip, and loads associated with a
spectrum of LOCA.

(4) ABB-CE meets the requirements of GDC 5 by demonstrating that the struc-
tural systems and components are not shared between units.

(5) ABB-CE meets R. requirements of Appendix B because its QA program
provides adequate measures for implementing guidelines relating to
structural design audits.

The criteria used in the analysis, design, and construction of the RB and the
NA structures to account for anticipated loadings and postulated conditions
that may be imposed on the structures during their service lifetime conform
with established criteria, codes, standards, and RGs acceptab'fe to the staff.
These include meeting the positions of RGs 1.69, 1.94, 1.115. and 1.142 and
industry standards ACI 349-85 and ANSI /AISC N690-84.

The use of these criteria as defined by the applicable codes, standards, and
guides; the loads and loading combinations; the design and analysis proce-
dures; the structural acceptance criteria; the materials and quality control
programs; and the testing and in-service surveillance requirements provide
reasonable assurance that, in the event of earthquakes and various postulated
accidents occurring within the structures, the RB and the NA structures will
withstand the specified conditions without impairment of structural integrity
or of the performance of required safety functions.

3.8.4.2 Category I NNI Structures

Four seismic Category I NNI structures fall into the scope of the CE Sys-
tem 80+ standard design: two DFSS and two CCW Hx structures. As described in
CESSAR-DC Subsection 3.8.4.1, Amendment U, the DFSS and CCW Hx structures are
box-type reinforced concrete structures with mat foundations. One DFSS and
one CCW Hx structure are located at the north side of the NI structures and
the others are located at the south side. The DFSS has a 19.2 m x 13.4 m
(63 ft x 44 ft) plan dimension and is 7.6 m (25 ft) in height; the plan
dimension of the CCW Hx structure is 33.5 m x 13.4 m (110 ft x 44 ft) and theheight is 11.6 m (38 ft). All the walls, roofs, floors, and foundation mats
are 0.061 m (2 ft 3 in.) thick, except for the CCW Hx structure laundation mat
which is 1.2 m (4 ft) thick and the flat slab which is 0.92 m (3 ft) thick.
In CESSAR-DC Section 7.1 of Appendix 3.8A, Amendment U, ABB-CE stated that a
static 3-0 FEM was developed for the DFSS. Computer code ANSYS was used to
analyze this structure for the combined load conditions of dead load, live
loads, tornado loads (including missiles), temperature loads, and SSE seismic
loads These combined load conditions were modeled as static loads in the
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- ANSYS model. The ANSYS computer code is in the public domain and has been' reviewed and validated by the staff during a previous licensing review.C Therefore, the use of ANSYS code is acceptable. In addition to the design
loads stated above, as described in Section 5.0 of CESSAR-DC Appendix 3.8A,
live loads due to precipitation (rain, snow, and ice), lateral soil pressure
due to the soil density and the effects of ground water, hydrostatic loads
associated with ground water and exterior flood water, and wind loads were
included in the design. These loads for the DFSS design are summarized as
follows:

maximum tornado wind speed 531.1 km/hr (330 mph)
=

tornado missiles In accordance with SRP Sec-
=

tion 3.5.1.4 Spectrum II,
Region I

live loads due to precipitation 2.39 kPa (50 psf)=

design wind speed 196.5 km/hr (122.1 mph)
=

When the design loads and combined load conditions were modeled, the three
orthogonal components of earthquake loads (two horizontal and one vertical)
were considered statically and simultaneously applied on the structures. On
top of these seismic loads, an additional eccentricity of f5 percent of the
maximum building dimensions at the level under consideration was assumed to
account for accidental torsion. The other design loads were also applied

g statically and directly on the structures.
t

On the basis of its review of CESSAR-DC and the audit conducted on January 31
through February 1, 1994, the staff concludes that the approach of considering
the seismic loads (including dynamic soil pressure due to earthquake) and t

other design loads for the structural design is acceptable.

The ANSYS analysis results (structural member forces, shear forces and bending
moments) form the design basis for the DFSS. A described in CESSAR-DC
Section 3.8.4.4 and Appendix 3.8A, major materials used in the design and
construction of the DFSS are concrete, reinforcing bars, and structural steel.
Cement for concrete will be of Type I or 11 conforming to " Standard Specifica-
tion for Portland Cement," ASTM C150. Agr3 gates for concrete will conform to
" Standard Specification for Concrete Aggregate," ASTM C33. Water used in
mixing concrete will be clean and free from injurious amounts of oil, acids,
alkalis, salts, organic materials or other substances that may be deleterious
to concrete or steel. The proposed mixing water properties will be compared _

'

with distilled water by performing the tests described in CESSAR-DC Sec-
tion 3.8.4.6.1. Admixtures, if used, will conform with the applicable ASTM
standard in CESSAR-DC Section 3.8.4.6.1. In order to prevent corrosion of
reinforcing bars, the combined chloride content of the admixtures and mixing

.water will not exceed 250 ppm. The ingredient materials will be stored in !

accordance with the recommendations of ACI 301 and the concrete mixes will be !designed in accordance with ACI 301. Reinforcing steel will consist of '

deformed reinforcing bars conforming to ASTM A615, Grade 60 or ASTM A706,
,- Grade 60. The fabrication and fabrication tolerances of reinforcing bars will
( be in accordance with CRSI MSP-1, " Manual of Standard Practice." The place-

|

;

'

ment of reinforcing bars, including spacing of bars, concrete protection of I
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reinforcement, splicing of bars and field tolerances will be in accordance
with ACI 349. Epoxy coated reinforcing steel bars are used wherever a
corrosive environment is encountered. For calculating the development length,
CESSAR-DC Appendix 3.8A, Section 6.2.1.1.1, states that the required splice
length given in ACI 349 Section 12.2.2 shall be increased using the factors
provided in ACI 318 Section 12.2.4.3. The structural steel will consist of
low carbon steel conforming to ASTM A36 or other structural steels listed in
ANSI /AISC N690. Fabrication and erection of structural steel will be in
accordance with the requirements of ANSI /AISC N690-84. The welded structural
connections will be in accordance with the requirements of ANSI /AISC N690-84,
and bolted connections will be made with high strength bolts conforming to
either ASTM A325 or A490. The quality control of materials will be in
accordance with the relevant ASTM specifications and the overall QA program
described in CESSAR-DC Chapter 17 as supplemented by the special provisions of
ACI 349, ASTM A615 or A706, and ANSI /AISC N690. The strength of the construc-
tion materials, f', for the compressive strength of concrete and f the yield
stress of steel, for the DFSS are as follows: y

f', - 27.6 MPa (4,000 psi) for concrete*

f - 413.7 MPa (60,000 psi) for reinforcing steel*
y

f - 248.2 MPa (36,000 psi) for structural steela
y

For the design of the CCW Hx structure, as described in CESSAR-DC Sec-
tion 3.8.4, the same design-basis loads and combined load conditions and the
same approach for modeling the loads as used for the DFSS design were consid-
ered. The construction materials and specification of the materials are the
same a: those used for the DFSS. Instead of modeling the structure by a 3-D
FEM and using the ANSYS computer code for the analysis, formulas based on the
theory of beams and plates were used and hand calculations were performed for
computing the structural member forces for the design. On the basis of its
review of the CESSAR-DC and the audit conducted on January 31 and - Febru-
ary 1, 1994, the staff concludes that the procedures for computing the
structural member forces of the CCW Hx structure meet the guidelines of SRP
Section 3.8.4 and the computer code used was previously accepted by the staff.
Therefore, the calculated structural member forces are acceptable.

The analysis and design of the reinforced concrete portion of the structures
used the ultimate strength design method in accordance with ACI 349. The
seismic Category I structural steel analysis and design were in accordance
with ANSI /AISC Standard N-690. CESSAR-DC Section 3.8.4.4 also describes the
limitation of using ACI 349 code and ANSI /AISC N-690 standard for the design
of seismic Category I structures. The use of these two design codes with the
limitations complies with the staff positions in Appendices 3A and 3B to this
chapter.

During the audit on January 31 and February 1,1994, the staff raised a
concern that the CESSAR-DC should provide the building joint design details
for reinforcing steels in the CESSAR-DC. Subsequently, ABB-CE provided the
staff with these details in the markups for the locations and details to be
provided in future CESSAR-DC Amendments. This was part of Confirmatory
item 3.8.4.2-1 of the auvance version of the SER. In Amendment V, ABB-CE
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provided these details in CESSAR-DC Figures 3.88-5 through 3.88-9, which are

g acceptable. This resolves the applicable part of Confirmatory Item 3.8;4.2-1.

On the basis of its review of the CESSAR-DC and the design calculation audit
conducted on January 31 - February 1, 1994, the staff concludes that the ,

'

design of the DFSS and CCW Hx structures is acceptable.

In order to ensure that the as-built DFSS and CCW Hx structures are able to
withstand the structural design-basis loads described above, ABB-CE, in
CESSAR-DC Section 3.8.4.5.3, states that a structural analysis report will be
prepared for seismic Category I structures. This report will document that
the structures meet the design requirements specified in CESSAR-DC Sec-
tion 3.8, and design changes and identified construction deviations, which
could potentially affect the structural capability of the structure, have been
incorporated into the structural analysis. Specifically, the following
records will-be reviewed:

construction records stating material properties for concrete, reinforc-*

ing steel, and structural steel

as-built structural dimensions and arrangements-

design documents for the structures*

This structural analysis report will summarize the results of the reviews,
evaluations and corrective actions. Deviations and design changes from the
original design are acceptable provided the following acceptance criteria areO met:

An evaluation is performed.*

The structural design meets the requirements specified in CESSAR-DC*

Section 3.8.4.

The FRS of the as-built structure does not exceed the design-basis FRS by*

more than 10 percent.

On the basis of the preceding discussion, the staff concludes that the
procedures for the reconciliation analysis will ensure that the as-built DFSS
and CCW Hx structures are able to withstand the structural design-basis loads
and combined load conditions defined in CESSAR-DC Section 3.8.4 and are, thus,
acceptable. ;

4

As described in Sections 11.7 and 11.8 of Appendix 3.8A to the CESSAR-DC,
Amendment U, the CCW tunnel, buried cable tunnels,' and conduit banks are
classified as seismic Category I underground structures. The procedures and
the design loads and load combinations for the analysis and design of these
underground structures are discussed below.

(1) CCW Tunnel

The two CCW tunnels that are to be founded on competent structural
backfill connect the CCW Hx structures to the NA. At each end of the

! tunnels, a gap of 10.16 cm (4 in.) with a water-tight rubber seal is
L
|
'
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designed between the tunnels and the adjacent structures. The tunnels
have a cross-sectional dimension of 2.44 m (8 ft) x 2.44 m (8 ft) and the
thickness of the walls, roof and foundation mat is 0.92 m (3 ft). They
will be designed and constructed in accordance with ACI 349 with the
following material properties:

f', - 27.6 MPa (4,000 psi) and f - 413.7 MPa (60,000 psi).y

The design-basis loads for the tunnels are dead loads, live loads,
hydrostatic fluid pressure loads, soil static pressure loads, dynamic
soil pressure due to earthquake, thermal loads, truck loads, and seismic

, loads. The load combinations for the design are specified in CESSAR-DC
! Appendix 3.8A. In the analysis, the tunnel was considered as a beam on

an elastic foundation and the equivalent static analysis was performed.
When the seismic loads were considered in the analysis and design, as
discussed in Section 3.7.2 of this report (above), the analysis of the

_

buried tunnels considered the strains (axial and bending) and the associ-
ated stresses due to the effects of seismic wave passage and seismically
induced differential movements of the ends of the tunnel. In addition,
the groundwater effects were also considered in the design.

During the audit on January 31 through February 1, 1994, the staff raised
a concern that in the CESSAR-DC, ABB-CE should provide the tunnel joint
details for reinforcing steels. Subsequently, ABB-CE provided the staff
with the markups for the locations and details to be provided in future
CESSAR-DC amendments. This was part of Confirmatory Item 3.8.4.2-1 of
the advance version of the SER. In Amendment V, ABB-CE provided these
details, which are acceptable and resolve the applicable part of Confir-
matory Item 3.8.4.2-1. On the basis of the discussion and the design
calculation audit conducted during January 31 and February 1, 1994, the
staff concludes that the procedures for the analysis and design results
of the buried tunnels are acceptable.

(2) Buried Cable Tunnels and Conduit Banks

The buried cable tunnels and conduit banks, which are to be founded on
competent structural backfill, are generally rectangular in cross-section
and will be designed and constructed of reinforced concrete to house the
cables and conduit for electrical distribution. According to ABB-CE, the
same approach as applies to the design of the CCW pipe tunnel will be
used for the design of cable tunnels and conduit banks.

On the basis of the discussion, the staff concludes that the procedures used
for the analysis and design of these buried structures are acceptable.

On the basis of its review, the staff concludes that the design of seismic
Category I NNI structures (including CCW pipe tunnel) is acceptable and meets
the relevant requirements of 10 CFR Part 50, and GDC 1, 2, 4, and 5. This
conclusion is based on the following:

(1) ABB-CE meets the requirements of GDC 1 with respect to assuring that the
seismic Category I NNI structures are designed, fabricated, erected, and
constructed to quality standards commensurate with its safety function to
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be performed by meeting the guidelines of RGs and industry standards

(mU)
. -

indicated below.

(2) ABB-CE meets the requirements of GDC 2 by designing the seismic Cate-
gory 1 NNI structures to withstand a severe earthquake that is more
severe than the SSEs for all currently license plants (with the exception
of the two coastal California sites) with sufficient margin, and the
combinations of the effects of normal and accident conditions with the
effects of environmental loadings such as earthquakes and other natural
phenomena.

(3) ABB-CE meets the requirements of GDC 4 by designing the NI structure
foundation to withstand the effects associated with system and equipment
failures, including missiles, pipe whip, and loads associated with a
spectrum of LOCAs.

(4) GDC 5 is not applicable because that the structural systems and compo-
nents are not shared between units.

(5) ABB-CE meets the requirements of Appendix 8 because its QA program
provides adequate measures for implementing guidelines relating to
structural design audits.

The criteria used in the analysis, design, and construction of all the plant
seismic Category I structures to account for anticipated loadings and postu-
lated conditions that may be imposed upon each structure during its service )lifetime conform with established criteria, codes, standards, and specifica- -

(O~ tions acceptable to the regulatory staff. These include meeting the guide-
lines of RGs 1.69, 1.94, 1.115, 1.142, and 1.143 and industry standards
ACI-349-85 and ANSI /AISC N-690-84, " Specifications for the Design, Fabrica-
tion, and Erection of Steel Safety-Related Structures for Nuclear Facilities."

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysis

|procedures; the structural acceptance criteria; the materials, quality
|control, and special construction techniques; and the testing and inservice !surveillance requirements provide reasonable assurance that, in the event of

winds, tornados, earthquakes, and various postulated accidents occurring
within the structures, the structures will withstand the specified design
conditions without impairment of structural integrity or the performance of
required safety functions.

3.8.5 Foundations

3.8.5.1 NI Structores Foundations

By DSER Open Item 3.8.5-1, the staff requested that ABB-CE submit the design
description, assumptions, and criteria for the foundations of all seismic
Category I structures in the CESSAR-DC. In CESSAR-DC Amendment R, Sec-
tion 3.8.5, ABB-CE provided the description, applicable codes, standards, and
specifications, loads and loading combinations, design and analysis proce-

p dures, structural acceptance criteria, material and testing requirements for
g j foundations of seismic Category I structures including the NI structures
v
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foundation. As described below, this is acceptable and resolves DSER Open
Item 3.8.5-1.

The foundation of the NI structures is a reinforced-concrete mat approximately
3 m (10 ft) in thickness. It has a flat bottom and rests on soil or rock.
The top of the NI basemat is located 12.42 m i 0.3 m (40.75 ft 1 ft) belowthe finished grade elevation. CESSAR-DC Section 3.8.5.1 states that the
site-specific foundation mat construction procedures will be submitted in
accordance with the guidelines of SRP Section 3.8.5. This is included in COLAction item 3.8-1. ACI 349-85 is used as the design code for the NI struc-
tures foundation mat.

The design loads and load combinations are described in CESSAR-DC Appen-dix 3.8A, Section 5.0. The NI structures foundations are designed to the same
loads and load combination as their reinforced concrete superstructures.

The reinforced concrete foundation mat of the NI structures is analyzed and
designed for the reactions from the static, seismic, and all other significant
loads at the base of the supported superstructures. The foundation mat is
modeled as a 3-D finite element structure as an integral part of the NI FEM.
The analysis and design of the foundation basemat considers the effects of
varying soil properties beneath the foundation, potential mat uplift, con-
struction sequence, and differential settlements. In addition, the basemat is
reinforced symmetrically to address the potential cracking from differential
settlements. CESSAR-DC Section 3.8.5.4, specifies a settlement monitoringprogram for the NI foundation mat.

CESSAR-DC Section 3.8.5.5 refers to the structural acceptance criteria of
CESSAR-DC Section 3.8.4.5, which is applicable to other seismic Category Istructures. By DSER Open item 3.8.5-3, the staff noted that ABB-CE should
provide acceptance criteria regarding the factors of safety against oserturn-ing, sliding, and flotation. in CESSAR-DC Appendix 3.8A, Section 5.0, ABB-CE
stated that the foundations are also checked against sliding and overturning
caused by earthquakas, winds, and tornados and against flotation due to floods
in accordance with the guidelines of SRP Section 3.8.5. The loading combina-
tions and the factors of safety against overturning, sliding, and flotation
are in agreement with the guidelines of SRP Section 3.8.5. The structural
acceptance criteria for the NI foundation mat are in conformance with the
guidelines of SRP Section 3.8.5. This is acceptable and resolves DSER OpenItem 3.8.5-3.

Section 3.8.5.6 of the CESSAR-DC states that epoxy-coated reinforcing steel is,

I used wherever a corrosive environment is encountered. Other criteria for
' materials, quality control, and construction techniques are described in|

CESSAR-DC Section 3.8.4. The staff evaluation appears in Section 3.8.4 ofthis report.

Before issuing the DSER, ABB-CE stated in CESSAR-DC Section 3.8.5.4, that the
analysis and design of the foundations require site-specific soil properties.
ABB-CE also stated that the detailed design of the foundations and the verifi-
cation of their acceptability for sliding and overturning shall be performedon a site-specific basis. In the DSER, th:: staff stated that this response is
unacceptable because it is not consistent with the approach taken in CESSAR-DC
Sections 2.5.2.5.2, 3.7, and 3.8.1 through 3.8.4, in which generic site condi-
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tions are assumed and the structures are designed accordingly before a
specific site is selected. The staff also stated that ABB-CE must provide a
clear description of the design, assumptions, and criteria used for the
foundation mats for all Categor'y I structures including the containment and
Iss. The staff also required that design analysis of the foundation mats for
the NA and containment and ISs be completed and referenced in the CESSAR-DC.
Additionally, the staff noted that construction loadings for the heavy
foundation mats may cause unacceptable construction-related stress conditions,
depending on site-specific soil conditions. This was DSER Open Item 3.8.5-2. *

In the October 28 and 29, 1993, audit at Duke Engineering Services Co., the
staff audited the structural design and detailing calculations for the NI
structures foundation mat. The main purpose of the audit was to review and
discuss the design calculations, evaluate the design adequacy, and obtain some

<

insights on the design process in order to incorporate these into the CESSAR-
DC. The design review of the NI structures basemat gave the staff confidence
that the overall design is acceptable and that the critical dimensions and
reinforcing bar patterns, as described in Appendix 3.8B to CESSAR-DC, are
adequate.

.

ABB-CE has completed the design and stability calculations for the NI founda-
tion mat. ABB-CE has also completed design analysis, including evaluation of
sliding and overturning stability, of the foundation mat for the NI struc-
tures. This design information is referenced in Appendix 3.88 to the
CESSAR-DC and is made available in an auditable form. This is acceptable and
resolves DSER Open Item 3.8.5-2.

O By DSER COL Action Item 3.8.5-1, the staff noted that COL applicants should i

submit the site-specific foundation mat construction procedures to the staff
for review and approval. CESSAR-DC Section 3.8.5.1 incorporates the above
information. This is acceptable. This is included in COL Action Item 3.8-1.

On the basis of its review, the staff determines that sufficient information_ i

is provided in the CESSAR-DC in accordance with the guidelines of SRP Sec-
tion 3.8.5. The staff concludes that the design of the NI structures founda-
tion is acceptable and meets the relevant requirements of 10 CFR 50.55a and
GDC 1, 2, 4, and 5. The conclusion is based on the following:

,

:

(1) ABB-CE meets the recommendations of SRP Section 3.8.5 and the require-
ments of 10 CFR 50.55a and GDC 1 by ensuring that the NI structural

,

i

foundations are designed, fabricated, erected, constructed, tested, and '

inspected to the quality standards commensurate with its safety' function
to be performed by meeting the guidelines of RGs and industry standards.

i

(2) ABB-CE meets the requirements of GDC 2 by designing the NI structures
foundation to withstand a severe earthquake that is more severe than the ,

SSEs for all currently licensed plants (with the exception of the two
coastal California sites) with sufficient margin, and the combinations of .

'

the effects of normal and accident conditions with the effects of
environmental loadings such as earthquakes and other natural phenomena.

(3) ABB-CE meets the requirements of GDC 4 by designing the NI structures
foundation to withstand the effects associated with system and equipment '
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failures, including missiles, pipe whip, and loads associated with a
spectrum of LOCAs.

(4) GDC 5 is not applicable because the structural systems and components are
not shared between units.

(5) ABB-CE meets the requirements of Appendix B because their QA program
provides adequate measures for implementing guidelines relating to
structural design audits.

The criteria used in the analysis, design, and construction of the NI struc-
tures foundation to account for anticipated loadings and postulated conditions
that may be imposed on the structures during their service lifetime conform
with established criteria, codes, standards, and RGs acceptable to the staff.
These include meeting the positions of RGs 1.69, 1.94, 1.115 and 1.142 and
industry standards ACI 349-85 and ANSI /AISC N690-84.

The use of these criteria as defined by the applicable codes, standards, and
guides; the loads and loading combinations; the design and analysis proce-
dures; the structural acceptance criteria; the materials and quality control
programs; and the testing and in-service surveillance requirements provide
reasonable assurance that, in tre event of earthquakes and various postulated
accidents occurring within the structures, the foundations of the NI struc-
tures will withstand the specified conditions without impairment of structural
integrity or of the performance of required safety functions.

3.8.5.2 Category I NNI Foundations

In the System 80+ design, ABB-CE employs separate reinforced-concrete mat
foundations for seismic Category I NNI structures such as the DFSS and CCW Hx
structures. The plan dimensions of the foundation mats for the DFSS and CCW
Hx structure, as described in CESSAR-DC Section 3.8.5, are 19.2 m x 13.4 m
(63 ft x 44 ft) and 33.5 m x 13.4 m (110 ft x 44 ft), and the minimum thick-
ness of these two foundation mats are 0.7 m (2.25 ft) and 1.2 m (4 ft),
respectively.

As described in CESSAR-DC Section 3.8.5, Amendment U, the reinforced concrete
foundation mats of the DFSS and CCW Hx structures were analyzed and designed
for the reactions caused by static, seismic and all other design-basis loads
at the base of the superstructures supported by the foundations. The founda-
tion mat together with the superstructures of the DFSS was modeled as a 3-D
FEM and analyzed by computer code ANSYS. The foundation mat of the CCW Hx
structure was analyzed by hand calculation. Both analyses considered the
envelopes of the seismic loads calculated for all 12 site conditions and three
control motions discussed in Section 3.7.2.2 of this report; and the results
obtained from the analyses together with the other design loads, were used for
the foundation design. The analyses and design also considered the effects of
varying soil properties beneath a specific foundation mat and the effects of
construction sequence, with particular emphasis on differential settlement of
the foundation. To monitor the settlements of the foundation after the
completion of construction, settlement monitoring devices will be installed.
For the foundation design, the ACI-349-85 code was used. The acceptance of
the ACI-349 code is discussed in Section 3.".4.1 of this report.
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As described in CESSAR-DC Sections 3.8.4.4 and 3.8.5 and Appendix 3.8A,[\ Amendment U, major materials used in the design and construction of the DFSS
\ are concrete, reinforcing bars, and structural steel. Cement for concrete

will be of Type 1 or Il conforming to " Standard Specifications for Portland
Cement," ASTM-C150. Aggregates for concrete will conform to " Standard
Specification for Concrete Aggregate," ASTM C33. Water used in mixing
concrete will be clean and free from injurious amounts of oil, acids, alkalis,
salts, organic materials or other substances that may be deleterious to
concrete or steel. The proposed mixing water properties will be compared with
distilled water by performing the tests described in CESSAR-DC Sec-
tion 3.8.4.6.1. Admixtures, if used, will conform to the applicable ASTM
standard in CESSAR-DC Section 3.8.4.6.1. In order to prevent corrosion of
reinforcing bars, the combined chloride content of the admixtures and mixing
water will not exceed 250 ppm. The ingredient materials will be stored in
accordance with the recommendations of ACI-304 and the concrete mixes will be
designed in accordance with ACI-301. Reinforcing steel will consist of
deformed reinforcing bars conforming to ASTM A615, Grade 60 or ASTM A706,
Grade 60. The fabrication and fabrication tolerances of reinforcing bars will
be in accordance with CRSI MSP-1, " Manual of Standard Practice." The place-
ment of reinforcing bars, including spacing of bars, concrete protection of
reinforcement, splicing of bars, and field tolerances will be in accordance
with ACI-349-85. Epoxy-coated reinforcing steel bars are used wherever a
corrosive environment is encountered. For calculating the development length,
CESSAR-DC Appendix 3.8A, Section 6.2.1.1.1, states that the required splice
length given in ACI-349 Section 12.2.2 shall be increased using the factors

.

provided in ACI-318 Section 12.2.4.3.

h The quality control of materials will be in accordance with the relevant ASTMd Specifications and the overall QA program described in CESSAR-DC Chapter 17,
as supplemented by the special provisions of ACI-349-85. The strength of the
construction materials for the foundations are as follows:

f', - 27.6 MPa (4,000 psi) for concrete

f - 413.7 MPa (60,000 psi) for reinforcing steely

from this discussion and the design calculation audit done on January 31 and
February 1,1994, the staff concludes that the foundation design of these two
buildings are acceptable. In addition to satisfying the requirements for the
design loads and combined load conditions, an evaluation was performed to
check the dynamic stability (sliding, overturning and floatation) of the
foundations against the seismic loads. During the design calculation audit
done on January 31 and February 1, 1994, the staff found that the safety
coefficients against dynamic stability for the DFSS and CCW Hx structures are
higher than 1.1 as specified in SRP Section 3.8.5. This is acceptable.

On the basis of its review, the staff concludes that the design of the DFSS
and CCW Hx structure foundations are acceptable and meets the relevant
requirements of 10 CFR Part 50 and GDC 1, 2, 4, and 5. This conclusion is
based on the following:

(1) ABB-CE meets the requirements of GDC 1 with respect to assuring that theg$
seismic Category I foundations are designed, fabricated, erected,>b constructed, tested, and inspected to the quality standards commensurate
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with its safety function to be performed by meeting the guidelines of |

(9/ RGs and industry standards. |
/ 1

(2) ABB-CE meets the requirements of GDC 2 by designing the seismic Cate- )
gory I foundations to withstand a severe earthquake that is more severe
than the SSEs for all currently licensed plants (with the exception of
the two coastal California sites) with sufficient margin, and the
combinations of the effects of proper combined load conditions with the
effects of environmental loadings such as earthquakes and other natural
phenomena.

(3) ABB-CE meets the requirements of GDC 4 by designing the NI structures
foundation to withstand the effects associated with system and equipment
failures, beluding missiles, pipe whip, and loads associated with a
spectrum of LOCAs.

(4) GDC 5 is not applicable because the structural systems and components are
not shared between units.

(5) ABB-CE meets the requirements of Appendix B because its QA program
provides adequate measures for implementing guidelines relating to '

structural design audits.

The criteria used in the analysis and design, and construction of all the
plant seismic Category I foundations to account for anticipated loadings and
postulated conditions that may be imposed upon each foundation during its
service lifetime conform with the established criteria, codes, standards, andO specifications acceptable to the staff. These include meeting the guidelinesCl of RG 1.142 and industry standard ACI-349-85.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality
control, and special construction techniques; and the testing and in-service
surveillance requirements provide reasonable assurance that, in the event of
winds, tornados, earthquakes, and various postulated events, seismic Catego-
ry I foundations will withstand the specified design conditions without
impairment of structural integrity and stability or of the performance of
required safety functions.

3.9 Mechanical Systems and Components

The staff reviewed CESSAR-DC Section 3.9 in accordance with SRP Sections 3.9.1
through 3.9.6. The review pertained to the structural integrity and func-
tional capability of various safety-related mechanical components in the Sys-
tem 80+ plant. The review was not limited to ASME Code components and sup-
ports, but extended to such other components as control rod drive mechanisms

<

(CRDMs), certain reactor internals, and any safety-related piping designed to
industry standards ather than the ASME Code. The staff reviewed such issues
as load combinatiNs, allowable stresses, methods of analysis, summary of re-
sults, preoperational testing, and IST of pumps and valves. To find these
acceptable, the staff must conclude that there is adequate assurance of as

/ mechanical component performing its safety-related function under all postu-(
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lated combinations of normal operating conditions, system operating trans-
ients, postulated pipe breaks, and seismic events.

3.9.1 Special Topics for Mechanical Components

The staff reviewed the information in CESSAR-DC Section 3.9.1 relative to the
design transients and methods of analysis used for all seismic Category I
components, component supports, core support structures, and reactor internals
designated as Class 1, 2, 3, and CS under ASME Code, Section III, and those
components not covered by the code. It reviewed the assumptions and proce-
dures used for the inclusion of transients in the design and fatigue eva-
luation of ASME Code Class 1 and CS components. It also reviewed the computer
programs used in the design and analysis of seismic Category I components and
their supports, as well as experimental and inelastic analytical techniques.

Desian Transients

The staff reviewed the design transients specified in CESSAR-DC Section 3.9.1
and elsewhere that are to be used in the design and fatigue analysis of ASME
Code components for the 60-year plant design life. The staff found that
(1) in CESSAR-DC Sections 3.9.1.1 and 3.9.3.1.1, ABB-CE specifies that the
design transients for ASME Code, Section III, Class I components and supports
are provided in CESSAR-DC Table 3.9-1, (2) in CESSAR-DC Section 3.9.3.1.3,
ABB-CE specifies that the system operating conditions for ASME Code, Sec-
tion III, Class 2 and 3 components and supports are based on the design tran-
sients of Table 3.9-1 together with other specific auxiliary system condi-
tions, and (3) in CESSAR-DC Section 3.9.5.2, ABB-CE specifies the loading
conditions that are considered in the design of ASME Code Class CS core
support and reactor ISs.

By RAI Q210.46, the staff raised a concern relating to the adequacy of margins
available in the ASME Code Class 1 fatigue design curves to ensure a 60-year
design life. On the basis of the limited data available, the staff noted that
these margins may not be sufficient to account for variations in the original;

! fatigue test data because of various environmental effecta, that may be exacer-
| bated during the 60-year design life. The staff asked ABB-CE to consider such
j effects in the design of ASME Code Class 1 systems, components, and equipment.

ABB-CE committed to comply with revisions to the existing fatigue curves orI

modifications to current fatigue design and evaluation methodologies that may
be incorporated in future editions of the code in r:sponse to the same con-
cern. In the DSER, the staff noted that ABB-CE shall modify its commitment to
state that it will perform fatigue analyses in accordance with NRC-approved
methods to address environmental concerns. This was DSER Open Item 3.9.1-1.
In response, in CESSAR-DC Section 3.9.1.1 (Amendment R), ABB-CE stated that
observations of significant environmental degradation in LWR environments are
primarily related to high strain ranges, slow strain rates, high oxygen
content of primary water, high sulfur content of carbon and low alloy steels,
and low flow rate conditions. The absence of any one of these conditions is
sufficient to preclude any significant environmental degradation of the
fatigue behavior of materials exposed to typical PWR primary coolant environ-
ment. ABB-CE further noted that, the System 80+ plant is not exposed to high
oxygen content environments at elevated temperatures, and no carbon or low
alloy steel is directly exposed to the primary coolant. On this basis, ABB-CE
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concluded that no significant environmental degradation of System 80+ compo-
nents will occur. This is acceptable and resolves DSER Open Item 3.9.1-1.

By RAI Q210.46, the staff also observed that the transients and the number of
cycles for the transients listed in CESSAR-DC Table 3.9-1 specified for the
60-year design life of the System 80+ plant are the same as those listed for
the 40-year design life of the System 80 plant. In CESSAR-DC Section 3.9.1.1
of the early amendments, ABB-CE stated that the number of cycles was based on
a frequency-of-occurrence type of evaluation. ABB-CE stated that although
both plants use the same list of transients and have the same number of cycles
for each of the transients, they have design lives differing by 20 years. By
DSER Open Item 3.9.1-2, ABB-CE was asked to justify the use of the same number
of cycles for the System 80+ design as was used for the System 80 design. In
Amendment N to the CESSAR-DC, ABB-CE revised Table 3.9-1 to account for the
number of cycles applicable to 60-year plant life. The staff finds the
revised Table 3.9-1 acceptable. On this basis, DSER Open Item 3.9.1-2 is
resolved. -

By DSER Open item 3.9.1-3, the staff requested that ABB-CE justify limiting
its consideration of design transients to those not requiring forced shutdown
in the design of ASME Code Class CS components and reactor ISs as described in
CESSAR-DC Section 3.9.5.2, Item G. In response, ABB-CE revised CESSAR-DC
Section 3.9.5.2 (Amendment N) to include all anticipated transient loadings in
Table 3.9-1, and appropriate design-basis pipe break (DBPB), secondary side
break, and LOCA loads. This revision is acceptable and resolves DSER Open
Item 3.9.1-3.

ABB-CE meets GDC 14 and 15 by demonstrating that the design transients and,

\ resulting loads and load combinations with appropriate specific design and
service limits that ABB-CE used for the design of ASME Code, Class 1 and CS
components and supports and reactor internals provide a complete basis for the
design of the RCPB for all conditions and events as specified in CESSAR-DC
Table 3.9-1 over the service lifetime of the plant.

Computer Proarams

The staff reviewed the information provided in CESSAR-DC Sections 3.9.1.2.1
through 3.9.1.2.3 relating to computer programs used in the stress analysis of
(1) RCS, (2) Code Class CS internals and fuel and control element drive mecha-
nism (CEDM), and (3) non-NSSS structures and components, respectively.

By RAI Q210.47, the staff noted that SRP Section 3.9.1, Revision 2, Item 11.2,
defines the information to be provided to demonstrate the applicability and
validity of computer programs to be used in dynamic and static analyses to
demonstrate the structural and functional integrity of seismic Category 1, and
ASME Code and non-code items. The information provided in an early version of
CESSAR-DC Section 3.9.1.2 was not totally in accordance with the guidelines of
SRP Section 3.9.1, Revision 2. The staff asked ABB-CE to provide the computer
program information required by SRP Section 3.9.1, Revision 2. The staff
noted that a program in the public domain is insufficient for satisfying the
guidelines in SRP Section 3.9.1, Revision 2.

O ABB-CE responded that, as stated in CESSAR-DC Section 3.9.1.2, the versions of
V public domain computer codes used by ABB-CE have been extensively verified to

|
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supplement any existing public documentation. Each code (e.g., MDC STRUDL,
CE MARC) has had its quality assured in accordance with the QA procedures in
force at the time of the documented verification. Documentation for all of
the codes described in CESSAR-DC Section 3.9.1.2 is available for NRC audit
upon request. The QA calculations for each code contain (1) the author's
name, (2) a computer code certificate containing necessary information such
as the version, installation date, and facility on which the code executes,
and (3) the solutions to appropriate test problems. As discussed in
Section 3.12.4 of this report, the staff performed an independent confirmatory
oiping stress analysis of representative piping systems in the System 80+
s+andard plant. The results of the confirmatory analysis demonstrate ABB-CE's
confuter programs to be adequate with acceptable accuracy.

In the DSER, the staff noted that ABB-CE should add a description of the SASSI
program in a future revision of the CESSAR-DC. This was DSER Confirmatory
Item 3.9.1-1. In Amendment 0 to CESSAR-DC, ABB-CE described SASSI (Appen-
dix 3.7B). On this basis, DSER Confirmatory Item 3.9.1-l'is resolved.

By DSER Open Item 3.9.1-4, the staff noted that no computer programs were
identified in CESSAR-DC Section 3.9.1.2.3 for the stress analysis of non-NSSS
mechanical components, and requested that ABB-CE revise CESSAR-DC Sec-
tion 3.9.1.2.3 to identify computer programs used in stress analyses for non-
NSSS mechanical components. In Amendment N to CESSAR-DC, ABB-CE deleted
Section 3.9.1.2.3 and stated that the computer programs identified in Sec-
tion 3.9.1.2.1 are applicable to RCS as well as to non-NSSS mechanical
components. CESSAR-DC Section 3.9.1.2.1 also states that if computer codes
not listed in CESSAR-DC are used, they will be compared to NRC-benchmarked or
approved codes. On this basis, DSER Open Item 3.9.1-4 is resolved.

Experimental Stress Analysis

By DSER Open Item 3.9.1-5, ABB-CE was asked to clarify CESSAR-DC Sect-
ion 3.9.1.3 (1) to state if experimental stress analyses are used anywhere in
the entire System 80+ plant design and (2) if they are used, to commit to
performing these analyses in accordance with the SRP Section 3.9.1, Item 11.3,
criteria. In Amendment N to CESSAR-DC Section 3.9.1.3, ABB-CE stated that
when experimental stress analysis is used, it is performed in accordance with
Appendix II of ASME Code, Section III, Division I. This is in compliance with
the guidelines of SRP Section 3.9-1, III.3, and therefore, resolves DSER Open
item 3.9.1-S.

Level D Service limits

The staff reviewed the information provided in CESSAR-DC Sections 3.9.1.4.1
and 3.9.1.4.2 relating to Level D service limits for seismic Category I RCS
(i.e., NSSS) and non-NSSS items, respectively.

The loads identified in an early version of CESSAR-DC Section 3.9.1.4.1 for
seismic Category I NSSS items did not include forces associated with post-
ulated pipe breaks that were specified in CESSAR-DC Section 3.6.2.2.1 for
piping systems subject to LBB evaluation. These systems included reactor
coolant loop, SL, shut down coolant line, SI line, and MSL inside the con-
tainment. By DSER Open item 3.9.1-6, the staff noted that ABB-CE should
consider loads due to DBPB as well as branch line breaks not eliminated by
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LBB. However, based on NRC approval of the application of the LBB methodo-
i logy to these piping systems (as discussed in Section 3.6.3 of this report),
/ forces associated with pipe breaks in these systems need not be included in,,

the Level D analyses. Among these forces are pipe thrust forces at the
break locations, resultant subcompartment differential pressurization forces,
and asymmetric pressurization forces acting on the reactor vessel and in-
ternals. In CESSAR-DC Table 3.9-2 for loading combinations, ABB-CE considers
in its analysis only those pipe rupture loads resulting from line breaks not
eliminated by LBB. This is acceptable. On this basis, DSER Open Item 3.9.1-6
is resolved.

SRP Section 3.9.1, Revision 2, Item 111.4, provides guidelines for methods of
analysis, including elastic-plastic methods, used in the evaluation of Level D
service conditions. By RAI Q210.48, the staff asked ABB-CE to state where
inelastic methods of analyses were used in seismic Category I RCS items as
implied in CESSAR-DC Section 3.9.1.4.1. ABB-CE responded to RAI Q210.48 that
inelastic methods were not used in analyzing these items.

CESSAR-DC Section 3.9.1.4.1 states that for the evaluation of RCS faulted
condition, the pipe break load analysis procedure considers only those breaks
not eliminated by LBB. Based on the evaluation in Section 3.6.3 of this
report, LBB is applicable for the System 80+ design and certain design-basis
LOCA loads need not be included in the faulted condition loading combination
for the design of piping and component supports. On this basis, DSER Open
Item 3.9.1-7 resolved.

Originally, in CESSAR-DC Section 3.9.1.4.2, ABB-CE stated that in exceptions
to linear elastic models for evaluating faulted conditions, the maximum,

U allowable strain limits from accepted standards will be satisfied. By RAI
Q210.50, the staff asked ABB-CE to list and justify the standards and the
strain limits to be used. ABB-CE responded to RAI Q210.50 by committing to
revising CESSAR-DC Section 3.9.1.4.2 to specify that pipe-rupture restraint
and energy-absorbing members are the exceptions to the use of linear elastic
models. In CESSAR-DC Sections 3.6.2.3.2.4 and 3.6.2.3.2.5, respectively, as
modified by ABB-CE's responses to RAls Q210.31 and Q210.32, ABB-CE gives the
allowable stresses and design criteria for these members.

The staff concludes that ABB-CE has demonstrated compliance with the require-
ments of GDC 1, 2,14, and 15 and guidelines of SRP Sectior. 3.9.1, as dis-
cussed below.

ABB-CE meets GDC 14 and 15 by demonstrating that the design transients and
resulting loads and load combinations with the appropriate specific design and ,

service limits for designing ASME Code, Class 1 and CS components and supports
and reactor internals are a complete basis for the design of the RCPB for all
anticipated conditions and extremely low-probability events expected over the
service lifetime of the plant.

ABB-CE meets GDC 2 and Appendix A to 10 CFR Part 100, by including seismic
events in design transients that serve as the design basis for withstanding
the effects of natural phenomena.

g ABB-CE meets Appendix B to 10 CFR Part 50, and GDC 1, by submitting informa- |
tion that demonstrates the applicability and validity of the design methodsN
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and computer programs used for the design and analysis of seismic Category I
structures designated as ASME Code, Class 1, 2, 3, and CS and those not
covered by the Code within the present state-of-the-art limits and by having
design control measures that are consistent with the applicable guidelines of
SRP Section 3.9.1. This is acceptable for ensuring the quality of the
computer programs. If the COL applicant opts to use computer programs
different from those used by ABB-CE for the design of any safety-related item
with the exception of piping systems, the guidelines of SRP Section 3.9.1 must
be met for such programs.

3.9.2 Dynamic System Analysis and Testing

The staff reviewed the methodology, testing procedures, and dynamic analyses
used by ABB-CE to ensure the structural integrity and functionality of piping
systems, mechanical equipment, and their supports under vibratory loadings.
The staff reviewed (1) the piping vibration, thermal expansion, and dynamic
effects testing, (2) the seismic subsystem analysis methods, (3) the dynamic
responses of structural components in the reactor caused by steady-state and
operational flow transient conditions, (4) the flow-induced vibration testing
of reactor internals to be conducted during the preoperational and start-up
test program, and (5) the dynamic analysis methods used to confirm the
structural design adequacy and functional capability of the reactor internals
and piping attached to the reactor vessel when subject to loads from applica-
ble LOCAs and DBPBs in combination with an SSE.

3.9.2.1 Piping Vibrations, Thermal Expansion, and Dynamic Effects

In the early amendments to CESSAR-DC Section 3.9.2.1, ABB-CE described the
piping vibration, thermal expansion, and dynamic effects testing to be
conducted during a preoperational testing program. These tests ensure that
the piping vibrations are within acceptable limits and that the piping system
can expand thermally in a manner consistent with the design intent. By RAI
Q210.51, the staff noted that the test program described in CESSAR-DC Sec-
tion 3.9.2.1 is not fully consistent with the guidelines in SRP Section 3.9.2,
Revision 1, Item 11.1. To meet these guidelines, the staff asked ABB-CE to
commit to conduct the program in accordance with ANSI /ASME OM-3 and OM-7 and
to identify the piping systems to be included in the test program. ABB-CE
responded to RAI Q210.51 by committing to conduct the program in accordance
with ANSI /ASME OM-3 and OM-7 and identified typical piping systems to be
tested.

The staff noted in the DSER, however, that although the stresses on which
limits on piping displacements during steady-state vibration were to be based
(as described in CESSAR-DC Section 3.9.2.1.1) were the same as those pre-
viously found to be acceptable to the staff for 40-year design-life plants,
ABB-CE did not justify the applicability of these stresses to a 60-year
design-life plant.

Accordingly, by DSER Open Item 3.9.2.1-1, ABB-CE was asked to identify the
specific version of ASME OM-3 and OM-7 standards, and to justify the applica-
bility of their stresses on which limits on piping displacements during
steady-state vibration are to be based for the 60-year design life of the
System 80+ plant. Subsequently, CESSAR-DC Section 3.9.2.1 states that the
preoperational test program will be conducted in accordance with ASME OM-3 and
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OM-7 standards which are specified in CESSAR-DC Table 1.8-7 to be the 1990p) version through 1992 addenda. Furthermore, ABB-CE stated that the use of the(V preceding OM-3 standard would limit the piping vibration displacements to
80 percent of the minimum alternating stresses in the ASME Code fatigue curves
and material dependent stress reduction factors. These factors account for
the differences between the number of cycles for which data are provided in
the ASME Code fatigue curves. The 80 percent reduction is consistent with the
OM-3 standard and the material stress reduction factors are acceptable to
account for the number of the cycles consistent with a 60-year design life.
This is acceptable and resolves DSER Open Item 3.9.2.1-1.

The staff noted, in DSER Open Item 3.9.2.1-2, that in CESSAR-DC Sec-
tion 3.9.2.1, ABB-CE states that the testing program was applicable to ASME
Code, Section III, Class 1, 2, and 3 piping systems. ABB-CE did not, however,
identify testing applicable to non-ASME or other systems. In Amendment N to
CESSAR-DC, ABB-CE revised Section 3.9.2.1 to include non-ASME and other
systems in the test programs in accordance with the guidance of SRP Sec-
tion 3.9.2, Item I.l. On this basis, DSER Open Item 3.9.2.1-2 is resolved.

On the basis of its review of CESSAR-DC Section 3.9.2.1, as set forth above,
the staff concludes that ABB-CE meets GDC 14 and 15 with respect to the design
and testing of the RCPB. This gives reasonable assurance that rapidly
propagating failure and gross rupture will not occur as a result of vibratory
loadings. In addition, the testing ensures that design conditions will not be
exceeded during normal operation, including anticipated operational occur-
rences, by having an acceptable vibration, thermal expansion, and dynamic
effects test program that will be conducted during startup and initial

[y operation of specified high- and moderate-energy piping, including all
associated restraints and supports. The tests give adequate assurance that
the piping and piping supports will be designed to withstand vibrational
dynamic effects as a result of valve closures, pump trips, and other operating
modes associated with the design-basis flow conditions. In addition, the
tests ensure that adequate clearances and free movement of snubbers will exist
for unrestrained' thermal movement of piping and supports during normal system
heatup and cooldown operations. For the planned tests, loads similar to those
experienced during transient and normal reactor operations will be developed.

3.9.2.2 Seismic Analysis of Safety-Related Mechanical Equipment

The staff reviewed areas relating to seismic subsystem analysis on the basis
of the information submitted in CESSAR-DC Sections 3.7.3 and 3.9.2.2. The
review was conducted in accordance with the guidelines of SRP Section 3.7.3
which are essentially the same as those of SRP Section 3.9.2. In DSER
Section 3.7.3, the staff reported its review of the seismic subsystem analysis
for both structural and mechanical areas. Although the same seismic analysis
methodology may be used for both structural and mechanical subsystems, the
specific considerations and acceptance criteria may be different. For this
reason, the staff decided to report its review in this section of issues
related to mechanical subsystems, equipment and their supports. The staff
continues to report its review of structural subsystems, including cable tray,
conduit and HVAC support systems, intake structure, tanks, and tunnels in
Section 3.7.3 of this report.

V Seismic Analysis Methods
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In the early amendments to CESSAR-DC Section 3.7.3, ABB-CE committed to
analyzing seismic Category I structures, subsystems, and components by the j

response spectrum or time-history method as described in CESSAR-DC Sec- !
|tion 3.7.2.1.1 or by an equivalent static method as described in CESSAR-DC

Section 3.7.3.5. These analysis methods are in accordance with the criteria
in SRP Section 3.7.2, Item 11.1, referenced by SRP Section 3.7.3, Item 11.1.
However, neither CESSAR-DC Section 3.7.3.1 nor 3.7.2.1.1 contains an explicit
commitment to consider the items identified in SRP Section 3.7.2, Revision 2,
Items II.l.(a)(iii) and (iv).
By RAI Q210.38, the staff asked ABB-CE to commit to these SRP Section 3.7.2,
Revision 2, criteria. In response to RAI Q210.38, ABB-CE did not commit to
these criteria but stated that these criteria were used in System 80+ modeling
procedures. This is reflected in the criteria of CESSAR-DC Section 3.7.3.3
that the dynamic analysis models be generated to accurately evaluate the
dynamic behavior of the component. This response was not totally acceptable
since no acceptance criteria were specified for determining if the models in
the dynamic analyses were acceptable to accurately evaluate the component
behavior.

By RAI Q210.38 the staff also asked ABB-CE to submit seismic subsystem
(modeling) criteria and to demonstrate that the number of mass points and D0Fs
in their models were in accordance with the criteria of SRP Section 3.7.2,

Revision 2, II.l.a(iii). The staff was concerned about the adequacy of the
RCS seismic subsystem analyses model in CESSAR-DC Figure 3.7-32. ABB-CE
responded to this request by referencing the technical approach described in
the response to RAI Q210.26. In the response, ABB-CE stated that a System 80+
DSDG was to be prepared to ensure that the final design would be consistent
with the design basis and methodology in CESSAR-DC.

In DSER Open Item 3.7.3-1, the staff noted that information related to piping
analytical methodologies was to be included in the DSDG - which was eventually
to become a part of the CESSAR-DC - and that the staff evaluation would not be
completed until after the staff completes its review of the DSDG. Sub-
sequently, the staff completed its review of the DSDG, and portions noted by
the staff as necessary for its safety evaluations were extracted, clarified or
modified as necessary, and included in CESSAR-DC Appendix 3.9A.

Relative to the requests concerning the model in CESSAR-DC Figure 3.7-32,
based on information provided by ABB-CE in response to RAI Q210.33 (SEE
Section 3.7.2 of this report), it was determined that the fundamental frequen-
cies of the components of the RCS was sufficiently high (>100 Hz) that the RCS
would respond essentially as coupled rigid bodies in response to seismic
loading. Accordingly, the number of degrees of freedom and number of modes of
the RCS system associated with the model in CESSAR-DC Figure 3.7-32 are
sufficient to accurately predict the dynamic behavior of the RCS subsystem
under seismic loadings. On this basis, the staff finds that concerns regard-
ing the model in CESSAR-DC Figure 3.7-32 are resolved.

Relative to the ceneric concern regarding the lack of acceptance criteria for
| the acceptability of seismic subsystem models to accurately predict component
i responses, ABB-CE included, in Appendix 3.9A, Section 1.4.3.2.1.4 (Amend-
' ment Q), analysis criteria for modal frequency cutoff and rigid range acceler-

ation effects. These criteria meet the guideline of the 10-percent increase
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in responses of SRP Section 3.7.2, II.l.a(iii) and (iv). On this basis, DSER

O Open item 3.7.3-1 is resolved.

Determination of Number of Earthauake Cycles

In CESSAR-DC Section 3.7.3.2 (Amendment E), ABB-CE stated that, for System 80+
plants, seismic Category I subsystems, components, and equipment are designed
to a total of 200 full-load earthquake cycles for a 60-year design life. This
was the same number of cycles specified for the CE System 80 plant which has a
40-year design life, but ABB-CE did not justify that the 200 earthquake cycles
specified for the System 80+ design should be the same as for the System 80
design. Also, the staff's review of Section 7.0 of the draft DSDG revealed
the discrepancy that ABB-CE specified 200 cycles for NSSS piping but 75 cycles
for Class 1 piping other than NSSS piping.

By DSER Open Item 3.7.3-2, ABB-CE was asked to (1) justify the use of the same
number of earthquake cycles for both the 60-year System 80+ design life and
the 40-year System 80 design life and (2) explain the discrepancy between the
information in CESSAR-DC 3.7.3.2 and Section 7.1.4.3.2.1.8 of the draft DSDG.

By Amendment R to CESSAR-DC Section 3.7.3.2, ABB-CE revised the number of
earthquake cycles for the System 80+ design to be a total of two SSE events
with 10 maximum stress cycles per event. In SECY-93-087, the staff recommend-
ed the elimination of the OBE in the design process on the basis that it would
not result in a significant decrease in the overall plant safety margin. The
detailed basis for the staff's recommendation is discussed in Section 3.1.1 of
this report, which also defines acceptable number of earthquake cycles or

( alternatives in fatigue evaluations. The revised CESSAR-DC Section 3.7.3.2
,

(Amendment R) is consistent with the staff position discussed in Section 3.1.1
|of this report. This is, therefore, acceptable. ;

i

In addition, contrary to earlier expectations, the entire DSDG has not been j
included in CESSAR-DC. Instead, portions identified by the staff as necessary
for its safety evaluations were extracted, clarified, and modified as neces-
sary and included in CESSAR-DC Appendix 3.9A. Previous draft DSDG Sec-
tion 7.1.4.3.2.1.8 is contained in current CESSAR-DC Appendix 3.9A, Sec-
tion 1.4.3.2.1.7 and is modified to reference CESSAR-DC Section 3.7.3.2 for
the cyclic load basis for fatigue evaluations. This is acceptable and
resolves DSER Open item 3.7.3-2.

Procedures Used for Analytical Modelina

In the early amendments to CESSAR-DC Section 3.7.3.3, ABB-CE submitted
information on modeling techniques in general and detailed information on pipe
modeling. For modeling in general, ABB-CE stated that each model will be suf-
ficiently detailed to accurately evaluate the dynamic behavior of the compon-
ent. For piping, ABB-CE specified criteria for spacing piping mass point and
criteria for representing valve and other concentrated weight. These criteria
include provisions for the effects due to offset of the mass from a pipe
center line.'

By RAI Q210.38, the staff asked ABB-CE to clarify the seismic subsystem[ml modeling techniques in CESSAR-DC Section 3.7.3.3. ABB-CE committed to use the
V criteria of SRP Section 3.7.2, Revision 2, Item II.3.b and SRP Section 3.7.2,
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Revision 2, Item II.l.a.(iii) for dynamic decoupling of subsystems and for
modeling criteria, respectively. The use of these criteria for the purposes
stated are in accordance with SRP Section 3.7.3, Items II.1 and 11.3 require-
ments, and hence, are acceptable.

In the early amendments to CESSAR-DC Section 3.7.2.1.2.2, ABB-CE described the
seismic subsystem analysis performed for the SL. The analysis involves
decoupling the SL from the major RCS components to which it is attached.
Although decoupling the SL from the major RCS components may be acceptable,
ABB-CE did not justify doing this. The staff requested that ABB-CE submit
information, in RAI Q210.34, regarding modeling of the SL. ABB-CE committed
to comply with modeling acceptance criteria of SRP Section 3.7.2, Revision 2,
Item II.l.a.(iii).

| By Amendment Q, ABB-CE submitted details of a typical model for the seismic
analysis of the SL in CESSAR-DC Figure 3.7-25. The model contains 31 mass

, points each having 3 translational DOFs. The staff finds that this model
'

satisfies the criteria of SRP Section 3.7.2, Revision 2, Item II.1.a.(iii) and

j is acceptable. On this basis, DSER Confirmatory Item 3.7.3-1 is resolved.
!

Basis for Selection of Freauencies

| In the early amendments to CESSAR-DC Section 3.7.3.4, ABB-CE provided informa-
tion on the design approach to avoid resonance of components and subsystems.
In this approach, within practical limitations, the fundamental frequencies of
the components and subsystems are designed to be "sufficiently removed" from
the resonant range. If resonance does occur, the resonance should be
accounted for in the analysis.

By RAI Q210.39 the staff asked ABB-CE to demonstrate that the design approach
in CESSAR-DC Section 3.7.3.4 was in accordance with SRP Section 3.7.3,
Revision 2, Item II.4, which describes quantitative guidelines for fundamental
frequencies of components and subsystems in contrast to the qualitative "suf-
ficiently removed" criterion in ABB-CE's approach. More importantly, regard-
less of the design approach of avoiding resonance, the seismic response of
components and subsystems, and not just resonant response, should be included
in the analysis of the components and subsystems. Accordingly, by DSER Open
Item 3.7.3-3, the staff noted that ABB-CE should revise CESSAR-DC Sec-
tion 3.7.3.4 to account for the seismic response of SSCs in their design and
not just the resonant response.

Subsequently, in CESSAR-DC Section 3.7.3.4, ABB-CE incorporated the modified
design approach for resonance by stating that the seismic design will account
for the seismic response of structures, subsystems, and components. On this
basis, DSER Open item 3.7.3-3 is resolved.

Analysis Procedure for Damoina

CESSAR-DC Section 3.7.3.15 provides procedures for damping by referring to
other sections in the CESSAR-DC, such as Sections 3.7.2.15 and 3.7.3.14.
Additional information on damping is given provided in CESSAR-DC Sec-
tion 3.7.3.6 and Table 3.7-1.

O
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Considering the information noted in the preceding paragraph and ABB-CE's
( response to RAIs Q210.36 and Q210.37, ABB-CE's procedures for assessing
G damping for structures, subsystcms, and components are in accordance with l

(1) CESSAR-DC Table 3.7-1, modified as committed to in the response to RAI '

Q210.37, and (2) CESSAR-DC Section 3.7.2.15 when composite modal damping is
used. In response to RAI Q210.37, ABB-CE committed to revising CESSAR-DC
Table 3.7-1 to specify that the use of ASME Code Case N-411-1 damping values
are subject to all the conditions identified in RG 1.84. These procedures are
in compliance with RGs 1.61 and 1.84 guidelines and SRP Section 3.7.3,
Item 11.5, criteria and, hence, acceptable. Verification of the revision of
CESSAR-DC Table 3.7.1 as committed to in the ABB-CE response to RAI Q210.37
was identified as DSER Confirmatory item 3.7.3-2.

By Amendment N, ABB-CE revised CESSAR-DC Table 3.7.1 to specify that when the
response spectrum method of analysis is used, damping values may be based on !

Code Case N-411-1 as limited by RG 1.84. This resolves DSER Confirmatory
item 3.7.3-2.

|
Three Components of Earthauake Motion

CESSAR-DC Section 3.7.3.3 (which references CESSAR-DC Section 3.7.2.6) states 1

that the total response of substructures for the response spectrum method of
analysis for the three independent components of earthquake motion (two hori-
zontal and one vertical) is obtained by combining the separate responses by
the SRSS method. For the time-history methods, these statistically indepen-
dent earthquake motions are used as input and the total response is obtained
by algebraically summing the responses in the time domain. This is in
accordance with the criteria of SRP Section 3.7.3, item 11.6, and, therefore,
is acceptable.

Conbination of Modal Responses

CESSAR-DC Section 3.7.3.7 states that for the response spectrum method of
analysis (1) the SRSS method of combination is used for separated modes, and
(2) the RG 1.92 method of combination is used for closely spaced modes. These i

provisions are in accordance with the criteria of SRP Section 3.7.3, Item 11.7
.

and, hence, are acceptable. !

Analytical procedures for Pinina

In RAI Q210.40, the staff requested that ABB-CE explain how any significant
seismic response of supports and equipment will be included in the seismic
analysis of piping, and specifically address how piping input loadings are
developed for flexible equipment and supports. ABB-CE responded that equip-
ment and piping supports are assumed to be significantly more rigid than the
piping itself. Upon completion of the piping analysis and subsequent support
design and equipment procurement, support and equipment stiffness will be
included in the piping analysis if a more accurate representation is war-
ranted. The staff believed that a methodology for considering the flexibility
of supporting structures in the seismic design of piping systems is appropri-
ate for the System 80+ at the certification stage. This information would be
appropriate for inclusion into the DSDG. Accordingly, by DSER Openg) Item 3.7.3-4, the staff noted that ABB-CE should include provisions forr

C/ considering equipment and support flexibility.
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As previously noted, the entire DSDG was not included in CESSAR-DC. Instead,
portions identified by the staff as necessary for its safety evaluations were
extracted, clarified and modified as necessary and included in CESSAR-DC
Appendix 3.9A (Amendment R). Section 1.7.2.8 of this appendix provides
requirements for consideration of support stiffness in piping systems. ABB-CE
specifies a deflection limit of 1.6 mm (1/16 in.) in the restrained direction
based on the greater of the SSE load or the minimum design load in Sec-
tion 1.7.2.13 of the Appendix 3.9A. In addition, the maximum deflection is

limited to 3.2 mm (1/8 in.) based on the maximum load combination. This is
acceptable and resolves DSER Open Item 3.7.3-4.

'

Interaction of Other Systems With Cateaory I Systems

By RAI Q210.44, the staff asked ABB-CE to justify the criteria in CESSAR-DC
Section 3.7.3.13 or to revise this section to be consistent with the criteria
of SRP Section 3.7.3, Item 11.8. ABB-CE responded to RAI Q210.44 by commit-
ting to revising CESSAR-DC Section 3.7.3.13 in accordance with SRP Sec-
tion 3.7.3, Item II.8 and SRP Section 3.9.2, Item II.2.k. The draft revision
submitted with the response to RAI Q210.44 only committed to designing non-
Category I piping in accordance with CESSAR-DC Section 3.6.2.1.4.1.C, which
relates to high-energy line-break requirements. The draft revision was not
consistent with all of the applicable guidelines in SRP Sections 3.7.3 and
3.9.2 and was, therefore, unacceptable. Subsequently, by DSER Open
Item 3.7.3-5, ABB-CE was asked to revise CESSAR-DC Section 3.7.3.13, as previ-
ously requested in RAI Q210.44, to be in accordance with SRP Section 3.7.3,
Item 11.8, and SRP Section 3.9.2, Item II.2.k.

By Amendment N, ABB-CE revised CESSAR-DC Section 3.7.3.13 to specify criteria
for the protection of seismic Category I piping from possible adverse effects
of other piping during earthquakes. These criteria are in accordance with SRP
Section 3.9.2 Item II.2.k requirements and are, therefore, acceptable. On
this basis, DSER Open Item 3.7.3-5 is resolved.

Multiple Supported Eauipment and Components With Distinct Inputs

In the early amendments to CESSAR-DC Section 3.7.3.9, ABB-CE stated that the
seismic qualification of equipment or components supported at different
elevations is based on the envelope of response spectra or " multiple support
excitation."

By RAI Q210.41, the staff asked ABB-CE to specify that for acceptability,
multiple support excitation methods should be implemented in accordance with
the staff recommendations on response combinations given in NUREG-1061,
Volume 4, Section 2. In its response to RAI Q210.41, ABB-CE committed to
revising CESSAR-DC Section 3.7.3.9 to specify these NUREG-1061, Volume 4
recommendations and to add NUREG-1061, Volume 4 to the list of references in
CESSAR-DC Section 3.7. This was DSER Confirmatory Item 3.7.3-3.

However, as discussed in Section 3.12 of this report, the staff was told that
upon further review ABB-CE decided not to use the multiple support response
spectrum analysis method in System 80+ piping design. In Amendment Q, this
section was revised to permit only the time-history analysis method. The
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staff finds this revision acceptable. On this basis, DSER Confirmatory
2 Item 3.7.3-3 is resolved.

Torsional Effects of Eccentric Masses

In the early amendments to CCSSAR-DC Section 3.9.3.11, ABB-CE stated that
piping system models include torsional effects due to such projecting masses
as valve operators. The staff believed that ABB-CE should not limit consider-
ation of such effects to piping systems only, but should consider them for all

| subsystems.

By DSER Open Item 3.7.3-6, ABB-CE was asked to revise CESSAR-DC Sec- !

tion 3.9.3.11 to commit to consider torsional effects of eccentric masses for
all subsystems and not just for piping systems.

By Amendment N, ABB-CE revised CESSAR-DC, Section 3.7.3.11 to specify that
torsional effects of eccentric masses are also considered in the analysis of
seismic Category I subsystems other than piping. On this basis, DSER Open
Item 3.7.3-6 is resolved.

Cateaory I Buried Pipina. Conduits. and Tunnels

In the early amendments to CESSAR-DC Section 3.7.3.12, ABB-CE stated that the
intake structure would be designed so that " differential movement between this
structure and the earth is negligible." However, ABB-CE gave no indication of
the magnitude of this permissible motion or the level of stresses associated

'

with such " negligible" relative motion. By DSER Open Item 3.7.3-7, the staffn
(V)

noted that ABB-CE should provide generic approaches for the evaluation of the
intake structure as well as acceptance criteria that will be used to evaluate
that structure. This intake structure is a structural issue and the resolu- '

tion of DSER Open issue 3.7.3-7 is addressed in Section 3.7.3 of this report.

In the early amendments to CESSAR-DC Section 3.7.3.12.1, ABB-CE provided
design criteria for buried piping. By RAI Q210.42 and DSER Open Item 3.7.3-8,
the staff asked ABB-CE to revise CESSAR-DC Section 3.7.3.12.1 to be in
accordance with the criteria of SRP Section 3.7.3, Revision 2, and SRP
Section 3.9.2, Revision 2. By Amendment Q and subsequent amendments, ABB-CE
provided criteria in CESSAR-DC Section 3.7.3.12.1 for the design and analysis
of buried seismic Category I piping systems. The detailed staff review of the
buried piping issue is discussed in Section 3.12.8 of this report. On this
basis, DSER Open Item 3.7.3-8 is resolved.

In the DSER, the staff noted that ABB-CE did not discuss seismic design
analysis for buried or above-ground tanks and that these should be addressed
in accordance with Paragraph I.14 of SRP Section 3.7.3. This issue was
identified as DSER Open Item 3.7.3-9. However, these buried and above-ground
tanks are structural issues and the resolution of DSER Open Item 3.7.3-9 is
addressed in Section 3.7.3 of this report.

In the DSER, the staff also noted that ABB-CE should provide generic
approaches to and acceptance criteria for the evaluation of buried piping,

,3 conduits, and tunnels. This was DSER Open Item 3.7.3-10. These issues as

[' d
they relate to buried piping are addressed in Section 3.12.3 of this report.4
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The structural-related issues in DSER Open Item 3.7.3-10 and their resolutions
include these issues and are discussed in Section 3.7.3 of this report.

'

Above-Ground Pinina Outside the Containment

CESSAR-DC Section 3.7.3.12.2 addresses analysis methods and criteria used to
account for the effects of differential movement of buildings on piping and
penetrations. In the early amendments, this section only stated that effects
of differential movement of buildings on piping are described in CESSAR-DC
Sections 3.7.2.1.2 and 3.7.2.7. These sections described the seismic analysis
method for NSSS systems and combinations of modal responses but did not
provide analysis methods and criteria for the effects of these differential |

motions. By RAI Q210.43, the staff asked ABB-CE to provide these analysis
methods and criteria. Subsequently, ABB-CE submitted clarifications in its
response to RAI Q210.43 and, in CESSAR-DC Section 1.2.4.1, Appendix 3.9A,
committed to using the most conservative method of analysis to account for the ,

effects of differential movement between buildings and/or equipment on piping.

Specifically, the maximum relative displacements between the major elevation
and the basemat (Seismic Anchor Motions - SAMs) are to be calculated for each
separately founded structure and applied conservatively (that is, out-of-
phase) to piping systems which extend between adjacent separately founded
structures. The staff agrees that this method of analysis is conservative
and, hence, acceptable. Moreover, this method of analysis is standard
industry practice and has previously been accepted by the staff on other
nuclear power plants.

Reactor Internals. Core. and CEDM Seismic Subsystem Analysis

CESSAR-DC Section 3.7.3.14 provides information on the reactor internals,
reactor core, and CEDM seismic subsystem analysis.

As stated in the CESSAR-DC, the seismic analysis of the reactor internals and
core consists of a preliminary phase and a final phase. The preliminary phase
is used to obtain preliminary seismic design loads and displacements in the
vertical and horizontal directions and the final phase to confirm that the
design-basis loads determined during the preliminary phase are conservative
and result in an adequate design.

Separate analyses are performed in the vertical and two horizontal directions.
|

In the horizontal direction, because of the closure of gaps resulting from
relative component displacements, a nonlinear horizontal time-history analysis'

is performed. In the vertical direction, the preliminary analysis used the
linear modal analysis response spectrum method. However, if the preliminary
linear vertical analysis indicates that the response of the core may cause the
core plate to lift off, a vertical nonlinear analysis is also performed.

The maximum responses in the two horizontal components and one vertical
component are considered and the maximum colinear responses from each are
combined by the SRSS method.

As described, the modeling procedures, methods of analysis, procedures for
damping, the combination of modal responses, and the three components of
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l
earthquake motion are in accordance with the criteria of SRP Section 3.7.3 |
and, hence, are acceptable. I

CESSAR-DC Section 3.7.3.14.2 states that structural integrity of the CEDM,
when subjected to seismic loadings, is verified by a combination of test and
analysis. The analysis uses either the response spectrum or time-history
method. A functional test using a minimum drop weight is performed and the
results are compared to the calculated CEDM deflections under seismic loadings
for the individual site. However, since the System 80+ CEDM design is

Iidentical to the design in operation at Palo Verde, as stated in CESSAR-DC |

Section 3.9.4.4.1.3, and since the System 80+ plant is designed to an envel-
oped seismic input, the CEDM seismic analysis can be performed for the
System 80+ CEDM design and those results can be compared to the drop test
results that were performed for the System 80 CEDM design in use at Palo
Verde. {

By DSER Open Item 3.7.3-11, ABB-CE was asked to perform the seismic analysis
for the CEDM design using the enveloped seismic input for the System 80+ plant
and then compare those results to the results of the drop tests that were
performed for the System 80 plant design, as described in CESSAR-DC Sec-
tion 3.7.3.14.2.

Subsequently, during the June 23 through 25, 1993, audit the staff reviewed
ABB-CE's analysis and evaluation results. The analysis evaluated the

|System 80+ CEDM under seismic loadings. The evaluation included verification
of operability and assessment of seismic loads. The soil case analyzed was !

soil Case B-4 and control motion CMS-2. The calculation documented that the l
input response spectrum for this combination had the highest acceleration at '

C 20 Hz, which is the frequency of the CEDM second mode of vibration. This
second mode is the most critical mode for assessing CEDM operability under
seismic loadings. Accordingly, the use of soil Case B-4 and control motion
CMS-2 is acceptable.

The evaluation showed that the System 80+ displacement limits and radii of
curvature under load were less severe than those for the Palo Verde drop tests
that were done to verify the acceptability of the CEDMs for Palo Verde. On
this basis, DSER Open Item 3.7.3-11 is resolved.

On the basis of its review of CESSAR-DC Sections 3.7.3 and 3.9.2.2, the
results of which are set forth above, the staff concludes that ABB-CE has met
the relevant requirements of GDC 2 with respect to demonstrating design
adequacy of all seismic Category I mechanical systems, equipment and their
supports to withstand earthquakes by meeting RGs 1.61 and 1.92 guidancc: and by
providing acceptable seismic system analysis procedures and criteria.

CESSAR-DC Anoendix 3.7A: Coupled RCS Seismic Results

CESSAR-DC Appendix 3.7A (two tables) presents seismic analysis results of the
RCS. CESSAR-DC Table 3.7A-1 lists dominant frequency and mode shape informa-
tion for 23 significant frequencies. In the early amendments, the table did.

not specify the soil or RCS support conditions associated with the tabulated
results. CESSAR-DC Table 3.7A-2 lists the SSE loads and design specificationg

1 loads at support locations in the RCS. In the early amendments, this table<

O also did not identify the soil or RCS support conditions for the tabulated
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results, nor did it explain the significance of the tabulated design specifi- i

cation loads.

In response to a staff request (Q220.28) for a discussion of how the design
specification data for the RCS were obtained (LD-92-0166, February 12, 1992),
ABB-CE stated that these seismic loads were based on past experience and were
conservative enough for the design of the System 80+ RCS so that in no case
would the maximum calculated values exceed these design specification seismic
loads. ABB-CE committed to revising CESSAR-DC Table 3.7A-2 to provide addi-
tional clarification for staff review.

By DSER Open Item 3.7.3-12, ABB-CE was asked to (1) clarify the relationship
between the results provided and the soil or RCS support conditions;
(2) explain the design specification loads; and (3) expand results of
Table 3.7A-1 to include RCS piping information to enable evaluation of RCS
component interaction effects.

.

Moreover, DSER Section 3.7.3 noted that, in addition to the information
presented in then current CESSAR-DC Appendix 3.7A, other information that
was needed to analyze subsystems (e.g., SL) attached to the RCS should be
presented. This information was to include, but not limited to, the accelera-
tions, displacements, and FRS at appropriate locations. The same information
for all seismic Category I buildings or structures must also be presented in
CESSAR-DC Section 3.7.

The information provided in CESSAR-DC Appendix 3.7A and requested additional
information described in the preceding is typical of analysis results usually
provided in FSARs for plants licensed under 10 CFR Part 50. However, in view
of the DAC approach for the standard System 80+ design, such results are
considered as for information only but do provide some assurance that the
plant can be reasonably designed.

Accordingly, the expansion of Table 3.7A-1 to include additional RCS piping
information requested in DSER Open Item 3.7.3-12 and other information
identified in DSER Section 3.7.3 as needed to analyze subsystems were deter-
mined to be not necessary at this time.

By Amendment N to CESSAR-DC, Tables 3.7A-1 and 3.7A-2 were modified. Informa-
tion for 23 significant frequencies was provided in Table 3.7A-1 and the
design specification loads were deleted from Table 3.7A-2. In addition,
ABB-CE provided, in Amendment T to CESSAR-DC, an overview section of Appen-
dix 3.7A which clarified that Table 3.7A-1 was based on rigid coupling of the
RCS to the building and Table 3.7A-2 was based on the envelope of all SSE soil
cases. These clarifications are acceptable. On this basis, DSER Open
Item 3.7.3-12 is resolved.

3.9.2.3 Dynamic System Analysis Methods for Reactor Vessel Core Support and
Internal Structures

GDC 1 and 4 require that structures and components important to safety (such
as reactor vessel core support and internal structures) be constructed and
tested to quality standard commensurate with the importance of the safety
functions to be performed, and designed with appropriate margins to withstand
dynamic effects of anticipated normal plant occurrences, natural phenomena -
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such as earthquakes, and postulated accidents including LOCA. In accordance I

with SRP Section 3.9.2, Item II.3, analytical solutions to predict vibrations( of reactor internals are required for prototype plants.

CESSAR-DC Section 3.9.2.3 describes the flow-induced vibration analysis of the
reactor internal components during normal operating conditions. Both deter-
ministic (periodic and transient) and random pressure fluctuations in the
coolant are considered.

CESSAR-DC Section 3.9.2.4 states that the System 80+ reactor structures are
designated as a non-prototype Category I (per RG 1.20) design, and that the
Palo Verde, Unit 1, System 80 reactor was the valid prototype. CESSAR-DC
Section 3.9.2.4 also states that it has documented correlations between
analytical predictions and test results for dynamic responses of the reactors
ISs during normal operating conditions for the Palo Verde, Unit 1 plant in, "A
Comprehensive Vibration Assessment Program for PVNGS Unit 1 (System 80
Prototype)," CEN-263, Revision 1, January 1985. By RAI Q210.53, the staff' -

asked ABB-CE to compare the Palo Verde (Unit 1) and the System 80+ designs in
accordance with the criteria in SRP Section 3.9.2, Revision 2, to support the "

designation of Palo Verde as the prototype for the System 80+ design. ABB-CE i

responded to RAI Q210.53 by stating that the designs as described in the
CESSAR-DC and the Palo Verde (Unit 1) final safety evaluation report are
essentially the same and concluded that the dynamic characteristics of the
designs would be nearly identical. This response was not totally acceptable.
Accordingly, ABB-CE was asked in DSER Open Item 3.9.2.3-1 to submit informa-

!
tion to validate the designation of Palo Verde (Unit 1) as the prototype for
the System 80+ design. Subsequently, CESSAR-DC Tables 1.3-1, 3.9-17, and

4 3.9-18 compared the-System 80+ and the Palo Verde (Unit 1) designs, differ-
ences between the designs and the reactor vessel internal parameters that
demonstrate that the design differences will not substantially alter the
behavior of the flow transients, and noted the response of the reactor
internals. On this basis, DSER Open Item 3.9.2.3-1 is resolved.

For random force input analyses, ABB-CE stated in CESSAR-DC Sec- |
tion 3.9.2.3.5.2 that only root-mean-square (RMS) displacements, loads, and
stresses are calculated. In RAI Q210.52, the staff asked ABB-CE to commit to ,

including methods for considering peak responses to random force input-
analyses. ABB-CE responded to RAI Q210.52 by stating that three times the RMS
response results from random force input-analyses are combined with similar
response results from deterministic analyses and the combined response used in
design verification analyses. By Amendment U to CESSAR-DC, ABB-CE further

_.

>

stated that the use of three times the RMS values was common design practice
for random Gaussian loadings. This practice may prove potentially unconserva- *

tive for loadings with very large numbers of cycles. However, this potential
unconservatism is more than offset by ABB-CE's commitment in CESSAR-DC
Section 3.9.2.3.5.2 to combine three times the RMS values with results from
other analyses (i.e., deterministic thermal, etc.). On this basis, DSER Open
Item 3.9.2.3-2 is resolved.

,

The System 80+ design of reactor internals meets the relevant requirements of
,

GDC 1 and 4 with respect to the reactor internals being designed and tested to ;
quality standards commensurate with the importance of safety functions being '

performed and being appropriately protected against dynamic effects by meeting i
the regulatory positions of RG 1.20 for the conduct of preoperational vibra- 1
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tional tests and by having a preoperational vibration program planned for the
reactor internals that provides an acceptable basis for verifying the design
adequacy of these internals under test loading conditions comparable to those
that will be experienced during operation. The combination of tests, predic-
tive analysis, and post-test inspection provides adequate assurance that the
reactor internals will, during their service lifetime, withstand the flow-
induced vibrations of reactor operation without loss of structural integrity.

3.9.2.4 Dynamic System Analysis of Reactor Internals Under Faulted Conditions

CESSAR-DC Section 3.9.2.5 provides information on dynamic analyses intended to
confirm the structural adequacy and ability, with no loss of function, of the
reactor internals and unbroken loops of the reactor coolant piping to with-
stand the loads from a LOCA in combination with the SSE. In the early
CESSAR-DC amendments, ABB-CE did not evaluate the faulted condition for the
reactor internals and the unbroken loops of the reactor coolant piping in
accordance with the criteria of SRP Section 3.9.2, Reviston 2, Item 11.5.
Specifically, the effects of postulated ruptures in accordance with SRP
Section 3.6.2, Revision 2, was not included in the analysis. However, on the
basis of NRC approval (in Section 3.6.3 of this report), of the application of
the LBB methodology to the System 80+ design, ABB-CE need not include the
effects of pipe ruptures eliminated by the LBB in the faulted condition.
CESSAR-DC Section 3.9.2.5 states that the faulted condition is evaluated on
the basis of 110 percent of the SSE loading on the assumption that a 10 per-
cent increase of the SSE is sufficient to account for RCS branch line pipe
breaks not eliminated by the LBB methodologies. ABB-CE did calculations to
verify that the additional 10 percent of the SSE loading would envelope the
effects of RCS branch line breaks not eliminated by the LBB methods. On the
basis of its audit review of the calculation results, the staff concludes that

the 110 percent of SSE effects provides an upper bound for the effects due to
any uneliminated branch line breaks on the reactor internals.

By DSER Open Item 3.9.2.4-1, the staff also noted that no results of the
effect from RCS branch line break were provided for unbroken loops of MCL

,

piping. ABB-CE responded in a letter dated December 18, 1992 that CESSAR-DCi
Section 3.9.2.5 was not intended to address evaluation of RCS unbroken loops
under faulted conditions but only to address the load effect of RCS branch
line breaks to reactor internals. Furthermore, ABB-CE stated that following
the application of LBB to System 80+ design, the largest primary side pipe

i break that would load the RCS unbroken loops was the 76-mm (3-in.) spray-line
I break. The loading effects of this break on MCL piping with outside diameters
| of 0.91 m and 1.25 m (36 and 49 inches) would be insignificant. On this

basis, DSER Open Item 3.9.2.4-1 is resolved.

In summary, on the basis of its review of CESSAR-DC Sections 3.9.2.4 and
3.9.2.5 as described above, the staff concludes that ABB-CE meets the relevant
requirements of GDC 2 and 4 with respect to the design of systems and compo-
nents important to safety to withstand the effects of earthquakes and the
appropriate combinations of the effects of normal and postulated accident

|
conditions with the effects of the SSE by performing dynamic system analyses
and demonstrating that the structural design of the reactor internals andI

unbroken piping loops are adequate to withstand the combined loads of postu-
lated LOCAs and the SSE.
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3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports, and Core-n) Support Structures(V
GDC 1, 2, and 4 and 10 CFR 50.55a require that structures and components
important to safety be constructed and tested to quality standard commensurate
with the importance of the safety functions to be performed, and designed with
appropriate margins to withstand effects of anticipated normal plant occur-
rences, natural phenomena such as earthquakes and postulated accidents
including LOCA. GDC 14 and 15 require that the reactor coolant pressure
boundary design limits will not be exceeded.

The staff's review under SRP Section 3.9.3 concerns the structural integrity
and functional capability of pressure-retaining components, their supports,
and core-support structures that are designed in accordance with ASME Code,
Section III, Division 1. The staff reviewed loading combinations and their
respective stress limits, the design and installation of pressure-relief
devices, and the design and structural integrity of ASME Code, Class 1, 2 and
3 components and component supports, and Class CS core-support structures.

By DSER Open Item 3.9.3-1, ABB-CE was asked to submit the DSDG in its entirety
for staff review. Subsequently, ABB-CE transmitted a final DSDG dated
January 15, 1993 to the NRC for review. This is acceptable and resolves Open
Item 3.9.3-1. Section 7 of the DSDG gives detailed requirements for the
design of piping, HVAC components, and cable-tray / conduit systems and sup-
ports. The staff did an audit review of the DSDG and noted information that
needs to be incorporated into CESSAR-DC Appendix 3.9A. The staff's evaluation
of the DSDG is reported in Section 3.12 of this report. The staff reports itsp)(V review of cable-tray, conduit, and HVAC support systems in Section 3.7.3 of
this report.

3.9.3.1 Loading Combination, System Operating Transients, and Stress Limits

CESSAR-DC Section 3.9.3.1 identifies the load combinations and stress limits
to be used in the design of ASME Code, Section III, Class 1, 2, and 3 compo-
nents and component supports and Class CS core-support structures. The
staff's review of CESSAR-DC Section 3.9.3.1, in accordance with SRP Sec-
tion 3.9.3, Revision 1, is as follows.

In the early amendments of CESSAR-DC Section 3.9.3, ABB-CE provided a number
of tables that specify loading combinations for ASME Code, Section III compo- |
nents. Specific sustained loads found in the loading combinations in these

'

tables for the various service levels defined in ASME Code were incomplete or
in need of clarification. For example, for Levels A, B, C, and D service
conditions, except for transients and the OBE and SSE, the only other load i

Ispecified was deadweight. Pressure, thermal expansion, and differential
seismic and thermal anchor movement loaas were not specified in the loading
combinations. In response to DSER Open Item 3.9.3.1-1 and staff comments in
the meeting of June 23-25, 1993, ABB-CE revised CESSAR-DC Tables 3.9-10

'Ithrough 3.9-14, in Amendment Q, to specify normal operating pressure, thermal
expansion, and differential seismic anchor movement loads for various load
combinations. On this basis, DSER Open Item 3.9.3.1-1 is resolved.

In a number of loading combination tables in CESSAR-DC Section 3.9.3 (Amend-Y ment E), ABB-CE stated that for ASME Code, Section III, Class 1, 2, and

|
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3 components, including piping, and for component supports, Level C and D
transients were included in the Level C and D loading combinations, respec-
tively, but these transients were not in the loading tables. In response to
DSER Open Item 3.9.3.1-2, ABB-CE revised the CESSER-DC (Amendment Q), and
noted applicable Level C and D transient events in CESSAR-DC Tables 3.9-10
through 3.9-12. On this basis, DSER Open Item 3.9.3.1-2 is resolved.

By RAI Q210.55, the staff asked ABB-CE to revise all loading combination
tables to clearly state that the Level D loading combination includes LOCA
loads. Contrary to this request, ABB-CE responded to RAI Q210.55 by commit-
ting to revise load combination Tables 3.9-2, 3.9-10, 3.9-11, and 3.9-12 to
include loads due only to postulated " branch line" pipe breaks (LOCA and
secondary side) not eliminated by LBB in the level D loading combinations. As
discussed in Section 3.6.3 of this report, it is act aptable for the loading
combination tables not to include the loads due tc pipe ruptures that are
eliminated on the basis of LBB. On this basis, DSER Open Item 3.9.3.1-3 is
resolved.

In the early amendments to CESSAR-DC Section 3.9.3, a number of loading
combination tables indicated that dynamic loads were combined by the SRSS
method. By RAI Q210.57, the staff asked ABB-CE to modify CESSAR-DC Sec-
tion 3.9.3 and the loading combination tables to show that the loads will be
combined in accordance with the guidelines of NUREG-0484, Revision 1 (" Method-
ology for Combining Dynamic Responses," U.S. NRC, May 1980). According to
NUREG-0484, the staff considers the SRSS method of combining dynamic responses
appropriate for dynamic responses resulting from SSE and LOCA; for the same
initiating event, when the time-phase relationship of the responses can be
established; and for dynamic responses other than SSE or LOCA, provided that a
non-exceedance probability of 84 percent or higher is achieved for the
combined SRSS response. By DSER Confirmatory Item 3.9.3.1-1, ABB-CE was asked
to commit to complying with the NUREG-0484 guidelines. In Amendment K to
CESSAR-DC, ABB-CE revised Section 3.9.3.1 to state that the loads will be
combined in accordance with the guidelines of NUREG-0484. On this basis, DSER
Confirmatory Item 3.9.3.1-1 is resolved.

By RAI Q210.58 and part of DSER Open Item 3.9.3.1-4, the staff requested that
for all ASME Code, Section III, Class 2 and 3 components, equipment, and
supports that are designed for a 60-year life and subject to loadings that
would result in thermal or dynamic fatigue, ABB-CE should commit to perform a
cyclic evaluation similar to those required for Class I components in Sub-
section NB of the ASME Code, Section III. In response, ABB-CE revised
CESSAR-DC Section 3.9.3.1.3 (Amendment R) to state that Class 2 and 3 compo-
nents are reviewed for thermal fatigue effects using the ASME Code, Sec-
tion III, NC-3219.2, for guidance and that fatigue analysis is performed in
accordance with NC-3200 for these components if required. The staff finds
that the commitment for fatigue evaluation of Class 2 and 3 components is in
accordance with ASME Code, Section III, Appendices XIII and XIV, and is,
therefore, acceptable. This resolves the applicable part of DSER Open
Item 3.9.3.1-4. In the same DSER open item, the staff also raised a concern
about environmental effects on the fatigue life for Class 2 and 3 components.
ABB-CE, in CESSAR-DC Section 3.9.1.1, stated that environmental degradation
had not been identified as a significant issue to the System 80+ design
because System 80+ is not exposed to high-oxygen-content environments at
elevated temperatures, and because no carbon or low alloy steel is directly
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e exposed to the primary coolant. This clarification is found acceptable, as
I discussed in Section 3.9.1 of this report. On this basis, the staff concludes
\ that, unless new evidences is developed, the System 80+ design need not

consider environmental effects in the fatigue analysis for Class 2 and 3
components, equipment, and supports.

By RAI Q210.90 the staff requested, in part, that ABB-CE include the effects
of thermal stratification in the design of the SL. ABB-CE responded to RAI
Q210.90 by committing to include thermal stratification and thermal striping
effects in the SL analysis. More generally, by NRC Bulletin 88-08, " Thermal
Stresses in Piping Connected to Reactor Coolant Systems," the staff is
requesting that licensees and applicants review systems connected to the RCS
to determine whether any sections of such piping that cannot be isolated can
be subjected to stresses from temperature stratification or temperature
oscillations that could be induced by leaking valves. By DSER Open
Item 3.9.3.1-5, ABB-CE was asked to conform to the guidelines of NRC Bulletins
88-08 and 88-11 for piping systems connected to the RCS. ABB-CE addressed
these thermal stratification issues in Section 1.4.7 of CESSAR-DC Appen-
dix 3.9A (Amendment R). The staff's detailed evaluation of these issues is
reported in Sections 3.12.5.9 and 3.12.5.10 of this report.

CESSAR-DC Appendix 3.9A (Section 1.4.7) describes the program that was
established by the owners and operators of ABB-CE plants to respond to
Bulletin 88-08. The results of the program determined that thermal stratifi-
cation can exist in the DVI line for System 80+. The CESSAR-DC states that
available data from the program are used to evaluate the thermal stresses in
DVI lines that occur because of thermal stratification. In addition, the
System 80+ SC lines are arranged in a similar fashion to m arrangements in*

,d the ABB-CE's operating plants. The CESSAR-DC notes that mea!urements on such
lines obtained to date from operating reactors are inconclusive. As a result,
ABB-CE states that conclusions from new data evaluations will be incorporated
into the design of the System 80+ SC lines. Furthermore, ABB-CE also evalu-
ates the location and orientation of the SDS and concludes that :hermal
stratification should not occur in the System 80+ SDS lines. On this basis,
the staff concludes that ABB-CE adequately addresses the potential problems
described in Bulletin 88-08.

The CESSAR-DC also describes the program that was sponsored by the owners and
operators of ABB-CE operating plants to address Bulletin 88-11. That program
obtained data at four operating plants which showed that the maximum tempera-
ture differences in the SL were bounded by the difference in temperature
between the pressurizer and the hot leg. ABB-CE states that the System 80+ SL
is designed for this maximum temperature difference and gives detailed evalua-
tion in CESSAR-DC Sections 3.12.5.9 and 3.12.5.10. This commitment conforms
to Bulletin 88-11 and is acceptable. On this basis, DSER Open item 3.9.3.1-5
is resolved.

In Amendment E to CESSAR-DC Section 3.9.3.1.4.2, item C (functional cap-
ability), ABB-CE stated that the criteria in Texas Utilities Electric Co.
letter TXX-3423 would be used to satisfy functional capability requirements in
piping systems and that the NRC reviewed and accepted the criteria of
TXX-3423. By DSER Open Item 3.9.3.1-6, the staff noted that these criteriap) were only applicable to stainless steel elbows and that ABB-CE should also;V provide criteria for other piping products and joints and other materials. In
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response to DSER Open item 3.9.3.1-6 and the staff's DSDG review comments,
ABB-CE included a new CESSAR-DC Section 3.9.3.1.4.3 for Class 1, 2, and 3
piping systems (Amendment Q) to state that the piping is designed to meet a
D/t ratio of less than 50, in accordance with NUREG-1367 (" Functional Capabil-
ity of Piping Systems," U.S. NRC, November 1992), and is, therefore, accept-
able. The objective of this NUREG report is to determine whether present code
rules and potential changes to the code rules are sufficient to ensure
maintenance of functional capability. More detailed discussion of the
functional capability requirements and the objective of NUREG-1367 is provided
in Section of 3.12.5.12 of this report. On this basis, DSER Open
Item 3.9.3.1-6 is resolved.

Per SRP Section 3.9.3, Items I.1 and II.1, the staff reviews loading combina-
tions and stress limits for internal parts of components such as valve discs
and seats, and pump shafting subjected to dynamic loading during operation of
the components. By RAI Q210.63, the staff asked ABB-CE to provide design
criteria for these internal parts in CESSAR-DC Section 3:9.3. ABB-CE respond-
ed to RAI Q210.63 by stating that CESSAR-DC Section 3.9.3.2, " Pumps and Valve
Operability Assurance," covers the structural integrity of the pumps' and
valves' internal parts. However, ABB-CE revised CESSAR-DC Sections 3.9.3.1
and 3.9.3.2.1.1.A (Amendment N) to explicitly include internal parts of compo-
nents. CFSSAR-DC Tables 3.9-7 and 3.9-9 for active pumps and valves limit the
stresses to 1.2 S and 1.8 S for membrane and membrane plus bending, respec-
tively. Implementation of such criteria will provide assurance that the
maximum distortions of the parts are within their deflection limits so as not
to impair the operability of the equipment. This is acceptable. On this
basis, DSER Open Item 3.9.3.1-7 is resolved.

By RAI Q210.67, the staff noted that the ASME Code requires that a design
specification be prepared for all ASME Class 1, 2, and 3 components such as
pumps, valves and piping systems. The design specification is intended to
become a principal document governing the design and construction of these
components and should specify loading combinations and other design data. The
code also requires a design report for all such components. However, most, if
not all, Class 1, 2, and 3 pump, valve, and piping system design reports are
provided by vendors and would not be available at the time of design certifi-
cation. Therefore, in response to DSER Open Item 3.9.3.1-8, ABB-CE developed
a procedure guideline for preparing ASME Code, Section III design specifica-
tions, which will serve as the basis for construction (as defined by ASME
Code, Section III, Subsection NCA-ll10) of components necessary for a vendor
to prepare a design report. In CESSAR-DC Section 3.9.3.1.5 (Amendment Q),
ABB-CE stated that the cited guidelines are used to prepare the design
specifications. This is acceptable and resolves DSER Open Item 3.9.3.1-8.

CESSAR-9C Section 9.4, " Air Conditioning, Heating, Cooling and Ventilation
Systems," describes the ventilation systems for the different plant buildings
and areas. For each system, certain codes, standards, and practices (e.g.,
Sheet Metal and Air Conditioning Contractors National Association ;SMACNA);
ASME/ ANSI AG-1; and ASME Code, Section III, class 3) are referencei as being
applicable to the manufacture, installation, testing, and performaice of HVAC
equipment. By RAI Q210.68, the staff asked ABB-CE to describe in detail how
these codes, standards, and practices address the seismic design criteria,

j installation criteria, and QA requirements for safety-related HVAC equipment,

i
|
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p including ductwork, duct supports, cooling and heating coils, piping, and

D)I piping supports.

ABB-CE responded to RAI Q210.68 by stating that the codes and standards that
are referenced in CESSAR-DC Section 9.4 do not specifically detail the
criteria for seismic design, installation, or QA for safety-related HVAC
equipment. The ductwork is seismically designed in accordance with ASME/ ANSI
AG-1-1988, Article AA-4000, " Structural Design." The cooling and heating
coils, piping, and pipe supports are seismically designed in accordance with
ASME Code, Section III, Class 3. Since it is primarily a structural issue,
the staff reports its review of cable tray, conduit, ductworks, and HVAC in
Section 3.7.3 of this report. By DSER Open Item 3.9.3.1-9, the staff asked
ABB-CE to submit explicit information regarding the design for constructing
duct supports. DSER Open Item 3.9.3.1-9 is primarily a structural issue. The
adequacy of the duct and duct support design is determined by structural
review. On this basis, DSER Open Item 3.9.3.1-9 is resolved as a mechanical 1

issue. I
1

On the basis of its review of CESSAR-DC Section 3.9.3.1, the staff finds that |
ABB-CE meets 10 CFR 50.55a and GDC 1, 2, and 4 with respect to the design and
service load combinations and associated stress and deformation limits

,

specified for ASME Code, Class 1, 2, and 3, components. It meets 10 CFR
| 50.55a and GDC 1, 2, and 4 by ensuring that (1) systems and components

important to safety are designed to quality standards commensurate with their
importance to safety and (2) these systems and components can accommodate the
effects of N0P as well as such postulated events as LOCAs and the dynamic

| p effects resulting from earthquakes. The specified design and service combina- |

tions of loading as applied to ASME Code, Class 1, 2, and 3 pressure-retaining !

components in systems designed to meet seismic Category I standards provide )assurance that, in the event of an earthquake affecting the site or other !

service loading caused by postulated events or system operating transients,
the resulting combined stresses imposed on system components will not exceed
allowable stress and strain limits for the materials of construction.I

,

j Limiting stresses under such loading combinations provides a conservative j
design basis for ensuring that the system components will withstand the most !

adverse combination of loading events without loss of structural integrity. |

3.9.3.1.1 Intersystem LOCA Design for Piping Systems
1

In SECY-90-016 dated January 12, 1990, the NRC staff recommended that the !
!Commission approve the staff's resolution of the intersystem LOCA (ISLOCA)

issue for advanced LWR plants by requiring that low-pressure piping systems
that interface with the RCPB be designed to withstand full RCS pressure to the
extent practicable. As noted in its June 26, 1990 SRM, the Commission
approved the staff's recommendation provided that all elements of the low-
pressure system are considered. ABB-CE provided its proposed implementation
of the issue resolution for the System 80+ design in CESSAR-DC Appendix SE.
ABB-CE proposed, in part, in CESSAR-DC Appendix SE, Section 3.3, to design the .

interfacing systems and subsystems to at least 40 percent of the RCS normal
,

operating pressure. '

|
|

( q The staff evaluated the ABB-CE proposal for implementing the ISLOCA resolution
l for the System 80+ design. As an applicable regulation described in Sec-
|

tion 1.6 of this report, the staff proposed that
1
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the standard design must minimize the effects of intersystem loss-
of-coolant accidents by designing low-pressure piping systems that
interface with the RCPB to withstand full reactor coolant system

pressure to the extent practical,

in Section 20.2 of this report, under Issue 105, the staff evaluated ABB-CE's
approach, in terms of the practicality for systems, components, and equipment,
for implementing trie ISLOCA resolution for the System 80+. In the following,
the staff evaluated the minimum pressure for which low-pressure systems should
be designed to ensure reasonable protection against burst failure should the
low-pressure system be subjected to full RCS pressure. In establishing the
minimum design pressure, the following goals were used as the basis for
selection:

(1) The likelihood of rupture (burst) of the pressure boundary is low, based
on the staff's goal of approximately 10-percent component failure
probability for rupture.

*

(2) The likelihood of intolerable leakage of flange joints or valve bonnets
is reasonably low although some leakage might occur.

(3) Some piping components might undergo gross yielding and permanent
deformation.

3.9.3.1.1.1 Low-Pressure Piping Design

To achieve its objectives, the staff evaluated, first, on a qualitative basis,
several possible ratios of the low-pressure system design pressure (P ) to theg
RCS normal operating pressure (P ) to establish the margins on burst and yield
of the piping. The results of tfie staff's evaluation are depicted in Ta-
ble 3.3 of this chapter for typical carbon steel (SA-106 Grade B) and stain-
less steel (SA-312 Types 304 and 316) material and are discussed below for
three ratios of the design pressure to the reactor vessel pressure (P Ry). Ag

,

margin of 1.0 or less represents the condition where burst or yielding is'

i likely to occur. The higher the margin, the less likely it is for burst or
j yielding to occur. The low-pressure piping systems are assumed to be desigred

to the rules of the ASME Code, Section III, Subarticle NC/ND-3600 for Class 2
and 3 piping systems.

Pipina Intearity at P /P; - 1/2 (ASME Code Service level D)g

When P /P, is equal to one-half, the margins on burst and yield areg

equivalent to approximately those of the ASME Boiler and Pressure
Vessel Code, Section III, Service Level D condition. For carbon steel

,

pipe (SA-106 Grade B material), this ratio will provide a margin of
| 2.0 on burst and 1.08 on yield for a pipe at 260 *C (500 *F). For

stainless steel piping, a ratio of one-half will provide a sufficient
margin on burst (1.7 and 1.65 for SA-312 Type 304 and SA-312 Type 316
materials, respectively). However, a small amount of yielding is likely
to occur with a margin of 0.70 for both stainless steels at 260 *C
(500 *F). No leakage of the pressure boundary is likely to occur at
P R, equal to one-half.g
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i

As a result, a ratio of one-half will ensure the pressure integrity of1 s

%-)
the low-pressure piping system with ample margin.

t

Pipino Inteority at Pg = 1/3

When P /P, is reduced to one-third, the margins for carbon steel pipingo

(SA-106 Grade B material) are lowered to 1.33 and 0.72 for burst and
yield at 260 *C (500 *F), respectively. For stainless steel piping, the
margins are 1.13 ar.d 0.47 for burst and yield at 260 *C (500 *F), respec-
tively for SA-312 Type 304 material and 1.10 and 0.48 for burst and -

yield, respectively, for SA-312 Type 316 material. At these margins, it
is expected that burst failure will not occur in either carbon steel or
stainless steel piping. However, a significant amount of yielding might
occur in stainless steel piping at all temperatures and in carbon steel
piping at 2t,0 *C (500 *F). Where the carbon steel piping is at a lower ,

temperatte.$, some yielding might occur although to a lesser extent. The
consequence of significant pipe yielding (without bursting) is that
gross, permanent distortior, might occur in the piping components thereby ,

resulting in some leakage through flanges, or valve bonnets. However, it
'

is not expected that such leakage would be uncontrollable or intolerable.
,

In summary, a ratio Of one-third will ensure the pressure boundary of the
low-pressure piping although a significant amount of pipe yielding and
some leakage through flanges and valve bonnets is likely to occur. c

Pinino Inteority at P /P - 1/4j

[r At P /P equal to one-fourth, the pressure integrity of carbon steelg
pipingbecomesquestionable,andforstainlesssteelpioing,itislikely ;

that burst. failure will occur. Prior to bursting, the piping system t

would undergo gross plastic deformation, experience a significant amount
of leakage at flanges, valve bonnets, and pump seals., and possibly lose >

some pipe supports due to the radial expansien of the pipe.

Therefore, at P /P equal to one-fourth, the ability of the low-pressureg y

piping system to withstand full RCS pressure is questionable for carbon
steel piping and unlikely for stainless steel piping systems. ,

,

The staff further evaluated, on a quantitative basis, the survival probabili-
ties of the low-pressure piping at various design pressures using the methodo-
logy described in NUREG/CR-5603, " Pressure-Dependent Fragilities for Piping ,

Components," dated October 1990. Calculations were performed by Idaho
National Engineering Laboratory (INEL) under contract with the NRC's Office of :
Nuclear Regulatory Research.

,

i

The INEL calculations led to results similar to the qualitative conclusions
discussed above. A temperature of 177 *C (350 *F) was used in the calcula -

,

tions of the following survival probabilities. Using a temperature of 260 *C'

(500 *F), the survival probabilities decrease about 2-5 percent for the
'

different. materials and design pressures. ,

;

For carbon steel piping (SA-106 Grade B material) with wall thickness equal to '

the minimum thickness required by the ASME Code for 40 percent of RCS normal i
operating pressure, that is, a pressure of 6.21 MPa (900 psig) (or approxi-

i
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mately P /,P, = 0.4), the survival probability is 99 percent. For stainless Ig '

steel piping (SA-312 Types 304 and 316 materials), the survival probability at
6.21 MPa (900 psig) (or approximately P,/P, - 0.4), was less than 85 percent.

These survival probabilities are based on the minimum wall thickness calcu-
lated using Eq. (3) in the ASME Code, Section III, Subarticle NC/ND-3640. The
wall thickness thus cal,lited does not account for manufacturing tolerances
or the use of the next N.avier, commercially available wall thickness, which
would increase the piping wall thickness and also increase the survival
probability. Increasing the wall thickness to the minimum commercially
available thickness required to satisfy the ASME Code minimum required
thickness results in minimum survival probabilities of greater than 99,
greater than 87, and less than 85 percent for SA-106 Grade B, SA-312 Type 304,
and SA-312 Type 316 material respectively. On this basis, the staff found

that the ABB-CE approach to designing the interfacing systems and subsystems
to 40 percent of the RCS normal operating pressure would not attain the
90-percent survival probability goal in the case of stainless steel systems
and subsystems.

Subsequently the staff determined that if the wall thickness of stainless
steel piping systems is of standard weight in piping of diameter 35.6 cm
(14 in.) and less and is Schedule 40 in piping of diameter 40.6 cm (16 in.)
and greater, the 90-percent survival probability goal will be attained. The
minimum probabilities for Type 304 and Type 316 material were 92.7 and
87.2 percent, respectively. The staff discussed these results with ABB-CE and
ABB-CE committed to modifying their option A design approach to also specify
these minimum wall thicknesses for both carbon and stainless steel piping to
achieve the 90-percent survival probability goal. This was DSER Confirmatory
Item 3.9.3.1-1. For carbon steel piping, the commitment to the 40 percent of
RCS normal operating pressure alone will achieve the 90-percent goal.
However, for stainless steel piping, the wall thicknesses based on this design
pressure will be less than those required to attain the 90-percent survival
probability goal. Accordingly, the extension of the minimum 40-percent design
pressure and the minimum wall thicknesses to both carbon and stainless steel
low-pressure piping systems will attain the 90-percent goal. These minimum
pressures for the low-pressure piping systems are identified as certified
design commitments for the System 80+ design.

Valves in low-Pressure Systems

For the valves in the low-pressure piping systems (excluding the pressure
isolation valves which are already designed for RCS pressure), the selection
of the valve class rating is a primary factor for designing against full RCS
pressure. For example, ANSI B16.34 valves are supposed to be shop-tested to
1.5 times their 37.8 *C (100 'F) rated pressure. This would mean that for a
Class 600 A216 WCB (cast carbon steel) valve, the test pressure is 1.5 x 10.2
- 15.3 MPa (1.5 x 1480 - 2220 psig). For Class 900, the valve test pressure
is 1.5 x 15.3 - 230 MPa (1.5 x 2220 - 3330 psig).

The Class 600 valve that is tested to a pressure of 15.3 MPa (2220 psig) would
be expected to withstand an RCS normal operating pressure of 15.4 MPa
(2235 psig). However, it should not be assumed that the valve in the low-
pressure system would be able to operate with this full RCS pressure across
the disk.

ABB-CE System 80+ FSER 3-136 June 1994



. . -

Therefore, the staff finds that a Class 600 valve is adequate for ensuring the%

pressure of the low-pressure piping system under full RCS pressure (i.e.,
15.4 MPa (2235 psig)), but no credit should be taken to consider these valves
operable under such conditions without further justification.

Other Components in low-Pressure Systems

For other' components in the low-pressure systems, such as pumps, tanks, Hxs,
flanges, and instrument lines, the staff finds that establishing an appropri-
ate safety factor involves several complicating factors related to the
individual component design. These factors include requirements for shop _
hydrotests, the method to determine the pressure class rating of the compo-
nent, the specific material used for bolting and the bolt tension applied, or
whether the component is qualified by test or analysis.

The remaining components in the low-pressure systems are designed to a design l

pressure of 0.4 times the normal operating RCS pressure (i.e., 6.16 MPa
(894 psig)). The staff finds that the margins to burst for these remaining
components are at least equivalent to those of the piping at its minimum wall
thickness since these components typically have wall thicknesses greater than
that of the pipe minimum wall thickness.

Conclusions

On the basis of the preceding considerations, the staff finds for the Sys-
tem 80+ low-pressure piping systems that interface with the RCS pressure
taundary, that using a design pressure equal to 0.4 times the normal operating

O minimum wall thickness of the low-pressure piping of r.o less than standard
9CS pressure of 15.4 MPa (2235 psig) (i.e., 6.16 MPa (894 psig)), and using a

weight for piping of diameter 356 mm (14 in.) and less and no less than
Schedule 40 for piping of diameter 406 mm (16 in.) and greater is an adequate

.|basis for assuring that these systems can withstand full reactor pressure, and
thus meets the Commission-approved requirements for designing against ISLOCA.
The piping design is in accordance with the ASME Code, Section III, Subarticle
NC/ND-3600. Furthermore, the staff will continue to require periodic surveil-
lance and leak rate testing of the pressure isolation valves per TS require- i
ments (Section 3.4.13) as a part of the ISI program.

i

|
As stated in SECY-90-016, for those low-pressure systems for which it is
impractical to design to withstand full reactor pressure, as discussed above,
the design provides (1) the capability for leak testing of the pressure ,

isolation valves, (2) vahe position indication that is available in the ;

control room when isolation. valve operators are de-energized, and (3) high- !

pressure alarms to warn i.ontrol room operators when rising RCS pressure )approaches the design pressure of attached low-pressure systems and both
isolation valves are not closed.

Using these minimum design guidelines, the staff reaches the following
conclusions:

(1) The likelihood of the low-pressure piping rupturing under full RCS I
pressure is low.

I
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(2) The likelihood of intolerable leakage is low under ISLOCA conditions,
although some leakage might occur at flanges and valve bonnets.

(3) Some piping components raight undergo gross yielding and permanent
deformation under ISLOCA conditions.

Because of the likelihood of piping system distortion, the staff finds that a
visual inspection of the low-pressure piping system after it has been sub-
jected to the full RCS pressure is necessary to identify those components that
might require replacement, repair, or further detailed analysis before
restart. The minimum design pressure for the low-pressure piping systems has
been designated as a Tier 1 commitment for the System 80+.

On basis of this commitment, the staff concludes that there is reasonable
assurance that the low-pressure piping systems interfacing with the RCPB are
structurally capable of withstanding the consequences of an ISLOCA. The staff
further concludes that the System 80+ design meets the Commission-approved
staff recommendation for ISLOCAs, as an applicable regulation as described in
Section 1.6 of this report.

3.9.3.2 Pump and Valve Operability Assurance

In its response to RAI 0210.60 and Q210.82, ABB-CE stated that it is in the
process of revising CESSAR-DC Section 3.10 to conform to the guidelines of SRP
Section 3.10 and RG 1.100 and that any necessary revisions to CESSAR-DC Sec-
tion 3.9.3.2, to be consistent with the revised Section 3.10, would be
supplied in a future submittal. By DSER Open Items 3.9.3.2-1 and 3.10-1, the
staff noted that its review of CESSAR-DC Sections 3.9.3.2 and 3.10 was in
progress. Subsequently, ABB-CE revised CESSAR-DC Sections 3.9.3.2 and 3.10
(Amendment R). Section 3.9.3.2 describes a comprehensive operability assur-
ance program for pumps and valves. The program entails verifying (1) that
safety-related pumps and valves are designed to be capable of performing all
safety-related functions during and following design-basis events, (2) that
analysis and/or tests are performed to demonstrate the operability of pumps
and valves under the most severe postulated loadings including the SSE,
(3) that each pump and valve is inspected to assure compliance with design
specifications and drawings, (4) that each pump and valve is shop tested to
verify "as-built" conditions, and (5) that startup and IST is performed in
accordance with ASME Code, Section XI, requirements to demonstrate that the
active pumps and valves are operable throughout the life of the plant.
Section 3.9.3.2 also identifies specific analyses and tests that must be done
to qualify or to demonstrate the operability of ASME Code class pumps and
valves, including pneumatically operated valves, motor-operated valves (MOVs),
pressurizer safety valves, and check valves. CESSAR-DC Section 3.10 describes
the methodologies, procedures, and criteria for the seismic and dynamic
qualification testing of all safety and non-safety-related mechanical and
electrical equipment and components, including pumps and valves.

The staff reports its evaluation of the design for ASME Code, Class 1, 2, and
3 components, including pumps and valves and their internals, the testing
programs for pumps and valves, and the seismic and dynamic qualification
program for all mechanical equipment and supports, in Sections 3.9.3.1, 3.9.6,
and 3.10, respectively, of this report. On this basis, DSER Open
Item 3.9.3.2-1 is resolved.
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3.9.3.3 Design and Installation of Pressure-Relief Devices *

CESSAR-DC Section 3.9.3.3 provides information relating to the design,
installation, and testing criteria applicable to the mounting of pressure-
relief devices used for the overpressure protection of ASME Code, Section III,
Class 1, 2, and 3 components. The staff reviewed CESSAR-DC Section 3.9.3.3 in l
accordance with SRP Section 3.9.3. This review included an evaluation of the

'

applicable loading combinations and stress criteria. The review considered
the means provided to accommodate the rapidly applied reaction force when a
safety valve or relief valve opens, and the transient fluid-induced loads
applied to the piping downstream of a safety valve or relief valve in a closed
discharge piping system. Except as noted in the discussion that follows, the
information in CESSAR-DC Section 3.9.3.3 meets the applicable guidelines of
SRP Section 3.9.3 and is, therefore, acceptable.

By RAI Q210.62, the staff noted that ABB-CE's use of criteria in the ANSI /ASME
B31.1 Code, Appendix II, "Non-Mandatory Rules for the Design of Safety Valve
Installations," as an alternative to performing a dynamic analysis was not
acceptable. In response to the staff's request, ABB-CE committed to revising
the CESSAR-DC to replace the reference to the criteria in the B31.1 Code with
reference to an equivalent static analysis that follows the criteria of
Appendix 0 of the ASME Code, Section III, as supplemented by the additional
criteria of SRP Section 3.9.3, Item 11.2. This was DSER Confirmatory
Item 3.9.3.3-1. In Amendment K to CESSAR-DC, ABB-CE revised Section 3.9.3.3
to incorporate the preceding commitment. On this basis, DSER Confirmatory
Item 3.9.3.3-1 is resolved.

On the basis of its review of CESSAR-DC Section 3.9.3.3, the staff finds that
ABB-CE meets 10 CFR 50.55a and GDC 1, 2, and 3 with respect to the criteria to
be used for the design and installation of ASME Code, Class 1, 2, and 3
overpressure-relief devices by ensuring that safety and relief valves and
their installations will be designed to standards that are commensurate with
their safety functions, and that they will accommodate the effects of dis-
charge caused by normal operation as well as such postulated events as LOCAs
and the dynamic effects resulting from the SSE. ABB-CE also meets GDC 14 and
15 with respect to ensuring that the RCPB design limits for normal operation,
including anticipated operational occurrences, will not be exceeded. The
criteria used by ABB-CE in the design and installation of ASME Code, Class 1,
2, and 3 safety and relief valves provide adequate assurance that, under
discharging conditions, the resulting stresses will not exceed allowable
stress and strain limits for the materials of construction. Limiting the
stresses under the loading. combinations associated with the actuation of these
pressure-relief devices provides a conservative basis for the design and
installation of the devices for ensuring that the devices will withstand these
loads without loss of structural integrity or impairment of the overpressure-
protection function.

3.9.3.4 Component Supports

CESSAR-DC Section 3.9.3 describes ASME Code, Section III equipment supports as
designed and constructed to either the ASME Code, Section III, Subsection NF
or the AISC requirements. In accordance with SRP Table 3.2.2-1, the design
and construction of supports of ASME Code, Section III, must be based on the
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ASME Code jurisdictional boundary limits defined by ASME Code, Section III,
Subsection NF.

Moreover, CESSAR-DC Section 3.9.3.4 provides information on the specification
for design of ASME Code, Section III, Class 1, 2, and 3 component supports.
Supports design is in accordance with loads and loading combinations discussed
in CESSAR-DC Section 3.9.3.1 and presented in CESSAR-DC Table 3.9-2. The
early CESSAR-DC amendments committed ABB-CE to ASME Code, Section III,
Subsection NF, allowable loads and stresses, but it did not specifically
commit ABB-CE to construct (as defined in ASME Code, Section III, Article
NCA-ll10) supports to Subsection NF requirements. By DSER Open
Item 3.9.3.4-1, ABB-CE was asked to commit to constructing component supports
according to the Subsection NF requirements. In response, ABB-CE revised
CESSAR-DC Section 3.9.3.4 to specifically state that ASME Code Class 1, 2, and
3 component supports are designed and constructed in accordance with ASME
Code, Section III, Subsection NF, requirements. This is acceptable and
resolves DSER Open Item 3.9.3.4-1. *

In ad ition, by RAI Q210.59, the staff asked ABB-CE to revise CESSAR-DC
Section 3.9.3 to commit to the jurisdictional boundary between the component
supports governed by ASME Code, Subsection NF, and the building structures as
defined in the 1987 Addenda to the 1986 Edition of the ASME Code. The
boundary in the 1987 Addenda is the same as in the 1989 ASME Code. Before the
1987 Addenda were issued, the staff had raised issues relating to the ASME
Code defined jurisdictional boundary between Subsection NF components and
building structures. The staff, on the basis of its review of the jurisdic-
tional boundaries described in the 1989 Edition, finds that the boundaries are
sufficiently defined to ensure a clear division between the pipe support and
the structural steel and are thus acceptable. ABB-CE responded to RAI Q210.59
by committing to the jurisdictional boundary in accordance with ASME Code,
Section III, Subsection NF of the edition specified by 10 CFR 50.55a. This
response was not totally acceptable. In response to DSER Open Item 3.9.3.4-2,
ABB-CE revised CESSAR-DC Section 3.9.3, in Amendment Q, to commit to the
jurisdictional boundary between ASME Code, Subsection NF and building struc-
tures as defined in the 1989 Edition of the ASME Code that is specified by
ABB-CE in CESSAR-DC Table 1.8-6. On this basis, DSER Open Item 3.9.3.4-2 is
resolved.

By RAI Q210.65, the staff asked ABB-CE to provide information identified in
SRP Section 3.9.3, Revision 1, Item 11.7, relating to safety-related compo-
nents that utilize snubbers. This information was to be in tabular form and
to include the following data:

identification of the systems and components in those systems that=

utilize snubbers

the number of snubbers utilized in each system and components in thata

system

the type (s) of snubber (hydraulic or mechanical) and the correspond-*

ing supplier

whether or not the snubber was constructed to the rules of ASME Code,a

Section III, Subsection NF
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whether or not the snubber is used as a shock, vibration, or dual-purpose=

snubber

for snubbers identified as either dual-purpose or vibration arrestera

type, whether or not both snubber and components were evaluated for
fatigue strength

ABB-CE responded to RAI Q210.65 with a listing of all safety-related compo-
nents that utilize snubbers, including the requested details regarding plant
arrangement, piping layout, and piping design. As presented to the staff
at the meeting of November 26, 1991, ABB-CE stated that detailed piping
system design and layout and plant arrangements (1) are not required for
certification, (2) depend on plant-specific details not finalized at the
certification stage, and (3) are subject to revision until specific piping,
components, and other plant design feature details are finalized. By DSER COL
Action Item 3.9.3.4-1, the staff requested that the COL applicant provide a
listing of all safety-related components which utilized snubbers per SRP Sec-
tion 3.9.3, Revision 1, Item 11.7. In response, ABB-CE revised CESSAR-DC
Section 3.9.3.4 to state that site-specific.information will list all safety-
related components which utilize snubbers in accordance with SRP Sec-
tion 3.9.3. In addition, if energy-absorbing and/or non-linear piping
restraints are used, a description of the methodology used to analyze and
design the piping systems incorporating these elements will be provided. This
is acceptable. This is included in COL Action Item 3.9-1.

By RAI Q210.66, the staff asked ABB-CE to make a commitment in CESSAR-DC
Table 3.2-1 and CESSAR-DC Section 3.9.3.4 that concrete expansion anchor bolts
which are used for pipe support base plates are designed to the applicable

%) factors of safety and baseplate flexibility accountability requested in IE
Bulletin 79-02, " Pipe Support Base Plate Designs Using Concrete Expansion !

Anchor Bolts," Revision 2, November 8,1979.

ABB-CE responded to RAI Q210.66 by stating that the requirements of ACI-349,
" Code Requirements for Nuclear Safety Related Concrete Structures," are :
imposed and the issues identified in IE Bulletin 79-02, are addressed during ,

detailed baseplate design to avoid problems experienced with concrete expan- *

sion anchor bolts.
.

SER-CE stated that it would revise CESSAR-DC Section 3.9.3.4 to add the
following:

*

Expansion anchors are designed in accordance with ACI-349, " Code
Requirements for Nuclear Safety Related Concrete Structures." This t

assures that the design strength of concrete for a given expansion ,

anchor or group of anchors is greater than the strength of the
anchor steel, accounts for the effect of shear-tension interaction,

'

and considers minimum edge distance and bolt spacing on expansioni

anchor capacity. In addition, base plate flexibility is accounted
for in the calculation of expansion anchor bolt loads.

Ii This commitmeni, was identified in the DSER because the staff at that time had

not endorsed ACI-349, Appendix B. ACI-349, Appendix B, was being revised, inf

( part to address certain unconservative approaches relating to expansion anchor ,

capacities. By DSER Open Item 3.9.3.4-3, the staff noted that ABB-CE should
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readdress the issues presented in RAI Q210.66 to respond to the staff's
concerns. The design of expansion anchors is primarily a structural issue.
The adequacy of the design has been addressed by structural review and the
staff review of this issue is discussed in Appendix 3B of this report. On

this basis, DSER Open Item 3.9.3.4-3 is resolved as a mechanical issue.

Additionally, in response to RAI Q210.66 (and the related RAI Q210.1), ABB-CE
revised CESSAR-DC Table 3.2-1 in Amendment N to add component supports under
structures and to insert note 23, " Component supports are designed to the
criteria described in Section 3.9.3.4," in the table.

On the basis of its review of CESSAR-DC Section 3.9.3.4, the staff finds that
ABB-CE meets 10 CFR 50.55a and GDC 1, 2, and 4 with respect to the design and
service load combinations and associated stress and deformation limits
specified for ASME Code, Class 1, 2, and 3 component supports.

3.9.4 Control Rod Drive Systems

In SRP Section 3.9.4, the staff defines the scope of and criteria for staff
reviews of control rod drive systems (CRDSs). In SRP Section 3.9.4, the staff

specifies that the CRDS consists of the control rods and related mechanical
components that provide the means of mechanical movement and are required to
be designed in accordance with GDC 26 and 27. Portions of the CRDS that are a
part of the RCPB are required to be designed in accordance with GDC 1, 2, 14,
and 29 and 10 CFR 50.55a. In SRP Section 3.9.4, the staff further specifies
that the CRDS is considered to extend to where the coupling joins the reactiv-
ity control elements in the reactor pressure vessel (RPV), but that for
electromagnetic systems, which is the case in the CESSAR-DC System 80+ design,
the review of the CRDS should be limited to just the CRDM portion of the CRDS.

CESSAR-DC Section 3.9.4 provides information on the System 80+ CEDM design.
The information is essentially identical to that in CESSAR Section 3.9.4 for
the System 80 CEDM design. Detailed information relating to (1) the CEDM
components and their operation, (2) applicable codes and standards, (3) design

,

'

bases, and (4) the CEDM performance assurance program is provided in CESSAR-DC
Sections 3.9.4.1 through 3.9.4.4, respectively. )

The staff reviewed the description of the components and operation of the
System 80+ CEDM in CESSAR-DC Section 3.9.4.1 and the information in CESSAR-DC l
Section 3.9.4.4 to evaluate the adequacy of the CEDM to perform its mechanical

'

function properly during normal operating and postulated accident conditions.
The staff noted in RAI Q210.70 that ABB-CE specifies a design life of 60 years
for the System 80+ CEDM in CESSAR-DC Section 3.9.4.1 and a total cumulative
control element assembly (CEA) travel of 30,480 m (100,000 ft) of operation
without loss of function. The staff further noted, in DSER Open Item 3.9.4-1,
that the CEA design travel is identical to that specified for the 40-year
design life of the System 80 CEDM. ABB-CE responded in a letter dated
December 23, 1992, that the design lifetime requirement as defined in
CESSAR-DC Section 3.9.4.1 was a total cumulative CEA travel of 100,000 ft
without loss of function and not for the 60-year plant life, and that the
operational requirement for the System 80+ CEAs is expected to be less than
the 100,000 ft of travel over the 60-year plant life. In CESSAR-DC Sec-
tion 3.9.4.1, ABB-CE states that the CEDM is designed to operate without
maintenance for a minimum of 1-1/2 years and without replacing components for
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a minimum of 3 years. This removal and maintenance schedule together with the
[m(,} replacement features of the CEDM motor assembly design provides acceptable

justification for the 60-year design life. Additionally, portions of the CEDM-

that are part of the RCPB are designed for the 60-year plant design life as
discussed in Section 3.9.1 of this report. This is acceptable and resolves
DSER Open Item 3.9.4-1.

The staff also requested in RAI Q210.70 that ABB-CE submit the information
regarding System 80 CEDM operating experience at Palo Verde referenced in
CESSAR-DC Section 3.9.4.4.1.3, for demonstrating the wear resistance of the
CEDM design. ABB-CE responded by deleting " measurable wear" from CESSAR-DC
Section 3.9.4.4.1.3 on the basis that component wear was inferred from
operational tests on CEDM motors only and did not apply to the CEDM design.
This is acceptable to the staff because operational test results will provide
sufficient data of wear resistance for CEDM motors.

Codes and Standards

The staff reviewed the codes and standards applicable to the CEDM as described
in CESSAR-DC Section 3.9.4.2. Section 3.9.4.2 specifies that (1) pressure
boundary components of the CEDM are " designed and fabricated" in accordance
with ASME Code, Section III, Class I requirements, (2) non-pressure boundary
components are designed and verified on the basis of the previous prototype
accelerated life testing described in CESSAR-DC Section 3.9.4.4, and (3) reed
switch position transmitter (RSPT) assemblies are qualified in accordance with
IEEE 323 and 344. This generally conforms to SRP Section 3.9.4 and SRP
Section 3.10 and is acceptable.

(/ By RAI Q210.72 and DSER Open Item 3.9.4-2, the staff asked ABB-CE to revise
CESSAR-DC Section 3.9.4.2 in accordance with the criteria of SRP Sec-
tion 3.9.4, Revision 2, Item II.2, including " construction" ciiteria.
Consistent with RG 1.26, SRP Section 3.9.4 Item 11.2 specifies that portions
of the CEDM that are part of the primary pressure boundary and classified as
Safety Class 1, Quality Group A, must be constructed in accordance with ASME
Code, Section III, Class I requirements and explicitly specifies tht.t " con-
struction" must be as defined in NCA-ll10 of Section III of the ASMI Code. In
response to DSER Open Item 3.9.4-2, ABB-CE revised Section 3.9.4.2 (Amend-
ment N) to specify that the pressure boundary components are constructed in
accordance with the requirements of_ ASME Code, Section III, Class 1 and the
guidelines of SRP Section 3.9.4, Revision 2, Item 11.2. This response is
acceptable and resolves DSER Open Item 3.9.4-2.

For non-pressure-retaining compone.nts of the CEDM, design verification on
,'

the basis of testing is in accordance with SRP Section 3.9.4, Revision 2,
Item I.2. Accelerated life tests performed on a pre-System 80 prototype CEDM
are described in CESSAR-DC Section 3.9.4.4. The tests found identified a
potential problem relating to excessive wear which resulted in changes in-
tended to improve the design. More significantly, as stated in Sec-
tion 3.9.4.4, the System 80+ CEDM is identical to those at Palo Verde that
have been operating without malfunction. Although neither the accelerated
life tests of the pre-System 80 CEDM nor the Palo Verde CEDM operating
experience may be of sufficient duration to permit extrapolation to a 60-p) year CEDM design life, the CEDM maintenance and replacement design capabili-(

| (/ ties, the maintenance schedules specified in CESSAR-DC Section 3.9.4.1, the

,
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accelerated life tests, and the Palo Verde operating experience will serve as
an adequate basis for the CEDM 60-year design life. However, the staff is
aware of problems experienced with the CEDMs at Palo Verde over the past
several years. Specifically, the design of the CEDM coil, which allowed for
intermittent electrical grounding, resulted in multiple slip of CEAs. By DSER
Open Item 3.9.4-3, ABB-CE was asked to address the CEDM problems to ensure
that the design is not susceptible to the Palo Verde type of problems. In a
letter dated December 23, 1993, ABB-CE stated that problems were encountered
with lower latch coils in the Palo Verde CEDM coil stack assembly. The
problem was corrected by the addition of insulating jackets to the coil leads
and by reversing the polarity of the lower latch coil, which significantly
reduced the intensity of adverse motion. These changes were instituted at
Palo Verde and incorporated into the System 80+ CEDM design. This is accept-
able and resolves DSER Open Item 3.9.4-3.

CESSAR-DC Section 3.9.4.2 specifies that the RSPTs are qualified in accordance
with IEEE 323-1974 and 344-1975. In response to RAI Q210.61 and Q210.78,
ABB-CE committed to revising these standards to IEEE 323-1983 and 344-1987
Editions as endorsed by current RG 1.100, Revision 2. However, the staff
found that ABB-CE had been correct in its initial reference to IEEE 323-1974.
Therefore, ABB-CE should not revise any references to IEEE 323 in the
CESSAR-DC to specify the 1983 Edition; rather ABB-CE should revise these refe-
rences to specify the 1974 Edition as endorsed by RG 1.89. This was DSER Open
Item 3.9.4-4. Subsequently, the staff noted, in Amendment N to CESSAR-DC
Section 3.9.4.2, that the RSPT assembly is designed to comply with
IEEE 323-1974 and IEEE 344-1987. On this basis, DEER Open Item 3.9.4-4 is re-
solved. By RAI Q210.73, the staff also asked ABB-CE to clarify the seismic
input motion (s) to be used for qualification in accordance with the IEEE 344
standard. ABB-CE responded that each item of equipment is to be (1) qualified ,

on the basis of the envelope of the responses at all locations within the
plant where the item may be located and for all generic soil types considered
in the plant design basis, or (2) qualified separately for each soil type
considered in the plant design basis. The response meets the guideline of SRP
Section 3.10, II.1.a(3), and is acceptable.

ABB-CE's response to RAI Q210.73 also clarified that during testing, full-
length RSPT assemblies are subjected to biaxial input motions and tests are
performed in four RSPT orientations to account for asymmetries in the design.

On the basis of its review of CESSAR-DC Section 3.9.4: and codes and standards
applicable to CRDM design, the staff concludes that the System 80+ CEDMs are
expected to perform their mechanical function properly during the 60-year-
plant-design life, and that positive means for inserting the rods will always
be maintained to ensure appropriate margin for malfunction, such as stuck
rods. The staff also concludes that the design codes and standards applicable
to the CEDM are commensurate with the importance of the safety function of the
CEDM and meets the requirements of GDC 1 and 10 CFR 50.55a(g).

Desian Bases

CESSAR-DC Section 3.9.4.3 and Table 3.9-13 provide information on the CEDM de-
sign bases. The information includes (1) identification of the loads, loading
combination, and stress limits for pressure boundary components, (2) testing
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for non-pressure boundary components, and (3) functional, including deforma-
t

tion, requirements.I

By RAI Q210.74 and DSER Open Item 3.9.4-5, the staff noted that CESSAR-DC
JSection 3.9.4.3 and Table 3.9-13 of the early amendments did not contain LOCA

loadings and asked ABB-CE to add these loadings. In response, ABB-CE revised
CESSAR-DC Table 3.9-13 (Amendment T) to add the applicable LOCA loads due to
pipe breaks not eliminated by LBB. This is acceptable and resolves DSER Open
Item 3.9.4-5. In addition, by RAI Q210.74, the staff asked ABB-CE to state in
CESSAR-DC Table 3.9-13 that dynamic loads should be combined by the SRSS
method in accordance with NUREG-0484, Revision 1. In response to RAI'Q210.74
and DSER Open Item 3.9.4-6, ABB-CE specified in CESSAR-DC Table 3.9-13 .

I
(Amendment Q) that dynamic loads include SSE, LOCA, and DBPBs and they are
combined by the SRSS method in accordance with the guidelines of NUREG-0484.
This is acceptable and resolves DSER Open Item 3.9.4-6.

On the basis of its review, the staff finds that the design bases for the CEDM
are adequate to perform their safety function during anticipated operational
occurrences and to withstand the effects of postulated accidents and such
natural phenomena as earthquakes.

3.9.5 Reactor Pressure Vessel Internals
|

| GDC 1, 2, 4, and 10 and 10 CFR 50.55a require that structures and components
} important to safety (such as reactor pressure vessel internals) be' constructed
l and tested to quality standard commensurate with the importance of the safety

functions to be performed, and designed with appropriate margins to withstand

O effects of anticipated normal plant occurrences, natural phenomena such as
earthquakes and postulated accidents including LOCA.

In CESSAR-DC Section 3.9.5, ABB-CE identifies the components of the RPV core ,

support and other ISs. ABB-CE describes the components of these structures !

and their arrangements in CESSAR-DC Section 3.9.5.1, and design loading
conditions, design loading categories, and design bases in CESSAR-DC
Sections 3.9.5.2 through 3.9.5.4, respectively.

The staff reviewed the description of the components of the reactor vessel
internals and their arrangements (as given in CESSAR-DC Section 3.9.5.1) and
noted the descriptions were in accordance with the guidance of SRP Sec-
tion 3.9.5. The components of the reactor vessel ISs and their arrangements
are substantially the same as in the System 80 design.

The staff reviewed the loading conditions considered in the design of the core
support and ISs. By RAI Q210.75 and DSER Open Item 3.9.5-1, the staff noted
that these loading' conditions specified-in CESSAR-DC Section 3.9.5.2 did not
include the DBPB or main steam /feedwater pipe break (MS/feedwater pipe break),
or LOCA loads described under the Level D service loadings in CESSAR-DC -
Section 3.9.5.3. Moreover, the staff noted that no information on these
transients nor justification for limitation of consideration of transients to
those not requiring forced shutdown were found in the early amendments of the
CESSAR-DC. In response to DSER Open Item 3.9.5-1, ABB-CE revised CESSAR-DC

g- Section 3.9.5.2 (Amendment N) for design loading conditions to include
-) appropriate DBPB, secondary side breaks and LOCA loads as well as all antici-

pated transients. This is acceptable and resolves DSER Open Item 3.9.5-1.

ABB-CE System 80+ FSER 3-145 June 1994

. _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ -



The staff reviewed the loading combinations specified in CESSAR-DC Sec-
tion 3.9.5.3 for the design of the core support and ISs. The loading combina-
tions were specified for ASME Code Levels A, B, and D service conditions. The
combinations included the effects of earthquakes and were sufficiently broad
to include the effects of normal operations, maintenance, testing, and
postulated LOCA, but emergency conditions were not identified for any Level C
conditions. By DSER Open Item 3.9.5-2, the staff requested justification of
the lack of Level C conditions for the applicable reactor internal components.
In response, ABB-CE revised CESSAR-DC 3.9.5.3 (Amendment Q) to reference ASME
Code, Level C, service conditions. This conforms to SRP Section 3.9.5 and
resolves DSER Open Item 3.9.5-2.

The staff reviewed the design-basis stress limits specified in CESSAR-DC
Table 3.9-14 for the core support (CS) and ISs. By RAI Q210.76, the staff
noted that the original Table 3.9-14 of the CESSAR-DC did not indicate that
the limits are applicable to ASME Code CS components and reactor vessel
internals. In response to RAI Q210.76, ABB-CE committed to revise this table
to state that (1) core support structures should be constructed to ASME Code,
Section III, Subsection nitroglycerin / noble gas (NG)-1100 requirements, and
(2) reactor internals, other than core support structures, should meet the
guidelines of NG-3000 and be constructed so as not to impair the integrity of
the core support structures. Also, in response to RAI Q210.77, ABB-CE
committed to further revise this table to state that for Level D service
conditions, stresses will be obtained from an SRSS combination of LOCA and SSE
loadings plus normal dynamic and static operating loads in accordance with
NUREG-0484, Revision 1. For other than Level D loading conditions, the
maximum stress intensity will also be derived in accordance with NUREG-0484,
Revision 1 or a more conservative summation of stress intensities. By DSER
Open Item 3.9.5-3, the staff noted that CESSAR-DC Table 3.9-14 should be
revised to be applicable to all dynamic loads. In response to DSER Open
Item 3.9.5-3, ABB-CE revised CESSAR-DC Table 3.9-14, Amendment T, to incorpo-
rate these revisions. On this basis, DSER Open Item 3.9.5-3 is resolved.

The staff reviewed the deformation limits and their bases specified in
CESSAR-DC Section 3.9.5.4 for proper functioning of the reactor ISs. These
limits and their bases are the same as those previously specified for the Sys-
tem 80 plant design and, hence, acceptable.

However, in the design of critical reactor vessel internals, in the early
amendments of CESSAR-DC Section 3.9.5.4, ABB-CE stated that for components

| subject to fatigue, the stress analysis will be performed using the design
fatigue curve of I-9-2 of Section III of the ASME Code. The staff raised
concerns relating to possible detrimental environmental effects not presently
reflected in current ASME Code design fatigue curves (see RAI Q210.46 and RAI
Q210.52). Subsequently, in CESSAR-DC Section 3.9.1.1 (Amendment R), ABB-CE
noted that observations of significant environmental degradation in LWR
environments are primarily related to high strain ranges, slow strain rates,
high oxygen contents of primary water, high sulfur contents of carbon and low
alloy steels, and low-flow-rate conditions. The CESSAR-DC further stded
that, since System 80+ components are not exposed to high oxygen content
environments at elevated temperatures, and no carbon or low alloy steel is
directly exposed to the primary coolant, significant environmental degradation
would not likely occur to the System 80+ components which include reactor
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vessel internals. This clarification is acceptable and resolves DSER Open%

Item 3.9.5-4.

On the basis of this review, the staff concludes that the design of reactor
internals is acceptable and meets the requirements of GDC 1, 2, 4, and 10 and
10 CFR 50.55a as discussed below.

ABB-CE meets the requirements of GDC 1 and 10 CFR 50.55a with respect to*

designing the reactor internals to quality standards commensurate with
the importance of the safety functions to be performed. The design

! procedures and criteria used for the reactor internals are in conformance
f with the requirements of Subsection NG of the ASME Code, Section Ill. 4

ABB-CE meets the requirements of GDC 2, 4, and 10 with respect to*

designing components important to safety to withstand the effects of
earthquake and the effects of N0P, maintenance, testing, and nostulated
LOCAs with sufficient margin to ensure that capability to perform their
safety functions is maintained and the specified acceptable fuel design
limits are not exceeded.

The specified design transients, design, service loadings, and combina--

tion of loadings as applied to the design of the reactor internals
structures and components offer reasonable assurance that in the event of
an earthquake or a system transient during normal plant operation, the
resulting deflections and associated stresses imposed on these structures
and components will not exceed allowable stresses and deformation limits
for the materials of construction. Limiting the stresses and deforma-

O' tions under such loading combinations provides an acceptable basis for,

the design of these structures and components to withstand the most
adverse loading events that have been postulated to occur during service
lifetime without loss of structural integrity or impairment of function.

3.9.6 Testing of Pumps and Valves

SRP Section 3.9.6 provides guidance for review of IST of certain safety-
related pumps and valves typically designated as ASME Code Class 1, 2, or 3.
Section 3.9.3 of this report discusses the design of safety-related pumps and
valves in ABB-CE System 80+. The load combinations and stress limits used in
the design of pumps and valves ensure that the integrity of the component
pressure boundary will be maintained. In addition, ABB-CE will periodically
test the performance and will measure performance parameters of safety-related
pumps and valves. The tests and measurements will be performed in accordance
with Section XI of the ASME Code as required by 10 CFR 50.55a(f). Periodic
measurements of various parameters will be compared to baseline measurements
to detect long-term degradation of the pump or valve performance.

In SECY-90-016, " Evolutionary Light Water Reactor (LWR) Certification Issues
and Their Relationship to Current Regulatory Requirements," January 12, 1990,
the staff concluded that the requirements of Section XI of the ASME Code
provide information on the operational readiness of the components, but, in
general, do not necessarily verify the capability of the components to perform ;

their intended safety functions. The staff concluded that the ASME Code does {p} not assure the necessary level of component operability that is desired for( the evolutionary LWR designs.v
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Accordingly, in SECY-90-016, as supplemented by the staff's April 27, 1990, I

response to comments by the ACRS, the staff recommended criteria to the
Commission to be used to supplement Section XI of the ASME Code. In addition,

the staff agreed with the recommendation of the ACRS that the guidelines of
Generic Letter (GL) 89-10 " Safety-Related Motor Operated Valve Testing and
Surveillance," be applied to evolutionary LWR designs. The ACRS also recom-
mended that the staff resolve the check valve testing and surveillance issue
and that consideration be given to industry-proposed alternative ways of
meeting IST ano surveillance requirements. In its SRM of June 26, 1990, on

SECY-90-016, the Commission approved the staff's recommendations. The staff's
proposed applicable regulation, as described in Section 1.6 of this report,
for IST, is as follows.

(1) Piping design must incorporate provisions for full flow testing at
maximum design flow of pumps and check valves;

(2) Check valve testing must incorporate the use of advanced non-intru-
sive techniques to address degradation and performance characteris-

( tics;

; (3) Provisions must be established to determine the frequency necessary
for disassembly and inspection of pumps and valves to detect unac-
ceptable degradation which cannot be detected through the use of
advanced non-intrusive techniques; and

(4) Provisions must be incorporated provisions to test MOVs under
design-basis differential pressure.

The staff's evaluation of ABB-CE's responses to ASME Code Section XI issues,
including the above applicable regulations, is discussed in the sections

| below.
t

By DSER Open Item 3.9.6-1, the staff asked ABB-CE to submit an IST plan for
pumps and valves and to clarify the scope of the IST. In CESSAR-DC
Table 3.9-15, Amendment R, ABB-CE submitted its IST plan for safety-related
pumps and valves. In Section 3.9.6 of the CESSAR-DC, Amendment R, ABB-CE
clarified that its IST plan as submitted in CESSAR-DC Table 3.9-15 includes
those safety-related pumps and valves that are necessary to ensure

the integrity of the RCPB*

| the capability to achieve safe shutdown of the reactor and keep it in a.

safe-shutdown condition

the capability to prevent or mitigate the consequences of accidents that*

could result in potential offsite exposures in excess of 10 CFR Part 100
guidelines

The staff's assessment of the IST plan is discussed in Section 3.9.6.3 of this
report. On this basis, DSER Open item 3.9.6-1 is resolved.

In the DSER, the staff noted COL Action Item 3.9.6-1 relating to plant-;

| specific IST program. The staff noted that the development of a complete
| plant-specific IST program shall be the responsibility of the COL applicant.
|

|
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The comprehensive pump and valve IST program will provide additional informa-n\ tion beyond that contained in the IST plan. The IST program will include:/

the tests performed on each pump and vake and the Code requirement met by -s

each test; test parameters and frequency of the tests; the normal, safety, and
fail-safe position of each valve; component type for each pump and valve; and
P&lD coordinates for each pump and valve. In addition, any requests for
relief shall be submitted by the COL applicant and will be reviewed by the NRC
staff, on the basis of the Code edition referenced in 10 CFR 50.55a(f), the
System 80+ design, and the IST methods available at the time of the COL
application. In Section 3.9.6 of the CESSAR-DC, Amendment R, ABB-CE stated
that the COL applicant will submit a detailed pump and valve IST program.
This is acceptable. This is included in COL Action Item 3.9-1.

By DSER Open item 3.9.6-2, the staff asked ABB-CE to include provisions in its
piping system design to accommodate the applicable ASME Code IST requirements.
In Section 3.9.6 of the CESSAR-DC, Amendment R, ABB-CE stated that the IST
plan as provided in Table 3.9-15 is developed in accordance with the require-
ments of ASME/ ANSI OMa-1988 Addenda to ASME/ ANSI OM-1987, Parts 1,6, and 10.
ASME/ ANSI Part 6 of Operations and Maintenance (0M), "In-service testing of
Pumps," and Part 10, "In-service testing of Valves," were referenced in
Section XI, ASME Code, 1989 Edition. The 1988 Addenda and the 1989 Edition of
Section XI have been incorporated by reference into 10 CFR 50.55a and are
acceptable for the evolutionary LWR IST provided the analysis of leakage rates
and corrective action requirements of OM Part 10, paragraph 4.2.2.3 are
applied to CIV testing. The staff's evaluation of CIV leak testing is
discussed in Section 3.9.6.2.4 of this report. On this basis, DSER Open
It m .9.6-2 is resolved./m
3.9.6.1 Testing of Safety-Related Pumps

GDC 1 requires that components important to safety be designed and tested to
standards commensurate with the importance of the safety functions to be
performed. In response to the staff's concern regarding the adequacy of
design and qualification for safety-related pumps for assuring their capabi-
lity to perform design-basis functions, ABB-CE stated in Section 3.9.6.1 of
the CESSAR-DC, Amendment R, that for each safety-related pump, the design
basis and required operating conditions (including tests) under which the pump
will be required to function will be established. These design conditions
include flow rate and corresponding pump head for each system mode of pump
operation and the required operating time for each mode, acceptable bearing
vibration levels, seismic / dynamic loads, fluid temperature, ambient tempera-
ture, and pump motor minimum voltage. ABB-CE further stated that the COL
applicant will establish the following design and qualification requirements
and will provide acceptance criteria for these requirements. For each size,
type, and model of safety-related pump installed, the COL applicant will
perform testing encompassing design conditions that demonstrate acceptable
flow rate and corresponding head, bearing vibration levels, and pump internals
wear rates for the operating time specified for each system mode of pump
operation. From these tests the COL applicant will also develop baseline
hydraulic and vibration data for evaluating the acceptability of the pump
after installation. The staff finds these actions provide reasonable assur-
ance for the adequacy of the design and qualification for safety-related pumps
and are, therefore, acceptable.
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In response to DSER Confirmatory Item 3.9.6.1-1 regarding the adequacy of
minimum-n m.1 tyntems for safety-related pumps, ABB-CE stated in Sec-
tion 3.9.6.1 of the CESSAR-DC, Amendment R, that safety-related pumps and
piping configurations can accommodate IST at a flow rate at least as large
as the maximum design flow for the pump. This approach is responsive to the
guidelines on this issue contained in SECY 90-016 and meets Item 1 of the
staff's recommendations, as an applicable regulation, on pump and valve
IST issues as described in Sections 1.6 and 3.9.6 of this report. This
is acceptable. In addition, ABB-CE also stated that the COL applicant
will ensure that the pump specified for each application is not susceptible
to inadequate minimum flow rate and inadequate thrust bearing capacity. !

With respect to minimum pump flow operation, the sizing of each minimum
recirculation flow path is evaluated to ensure that its use under all analyzed
conditions will not degrade the pump. The flow rate through minimum recircu-
lation flow paths can also be periodically measured to verify that it is in
accordance with the design specification. In the same CESSAR-DC section, j
ABB-CE also stated that it would provide the safety-related pumps with instru- '

mentation to verify that the net positive suction head (NPSH) is greater than ;

or equal to the NPSH required during all modes of pump operation. The staff !

finds these commitments acceptable because they meet SRP Section 3.9.6 test-
ability requirements to permit appropriate periodic functional testings for
safety-related pumps. On this basis, DSER Confirmatory Item 3.9.6.1-1 is I

resolved.

In Section 3.9.6.1 of the DSER, the staff identified DSER Open Item 3.9.6.1-1
relating to disassembly and inspection of safety-related pumps and valves. In
Section 3.9.6.1 of CESSAR-DC Amendment R, ABB-CE stated that the detailed IST
program will establish the frequency and the extent of disassembly and inspec-
tion based on suspected degradation of all safety-related pumps, including the
basis for the frequency and the extent of each disassembly. Factors to be
considered in the disassembly frequency and extent of disassembly include
historical performance of the pump, pump service conditien, and results of
non-intrusive pump testing. ABB-CE further stated that the program may be
revised throughout the plant life to minimize disassembly based on past
disassembly experience. This clarification of the actions by the COL appli-
cant is responsive to the guidelines on this issue in SECY 90-016 and meets
Item 3 of the staff's recommendations, as an applicable regulation, on the
pump and valve IST issues as discussed in Sections 1.6 and 3.9.6 of this
report. This is acceptable. Furthermore, the staff notes that these actions
are also applicable to all safety-related valves as described in Sec-
tions 3.9.6.2.1.3, 3.9.6.2.2.3, and 3.9.6.2.3.3 of the CESSAR-DC, Amendment R.
On this basis, DSER Open Item 3.9.6.1-1 is resolved.

3.9.6.2 Testing of Safety-Related Valves

3.9.6.2.1 Motor-0perated Valves

3.9.6.2.1.1 Design and Qualification Requirements for Motor-0perated Valves

In the DSER, the staff identified DSER Open Item 3.9.6.2-4 regarding the
adequacy of design, qualification, and testing for safety-related MOVs for
assuring their capability to perform design-basis functions. In Sec-
tion 3.9.6.2.1 of the CESSAR-DC, Amendment R, ABB-CE stated that for each M0V
performing an active safety-related function, the design basis and required
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operating conditions (including testing) under which the MOV will be required
h to perform are established for the development and implementation of the
V design, qualification and preoperational testing. For the design and qualifi-

cation of MOVs, the CESSAR-DC states the following commitments. The COL
applicant will establish the design and qualification requirements and will
provide acceptance criteria for these requirements. By testing each size,
type, and model of M0V, the COL applicant will determine the torque and thrust
requireraents to operate the MOV and will ensure the. adequacy of the torque and
thrust that the motor operator can deliver under design conditions. The COL
applicant will also test each size, type, and model of M0V under a range of
differential pressure and flow conditions up to the design conditions. These
design conditions include fluid flow, differential pressure (including pipe
break), system pressure, fluid temperature, ambient temperature, minimum
voltage, and minimum and maximum stroke time requirements. This testing of
each size, type, and model of MOV shall include test data from the manufac-
turer, field test data for plant-specific dedication, empirical data supported
by test, or test of similar valves (such as prototype) that support qualifica-
tion of the required valve where similarity must be justified by technical
data. From this testing, the COL applicant will demonstrate that the results
of testing under in situ or installed conditions can be used to ensure the
capability of the M0V to operate under design conditions. The COL applicant
will also ensure that the structural capability limits of the individual parts
of the M0V will not be exceeded under design conditions. Furthermore, the COL
applicant will ensure that the valve specified for each application is not
susceptible to pressure locking and thermal binding. The staff finds these
commitments meet the staff's guidelines prepared for the design and qualifica-
tion for the safety-related MOVs of the evolutionary LWRs and will provideh reasonable assurance for the adequacy of the design and qualification for

V safety-related MOVs and are, therefore, acceptable. The staff's assessment of
the MOV preoperational testing and IST are contained in Sections 3.9.6.2.1.2
and 3.9.6.2.1.3 of this report.

3.9.6.2.1.2 Preoperational Testing of Safety-Related Motor-0perated Valves

For the preoperational testing of MOVs, the CESSAR-DC states commitments as
follows. The COL applicant will test each MOV in the open and closed direc-
tions under static and maximum achievable conditions up to design-basis
conditions using diagnostic equipment that measures torque and thrust, and
motor parameters. The COL applicant will test the MOV under various differen-
tial pressure and flow up to maximum achievable conditions and perform a
sufficient number of tests to determine the torque and thrust requirements at
design conditions. The specific testing parameters and acceptance criteria !
for demonstrating that the adequacy of the MOV functional performance have |

been met are in CESSAR-DC Section 3.9.6.2.1.2. The staff finds these commit- |
ments to be acceptable because these meet the staff's guideline for the |

preoperational testing of safety-related MOVs. It should be noted that these
commitments, as discussed in Sections 3.9.6.2.1.1 and 3.9.6.2.1.2 of this

report, also relate to the MOV ITAAC item for demonstrating the adequacy of
the M0V capability for the design-basis conditions and any change to these
commitments would involve an unreviewed safety question and, therefore,
requires NRC review and approval before implementation. Any requested change
to these commitments shall either be specifically described in the COLg) application or submitted for license amendment after COL issuance. The(V
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periodic verification of the MOV design-basis capability is addressed in
Section 3.9.6.2.1.3 of this report.

3.9.6.2.1.3 IST of Safety-Related Motor-Operated Valves

In response to the staff's concern regarding the periodic testing for MOVs,
ABB-CE stated in Section 3.9.6.2.1.3 of the CESSAR-DC, Amendment R, that
periodic testing per GL 89-10 Paragraphs D and J will be conducted under
adequate differential pressure and flow conditions which allow a justifiable
demonstration of continuing MOV capability for design-basis conditions.
ABB-CE further stated that the detailed IST program will include the optimal
frequency of this periodic verification. The frequency and test conditions
will be sufficient to demonstrate continuing design-basis and required

,

operating capability. This is responsive to the guideline on MOV testing
contained in SECY-90-016 and meets Item 4 of the staff's recommendations, as
an applicable regulation, on the pump and valve IST issues as described in
Sections 1.6 and 3.9.6 of this report and is acceptable.' ABB-CE also stated

.'

that the code provides criteria limits for the test parameters noted in
CESSAR-DC Table 3.9-15 for code IST.

In Section 3.9.6.2.1.3 of the CESSAR-DC, Amendment R, ABB-CE stated that IST
of MOVs will rely on diagnostic techniques that are consistent with the state
of the art and that will permit an assessment of the performance of the valve
under actual loading conditions. This is responsive to the staff's guidelines
on this issue and is, therefore, acceptable. The staff's evaluations are de-
scribed in Sections 3.9.6.2.1.1, 3.9.6.2.1.2, and 3.9.6.2.1.3 of this report.
On this basis, DSER Open Item 3.9.6.2-4 is resolved.

3.9.6.2.2 Power-0perated Valves

3.9.6.2.2.1 Design and Qualification Requirements for Power-0perated Valves

In the DSER, the staff identified Open Item 3.9.6.2-5 regarding the adequacy
of design, qualification, and testing for safety-related power-operated valves
(POVs) other than MOVs for assuring their capability to perform design-basis
functions. In Section 3.9.6.2.2 of the CESSAR-DC, Amendment R, ABB-CE stated
that for each POV with active safety-related functions, the design-basis and
required operating conditions (including testing) under which the POV will be
required to perform will be established. In Section 3.9.6.2.2.1 of the
CESSAR-DC, Amendment R, ABB-CE further stated that the COL applicant will
establish the design and qualification requirements and will provide accep-
tance criteria for these requirements. By testing each size, type, and model
of safety-related POV, the COL applicant will determine the force requirements
to operate the POV and will ensure the adequacy of the force that the operator
can deliver under design conditions. The COL applicant will also test each
size, type, and model under a range of differential pressure and flow condi-
tions up to the design conditions. This testing of each size, type, and model
of POV shall include test data from the manufacturer, field test data for
plant-specific dedication, empirical data supported by test, or test of
similar valves (such as prototype) that support qualification of the required
valve where similarity must be justified by technical data. From this
testing, the COL applicant will demonstrate that the results of testing under a
in-situ conditions can be used to ensure the capability of the POV to operate

'

under design conditions. The COL applicant will also ensure that the struc-
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tural capability limits of the individual parts of the POV will not bep
i . exceeded under design conditions. The COL applicant will ensure that packing

adjustment limits are specified for the valve for each application such that
it is not susceptible to stem binding. The staff finds these actions meet the
staff's guidelines prepared for the design and qualification for safety-
related POVs of the evolutionary LWRs and will provide reasonable assurance
for the adequacy of the design and qualification for safety-related POVs and
are, therefore, acceptable. The staff's evaluation of the POV preoperational
testing and IST is in Sections 3.9.6.2.2.2 and 3.9.6.2.2.3 of this report.

3.9.6.2.2.2 Preoperational Testing of Safety-Related POV

In Section 3.9.6.2.2.2 of the CESSAR-DC, Amendment R, ABB-CE stated that
during preoperational testing, the COL applicant will test each POV in the
open and close directions under static and maximum achievable conditions using
diagnostic equipment that measures or provides information to determine total
friction, stroke time, seat load, spring rate, and travel under normal
pneumatic or hydraulic pressure and minimum pneumatic or hydraulic pressure.
The COL applicant will test the POV under various differential pressure and
flow, up to maximum achievable conditions, including design-basis conditions.
The COL applicant will perform a sufficient number of tests to determine-the
force requirements at design conditions. The specific testing parameters-and
acceptance criteria for demonstrating that the adequacy of. the POV functional
performance have been met are provided in CESSAR-DC Section 3.9.6.2.2.2. The
staff finds these actions acceptable because they meet the staff's guideline
for the preoperational testing of safety-related POVs of the evolutionary
LWRs.s

3.9.6.2.2.3 IST of Safety-Related POV

In Section 3.9.6.2.2.3 of the CESSAR-DC, Amendment R, ABB-CE stated that all
safety-related piping systems incorporate provisions for testing to demon-
strate the operability of the POVs under design-basis conditions. IST will
incorporate the use of advanced non-intrusive techniques to periodically
assess degradation and the performance characteristics of POVs. These actions
are responsive to the staff's guidelines prepared for the IST of safety-
related POVs of the evolutionary LWRs on these issues and are acceptable.

On the basis of the staff's evaluations as described in Sections 3.9.6.2.2.1,
3.9.6.2.2.2, and 3.9.6.2.2.3 of this report, DSER Open Item 3.9.6.2-5 is
resolved.

3.9.6.2.3 Check Valves

3.9.6.2.3.1 Design and Qualification Requirements for Check Valves

In response to the staff's_ concern regarding the adequacy of design and
qualification for safety-related check valves, ABB-CE stated in Sec-
tion 3.9.6.2.3 of the CESSAR-DC, Amendment R, that for each check valve
performing active safety-related function, the design-basis and required
operating conditions (including testing) under which the check valve will be
required to perform will be established. In Section 3.9.6.2.3.1 of the
CESSAR-DC, Amendment R, ABB-CE further stated-that the COL applicant will
establish the design and qualification requirements and will provide accep-
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tance criteria for these requirements. By testing each size, type, and model
of check valve, the COL applicant will ensure the design adequacy of each
check valve under design conditions including severe transient loadings
expected during the life of the valve such as waterhammer or pipe break. This
testing of each size, type, and model of check valve shall include test data
from the manufacturer, field test data for plant-specific dedication, empiri-
cal data supported by test, or test (such as prototype) of similar valves that
support qualification of the required valve where similarity must be justified
by technical data. The COL applicant will ensure that the maximum loading on
the check valve under design basis and the required operating conditions is
within the structural capability limits for the individual parts of the check
valve. In addition, the COL applicant will ensure proper check valve applica-
tions in the piping system design. Specific considerations will include
selection of valve size and type based on the system flow conditions,
installed location of valve with respect to source of turbulence, and correct
orientation of valve in the system (e.g., vertical versus horizontal) as
recommended or required by the valve manufacturer. The qualification accep-
tance criteria will include baseline data developed during qualification
testing and will be used for verifying the acceptability of the check valve
after installation. The staff finds these actions meet the staff's guidelines
prepared for the design and qualification for safety-related check valves of
the evolutionary LWRs and will provide reasonable assurance for the adequacy
of the design and qualification for safety-related check valves and are
therefore acceptable.

,

3.9.6.2.3.2 Preoperational Testing of Check Valves

In Section 3.9.6.2.3.2 of the CESSAR-DC, Amendment R, ABB-CE stated that
during the preoperational testing, the COL applicant will test each safety-
related check valve in the open and/or close direction, as required by the
safety function, under all normal operating system conditions. The testing
requirements and acceptance criteria including leak-tightness, disk stability,
and correct valve sizing are in CESSAR-DC Section 3.9.6.2.3.2. The staff
finds these actions acceptable because these meet the staff's guideline
prepared for the preoperational testing of safety-related check valves of the
evolutionary LWRs.

3.9.6.2.3.3 IST of Safety-Related Check Valves

In response to DSER Open Item 3.9.6.2-1 regarding the full-flow testing of
check valves, ABB-CE stated that System 80+ safety-related piping systems
design incorporates provisions for testing to demonstrate the operability of
the check valves under design-basis conditions. In response to DSER Open
Item 3.9.6.2-3, ABB-CE stated that advanced nonintrusive techniques will be
used in the implementation of IST program to periodically assess degradation
and the performance characteristics of check valves. These are responsive to
the guidelines on these issues contained in SECY-90-016 and meet Items 1 and 2
of the staff's recommendations, as an applicable regulation, on the pump and
valve IST issues as described in Sections 1.6 and 3.9.6 of this report and
are, therefore, acceptable. On the basis of this evaluation, DSER Open
item 3.9.6.2-1 and 3.9.6.2-2 are resolved.

In the DSER, the staff identified DSER Open Item 3.9.6.2-2 relating to
reverse-flow testing for check valve. The staff noted that the reverse-flow
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testing includes the leak rate testing for safety-related check valves

[mG)
designated Category A/C as well as the quarterly reverse-flow closure verifi-
cation for safety-related check valves performing a safety function in the
closed position whether categorized as C or A/C. Verification that a Cate-
gory C valve is in the closed position can be done by visual observation, by
an electrical signal initiated by a position-indicating device, by observation ;

of appropriate pressure indication in the system by leak testing, or by other j
positive means. Furthermore, in accordance with OMa-1988, Part 10, as i

!referenced by the 1989 Edition of ASME Code, Section XI, valve closure
verification that is impractical to perform during power operation may be
deferred to cold shutdown. If it is also impractical to perform at cold

shutdown, it may be deferred to refueling. In CESSAR-DC Amendment R, ABB-CE
revised its IST plan to reflect this staff position. On this basis, DSER Open
Item 3.9.6.2-2 is resolved.

3.9.6.2.4 Isolation Valve Leak Tests

In Section 3.9.6.2.4 of CESSAR-DC Amendment R, ABB-CE stated that the leak-
tight integrity of each valve relied upon to provide a leak-tight function
will be verified. These valves include (1) pressure isolation valves that
provide isolation of pressure differential from one part of a system to
another or between systems, (2) temperature isolation valves whose leakage may
cause unacceptable thermal stress fatigue or stratification in the piping and
thermal loading on supports or whose leakage may cause steam binding of pumps,
and (3) CIVs that provide isolation capability for the piping system penetrat-
ing containment. The staff's evaluation of CESSAR-DC Section 3.9.6.2.4
follows.

V In the DSER, the staff identified DSER Open Item 3.9.6.2-6 regarding the leak-
rate testing requirement for CIVs. In Section 3.9.6.2.4 of the CESSAR-DC,
Amendment R, ABB-CE stated that CIVs with their required testing are presented
in CESSAR-DC Table 6.2.4-1. ABB-CE further stated that those valves for which
the Appendix J, Type C test is specified in Table 6.2.4-1 will also be tested
in accordance with 0M-10, Subsections 4.2.2.3(e) and 4.2.2.3(f). The staff
finds these commitments acceptable because these meet the staff's position as
described in GL 89-04 for the leak-rate testing of CIVs. On this basis, DSER
Open Item 3.9.6.2-6 is resolved. However, it should be noted that the compli-
ance with GDC 54 for Table 6.2.4-1 is being reviewed under SRP Section 6.2.4
and is addressed in Section 6.2.4 of this report.

Several safety systems connected to the RCPB have design pressures below the
rated RCS pressure. Also, some systems that are rated at full-reactor
pressure on the discharge side of pumps have pump suction below RCS pressure.
To protect these systems from RCS pressure, two or more isolation valves will
be placed in series to form the interface between the high-pressure RCS and
the low-pressure system. In the DSER, the staff identified the scope (valve
list) and the surveillance requirements of pressure isolation valves as Open
Item 3.9.6.2-7. In CESSAR-DC Table 3.9-16 Amendment T, ABB-CE listed RCS
pressure isolation valves. In CESSAR-DC Section 3.9.6.2.4 ABB-CE also stated
that those pressure isolation valves will be leak-rate tested in accordance
with CESSAR-DC Table 3.9-15 and the surveillance requirements specified in

w TS 3.4.14.1. The staff finds the list of RCS pressure isolation valves
I acceptable. Furthermore, the periodic leak rate testing requirements for

ABB-CE System 80+ RCS pressure isolation valves listed in the CESSAR-DC,
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Amendment V, are the same as the relevant surveillance requirements of the new
ABB-CE standard TS and are acceptable. The staff also notes that, as a part
of the resolution of the ISLOCA issue, ABB-CE commits to requiring that low-
pressure piping systems which interface with the RCPB be designed to withstand
forty percent of the full RCS pressure. The staff's evaluation of the ISLOCA
design for ABB-CE System 80+ piping systems is acceptable as discussed in
Section 3.9.3.1.1 of this report. Therefore, DSER Open Item 3.9.6.2-7 is
resolved.

3.9.6.3 Review of CESSAR-DC Table 3.9-15, IST Plan

As discussed previously in Section 3.9.6 of this report, ABB-CE made certain
commitments regarding the testability of safety-related pumps and valves in
the System 80+ design. In CESSAR-DC Section 3.9.6, ABB-CE states that the IST
plan as provided in CESSAR-DC Table 3.9-15 is developed in accordance with the
requirements of ASME/ ANSI OMa-1988 Addenda to ASME/ ANSI OM-1987, Parts 1, 6,
and 10. CESSAR-DC Table 3.9-15 lists the individual pumps and valves and
provides information for each component including valve type, code category,
safety class, test parameters, test frequency, and test configuration number.
Table 3.9-15 also provides explanatory notes and justifications for any ASME
Code-defined testing exceptions. The staff, with the assistance of Brookhaven
National Laboratory, reviewed and evaluated the System 80+ IST plan as
presented in Table 3.9-15. Details of the evaluation of the IST plan are in

Appendix 3C of this report. On the basis of that evaluation, the staff
determined that the System 80+ pump and valve IST plan provided reasonable
assurance that ABB-CE can fulfill its commitment as described in CESSAR-DC
Section 3.9.6 regarding the ability to test pumps and valves, and is accept-
able. On this basis, DSER Open Item 3.9.6-1 is resolved.

3.9.6.4 Conclusion

On the basis of preceding evaluations, described above, the staff concludes
that ABB-CE's approach to pump and valve testing is acceptable and meets the
requirements of GDC 37, 40, 43, 46, and 54 and 10 CFR 50.55a(f). This
conclusion is based on the staff's determination that ABB-CE's approaches
regarding the testability of safety-related pumps and valves in the System 80+
design will ensure that safety-related pumps and valves are in a state of
operational readiness to perform necessary safety functions throughout the

,!life of the plant. ABB-CE's pump and valve testing program includes baseline
pre-service testing, periodic IST, functional testing of the components in the
operating state, and visual inspection for leaks and other signs of distress.
The staff further concludes that the System 80+ plant meets Commission-
approval staff position of SECY-90-016 and its applicable regulation for IST
of pumps and valves as described in Sections 1.6 and 3.9.6 of this report.
This is acceptable.

3.10 Seismic and Dynamic Qualification of Mechanical and Electrical Eouipment

CESSAR-DC Sections 3.9.2.2 and 3.10 provide information on the seismic and i
dynamic qualification of safety-related mechanical and electrical equipment. ;

CESSAR-DC Section 3.9.3.2 also contains information relative to pump and valve
operability assurance programs. This information includes

|
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rationale used to determine if tests, analyses, or combinations of both=

will be performed

criteria used to define the seismic and other relevant dynamic load inputa

motions
|

the proposed demonstration of the adequacy of the qualification program*

ABB-CE will use the seismic qualification methodology described in CESSAR-DC
Section 3.10 for both mechanical and electrical equipment. This methodolegy
corforms to IEEE 323 and also meets the criteria in IEEE 344-1987 and
RG 1.100, Revision 2. It should be noted that Section 9 of IEEE 344-1987
recognized the use of " experience data" as a method for seismic qualification
of equipment. As used in IEEE 344, experience data include both seismic
experience and previous qualifications. In accordance with RG 1.100, Rcvi-
sion 2, the method of qualification using experience data will be reviewed byi

l the staff on a case-by-case basis. CESSAR-DC Subsection 3.10.1.2, " Selection
of Qualification Method," states that qualification of equipment by experience
shall be used only on a case-by-case basis. It further states that the COL
applicant shall submit documentation describing the class of equipment and the
methodology to be used. This is included in COL Action Item 3.10-1.

,

The staff concludes that this commitment is consistent with the applicable
portion of RG 1.100, Revision 2, and is acceptable. The staff also concludes
that the criteria described in CESSAR-DC Section 3.10 are consistent with the
guidelines in SRP Section 3.10 and applicable portions of SECY-93-087, and are
acceptable. To provide a more detailed basis for the staff's conclusion,

(o) listed below are applicable guidelines from SRP Section 3.10 that CESSAR-DC
'%./ Sections 3.10 adopts for the System 80+ design.

(1) Tests and analyses are required to confirm the operability of all ;

mechanical and electrical equipment during and after an earthquake of i

magnitude up to and including the SSE, and for all static and dynamic |
loads from normal, transient, and accident conditions. Before SSE |qualification, it should be demonstrated that the equipment can with-
stand excitation of five 1/2 SSE events without loss of structural |

'

integrity. Analyses alone, without testing, are acceptable as a basis
for qualification only if the necessary functional operability of the
equipment is assured by its structural integrity alone. When complete
testing is impractical, a combination of tests and analyses is accept-

; able.

Equipment that has been previously qualified by means of tests and
' analyses equivalent to those described here are acceptable provided that

proper documentation of such tests and analyses exists.

(2) Equipment should be tested in the operational condition. Operability
should be verified during and/or after the testing, as applicable to the

|- equipment being tested. Loadings simulating those of plant N0P, such as
thermal and flow-induced loading, if any, should be concurrently
superimposed upon the seismic and other pertinent dynamic loading to the
extent practicable. Particular attention should be paid, in operability

,

; qualification of mechanical equipment subjected to flow-induced loading,
to incorporate degraded flow conditions such as those that might be
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encountered from the presence of debris, impurities, and contaminants in
the fluid system. An example of this may be the operability of the
containment sump pump recirculating water full of debris.

(3) The characteristics of the required seismic and dynamic input motions
should be specified by response spectrum or time history methods. These
characteristics, derived from the structures, or systems, seismic and
dynamic analyses, should be representative of the input motions at the
equipment mounting locations.

(4) For seismic and dynamic loads, the actual test input motion should be
characterized in the same manner as the required input motion, and the
conservatism in amplitude and frequency content should be demonstrated
(i.e., the test response spectrum should closely resemble and envelope
the required response spectrum over the critical frequency range).

(5) Since the seismic and dynamic load excitations generally have a broad
frequency content, multi-frequency vibration input motion should be

|

used. However, single frequency input motion, such as sine beats, is
acceptable provided that the characteristics of the required input
motion indicate that the motion is dominated by one frequency (e.g., by
structural filtering effects), or the anticipated response of the
equipment is adequately represented by one mode, or in the case of
structural integrity assurance, the input has sufficient intensity and
duration to produce sufficiently high levels of stress for such assur-
ance. Components that have been previously tested to IEEE 344-1971
should be re-evaluated to justify the appropriateness of the input
motion used, and requalified if necessary.

(6) For the seismic and dynamic portion of the loads, the test input motion
should be applied to one vertical axis and one principal horizontal axis
(or two orthogonal horizontal axes) simultaneously, unless it can be
demonstrated that the equipment response in the vertical direction is
not sensitive to the vibratory motion in the horizontal direction, and
vice versa. The time phasing of the inputs in the vertical and horizon-
tal directions must be such that a purely rectilinear resultant input is
avoided. An acceptable alternative is to test with vertical and hori-
zontal inputs in-phase, and then repeat the test with inputs 180 degrees
out-o f-pha se . In addition, the test must be repeated with the equipment
rotated 90 degrees horizontally.

Components that have been previously tested to IEEE 344-1971 should be
requalified using biaxial test input motions, unless justification for
using a single axis test input motion is provided.

(7) Dynamic coupling between the equipment and related systems, if any,
such as connected piping and other mechanical components, should be
considered. The fixture design should simulate the actual service
mounting and should not cause any extraneous dynamic coupling to the
test item.

(8) For pumps and valves, the loads imposed by the attached piping should be
properly taken into account. In order to ensure operability under com-
bined loadings, the stresses resulting from the applied test loads
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|

|

should envelope the specified service stress limit for which the
(qv) component's operability is intended,

(9) Selection of damping values for equipment to be qualified should be made
in accordance with RG 1.61 and IEEE 344-1987. Higher damping values may
be used if justified by documented test data with proper identification

I of the source and mechanism. Sections 3.7, 3.9.2.2, 3.9.3.2, and 3.10.2

contain criteria that address this issue.

(10) The test program is based upon selectively testing a representative
number of components according to type, load level, size, or some other
appropriate classification, on a prototype basis.

CESSAR-DC Section 3.10 contains qualification methodology only; it has no
plant-specific information. Therefore, each COL applicant using this method-
ology must ensure that specific environmental parameters along with seismic !

and dynamic input response spectra are properly defined and enveloped in the 1
methodology for its specific plant and implemented in its equipment qualifi-
cation program. In CESSAR-DC Sections 3.10.4 and 3.10.5, ABB-CE commits that .

the COL applicant shall maintain equipment qualification records in a perma- |
nent file which shall be readily available for audit. This is included in COL |

Action Item 3.10-1. The staff may audit these files to review the results of j

tests and analyses that were performed to (1) ensure that the criteria in the
CESSAR-DC were properly implemented, (2) ensure that adequate qualification
was demonstrated for all equipment and their supports, and (3) verify that all
applicable loads were properly defined and accounted for in the testing and
analyses performed.

\ To follow the 10 CFR Part 52 design certification process, any change to the
commitments involving seismic and dynamic qualification of mechanical and
electrical equipment discussed in Section 3.10 of this report would involve an i

unreviewed safety question and, therefore, requires NRC reviow and approval I

prior to implementation. Furthermore, any requested change to these commit- !

ments shall either be specifically described in the COL application or
submitted for license amendment after COL issuance.

On the basis of its review of CESSAR-DC Sections 3.9.2.2, 3.9.3.2, and 3.10,
as set forth above, the staff concludes that ABB-CE has defined appropriate
seismic and dynamic qualification programs for mechanical and electrical

!

! equipment, and has also specified appropriate pump and valve operability
assurance programs. These programs meet applicable portions of GDC 1, 2, 4,
14, and 30, Appendix B to 10 CFR Part 50, 10 CFR 52.47, Appendix A to
10 CFR Part 100, and SECY-93-087, and are acceptable. The conclusion is based
on the following.

The qualification program which will be implemented for mechanical, instrumen-
tation, and electrical equipment meets the requirements and recommendations of
IEEE 344-1987 and the regulatory positions of RGs 1.61, 1.89, 1.92, 1.100, and
SRP Section 3.9.3, and provides adequate assurance that such equipment will
function properly under all imposed design and service loads, including the
loadings imposed by the SSE, postulated accidents, and LOCAs. This program
constitutes an acceptable basis for satisfying the applicable requirements of,

( GDC 2, 4, 14, and 30 of Appendix A to 10 CFR Part 50 and Appendix A to 10 CFR
Part 100 as they relate to qualification of equipment.
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On this basis, DSER Open Item 3.10-1 is resolved.

3.11 E0 of Mechanical and Electrical Eauipment

3.11.1 Introduction

Equipment that is used to perform a necessary safety function must be demon-
strated to be capable of maintaining functional operability under all service
conditions postulated to occur during its installed life, for the time it is
required to operate. This requirement, which is embodied in GDC 1 and 4 of
Appendix A to 10 CFR Part 50 and Criteria III, XI, and XVII of Appendix B to
10 CFR Part 50, is applicable to equipment located inside and outside the
containment. More detailed requirements and guidance related to the methods
and procedures for demonstrating this capability for electrical equipment are
in 10 CFR 50.49, " Environmental Qualification of Electric Equipment Important
to Safety for Nuclear Power Plants," NUREG-0588, " Interim Staff Position on
Environmental Qualification of Safety-Related Electrical Equipment," which
supplements IEEE 323 and various RGs and industry standards, and RG 1.89,
Revision 1.

3.11.2 Background

The staff issued NUREG-0588 in December 1979 to promote a more orderly and
systematic implementation of equipment qualification programs by industry and
to guide the staff in its use in ongoing licensing reviews. The positions in
NUREG-0588 provide guidance on (1) how to establish EQ service conditions,
(2) how to select methods that are considered appropriate for qualifying
equipment in different areas of the plant, and (3) other areas such as margin,
aging, and documentation. A final rule on EQ of electrical equipment impor-
tant to safety for nuclear power plants became effective on January 21, 1983.
This rule, 10 CFR 50.49, specifies the requirements for demonstrating the EQ
of electrical equipment important to safety that is located in harsh environ-
ments. Each item of electric equipment important to safety must be qualified
by one of the following methods: (1) testing an identical item of equipment
under identical conditions or under similar conditions with a supporting
analysis to show that the equipment to be qualified is acceptable, (2) testing
a similar item of equipment with a supporting analyses to show that the
equipment to be qualified is acceptable, (3) experience with identical or
similar equipment under similar conditions with a supporting analysis to show
that the equipment to be qualified is acceptable and (4) analysis in combina-
tion with partial type test data that supports the analytical assumptions and
conclusions. In RG 1.89, Revision 1 (June 1984), the staff specifies guide-
lines for complying with the rule. The applicant or licensee shall prepare a
list of electrical equipment important to safety covered by the qualification
requirements. In addition, the applicant or licensee shall include the
following information for electric equipment important to safety in a qualifi-
cation file: (1) the performance specifications under conditions existing
during and following design basis accidents, (2) the voltage, frequency, load,
and other electrical characteristics for which the performance specified in
accordance with (1) above can be ensured, and (3) the environmental condi-
tions, including temperature, pressure, humidity, radiation, chemicals, and
submergence at the location where the equipment must perform as specified in
accordance with (1) and (2) above. The applicant or licensee shall keep the
list and information in the file current and retain the file in auditable form
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for the entire period during which the covered item is installed in the '

nuclear power plant or is stored for future use to permit verification that
each item of electric equipment is important to safety meets the requirements.
In conformance with 10 CFR 50.49, electrical equipment for PWRs referencing
the System 80+ standard design must be qualified according to the criteria in
Category I of NUREG-0588 and RG 1.89, Revision 1.

The qualification requirements for mechanical equipment are principally
contained in Appendices A and B to 10 CFR Part 50. The qualification methods
defined in NUREG-0588 can also be applied to mechanical equipment.

To document the degree to which the EQ program for the System 80+ standard
design complies with the EQ requirements and criteria, ABB-CE submitted
CESSAR-DC Section 3.11, " Environmental Design of Mechanical and Electrical
Equipment," and CESSAR-DC Appendices 3.11A and 3.11B, " Typical Environmental
Conditions and Test Profiles for Structures and Components" and "Identifica-
tion, Location, and Typical Environmental Condition of Equipment," respective-
ly, and responded on February 12, 1992 (LD-92-017), to a staff RAI dated
October 10, 1991.

3.11.3 Staff Evaluation

The staff limited its evaluation of the EQ program for the System 80+ standard
design to a review of ABB-CE submittals on its approach for selecting and
identifying equipment required to be environment-ally qualified for the
System 80+ standard design, qualification methods proposed,- and completeness
of information in- the tables in CESSAR-DC Appendices 3.11A and 3.11B. The
bases for the staff's evaluation are SRP Section 3.11, Revision 2; NUREG-0588,
Category 1; RG 1.89, Revision 1; and 10 CFR 50.49. For COL applicants
referencing the System 80+ certified design, the staff will review specific
details of the EQ programs for their plants using the evaluation bases
mentioned above.

3.11.3.1 Completeness of Qualification of Electrical Equipment Important to
Safety

The following three categories of electrical equipment important to safety
must be qualified in accordance with the provisions 10 CFR 50.49(b)(1),
(b)(2), and (b)(3):

(b)(1) - safety-related electrical equipment (relied on to remain*

functional during and after design-basis events)

(b)(2) - non-safety-related electrical equipment whose failure under the=
!

postulated environmental conditions could prevent satisfactory perfor-
mance of the safety functions by the safety-related equipment

!

(b)(3) - certain postaccident monitoring equipment (Categories I and II*

postaccident monitoring equipment as specified in RG 1.97, Revision 2,
" Instrumentation for Light-Water-Cooled Nuclear Power Plants To Assess
Plant and Environs Conditions During and Following an Accident").

O CESSAR-DC Appendix 3.llB lists the equipment required to mitigate a DBA or to
attain a safe shutdown. The CESSAR-DC states that specific equipment for each
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system is discussed in the appropriate section of the CESSAR-DC'as referenced ,

by Appendix 3.11B. The CESSAR-DC also states that the design of the informa-
tion systems important to safety conform ta the guidelines of Revision 3 of
RG 1.97. However, the footnote for 10 CFR 50.49(b)(3) references Revision 2
for selection of the types of postaccident monitoring equipment. In issuing
Revision 3, the NRC staff stated that conformance to Revision 3 would not
alter the implementation for 10 CFR 50.49. In accordance with 10 CFR
50.12(2)(ii), the Commission will consider granting an exemption if applica-
tion of the regulation in the particular circumstances would not serve the
underlying purpose of the rule or is not necessary to achieve the underlying
purpose of the rule. Therefore, conformance to Revision 2 is not required
because conformance to Revision 3 meets the underlying purpose of the rule.
Therefore, an exemption from 10 CFR 50.49(b)(3) is justified by the special
circumstances set forth in 10 CFR 50.12 (a)(2)(ii). On the basis of its
review of CESSAR-DC Appendix 3.11B, the staff finds ABB-CE's approach for

-

selecting electrical equipment required to be environmentally qualified
acceptable. The staff will review specific details provi~ded by applicants
referencing the System 80+ certified design to demonstrate their compliance
with 10 CFR 50.49(b)(1), (b)(2), and (b)(3) with respect to identification of
electrical equipment important to safety required to be environmentally
qualified. The details must list systems and their components that are
included in the plant EQ program, and design features for preventing the
potential adverse consequences identified in IE Information Notice 79-22,
" Qualification of Control Systems."

ABB-CE has elected to use the new accident source term described in draft
NUREG-1465. The staff's acceptance of the new accident source term for
evolutionary designs, such as CESSAR-DC System 80+, is discussed in
Appendix 15.A.1 of this report.

The radiation qualifications for individual safety-related components are
developed on the basis of two conditions:

the radiation environment expected at the component location from equip-=

ment installation to the end of qualified life, including the time the
equipment is required to remain functional after the accident

the limiting design-basis accident for which the component provides a.

safety function

These design-basis accidents are divided into two general classes: LOCA and

non-LOCA events. For non-LOCA events, such as main steam and feedwater line
breaks, the source terms are developed from conservative estimates of fuel
assembly gap activity releases, as discussed in Section 15.A.2 of this report
and in CESSAR-DC Chapter 15, and the maximum reactor coolant specific activi-
ties, as discussed in CESSAR-DC Section 11.1. For LOCA events, the maximum
reactor coolant specific activities, as discussed in CESSAR-DC Section 11.1,
are also included, but two levels of fuel damage are considered.

One level corresponds to a design-basis accident, without significant fuel
melting, involving decay power heatup of the fuel assemblies to a point at
which 100 percent of the gap activity is released. The timing of the coolant
and gap activity releases is taken from draft NUREG-1465 with one exception;
that is, 20 percent of the gap activity is assumed to be released instan-
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taneously rather than according to the uniform release rate assumed in draft
NUREG-1465. Components needed to preclude or limit core damage must be i

qualified. Within this category are the EFWS and the components identified in )'
. List 1 of CESSAR-DC Table 3.11-2.

The second level of fuel damage is the level corresponding to 10 CFR Part 100 ;

which calls for a postulated design-basis accident involving substantial ;

melting of the fuel. The timing of the coolant and gap activity releases is ;

taken from draft NUREG-1465. Qualification is required for components needed
to maintain containment integrity, including the long-term cooling of in- !

vessel debris. In this category is all other equipment within the scope of ;

10 CFR 50.49. The long-term cooling of the in-vessel debris does not require |
the EFWS. However, to ensure proper transition from arresting core damage to 1

the long-term cooling mode, the EFWS is qualified to the 10 CFR Part 100 DBA
1;source term for a period of 72 hours.

|3.11.3.2 Qualification Methods -

3.11.3.2.1 Electrical Equipment in a Harsh Environment

Detailed procedures for qualifying safety-related electrical equipment located
in a harsh environment are defined in NUREG-0588 and RG 1.89. The criteria in
these documents are also applicable to other equipment important to safety
defined in 10 CFR 50.49.

:

The methodology used by ABB-CE to qualify NSSS safety-related electrical
- equipment is outlined in ABB-CE's Topical Report CENPD-255-A, Revision 3,

dated October 1985, entitled " Qualification of. Class 1E Electrical Equipment." >

This topical report is a generic document that has been reviewed and approved ;

by the NRC staff by letter dated August 13, 1985, entitled Acceptance For ,

!Referencing of Licensing Topical Eeport CENPD-255-A Revision 3, " Class IE
Qualitification - Qualification of Class IE Electrical Equipment." The
staff's approval of CENPD-255-A, Revision 3, incorporated Amendment 9 of ;

CESSAR-F (Combustion Engineering, " System 80 - Combustion Engineering Standard
Safety Analysis Report, Final Safety Analysis Report," Amendment 9, February ;

1984). The staff's review of CESSAR-DC included a review of the basis for ;
'incorporating Amendment 9 of CESSAR-F into the review of CENPD-255-A, Revi-

sion 3. ABB-CE stated that referencing CENPD-255-A, 9evision 3, is indepen- I

dent of references to Amendment'9.of CESSAR-F. Consepently the NRC staff
concludes that it is acceptable for CESSAR-DC to referste U.mD-255-A~
Revision 3, without reliance upon Amendment 9 of CESSAR-F, ana that where L

CENPD-255-A and CESSAR-DC. differ, CESSAR-DC takes precedence. COL applicants i

referencing CENPD-255-A, Revision 3, must provide actual, plant-specific I
values that are in compliance with the requirements of 10 CFR 50.49. In. ;

addition, each COL applicant must verify the completeness of the equipment 1
'lists through use of the appropriate interface criteria and the validity of

the environmental classification for each equipment item. On the basis of the
staff review and approval of CENPD-255-A, Revision 3, the staff finds the

I.nethodology acceptable.

In Amendment l'to CESSAR-DC Section 3.11.2, ABB-CE proposed an alternative
test profile which allowed testing twice at the specified service condition as

C a substitute for testing once at a profile that includes margins. In the
DSER, the staff stated that thic approach is nonconservative; not consistent
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with IEEE 323-1974, NUREG-0588, or RG 1.89; and does not meet the intent of
nor is it in compliance with 10 CFR 50.49. Consequently, this was identified
as DSER Open Item 3.11.3.2.1-1. Subsequently, in Section 3.11.2 of Amend-

'

ment N to CESSAR-DC, ABB-CE stated that environmental qualification of
electrical equipment located in harsh environments within ABB-CE's scope of
supply will be in accordance with the methodologies outlined in CENPD-255-A, 1

'

Revision 3. ABB-CE also stated that environmental qualification of electrical
equipment outside of ABB-CE's scope of supply will be in accordance with
IEEE 323-1974 and RC 1.89, Revision 1. CENPD-255-A, Revision 3, and
IEEE 323-1974 do not include an alternate test profile which allows for the |

substitution of testing twice at the specified service condition as a substi- !
tute for testing once at a profile which includes margins. This is acceptable
and resolves DSER Open Item 3.11.3.2.1-1.

To date, the NRC staff has not endorsed IEEE 323-1983; therefore, refer-
ences to this standard in its entirety, or in part, are not acceptable. In
Amendment I to CESSAR-DC Section 3.11.2.1, IEEE 323-1983'was referenced in
regard to the definition of a mild environment. This was DSER Open
Item 3.11.3.2.1-2. Subsequently, in CESSAR-DC Section 3.11.2.1, IEEE 323-1983
is no longer referenced in relation to EQ of electric equipment important to
safety for nuclear power plants. This is acceptable. On this basis, DSER
Open Item 3.11.3.2.1-2 is resolved. An acceptable definition for a mild
environment is in 10 CFR 50.49, paragraph (c). Resolution of this open item
also resolves the staff's concerns related to the definition of a mild
environment for mechanical equipment.

In addition, for current-generation operating reactors, the staff's definition
of what constitutes a mild radiation environment for electronic components
such as semi-conductors, or any electronic component containing organic
materials, is different from what it is for other equipment. The staff
position is that a mild radiation environmen for electronic equipment is a
total integrated dose of less than 10 Gy (10} Rad). For other equipment it is

2less than 10 Gy (10' Rad) . With the expected significant increase in the
quantity and variety of electronic components in newer generation plants, the
staff has increasing concerns about the efforts being made and the ability of
these components to be environmentally qualified. In the DSER, the staff
stated that ABB-CE should address the staff's concerns about the EQ of
electronic components. This was identified as DSER Open Item 3.11.3.2.1-3.
InCESSAR-DCAmendmentQ,Section3.11.2.2,pBB-CEstatedthatequipmentwhich
isexposeptoradiationequaltoorabove10 Gy (10' Rad) (equal to or above
10 Ry (10 Rad) for electronic equipment) will be irradiated to its antici-
pated total integrated dose prior to type testing, unless determined byi

analysis that radiation does not affect its ability to perform its required
function. This is acceptable and resolves DSER Open Item 3.11.3.2.1-3.

! Topical Report CENPD-255-A, Revision 3, was written by ABB-CE and reviewed and
| approved by the NRC staff for equipment within ABB-CE's scope of supply.
| However, in Amendment I to CESSAR-DC Section 3.11.2 and in ABB-CE's submittal

of February 12, 1992 (LD-92-017), ABB-CE stated that the acceptance of this
report should be extended to include other equipment suppliers. The staff did
not agree with this position; therefore, this was identified as DSER Open

| Item 3.11.3.2.1-4. In Amendment N to CESSAR-DC Section 3.11.2, ABB-CE stated
that EQ of electrical equipment outside of ABB-CE's scope of supply will be in

1
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accordance with IEEE 323-1974 and RG 1.89, Rev. 1. This is acceptable andp
( resolves Open item 3.11.3.2.1-4.
L

As discussed in Section 3.11.3.1 above, ABB-CE elected to use the new accident
source term described in draft NUREG-1465. In Section 15.A.2 of this report,
the staff determined that the appropriate application of the source term in
draft NUREG-1465 should be based on the use of gap release and the early in-
vessel releases for design-basis accident evaluations as proposed by ABB-CE.
Additionally, the staff determined it appropriate that the qualification of
individual components be based on the limiting design-basis accident for which
the component provides a safety function. Therefore, the ABB-CE method for
determining the radiation qualifications of components within the scope of
10 CFR 50.49 is acceptable.

3.11.3.2.2 Safety-Related Mechanical Equipment in a Harsh Environment

Although no detailed requirements exist for mechanical equipment, GDC 1 and 4
and Appendix B to 10 CFR Part 50 (Criteria III, " Design Control," and XVII,
" Quality Assurance Records") contain the following requirements related to
equipment qualification:

Components should be designed to be compatible with the postulated*

environmental conditions, including those associated with LOCAs.

Measures should be established for the selection and review for the-

suitability of application of materials, parts, and equipment that
are essential to safety-related functions.

Design control measures should be established for verifying the*

adequacy of design.

Equipment qualification records should be maintained and should-

include the results of tests and materials analyses.

For mechanical equipment, the staff concentrates its review on materials that
are sensitive to environmental effects, for example, seals, gaskets, lubri-
cants, fluids for hydraulic systems, and diaphragms. A review and evaluation
should be done to

identify safety-related mechanical equipment located in harsh=

environment areas, including required operating time

identify non-metallic subcomponents of this equipment=

identify the environmental conditions for which this equipment must-

be qualified (The environments defined in the electrical equipment
program are also applicable to mechanical equipment.)

identify non-metallic material capabilities=

evaluate environmental effects-

[ In LD-92-017, ABB-CE proposed a revision to CESSAR-DC Sections 3.11.2.1 and
3.11.3.2 to provide additional clarifying information and committed the EQ of

ABB-CE System 80+ FSER 3-165 June 1994

_ _ _ _ _ _ - - _ - _ _ -



mechanical equipment to CENPD-255-A, Revision 3. This proposed change was
intended to resolve the staff concerns with this section. Therefore, in the
DSER, this was identified as DSER Confirmatory Item 3.11.3.2.2-1. The staff
noted that ABB-CE should incorporate the proposed changes into CESSAR-DC Sec-
tions 3.11.2.1 and 3.11.3.2. Subsequently, ABB-CE revised CESSAR-DC Sec-
tions 3.11.2.1 and 3.11.3.2 in Amendments N and Q, respectively, to eliminate
reference to IEEE 323-1983 for a mild environment and to add reference to
CENPD-255-A, Revision 3 for EQ of mechanical equipment. This is acceptable
and resolves DSER Confirmatory Item 3.11.3.2.2-1.

3.11.3.3 Conclusions

On the basis of its review of the CESSAR-DC, other applicant submittals, and
previous review and acceptance of CENPD-255-A, Revision 3, the staff concludes I

'that the program proposed by ABB-CE for environmentally qualifying electrical
equipment important to safety and safety-related mechanical equipment is i

acceptable. |-

By DSER COL Action item 3.11.3.3-1, the staff noted that for applicants
referencing the System 80+ certified design, the specific details of their
plant-specific EQ program will be made available to the staff, including the

Iresults of maintenance and surveillance, for applicable equipment located in
potentially harsh environmental zones. Subsequently, CESSAR-DC Section 3.11
incorperates the above action. This is acceptable. This is included in COL
Action Item 3.11-1.

3.12 Pioina Desion

3.12.1 Introduction

This secticn is the staff's safety evaluation of ABB-CE's design acceptance
criteria (DAC) for the System 80+ piping design. The staff used the SRP
guidelines to evaluate the piping design information in the CESSAR-DC and
performed a detailed audit of the piping design criteria, including sample
calculations. The staff evaluated the adequacy of the structural integrity
and functional capability of safety-related piping systems. The review was
not limited to the ASME Code Class 1, 2, and 3 piping and supports, but
included buried piping, instrumentation lines, the interaction of non-
Category I piping with seismic Category I piping, and any safety-related
piping designed to industry standards other than the ASME Code. The staff's
evaluation of the adequacy of the System 80+ piping design analysis methods,
design procedures, acceptance criteria, and related ITAACs that are to be used
for the completion and verification of the System 80+ piping design appears in
the following sections of this report. The staff's evaluation includes

applicable codes and standards-

methods to be u u d for completing the piping design analyses-

modeling techniques-

pipe stress analyses criteriaa

pipe support design criteria=

criteria for postulating high-energy line breaks-

LBB approach applicable to the System 80+ design*

generic piping design ITAACs*
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In order to approve the System 80+ design, the staff must arrive at a final
determination that, if the COL applicant or licensee successfully completes ,

,
the piping design and analyses and the ITAAC as required _by 10 CFR Part 52 i
using the design methods and acceptance criteria discussed herein, there will
be adequate assurance that the piping systems will perform their safety- 1

related functions under all postulated combinations of normal operating -

conditions, system operating transients, postulated pipe breaks, and seismic
events.

The staff's evaluation of the System 80+ piping DAC is based primarily upon.
.

the staff review of piping design and analysis-related information in. >

CESSAR-DC Section 3.6, 3.7, and 3.9 and Appendix 3.9A, and upon the staff's <

audit of several sample piping analysis problems provided by ABB-CE. The ,

sample problems included the pressurizer SL, the shutdown cooling system (SCS).
line, and the feedwater economizer 1ine.

3.12.2 Codes and Standards
:

3.12.2.1 ASME Code '

In SECY-93-087, the staff recommended using the newest codes and standards
that have been endorsed by the NRC. Revisions to codes and standards that :

have not been formally endorsed by the NRC will be reviewed on a case-by-case
basis. The Commission approved the staff position in its SRM dated July 21, _ t

1993. For the System 80+ design certification, ABB-CE has established that i
the ASME Code, Section III, will be used for the design of ASME Code Class 1, ;

2, and 3 pressure retaining components and their supports. The specific ;
edition and addenda are listed in CESSAR-DC Table 1.8-6. The ASME Code is '

considered Tier 1 information; however, the specific edition and addenda are
considered Tier 2 information. The specific edition and addenda are consid-

'ered as Tier 2 information bccause of the continually evolving technical
nature associated with the design and construction practices (including ?

inspection and examination techniques) of the code. Fixing a specific edition
and specific addenda during the design certification stage would result in ;

inconsistencies between design and construction practices during the detailed '

'design and construction stages. The ASME Code involves a consensus process to
reflect the evolving design and construction practices of the industry.
Although the reference to a specific edition of the code for the design of
ASME Code class components and their supports is sufficient to reach a safety :

finding during the design certification stage, it is necessary that the
construction practices and examination methods of an update 6 code that would '

be effective at the COL stage be consistent with the design practices estab-
lished at the design certification stage. ;

The staff finds that the specification of the ASME Code as Tier 1 information
and the specific edition and addenda as Tier 2 information is appropriate
because it would provide the COL applicant the means to revise or supplement *

the referenced code edition with portions of the later code editions and +

addenda needed to ensure consistency between the design for the System 80+
pressure-retaining components and their supports and construction practices.

,

In this manner, the updated reference code to be used at the time of the COL 4

|application is ensured to be consistent with the latest design, construction,

O and examination practices at that time. However, where the staff finds that t

there might be a need to specify certain design parameters from a specific |

l
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code edition er addenda during its design certification review, particularly
when that infcrination is of importance to establish a significant aspect of
the design or is used by the staff to reach its final safety determination,
such considerations, if necessary, are reflected in the applicable sections of
this safety evaluation.

Therefore, all ASME Code Class 1, 2, and 3 pressure retaining components and
their supports shall be designed in accordance with the requirements of ASME
Code, Section III, using the specific edition and addenda named in the
CESSAR-DC. The COL applicant may opt for later editions and addenda of the
code to ensure that the design is consistent with the construction practices
(including inspection and examination methods) in effect at the time of
application for the COL. The portions of the later code editions and addenda
shall be presented to the NRC staff 4 ar review and approval along with the COL
application.

3.12.2.2 ASME Code Cases -

The only acceptable ASME Code cases that may ce used for the design of ASME
Code Class 1, 2, and 3 piping systems in the Sys'em 80+ standard plant are
those either conditionally or unconditionally endtesed in RGs 1.84 and 1.85 in
effect at the time of design certification or specifically reviewed and
approved by the staff as listed below. However, the COL applicant may submit
with its COL application, for staff review and approval, future code cases
that are endorsed in RGs 1.84 and 1.85 (at the time of COL) provided they do
not alter the staff's safety findings on the System 80+ certified design.

In CESSAR-DC Table 1.8-7 of the early amendments, ABB-CE submitted a list of
ASME Code Cases for use in System 80+ piping and pipe support design. After
discussion with the staff, ABB-CE presented the following list in the
CESSAR-DC:

ASME Code Case N-71-15, " Additional Materials for Subsection NF,*

Classes 1, 2, 3, and MC Component Supports Fabricated by Welding, Sec-
tion III, Division 1." This code case has been endorsed by the staff
subject to the additional conditions giver, in RG 1.85.

ASME Code Case N-122-1, " Procedure for Evaluation of the Design of*

Rectangular Cross Section Attachments on Class 1 Piping, Section III,
Division 1." Previously, this code case was endorsed by the staff in
RG 1.84. However, endorsement of this edition was withdrawn due to
obvious printing discrepancies. The staff's approval of this code case
was contingent upon correction of these typographical errors.

ASME Code Case N-192-2, "Use of Braided Flexible Connectors, Class 2*

and 3." This code case has been endorsed by the staff subject to the
additional conditions given in RG 1.84.

ASME Code Case N-247, " Certified Design Report Summary for Component| *

|
Standard Supports, Section 111, Division 1, Classes 1, 2, 3 and MC."
This code case has been endorsed by the staff in RG 1.84.

ASME Code Case N-249-10, " Additional Materials for Subsection NF,*
|

Classes 1, 2, 3 and MC Component Supports Fabricated Without Welding."
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This code case has been endorsed by the staff subject to the additionalf3

(Q conditions given in RG 1.85. |$

ASME Code Case N-262, " Resistance Spot Welding for Structural Use in=

Component Supports." This code case has been endorsed by the staff in i

RG 1.84.

ASME Code Case N-309-1, " Identification of Materials for Component*

Supports." This code case has been endorsed by the staff in RG 1.84.

ASME Code Case N-313, " Alternate Rules for Half-Coupling Branch Connec-*

tions, Class 2." This code case has been endorsed by the staff in
RG 1.84.

ASME Code Case N-318-4, " Procedure for Evaluation of the Design*

of Rectangular Cross Section Attachments on Class 2 or 3 Piping,
Section III, Division 1." This code case has been endorsed by the staff
subject to the additional conditions given in RG 1.84. This is further
discussed in Section 3.12.5.16 of this report.

ASME Code Case N-319-1, " Alternate Procedure for Evaluation of Stresses*

in Butt Weld Elbows in Class 1 Piping, Section III, Division 1." This
code case has been endorsed by the staff in RG 1.84.

ASME Code Case N-391-1, " Procedure for Evaluation of the Design of Hollow*

Circular Cross Section Welded Attachments on Class 1 Piping, Section III,
Division 1." This code case has been endorsed by the staff subject to

( the additional conditions in RG 1.84.
s

ASME Code Case N-392-1, " Procedure for Evaluation of the Design of Hollow*

Circular Cross Section Welded Attachments on Classes 2 and 3 Piping, Sec-
tion III, Division 1." This code case has been endorsed by the staff
subject to the additional conditions in RG 1.84. This is further
discussed in Section 3.12.5.16 of this report.

ASME Code Case N-393, " Repair Welding Structural Steel Rolled Shaped and*

Plates for Component Supports, Section III, Division 1." This code case
has been endorsed by the staff in RG 1.84.

ASME Code Case N-411-1, " Alternative Damping Values for Response Spectra*

Analysis for Class 1, 2, and 3 Piping." This code case has been endorsed
by the staff subject to the additional conditions in RG 1.84. This is
further discussed in Section 3.12.5.4 of this report.

ASME Code Case N-420, " Linear Energy Absorbing Supports for Subsec-*

tion NF, Classes 1, 2, and 3 Construction, Section III, Division 1."
This code case has been endorsed by the staff subject to the additional
conditions given in RG 1.84.

ASME Code Case N-430, " Alternative Requirements for Welding Workmanship*

and Visual Acceptance friteria for Class 1, 2, 3 and MC Linear-Type and
p Standard Supports." Tnis code case has been endorsed by the staff

subject to the additfonal conditions given in RG 1.84.t
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ASME Code Case N-433, "Non-threaded Fasteners for Class 1, 2, and 3a

Component Piping Supports." This code case has been endorsed by the
staff in RG 1.84.

ASME Code Case N-474-1, " Design Stress Intensities and Yield Strength*

Values for UNS N06690 with a minimum specific Yield Strength of 35 ksi.
Class 1 Components." This code case has been endorsed by the staff in
RG 1.85.

ASME Code Case N-476, " Class 1, 2, 3, and MC Linear Component Supports -*

Design Criteria for Single Angle Members, Subsection NF." This code case
has been endorsed by the staff in RG 1.84.

The staff concludes that because all of these code cases either meet the
guidelines of RGs 1.84 or 1.85, or have been reviewed and endorsed by the
staff, they are acceptable for use in the System 80+ design.

3.12.2.3 Design Specifications

ASME Code, Section III, requires that a design specification be prepared for
Class 1, 2, and 3 components such as pumps, valves, and piping systems. The
design specification is intended to become a principal document governing the
design and construction of these components and should specify loading
combinations, design data, and other design data inputs. The Code also re-
quires a design report for ASME Code Class 1, 2, and 3 piping and components.
In the CESSAR-DC, ABB-CE commits to construct all safety-related components,
such as vessels, pumps, valves, and piping systems to applicable requirements
of the ASME Code, Section III.

During its review of the CESSAR-DC, the staff noted that although it is
understood that design reports will not be available at the time of certifica-
tion, design specifications, or at least the methodologies for preparing them,
should be available since design specifications serve as the basis for
construction. In the absence of preparing actual design specifications at the
time of design certification, the staff asked ABB-CE to prepare a document
that discusses the requirements and methodologies for preparing design
specifications that should be followed by ABB-CE or any applicant for refer-
encing the System 80+ design. In response to the staff request, ABB-CE
submitted a document entitled, " Procedure Guideline for Preparing the ASME
Code, Section III Design Specification for the System 80+ Certified Design."
The staff reviewed this document and determined that it provides adequate
guidelines for preparing design specifications and contains sufficient details
required by the ASME Code, and is thus acceptable.

3.12.2.4 Conclusions

The staff finds that in CESSAR-DC Section 3.9.3, ABB-CE meets the requirements
for and commitments to the applicable codes and standards contained in
10 CFR 50.55a and GDC 1 as they pertain to the codes and standards specified
for ASME Code, Class 1, 2, and 3 components, by ensuring that systems and
components important to safety are designed to quality standards commensurate
with their importance to safety.

3.12.3 Analysis Methods
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The staff reviewed the information in CESSAR-DC Section 3.9.1 relative to thep
; J design transients and methods of analysis used for all seismic Category I
U piping and pipe supports designated as ASME Code Class 1, 2, and 3 under ASME

Code, Section III, as well as those not covered by the Code. It reviewed the
assumptions and procedures used for the inclusion of transients in the design
and fatigue evaluation of ASME Code Class 1 and core support components. Jt !

also reviewed the computer programs used in the design and analysis of seism;c '

Category I components and their supports, as well as experimental and inelas-
tic analytical techniques.

3.12.3.1 Experimental Stress Analysis

During an audit performed on June 23 through 25, 1993, at ABB-CE offices in
Windsor, Connecticut, ABB-CE was asked to specify any piping components for
which experimental stress analysis would be performed. ABB-CE responded that
it is not planning to use experimental stress analysis in piping design. If a
COL applicant wishes to use this method in any System 80+ piping design, the
details of the method as well as the scope and extent of its application
should be submitted to the staff for approval before its use. The staff's
position is that experimental stress analysis methods shall be in compliance
with Appendix II of the ASME Code, Section III, Division I.

3.12.3.2 Modal Response Spectrum Method

Static and dynamic analyses of all major seismic Category I piping systems and
components are based on linear-elastic analysis methods. Seismic analysis of
a piping system is generally performed using both dynamic and static analysis(q techniques. A dynamic analysis is performed to evaluate the inertia loadsj

V developed as the mass of the piping is accelerated by seismic motion. A
static analysis is performed to determine loading resulting from differential
seismic movements of structures or large lines to which piping is attached.
The dynamic analysis of a piping system is generally performed by the modal
response spectrum method of analysis. Alternate analysis methods include the
time-history method and the equivalent static method.

CESSAR-DC Section 3.7.3 and Appendix 3.9A, Section 1.4.3.2.1, describe the
piping dynamic analysis procedure using the modal response spectrum method.
First a mathematical model is constructed to reflect the dynamic characteris-
tics of the piping system. The model consists of lumped masses connected by
elastic members. As a minimum, the number of D0Fs is equal to twice the
number of modes with frequencies less than the frequency corresponding to the
ZPA. The stiffness matrix is determined from the elastic properties of the
pipe. This includes the effects of torsional, bending, shear, and axial
deformations, as well as changes in stiffness due to curved members. The mode
shapes and natural frequencies for all significant modes of vibration are
computed. For each direction of earthquake motion, modal participation
factors for all significant modes are calculated. Using the appropriate
response spectrum, the spectral acceleration for each mode is determined. For
a piping system supported at points with different dynamic excitations, an
enveloped response spectrum of all attachment points is used. From the mode

,

shapes, participation factors, and spectral accelerations of individual modes, !

the modal responses are calculated. They include the modal inertia response !
I forces, moments, displacements, and accelerations. For a given direction, the |d modal responses are combined in accordance with the methods described in
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RG 1.92, " Combining Modal Responses and Spatial Components in Seismic Response
Analysis," Revision 1.

The modal response is calculated for each of the three earthquake directions
(Two horizontal and the vertical). The total seismic response from the
simultaneous application of the 3-D components of earthquake loading are
obtained by combining the maximum codirectional responses to each of the three
components by the SRSS method.

The effects of SAM are considered by performing a static analysis which
accounts for the relative displacement effects between support locations. For
models with piping in more than one building, it is assumed that the buildings
move 180 degree out of phase. Within the RB, there are differential movements
between the RB, the containment vessel, reactor interior structures, and the
NSSS. These movements are assumed to act 180 degree out of phase. The
resulting relative movements are applied as static support displacements with
all dynamic supports active. The resulting stresses are placed in the
secondary stress category because they are displacement-induced and self-
limiting. The results of the static analysis are combined with the results of
the response spectrum analysis by absolute summation to determine the total
seismic response of the piping.

The staff reviewed the CESSAR-DC description of the modal response spectrum
method and found that it is consistent with the applicable guidelines in SRP
Section 3.9.2 and is, therefore, acceptable.

3.12.3.3 Independent Support Motion Method

The independent support motion (ISM) response spectrum analysis method is an
alternate analysis method which can be used for piping systems that are,

supported at points with different dynamic excitations. When this method is!

used, the responses caused by motions of supports between two or more support
groups may be combined by the SRSS method if a support group is defined by
supports that have the same time-history input. This usually means all
supports located on the same floor, or positions of a floor or a structure.
In addition, this method should be implemented in accordance with the informa-
tion and recommendations in Sections 2.3 and 2.4 of NUREG-1061, Volume 4.

In CESSAR-DC Section 3.7.3.9 of the early amendments, ABB-CE stated that when
the equipment or component is supported at points with different elevations,
either the envelope of the response spectra at a given elevation or a multiple

I
support excitation approach is used for the seismic qualification of the

i equipment. For the multiple support excitation, a time-history analysis
method or ISM response spectrum method is used. During an audit performed on'

April 6-8, 1993 at DE&S offices in Charlotte, North Carolina, ABB-CE was asked
to submit a sample piping analysis using the ISM response spectrum method if
this methodology will be used in System 80+ piping design. At a follow-up
audit at the Duke office on May 18-19, 1993, ABB-CE informed the staff that,
upon further review, it decided that the ISM response spectrum analysis method
will not be used in System 80+ piping design.

On the basis of the information given during the audits, the staff requested
that CESSAR-DC Section 3.7.3.9 be revised to state that the ISM response
spectrum analysis method will not be used for piping analysis. Subsequently,

|
i
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ABB-CE revised CESSAR-DC Section 3.7.3.9 by Amendment Q, to permit only the
time-history analysis method for the multiple support excitation. The staff

d finds this revision acceptable. If a COL applicant wishes to use the ISM
response spectrum analysis method in any System 80+ piping design, a detailed
description of the methodology containing a sample analysis and a description
of the computer code and its verification shall be submitted to the staff for
approval before its use.

3.12.3.4 Time-History Analysis Method

The time-history analysis me'thod may be used to determine the dynamic response
of piping systems. For the Sy; tem 80+ piping design, ABB-CE uses this method
as an alternative to the response spectrum method for seismic analysis. The
method is also used for dynamic analyses of other types of load such as LOCAs
or hydraulic transients. This method uses either a direct integration or
modal superposition method to solve the equations of motion.

CESSAR-DC Section 3.7.2.1.1.2 and Appendix 3.9A, Section 1.4.3.2.2, describe
the piping analysis procedure using the time-history analysis method. The
development of mathematical models which define flexibility and mass and the
calculation of natural frequencies and mode shapes are performed in the same
manner as described for response spectrum analysis. The solution of the
equations of motion is obtained by either modal superposition or direct
integration.

The modal superposition method is used when the equations of motion can be
decoupled. The decoupled equation of motion for each mode is integrated and
the total response is obtained by algebraically summing up the responses of

d the individual modes. The principle of superposition holds as long as the
system is linear. When this method is used, the number of modes analyzed is
selected to account for the principal vibration modes of the system based upon
mass and stiffness properties, modal participation factors and closeness to

.

amplified region of the response spectrum of the input time history. As !
required on a case-by-case basis, the analysis is repeated with more modes in j

order to verify the adequacy of the chosen number of modes.

When the direct integration method is used, the solution of the eigenvalue
problem is not required. Direct integration of the equations of motion by
either implicit or explicit methods of numerical integration is used to solve
the equations of motion. The integration time step is chosen to be a maximum
of 1/10 of the period of the highest frequency of interest for the system. As
required on a case-by-case basis, the size of time step for integration is
reduced and the analysis repeated in order to verify the choice of the time
step. In addition, to account for uncertainties, the time step size is
adjusted by 15 percent to achieve the frequency band-broadening effects.
When this method is used, viscous damping proportional to the mass and
stiffncss matrices is used. The values of a and 8 constants are selected so
that the damping in the range of frequency of interest is approximately equal !
to the damping of the system.

'

The piping model is subjected to seismic excitations at the anchor points and
at the building supports. For statistically independent earthquake motions,

( input excitations in all three translation directions and, as applicable, in
V

ABB-CE System 80+ FSER 3-173 June 1994

- . . -_-_
.

_ _ _ - _ _ _ _ _ _ _ _ _ ____ __ _ __ - _ _____ -



all three rotational directions, maybe applied simultaneously to the anchor
points and building supports.

Input of multiple-support time-history excitations, which allow calculation of
the effects of both differential motion and inertia, may be used in a piping
system. An alternative time-history method is to use an " envelope" time
history excitation to calculate the inertia response and to perform a separate
static analysis to determine the effects of differential support motion. The
envelope excitation is a time history whose response spectrum envelopes the
response spectra for the individual support motions. This method is described
in ASME Code, Section III, Division 1, Appendix N, Section N-1228.4.

The staff reviewed the CESSAR-DC descriptions of the modal superposition and
the direct integration time-history analysis methods and found them to be in
compliance with the applicable guidelines of SRP Section 3.9.2 and, therefore,
acceptable.

3.12.3.5 Inelastic Analysis Method

The CESSAR-DC does not contain any information on the use of inelastic
analysis methods for the System 80+ piping. During an audit performed on
June 23 through 25, 1993, at the ABB-CE office in Windsor, Connecticut, ABB-CE
was asked to identify any piping components for which inelastic analysis
methods would be used. ABB-CE stated that it was not planning to use
inelastic analysis methods in piping design. If inelastic methods are to be
used in any System 80+ piping analysis, the details of the inelastic method
and its acceptance criteria, as well as the scope and extent of its
application, should be submitted to the staff for approval before its use by a
COL applicant.

3.12.3.6 Small-Bore Piping Method

The early versions of the CESSAR-DC did not provide any specific information
regarding the method for the structural design of small-bore piping systems in
the System 80+ plant. During the audit on June 23 through 25, 1993, at the
ABB-CE office in Windsor, Connecticut, ABB-CE was asked to submit a descrip-
tion of the small-bore piping design method in the CESSAR-DC. Subsequently,
ABB-CE submitted CESSAR-DC Appendix 3.9A, Section 1.1, which specifies the
analysis requirements described in this appendix apply to both large and
small-bore piping. This is acceptable.

| 3.12.3.7 Non-Seismic / Seismic Interaction (II/I)

| All non-seismic Category I piping (or other systems and components) should be
'

isolated from seismic Category I piping. This may be achieved by designing a
seismic constraint or barrier or by locating the two sufficiently apart to
preclude any interaction. If it is impractical to isolate the Category I
piping system, the adjacent non-seismic Category I system should be evaluated
to the same criteria as the seismic Category I system.

| For non-seismic Category I piping systems attached to seismic Category I
piping systems, the dynamic effects of the non-seismic Category I systemr

| should be cmsidered in the analysis of the Category I piping. In addition,
I the non-sein ic Category I piping from the attachment point to the first
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- anchor should be evaluated to ensure that, under all loading conditions, it

b(/
will not cause a failure of the seismic Category I piping system. CESSAR-DC
.Section 1.5.2.3 of Appendix 3.9A and Section 3.7.3.13 contain criteria and
methods for designing the region of a seismic /non-seismic piping interface in
order to isolate the seismic response of the non-seismic piping from the
seismic piping. The criteria and methods are consistent with the above staff
positions and the applicable portions of SRP Section 3.9.2 and RG 1.29, and
are, therefore, acceptable.

3.12.3.8 Buried Piping
a

CESSAR-DC Section 3.7.3.12.1 outlines the criteria for the analysis of buried J
seismic Category I piping systems. It states that the structural integrity of
the buried piping is evaluated by accounting for two primary effects of
earthquake ground motions. They are the strains and associated stresses
induced by soil motions caused by the passage of seismic waves and seismically
induced differential movements of structures which the pipe enters or con-
nects. Friction between the pipe and the surrounding soil may be considered-
using conservative estimates of the associated frictional forces. The

; differential movements at the entry or connection points are assumed to be out
of phase. Equivalent static analysis uses the principles of beams on elastic
foundations.

Buried piping experiences both axial and bending strains and associated ,

stresses from the seismic wave effects, seismic differential movements and I
thermal expansion / contraction. High axial strains are caused mostly by
seismic waves in conjunction with the soil friction. These axial strains are

/ therefore included in the code stress check. CESSAR-DC Section 3.7.3.12.1.3
presents an alternative stress check equation for Level D SSE loading in lieu
of ASME Code Eq. 9 of NC/ND-3655. In this alternate equation, the range of

!

bending plus axial stresses due to SSE loading is limited to 3S,. CESSAR-DC |
Section 3.7.3.12.1.4 presents modified Code Eqs.10 and 11 for evaluating
thermal expansion and contraction and for the combined effects of pressure,
weight, sustained mechanical loads, and thermal expansion and contraction.

The staff reviewed the information presented in CESSAR-DC Section 3.7.3.12.1,

l and found the analysis methodology to be in conformance with the applicable
guidelines given in SRP Section 3.9.2 as it relates to Category I buried
piping systems, which states that-the piping analysis should-consider earth-
quake-induced inertia effects, surrounding soil resistance on piping move-
ments, differential anchor motions, and local soil settlements. During the
audit on June 23-25, 1993, at the ABB-CE office in Windsor, Connecticut,
ABB-CE was also asked to provide additional justification for the alternative
stress check equations given in CESSAR-DC Sections 3.7.3.12.1.3 and
3.7.3.12.1.4 as follows. The code equation on thermal expansion was modified
to include additional consideration on axial stress, and the stress allowable
for combined thermal and anchor motion effects did not conform with NRC
guidelines on single earthquake design. In addition, ABB-CE was asked if
buried piping will be installed in tunnels. If the pipe is not installed in
tunnels, ABB-CE was asked to explain how the piping welds will be inspected.

In response to the staff's request, ABB-CE clarified CESSAR-DC Sec-
[ tions 3.7.3.12.1.3 and 3.7.3.12.1.4 to justify the alternative stress check( equations as follows. In CESSAR-DC Section 3.7.3.12.1.4, ASME Code Eqs. 10
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and 11 are modified to include the axial stresses due to thermal expansion /
contraction frictional forces which are considered to be significant for
buried pipes. Aside from this additional stress term, the equations are
identical to the Code equations. The inclusion of the axial stress term into
the Code equations is appropriate and the modified Eqs. 10 and 11 are accept-
able for buried piping.

Subsequently, in CESSAR-DC Section 3.7.3.12.1.3, ABB-CE states that seismic
loads on buried piping are considered secondary loads since they are generated
by soil strains transmitted to the pipe and are, therefore, considered to be
sel f-limiting. In addition, it further states that axial stresses are
considered significant and are, therefore, included in the proposed Level D
buried pipe stress check. The staff reviewed this information and agreed that
there is a technical basis for treating the buried piping SSE stresses as
secondary stresses and for including axial stresses in the stress check
equation. However, the staff noted that the stress check equation should
consider the combined range of moments and forces from all secondary loads
including thermal expansion. In addition, the staff also noted that ABB-CE
had not submitted justification for a stress allowable of 35 . Following
additional discussions with the staff, ABB-CE modified, in CISSAR-DC Sec-
tion 3.7.3.12.1.3, the Level D buried pipe stress check equation, which
includes the range of resultant moments and forces due to the combination of
SSE and thermal expansion / contraction. The stress from this load combination
is limited to 3S . The staff reviewed the modified equation and found that it
is consistent with Eq. 10b from the NRC guidance document on single-earthquake
design which limits the range of secondary stresses from the combined thermal
expansion and SSE SAM to 3S . In the case of buried piping, the total SSE

nstress is considered a secondary stress and is, therefore, included in the
stress check equation. The staff, therefore, concludes that the modified
Level D stress check equation is acceptable.

In response to the staff's questions on buried pipe inspections and tunnels,
ABB-CE specified three piping systems which include buried pipe. They are the
CCW system, the SSWS, and diesel generator engine fuel oil system. In
CESSAR-DC Section 3.8.4.1.5, Amendment Q, ABB-CE stated that the CCW piping
runs through a reinforced concrete tunnel below grade between the CCW Hx
structure and the NA. The other two systems include piping that may be
directly buried in the ground. ISI requirements for the SSWS are given in
CESSAR-DC Section 9.2.1.4, Amendment R, in which ABB-CE stated that the SSWS
is designed and installed to permit ISI and tests in accordance with ASME
Code, Section XI. Buried SSWS piping is inspected by means of a leakage test
that determines the rate of pressure loss or a test of differential flow
between the ends of buried piping. ISI requirements for the diesel fuel oil
system are given in CESSAR-DC Section 9.5.4.4, Amendment Q, in which ABB-CE
stated that buried fuel oil system piping is inspected by means of a visual
examination at each end of the buried piping (annulus enclosure) for evidence
of leakage. The staff reviewed this information and determined that it
provides an acceptable alternative to meet the inspection requirements of ASME
Code, Section XI.

3.12.3.9 ASME Code, Section III, Appendix N ,

|

^
The staff has not endorsed the use of ASME Code, Section Ill, Appendix N, |

iwhich is a nonmandatory appendix that is still evolving and does not currently
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agree with some regulatory positions. Therefore, for the System 80+ piping
design, if the methodology in Appendix N is not consistent with regulatory
positions discussed herein, the regulatory positions shall be used,

i

3.12.3.10 Conclusions

On the basis of the evaluations in Section 3.12.3, the staff concludes that
the analysis methods for all seismic Category I piping systems as well as non-
seismic Category I piping systems that are important to safety are acceptable.
The analysis methods use piping design practices that are commonly used in the
industry and provide an adequate margin of safety to withstand the loadings as
a result of normal operating, transient, and accident conditions.

3.12.4 Piping Modeling

3.12.4.1 Computer Codes .

This section addresses the computer codes for analyzing piping systems in the
System 80+ design. ABB-CE listed all computer programs it used for static and
dynamic analyses to determine the structural and functional integrity of
seismic Category I and non-seismic Category I items, in CESSAR-DC Sec-
tion 3.9.1.2. The program summaries contained individual descriptions and ;

applicability data. Design control measures to verify the adequacy of the
design of safety-related components are required by Appendix B to 10 CFR ;

Part 50. CESSAR-DC Section 3.9.1.2 states that the computer codes have been-
verified in conformance with design control methods consistent with the QA
program described in Chapter 17 of the CESSAR-DC.

O- The staff performed an independent confirmatory piping stress analysis of
representative piping systems in the System 80+ standard plant. These 1

analyses verified the adequacy of the ABB-CE computer program used to generate ,

the sample piping analyses that were audited by the staff on May 18 and 19,
1993, at the DE&S office in Cnarlotte, North Carolina. The confirmatory
analysis verified that the ABB-CE computer program stated above is adequate
with acceptable accuracy. On the basis of this evaluation, the staff con-
cludes that the computer program verification process for the System 80+
piping design is acceptable.

3.12.4.2 Dynamic Piping Model

The requirements for the dynamic analysis of seismic Category I piping are in
CESSAR-DC Section 3.7.3 and Appendix 3.9A. Each system is idealized as a
mathematical model consisting of lumped masses connected by elastic members.
A piping system is generally modeled as an assemblage of beams. The mass of-
each beam is lumped equally at its associated end nodes. Such concentrated
weights as valves are modeled as lumped masses. The stiffness matrix for the
piping system is determined using the elastic properties of the pipe. This
includes the effects of torsional, bending, shear, and axial deformations, as
well as changes in stiffness as a result of curved members.

The staff reviewed the method for selecting the number of masses or D0F in the
.

piping mathematical model to determine its dynamic response. In addition to jO the CESSAR-DC review, ABB-CE's piping design procedures and sample pipingU problems were audited by the staff on April 6 through 8, and May 18 and 19,
:
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1993, at the office of DE&S in Charlotte, North Carolina. As a minimum, the
number of DOFs is equal to twice the number of modes with frequencies less
than the frequency corresponding to the ZPA. Pipe and fluid masses are lumped
at nodes that are selected to coincide with the locations of large masses
(e.g., valves, pumps, and motors) and with locations of significant geometric
changes (e.g., pipe elbows, reducers, and tees). The torsional effects of
valve operators and other equipment with offset center of gravity with respect
to the centerline of the pipe are included in the model. In order to
adequately represent the dynamic characteristics of the piping system, maximum
mass point spacing shall not be greater than the length that would produce a
natural frequency equal to the ZPA frequency when calculated based on a simply
supported beam. Since this approach would, in effect, capture all modes up to
the cutoff frequency, the staff finds that the System 80+ method for locating
mass points is acceptable.

The staff reviewed the methodology for considering the effects of pipe support
"

stiffness on the piping response. CESSAR-DC Appendix 3.9A, Section 1.7.2.8,
states that supports are modeled in the piping analysis by using either the
actual support stiffness values or by using rigid stiffness values. When the
actual support stiffnesses are used, the flexibility of all support compo-
nents, as well as the effects of the building structure, are included in the
total stiffness value. Typically, rigid stiffness values are used for all but
flexible supports (e.g., spring cans). When rigid stiffnesses are used, all
supports in a given piping analysis are generally designed with reasonably
equal stiffness to reduce the effects of load redistribution to stiffer
supports due to the deflection of more flexible supports. The CESSAR-DC
states that rigid supports are designed to ensure that the stiffnesses of the
supports do not affect the pipe frequency. During the June 1993 staff audit,
ABB-CE was asked to submit deflection limits for pipe supports that are
modeled as rigid restraints. These limits were submitted on July 9, 1993, in
a markup to revise CESSAR-DC Appendix 3.9A, Section 1.7.i.8. The revision
required rigid support deflections to be limited to 1.6 mm (1/16 in.) for the
greater of the SSE loadings or the minimum design loads of Section 7.2.13. In
addition, the maximum deflection would be limited to 3.2 mm (1/8 in.) based on
the maximum load combination. The staff found these revisions acceptable.
The deflection limit is consistent with good engineering practice to ensure a
reasonable assumption that a pipe support is considered rigid in the piping
analysis. The revision was subsequently incorporated into the CESSAR-DC,
Amendment R. This is also discussed in Section 3.12.6.7 of this report.

Additionally, because the amplified response spectra are generally specified
at discrete building node points, any additional flexibility between these
points and the pipe support should be addressed. The additional response
spectrum amplification may occur at equipment nozzles, flexible building
steel, and at connections between piping runs and to branch lines. During the
June 1993 staff audit, ABB-CE was asked to address this issue in the
CESSAR-DC. In response, ABB-CE submitted markups to CESSAR-DC Appendix 3.9A
with the following revisions. CESSAR-DC Appendix 3.9A, Section 1.4.3.2, was
revised to state that piping systems will use appropriate response spectra or
time-history input which includes amplification through auxiliary platforms or
major building steel. ABB-CE revised CESSAR-DC Appendix 3.9A, Section 1.4.9,
to state that response spectra are defined for NSSS equipment nozzles. For
other equipment, response spectra are not defined. If the equipment natural
frequencies are below the ZPA cutoff, the mass and stiffness properties are
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incorporated in the seismic analysis. ABB-CE revised CESSAR-DC Appendix 3.9A,
(O Section 1.5.2.2, to give criteria for decoupling the seismic analysis of a
C/ branch line from the run line. When the decoupling criteria are met, the

branch point is treated as an anchor in the analysis of the branch line. In
that analysis, both the anchor movements and the inertial effects of the run
pipe on the branch pipe will be considered where significant. The staff found
these revisions acceptable. The markups were subsequently incorporated into
the CESSAR-DC, Amendment R.

3.12.4.3 Piping Benchmark Program

To verify the adequacy of the computer program used by the COL applicant or
licensee to complete the System 80+ piping system design and analyses, the NRC
staff will establish mathematical models of representative piping systems in
the System 80+ standardized plant to be used in a benchmark program. The
mathematical models are based on the dynamic piping model and on the piping
stress analysis criteria described in Section 3.12.4.2 and Section 3.12.5,
respectively, of this report. The benchmark program verifies the adequacy of
linear-elastic, dynamic piping analysis methods using the response spectrum
method, modal superposition time-history method, and direct integration time-
history method of analysis.

The benchmark program essentially consists of verifying mathematical models of
the System 80+ pressurizer SL and feedwater economizer line using the COL
applicant's or licensee's computer program. The piping configurations for the
piping models are described in NUREG/CR-6128, " Piping Benchmark Problems for
the ABB-CE System 80+ Standardized Plant," and considers piping dimensions,g) pipe sizes, materials, valve weights, support and anchor stiffnesses, and

(d support locations. The piping input parameters for the benchmark analyses
also are specified in the piping benchmark program and include damping values,
loading definitions, and load combinations.

CESSAR-DC Section 3.9.1.2.1 states that computer codes for piping dynamic
analysis will be benchmarked in accordance with NUREG/CR-6128. When the COL
applicant's dynamic piping analyses are completed, the analysis results will
be compared with benchmarked problems and evaluated, including the system
modal frequencies, the maximum pipe moments, the maximum support loads and
equipment reactions, and the maximum pipe deflections. The acceptance
criteria or range of acceptable values are specified in the piping benchmark
program and shall be satisfied. Any deviations from these vaiues as well as
the justification for such deviations shall be documented and submitted by a
COL applicant or licensee to the NRC staff for review and approval before
initiating final certified piping analyses.

The benchmark program ensures that the computer program used to complete the
System 80+ piping design and analyses produces results that are consistent
with results considered acceptable to the NRC staff.

3.12.4.4 Decoupling Criteria

When analyzing piping systems, the size of the mathematical model might exceed
the capacity of the computer program if all large and small piping lines are

( included. Thus, small branch lines are generally decoupled from the large
( main piping. CESSAR-DC Appendix 3.9A, Section 1.5.2, provides criteria for
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the decoupling of the piping systems in the analysis model. It states that
branch lines may be decoupled from the main run if the ratio of branch to run
pipe nominal diameters is less than 0.33 or if the ratio of branch to run pipe ,

!moments of inertia is less than 0.04. In addition, branch lines must be
designed flexible enough to absorb the anchor motions of the run pipe. The i

branch line flexibility is maintained by avoiding placement of branch line
supports close to the run pipe. In the analysis, an appropriate stress
intensity factor must be included on the branch and main run lines at the
point at which the piping is decoupled. Mass effects of the branch line are
considered in the analysis of the run line. The branch point is considered as
an anchor in the analysis of the branch pipe. Thermal and seismic anchor
movements and seismic inertia effects of the run pipe on the branch pipe will
be considered where significant. On the basis of its review of the decoupling
requirements in the CESSAR-DC, the staff concludes that the requirements
presented above are adequate to ensure dynamic decoupling of branch lines from
the main run, and thus are acceptable.

3.12.4.5 Conclusions

ABB-CE submitted acceptable piping modeling criteria in its CESSAR-DC that
reflect the staff's positions stated above. The staff concludes that ABB-CE
meets Appendix B to 10 CFR Part 50 and GDC 1 by submitting information that
demonstrates the applicability and validity of the design methods and computer
programs used for the design and analysis of seismic Category I piping
designated as ASME Code Class 1, 2, and 3 and those not covered by the code
within the present state-of-the-art limits and by having design control mea-
sures that are acceptable for ensuring the quality of its computer programs.
Although COL applicants or licensees referencing the System 80+ design are not
required to use the ABB-CE computer programs, the staff will require that
computer programs used by the COL applicant or licensee to complete its
analyses of the System 80+ piping systems be validated using the piping
benchmark program discussed herein.

3 12.5 Pipe Stress Analysis Criteria

3.12.5.1 Seismic Input

CESSAR-DC Appendix 3.9A, Section 1.4.3.2.1.2, presents several options of
seismic input for piping analysis. The response spectrum curves for Sys-
tem 80+ were developed using three control motion time-history analyses. The
analyses covered a wide range of possible soil and foundation conditions.
Piping response spectrum analysis may be performed using one of the following
four options of seismic input:

(1) The first option involves broadening of the raw response spectra,
initially, by 15 percent for all soil cases. The envelope of the
broadened spectra of all soil cases is then used directly in the design.
This option is used wherever possible. When it is too conservative, one
of the other three options may be used.

(2) Broadening of the raw response spectra by 15 percent is performed for
all soil cases. Grouping of the sites is then performed according to
site categories (e.g., soft sites, medium sites, and hard sites). An
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envelope of the broadened spectra for each site category is developed and
'

_!

used in the design process.

(3) Peak broadening or peak shifting of the raw response spectra by 15 per- ]
cent is performed for all soil cases. The resulting spectra for each 1

individual soil case are then used in the design process. The piping !

design will be analyzed for each soil case individually and the maximum
response from all the cases analyzed will be used.

(4) The final option is to apply the site-specific response spectra. The
site specific analyses will be performed using the site soil conditions. ,

and properties and the design control motion (CMS 1, CMS 2, or CMS 3
anchored to a 0.39 PGA) which envelopes the site requirements and is
appropriate for the site conditions.

The staff found these four seismic input options for response spectrum
analysis acceptable. The options provide the needed flexibility to ensure
adequate safety margins in piping seismic design. However, in reviewing the
sample piping analysis problems during the May 1993 audit, the staff had some
concerns about the peak shifting procedure used by ABB-CE. The shift factor
was calculated on the basis of the response spectrum peak in one direction.
The same factor was then applied in all three directions. The staff noted
that the shifting process should be performed independently in each of the
three directions. Subsequently, ABB-CE submitted a markup to revise CESSAR-DC
Appendix 3.9A, Section 1.4.3.2.1.2 to reflect this position. The staff -

accepted the proposed revision. The revision was incorporated into the
CESSAR-DC by Amendment R.

3.12.5.2 Design Transients

CESSAR-DC Section 3.9.1.1 discusses the design transients for ASME Code
Class I components and supports. CESSAR-DC Table 3.9-1 lists the design .;
transients for five plant operating conditions and the number of occurrences
for each of the design transients that will be used in the design and fatigue
analyses of the ASME Code Class 1 piping systems.

The operating conditions are

ASME Service Level A: normal conditions*
,

ASME Service Level B: upset conditions - incidents of moderate*

frequency

ASME Service Level C: emergency conditions - infrequent incidents-

ASME Service Level D: faulted conditions - low-probability postulated-

events

testing conditionsa

The CESSAR-DC states that the System 80+ events and total number of occur- ,

rences conservatively represent the 60-year design basis. The System 80+
design-basis events are nearly identical to System 80. The 60-year frequency
of. occurrence for all events was.recomputed on the basis of the latest-
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industry databases. Where appropriate, excessive conservatism was removed
from the System 80 values. Normal and test event frequencies were determined
by summing the number of expected plant operations over the 60-year design
life. The frequencies for upset, emergency, and faulta eunts were deter-
mined on a probabilistic basis. ABB-CE notes that tae stoced 60-year design
frequency of occurrence given in Table 3.9-1 is always greater than the
expected frequency of occurrence. On the basis of its review of the above
information, the staff concludes that the number of design transients pre-
sented in the CESSAR-DC is acceptable.

3.12.5.3 Loadings and Load Combinations

The staff reviewed the methodology for load combinations and the selected
values of allowable stress limits. The design criteria for all ASME Code
piping using the load combinations and stress limits are given in CESSAR-DC
Section 3.9.3.1 and Appendix 3.9A, Section 1.3. For ASME Code Class 1, 2, and
3 piping, the combinations of design loadings are categorized with respect to
five service levels, identified as Design level and Levels A, B, C and D.
They are shown in CESSAR-DC Table 3.9-10 for Class 1 piping and CESSAR-DC
Table 3.9-11 for Class 2 and 3 piping. The stress limits for Class 1 piping
for each of the loading combinations are in accordance with ASME Code,
Section III, NB-3600. For Class 2 and 3 piping, the stress limits are in ASME
Code, Section III, NC/ND-3600. Dynamic responses of piping loadings are
combined by the SRSS method in accordance with the guidelines of NUREG-0484,
Revision 1.

Consistent with the Commission-approved staff position (SECY-93-087) for
eliminating the OBE from design, which is also discussed in Section 3.1.1 of
this report, the OBE was not included in the load combinations. ABB-CE did,
however, include the additional SSE load combinations for Eq.12a (Class 1
piping) and Eq. 10b (Class 2 and 3 piping) given in the NRC letter of Septem-
ber 11, 1992, " Safety Evaluation on the Use of a Single Earthquake Design for
Systems, Structures and Components in the Advanced Boiling Water Reactor,"
Docket 52-001.

On the basis of its review of this information, the staff concludes that
appropriate combinations of normal, operating transients, and accident
loadings are specified to provide a conservative design envelope for the
design of piping systems. The load combinations are consistent with the
guidelines in SRP Section 3.9.3 and the NRC position on single-earthquake
design and are acceptable.

3.12.5.4 Damping Values

Damping values that are used in the dynamic analysis of piping systems are
presented in CESSAR-DC Section 3.7.1.3 and Appendix 3.9A, Section 1.4.3.2.1.3.
CESSAR-DC Table 3.7-1 presents damping values for various types of structures
expressed in percentage of critical damping. For piping with nominal diameter
less than or equal to 12 in., 2 percent damping is used for the SSE. For
piping with large nominal diameter, 3 percent damping is used. These damping
values are in accordance with RG 1.61 and are acceptable.

As an alternative to the RG 1.61 values, variable damping values in accordance
with the requirements and limitations of the ASME Code Case N-411-1 may be
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used. However, the staff's position is that combination of the two damping )p) criteria is not acceptable. CESSAR-DC Table 3.7-1 also states that when the i

(V response spectrum method of analysis is used, damping values may be based on !

Code Case N-411-1 as limited by RG 1.84. The staff finds the use of Code Case
'

N-411-1 damping values acceptable for System 80+ piping systems subject to the
conditions given in RG 1.84. Thus when the ASME Code Case damping is used, it
should be used completely and consistently for an entire piping system from
anchor point to anchor point. It should be limited to the analysis using the

response spectrum method. It should not be used for analyzing the dynamic
response of piping systems using the supports designed to dissipate energy by
yielding (i.e., the design covered by Code Case N-420).

3.12.5.5 Combination of Modal Responses

CESSAR-DC Section 3.7.3.7 and Appendix 3.9A, Section 1.4.3.2.1.5, state that
when the response spectrum method of analysis is used, the seismic response of
each mode is calculated and combined with the other modal responses using the
methods described in RG 1.92. If the modes are not closely spaced, the modal
results are combined by the SRSS method. Closely-spaced modes are combined by
one of the following methods: grouping method,10-percent method, or double-
sum method. These mode combination methods apply for all modes up to the ZPA
frequency. The ZPA frequency is the lowest frequency at which the response
returns to approximately the ZPA. The staff finds that these methods are
consistent with the applicable guidelines of SRP Section 3.9.2 and are accept-
abl e.

( 3.12.5.6 High-Frequency Modes
i
\ For seismic response spectrum analysis, the number of modes considered is

generally chosen to correspond with the range of seismic excitation frequen-
cies up to the frequency corresponding to the ZPA. At higher excitation
frequencies, pipe members are considered rigid and the acceleration associated
with these rigid modes is usually small. In certain situations, however, the

response of high-frequency modes can significantly affect support loads,
particularly axial restraints on long runs. To account for this possibility, *

SRP Section 3.7.2 provides guidelines for including sufficient modes in a
dynamic analysis to ensure that an inclusion of additional modes does not
result in more than a 10-percent increase in responses. The implementation of
this requirement may require the inclusion of additional modes with their
natural frequencies above the ZPA frequency. However, the SRSS combination of
these high-frequency modes is inaccurate and may be sigmficantly unconserva-
tive. Appendix A to SRP Section 3.7.2 provides the staff guidelines for the
consideration of high-frequency modes in a seismic analysis to account for
these " missing mass" effects.

CESSAR-DC Appendix 3.9A, Section 1.4.3.2.1.4, descrit'es two procedures for
considering responses associated with high-frequency modes. The first method
involves computing the pseudostatic " missing" inert'al forces for the high- ,

frequency modes excited at the ZPA. The resulting force system is applied
statically to determine the high-frequency mode response. The results of that
analysis are then combined with the lower-frequency mode results using a

f method at least as conservative as the SRSS method. The second method is to
I compute modal responses for enough modes to ensure that the inclusion of
sd additional modes does not increase the total response by more than 10 percent.

ABB-CE System 80+ FSER 3-183 June 1994

_ _ _ _ - - _ _ _ _ - _ _ _ _ - _ - - _ - - _ _ _ _ - _ _ _ _



Modes with natural frequencies below the ZPA frequency are combined in
accordance with RG 1.92. Higher mode responses are combined algebraically
with each other. The absolute value of the combined higher modes is then
added directly to the total response from the combined lower modes.

On the basis of its review of these procedures, the staff concludes that they
are consistent with the guidelines provided in SRP Section 3.7.2, Appendix A,
and are acceptable. These procedures were incorporated into the CESSAR-DC by
Amendment R.

3.12.5.7 Fatigue Evaluation for ASME Code Class 1 Piping

ASME Section III requires fatigue analyses on the cumulative damage for all
ASME Code Class 1 piping. The cumulative fatigue usage factor should take
into consideration all cyclic effects caused by plant operating transients for
a 60-year design life. However, recent test data indicates that the effects
of the reactor environment could reduce the fatigue resistance of certain
materials. A comparison of the test data with the code requirements indicates
that the margins in the ASME Code fatigue design curves might be less than
originally intended. At this time, the staff is assessing the potential
generic implication of this issue on all operating plants. Depending on the
severity of the issue, certain actions might be required to generically
address this concern.

During the April 1993 staff audit, ABB-CE discussed its position on this issue
with the staff. ABB-CE planned to use the current code fatigue curves to
account for environmental effects. The staff requested that ABB-CE submit
additional information, to justify its position in the System 80+ CESSAR-DC.
On July 16, 1993, ABB-CE submitted a markup to revise CESSAR-DC Sec-
tion 3.9.1.1 which describes ABB-CE's position on environmental effects on
fatigue for ASME Code Class 1 components. In the revision, ABB-CE stated that
observations of significant environmental degradation of the cyclic behavior
of materials in LWR environments are primarily related to high strain ranges,
slow strain rates, high oxygen content of LWR primary water environments, high
sulfur content of carbon and low alloy steels, and low flow rate conditions.
The absence of any one of these conditions is considered to be sufficient to
preclude any significant environmental degradation of the fatigue behavior of
materials exposed to typical PWR primary coolant environment. Since Sys-
tem 80+ components are not exposed to high oxygen content environments at
elevated temperatures, and no carbon or low alloy steel is directly exposed to
the primary coolant, no significant environmental degradation of the cyclic
behavior of System 80+ components will occur. In the revision, ABB-CE

| concluded that the existing fatigue curves (S-N curves) contained in Appen-!

dix i to ASME Code, Section Ill, may be used as the basis for analyzing
fatigue of System 80+ components, if and when such analyses are required.

On the basis of its review of this information, the staff finds the ABB-CE
position acceptable for System 80+ piping systems. The revision was incorpo- ,

Irated into the CESSAR-DC by Amendment R.

3.12.5.8 Fatigue Evaluation of ASME Code Class 2 and 3 Piping
!

During the early review stage, the staff noted that for all ASME Code,
Section Ill, Class 2 and 3 piping components designed for a 60-year design

|
'

ABB-CE System 80+ FSER 3-184 June 1994



_ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _

,

I l

|

life and subject to cyclic thermal or dynamic fatigue loadings, ABB-CE should
commit to performing a cyclic evaluation similar to those required for Class 1 q
components in Subsection NB of ASME Code, Section III. The staff was con- j
cerned that the current ASME Code, Section III, Class 2 and 3 rules for 4

consideration of cyclic loads, which were based on a 40-year plant life, may
be inadequate for piping components designed for a 60-year design life.
ABB-CE was also asked to discuss how environmental effects will be considered
in the fatigue life of Class 2 and 3 piping components '

During the June 1993 staff audit, ABB-CE provided a markup to revise CESSAR-DC
Section 3.9.3.1.3 to state that Class 2 and 3 components will be reviewed for
thermal fatigue effects using ASME Code, Section III, NC-3219.2, for guidance.
Fatigue analysis is performed in accordance with the ASME Code rules in
Appendices XIII and XIV for those components that do not meet the NC-3219.2
criteria. Also, in a July 16, 1993 markup, ABB-CE revised CESSAR-DC Sec-
tion 3.9.1.1 to describe its position on environmental effects on fatigue. j
This is discussed in Section 3.12.5.7 of this chapter. ]

-

1
On the basis of its review of this information, the staff finds the CESSAR-DC 1

revisions acceptable for System 80+ piping systems. These revisions were
incorporated into the CESSAR-DC by Amendment R.

3.12.5.9 Thermal Oscillations in Piping Connected to the RCS

By NRC Bulletin 88-08, the staff requested that licensees and applicants
review systems connected to the RCS to determine whether any sections of such
piping that cannot be isolated can be subjected to temperature oscillationsn\[d that could be induced by leaking valves. The original issuance of NRC
Bulletin 88-08 was in response to the discovery of cracks in the SI nozzle at
Farley, Unit 2. These cracks were attributed to high stresses resulting from
thermal stratification in the nozzle. The source of this stratification was
determined to be the leakage of colder fluid which passed the check valve,
isolating the SI line from the RCS cold leg. Subsequently, Bulletin Supple-
ments 1, 2, and 3 made recommendations for inspection and reported on inci-
dents of apparent outleakage causing line failure at a foreign reactor. These
supplements broadened the concern for operating plants to all lines in which
stratified flow could occur.

On July 16, 1993, ABB-CE submitted a markup to revise CESSAR-DC Appendix 3.9A,
Section 1.4.7, to address this issue. ABB-CE described the program which was. I
established by the owners and operators of ABB-CE plants to respond to the i

bulletin. The program identified affected piping systems, collected data'on
thermal effects, and performed stress and fatigue evaluations for several
plants. ABB-CE stated that the results obtained.from that program are used to
evaluate the presence of stratified flow and the influence on thermal stresses 1

in these lines for System 80+. ]
.

The results of the program determined that thermal stratification can exist in
the isolable portions of the SI lines of certain operating plants. The
System 80+ counterpart to the SI line is the DVI line. ABB-CE stated that
available data are used to evaluate the thermal stresses in the DVI lines
caused by thermal stratification.
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Certain plants displayed stratification in the lines between the power-
operated relief valves and the pressurizer nozzles. The power-operated relief
valves in System 80+ are represented by the SDS. However, ABB-CE stated that
the location and orientation of the SDS will minimize the presence of con-
densed steam believed to be the cause of thermal stratification in these
lines. Thus, ABB-CE concluded that thermal stratification should not occur in
the System 80+ SDS lines.

The System 80+ SC lines are similar to the arrangements in the CE operating
plants: a long section of horizontal line connected through a vertical run of
pipe to a nozzle on the bottom of the hot leg. Measurements obtained to date
are inconclusive. However, ABB-CE stated that program conclusions will be
incorporated in the design of the System 80+ SC lines.

On the basis of its review of this information, the staff concludes that

ABB-CE provided an adequate approach and methodology for resolving Bulle-
tin 88-08, including Supplements 1, 2 and 3. The revision was incorporated
into the CESSAR-DC by Amendment R.

3.12.5.10 Thermal Stratification

Thermal stratification is a phenomenon that can occur in long runs of horizon-
tal piping when two streams of fluid at different temperatures flow in
separate layers without appreciable mixing. Under such stratified flow
conditions, the top of the pipe may be at a much higher temperature than the
bottom. This thermal gradient produces pipe deflections, support loads, pipe
bending stresses, and local stresses. The effects of thermal stratification
have been observed in both BWR and PWR feedwater piping as discussed in NRC

| Information Notice (IN) 84-87 and NRC IN 91-38. NRC Bulletin 88-11 was issued
in response to the results of an inspection of the pressurizer SL at the
Trojan plant which showed large, unexpected movements that closed the gaps
between the line and pipe whip restraints. The movements were attributed to
thermal stratification which might have occurred under certain operating
conditions when large temperature differences exist between the RCS and the

| pressurizer. The bulletin required all PWR licensees to establish and
implement a program to assure the structural integrity of the SL when subject-
ed to thermal stratification. The structural reevaluation should consider the
cyclic effects of the additional bending stresses in the pipe as well as the
local stresses induced by thermal striping (rapid oscillation of the thermal
boundary interface along the piping inside surface).

The staff asked ABB-CE to describe how the thermal stratification issue will
be considered for the System 80+ piping design in the CESSAR-DC. In its

July 16, 1993, submittal to NRC, ABB-CE submitted a markup to revise CESSAR-DC
,

| Appendix 3.9A, Section 1.4.7, to discuss its approach for System 80+ piping.
ABB-CE described the program sponsored by the owners and operators of ABB-CE
operating plants to address Bulletin 88-11. That program obtained data at
four operating plants which showed that the maximum temperature differences in

,

! the SL walls due to thermal stratification were bounded by the difference in
temperature between the pressurizer and the hot leg. ABB-CE stated that the
System 80+ SL is designed for the maximum temperature difference that will be
experienced between the pressurizer and the hot leg.

O
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CESSAR-DC Appendix 3.9A, Section 1.4.7, states that all piping systems sub-c) jected to stratified flow are evaluated for additional thermal stresses due to(V thermal stratification. Stratification results in local stresses caused by
the temperature gradients in the pipe wall and bending stresses caused by the
moments generated by the restraining effect of supports on the stratified flow
induced curvature of the piping. Two-dimensional, finite-element, heat-
transfer and structural thermal stress analyses are performed to determine the
rotations and local stresses. A conservative stratified flow thermal hydrau-
lic model with the top half of the fluid at the hot temperature and the lower
half at the cold temperature is used to determine the pipe wall temperatures.
Bending stresses are determined by allowing the pipe to thermally expand
unrestrained and by then applying a set of equal and opposite displacements at
the rigid support points. ABB-CE noted that although several experiments and
analyses have shown that thermal striping will not significantly contribute to
fatigue usage, the striping effects are considered through the use of a one-
dimensional (1-D) FEM which determines striping stresses caused by oscilla-
tions in the interface region. The striping stress range is then considered
in combination with the stratified flow stress range and combined with other
loadings as required to perform the stress and f atigue evaluation in accor-
dance with the ASME Code.

On the basis of its review of this information, the staff finds the analysis
methodology to be consistent with that of the work performed to address
Bulletin 88-11 in operating reactors, which had been previously accepted by
the staff. The staff, therefore, concludes that ABB-CE did submit an accept- |
able technical approach to adequately address the issue of thermal stratifica- {
tion in the System 80+ piping systems. The revision was incorporated into thep

1 CESSAR-DC by Amendment R.
L.J

3.12.5.11 Safety-Relief Valve Design, Installation, and Testing

CESSAR-DC Section 3.9.3.3 provides information relating to the design,
installation, and testing criteria applicable to the mounting of pressure-
relief devices used for the overpressure protection of ASME Code Section III,
Class 1, 2, and 3 components. The staff reviewed CESSAR-DC Section 3.9.3.3 in
accordance with SRP Section 3.9.3. This review included an evaluation of the
applicable loading combinations and stress criteria. The review considered
the means offered to accommodate the rapidly applied reaction force when a j
safety valve or relief valve opens and the transient fluid-induced loads
applied to the piping downstream of a safety valve or relief valve in a closed
discharge piping system. The method of analysis for safety valves and relief ;

valves accounts for the time history of loads following a valve opening. The i

fluid-induced forcing functions are calculated for each valve using 1-D
equations for the conservation of mass, momentum, and energy. The dynamic
response of the piping system is determined by applying these forcing func-
tions at locations of changes in fluid flow direction in a time-history
analysis of the piping model. Alternately, an equivalent static analysis may
be used following the criteria of Appendix 0 of the ASME Code Section III as ;

supplemented by the additional criteria of SRP Section 3.9.3, Section 11.2. |
!

The staff finds that the information in CESSAR-DC Section 3.9.3.3 meets the
applicable guidelines of SRP Section 3.9.3 and is acceptable.

U 3.12.5.12 Functional Capability
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ABB-CE submitted a markup, dated July 16, 1993, to revise CESSAR-DC Sec-
tion 3.9.3.1.4.3 to state that, to satisfy functional capability requirements,
all ASME Code Class 1, 2, and 3 piping systems are designed to meet a pipe D/t
ratio of less than 50 in accordance with NUREG-1367 and the allowable stress
from the ASME Code of 3.0 S, (Class 1) or 3.0 Sn (Class 2 and 3) but not
greater than 2.0 S y

The objective of NUREG-1367 was to determine whether present code rules, and
potential changes to the code rules, are sufficient to ensure maintenance of
functional capability. Through a review of dynamic testing sponsored by EPRI
and the NRC, it was established that stress levels corresponding to the
current ASME Code Eq. 9 stress limits for Level D do not result in a loss of
piping functional capability provided that certain conditions are met. The
conditions are as follows: dynamic loads are reversible in direction, dynamic
moments are calculated using an elastic response spectrum analysis with

15 percent peak broadening and with no more than 5-percent damping, steady-
state stresses do not exceed 0.25 S , D /t does not exceed 50, and external
pressure does not exceed internal press,ure. The staff, therefore, finds the

y

ABB-CE functional capability limits for System 80+ piping acceptable provided
that all of the NUREG-1367 conditions are met. The revision was incorporated
into the CESSAR-DC by Amendment R.

3.12.5.13 Combination of inertial and SAM Effects

CESSAR-DC Appendix 3.9A Section, 1.4.3.2.1.6, discusses the methodology for
considering seismic anchor movements. The effects of SAM are considered in
the seismic analysis by combining them with the SSE inertia effects by the
absolute summation. For models with piping in more than one building, the
buildings are assumed to move 180 degree out of phase. Movements within all
buildings except the RB are assumed to be in phase. Within the RB, there are
differential movements between the RB, the containment vessel, reactor
interior structures, and the NSSS. These movements are assumed to act
180 degree out of phase. The resulting relative movement is applied as static
support displacements with all dynamic supports active.

On the basis of its review of this information, the staff finds the ABB-CE
methodology consistent with the applicable guidelines of SRP Section 3.9.2
and, therefore, acceptable.

3.12.5.14 OBE as a Design Load
i
i In SECY-93-087, the staff recommended eliminating the OBE from the design of

SSCs in advanced reactors. The Commission approved the staff position in its
SRM dated July 21, 1993. In a letter dated September 11, 1992, the staff
provided a guidance document which identifieo the necessary changes to
existing seismic design criteria that are acceptable for implementing the
proposed rule change as it pertains to the design of safety-related SSCs for
ALWRs. This document described specific supplemental criteria for fatigue,

1 SAM, and piping stress limits which should be applied when the OBE is elimi-
| nated. For fatigue evaluation, two SSE events with 10 maximum stress cycles
| per event (or an equivalent number of fractional cycles) should be considered.

The effects of SAMs due to the SSE should be considered in combination with
the effects of other normal operation loadings that might occur concurrently.
For Class 1 primary stress evaluation, seismic loads need not be evaluated for
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consideration of Level B service limits for Eq. 9. However, for satisfaction
b , of primary plus secondary stress range limits in Eq. 10, the full SSE stress
(/ range or a reduced range corresponding to an equivalent number of fractional

cycles shall be included for Level B service limits. These load sets should
also be used for evaluating fatigue effects. In addition, the stress due to

the larger of the full range of SSE SAM or the resultant range of thermal
expansion plus half the SSE anchor motion range, shall not exceed 6.0 S,.
This was defined as Eq. 12a. For Class 2 and 3 piping, seismic loads are not
required for consideration of occasional loads in satisfying the Level B
service limits for Eq. 9. SAM stresses are not required for consideration of
secondary stresses in Eq. 10. However, stresses due to the combination of
range of moments due to thermal expansion and SSE anchor motions shall not
exceed 3.0 S . This was defined as Eq. 10b.

n

ABB-CE designs the System 80+ plant in accordance with the single-earthquake
design based on the SSE. CESSAR-DC Section 3.7.3.2 states that seismic
Category I subsystems, components, and equipment are designed for a total of
two SSE events with 10 maximum stress cycles per event. Alternatively, an
equivalent number of fractional vibratory cycles to that of 20 full SSE
vibratory cycles may be used (but with an amplitude not less than one-third of
the maximum SSE amplitude) when derived in accordance with Appendix D of
IEEE 344-1987. The staff finds the elimination of OBE to be consistent with
SECY-93-087 and, therefore, acceptable. The OBE elimination is also discussed
in Section 3.1.1 of this report.

CESSAR-DC Table 3.9-10 lists loading combinations for Class 1 piping. The SSE

n (or the lower level equivalent) is included in the loading combination for
/ Service Level B primary-plus-secondary stress (Eq.10) as well as for fatigueD) evaluation. The SSE anchor movement stresses are also included in Eq.12a.

CESSAR-DC Table 3.9-11 lists loading combinations for Class 2 and 3 piping.
SSE anchor movement stresses are included in Eq.10b. The staff finds these
revised stress limits consistent with the Commission-approved staff recommen-
dation for eliminating OBE from piping design and, thus, are acceptable.

3.12.5.15 Welded Attachments

The requirements for welded attachments are presented in CESSAR-DC Appen-
dix 3.9A, Sections 1.6.5 and 1.7.2.12. CESSAR-DC states that, per the
requirements of ASME Code, Section III, Subarticle NC/ND 3645, external and
internal attachments to piping are designed so as not to cause flattening of
the pipe, excessive localized bending stresses, or harmful thermal gradients
in the pipe wall. Such attachments are designed to minimize stress concentra-
tions in applications where the number of stress cycles, due either to
pressure or thermal effects, are relatively large for the expected life of the
equipment. The local stresses due to all support loads are evaluated and
added directly to the nominal pipe stresses at the point of attachment. The
combined stresses are compared to the allowable stresses given in CESSAR-DC
Tables 3.9-10 and 3.9-11. ABB-CE proposes the use of methods given in Code
Cases N-318 and N-392 for evaluating local stresses due to welded attachments.

Code Cases N-318-4 and N-392-1 are acceptable to the staff provided that the
n conditions given in RG 1.84 are met. CESSAR-DC Table 1.8-7 specifies versions

of the code cases as N-318-4 and N-392-1 and the conditions in RG 1.84.V)f
RG 1.84 states that applicant should identify in the SAR (1) the method of lug
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attachment; (2) the piping system involved; and (3) the location in the system
where the case is to be applied. This is acceptable. The staff finds that
for the System 80+ design certification, this information is not needed to
reach a safety conclusion because the information is needed only for documen-
tation purpose and, therefore, is not required for design certification.

3.12.5.16 Modal Damping for Composite Structures

CESSAR-DC Appendix 3.9A, Section 1.4.3.2.1.2, states that composite modal
damping is used in piping response spectrum analysis in accordance with the
procedure described in CESSAR-DC Section 3.7.2.15. In that section, ABB-CE
states that composite modal damping values are used for structures with
components of different damping characteristics. The composite modal damping
values are based on weighing the damping factors according to the mass or the
stiffness of each element. The formulation for mass proportional damping is
given in the CESSAR-DC.

-

The staff discussed the use of composite modal damping in piping system with
ABB-CE during the June 1993 audit. On the basis of the discussions, the staff
concludes that it is an acceptable alternate method provided that its applica-
tion is limited to determining the damping for piping systems that include
small-diameter (s 30.5 cm (12 in.)) and large diameter (> 30.5 cm (12 in.))
pipes using the RG 1.61 values of 2 percent and 3 percent for the SSE. This
information has been incorporated into CESSAR-DC Section 3.7.2.15.

3.12.5.17 Minimum Temperature for Thermal Analyses

CESSAR-DC Appendix 3.9A, Section 3.4.2, discusses the requirements f or thermal
analysis of System 80+ piping systems. The analysis takes into account forces
and moments resulting from thermal expansion and contraction. For al'
analyses, the ambient temperature is assumed to be 21 *C (70 'F). Fiexibility

analyses are based on the Young's modulus at the temperature of interest.
Stresses are based on the modulus at room temperature as required by the ASME
Code. All possible operating modes are evaluated to determine the highest
range of thermal expansion stress. The effects of anchor movement due to
thermal expansion of equipment or other piping are also considered. However,
ABB-CE states that lines with maximum temperature less than 65.6 *C (150 *F)
which connect to equipment with thermal movements less than 1.6 mm (1/16 in.)
are not analyzed for thermal expansion. The staff reviewed this information
and concluded that ABB-CE had defined a reasonable minimum temperature at
which an explicit thermal analysis would be performed, because pipe stresses
and thermal expansions under 65.6 *C (150 *F) are inconsequential to piping
design.

3.12.5.18 Intersystem Loss-of-Coolant Accident (ISLOCA)

In SECY-90-016, dated January 12, 1990, the NRC staff discussed the resolution
of the ISLOCA issue for ALWR plants by requiring low-pressure piping systems
that interface with the RCPB be designed to withstand full RCS pressure to the
extent practicable. 6 its June 26, 1990 SRM, the Commission approved the
staff's position as discussed above, provided that all elements of the low-
pressure systems are considered. The staff's position is also discussed in
Section 3.9.3.1.1 of this report.
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n By letter LD-93-092, dated June 15, 1993, ABB-CE submitted a report to address

(v) the ISLOCA issue. Subsequently, by Amendment Q, this report was incorporated
into CESSAR-DC as Appendix SE. Section 3.3 of CESSAR-DC Appendix SE states
that ISLOCA concerns are addressed by two design options: 1) Option A in )
which the design pressure rating of equipment or systems is increased to at '

least 40 percent of the RCS normal operating pressure and 2) Option B in which !

design features are incorporated to terminate and limit the scope of the
ISLOCA event. On the oasis of the evaluation in Section 3.9.3.1.1 of this
report, the staff found that the increased design pressure of Option A for
low-pressure systems was not completely sufficient to attain a piping 90-
percent-survival probability goal . To attain this goal, the staff determined
that if, in addition to this increased design pressure of Option A, the wall
thickness of carbon steel (SA-106 Grade B) and stainless steel (SA-312
Type 304 and Type 316) piping system is of standard weight in piping of
diameter 356 mm (14 in.) and less and is Schedule 40 in piping of diameter
406 mm (16 in.) and greater, the 90-percent probability goal for the piping
will be achieved. This determination was discussed with ABB-CE. Sub-
sequently, in CESSAR-DC Appendi.t SE, Section 3.3, ABB-CE modified the Option A
design approach to also specify these minimum wall thicknesses, thereby
assuring attainment of the 90-percent-survival probability goal. This
resolves DSER Confirmatory item 3.12.5-1.

The COL applicant should design the low-pressure piping systems that interface
with the RCPB in accordance with the above stated criteria.

3.12.5.19 Conclusions

On the basis of this review, the staff concludes that

The design transients and resulting load combinations with appropriate*

specific design and service limits for mechanical components and supports
are acceptable and meet the applicable portions of GDC 1, 2,14, and 15;
Appendix B to 10 CFR Part 50; Appendix A to 10 CFR Part 100; and SRP
Section 3.9.1.

ABB-CE meets GDC 2 with regard to ensuring the & sign adequacy of all*

seismic Category I piping systems and their supports to withstand
earthquakes by meeting the positions of RGs 1.61 and 1.92 or acceptable
alternatives and by supplying acceptable seismic analysis procedures and
criteria that are consistent with applicable guidelines in SRP Sec-
tion 3.9.2.

ABB-CE meets GDC 1, 2, and 3 with regard to the criteria to be used for*

the design and installation of ASME Code, Class 1, 2, and 3 overpressure-
relief devices and GDC 14 and 15 with regard to ensuring that the RCPB
design limits for N0P, including anticipated operational occurrences,
will not be exceeded.

ABB-CE meets GDC 2 and 4 with regard to the design and service load*

combinations and associated stress and deformation limits specified for
ASME Code, Class 1, 2, and 3 components by ensuring that these systems
and components can accommodate the effects of NOP as well as such,

( postulated events as LOCAs and the dynamic effects resulting from earthquakes.
L
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3.12.6 Pipe Support Criteria

3.12.6.1 Applicable Ccdes

The staff reviewed the methodology used in the design of ASME Code Class 1, 2,
and 3 component supports as described in CESSAR-DC Sections 3.9.3.1.4 and
Appendix 3.9A, Section 1.7. The staff also assessed the design and structural
integrity of three types of supports: (1) plate and shell, (2) linear, and
(3) component standard types. All ASME Code Class 1, 2, and 3 component
supports for the System 80+ standard plant will be constructed in accordance
with ASME Code, Section III, Subsection NF. In addition, the CESSAR-DC states
that for ASTM A500 Grade B tube steel, the NF requirements are supplemented by
the weld requirements of American Welding Society (AWS) DI.1, " Structural
Welding Code." The staff finds Subsection NF, as supplemented by AWS Dl.1 for
tube steel, acceptable for the design of piping supports.

3.12.6.2 Jurisdictional Boundaries >

CESSAR-DC Appendix 3.9A, Section 1.7.5, defines the jurisdictional boundaries
between pipe supports and interface attachment points, such as structural
steel, in accordance with the ASME Code, Section III, Subsection NF, 1989
Edition. The staff's review of the jurisdictional boundaries described in the
1989 Edition finds that they are sufficiently defined to ensure a clear
division between the pipe support and the structural steel and are acceptable.

3.12.6.3 Loads and Load Combinations

CESSAR-DC Section 3.9.3.1 and Table 3.9-12 provide the loading combinations
for the design of piping supports. The combinations of design loadings are
categorized with respect to the ASME Code, Service Levels A, B, C, and D.
Pipe support members are designed to meet the requirements defined by ASME
Code, Section III, Subsection NF. This is acceptable.

3.12.6.4 Pipe Support Baseplate and Anchor Bolt Design

CESSAR-DC Appendix 3.9A, Section 1.7.4, states that concrete anchor bolts for
pipe support base plates are designed to meet the requirements of ACI-349 with
several additional requirements and exceptions. The additional requirements
are intended to ensure that safety factors acceptable to NRC are met, the
design strength of concrete for a given expansion anchor or group of anchors
is greater than the strength of the anchor steel, the effects of shear-tension
interaction are accounted for, and minimum edge distance and bolt spacing are
considered in determining expansion anchor capacity. In addition, base plate
flexibility is accounted for in the calculation of expansion anchor bolt
loads. On the basis of its review of this information and the evaluation in
Appendix 3A of this report, the staff finds that the baseplate and anchor bolt
designs meet the acceptable criteria stated in IE Bulletin 79-02 and are, !

therefore, acceptable.

3.12.6.5 Use of Energy Absorbers and Limit Stops

During the June 1993 audit, the staff asked ABB-CE to address in the CESSAR-DC l
the use of seismic restraints other than snubbers. This would include special
engineered supports such as energy absorbers and limit stops. ABB-CE was
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asked to submit a description of the design and analysis methods and modeling

(nU)
assumptions that would be used in designing a piping system with such sup-
ports.

Subsequently, ABB-CE submit provided a markup to revise CESSAR-DC Sec-
tion 3.9.3.4 to state that energy-absorbing and nonlinear piping restraints
may be used on System 80+. If used, a description of the methodology used to
analyze and design the piping systems incorporating these elements will be
provided for approval . This clarification is acceptable to the staff. The
revision was incorporated into the CESSAR-DC by Amendment Q.

3.12.6.6 Use of Snubbers

CESSAR-DC Section 3.9.3.4 discusses the use of snubbers as supports for
System 80+ safety-related systems and components. It states that for Sys-
tem 80+ snubbers are minimized, to the extent practical, through the use of
design optimization procedures. Snubber operability is assured by incorpo-
rating analytical, design, installation, in-service, and verification
criteria. The elements of snubber operability assurance for System 80+ are
consideration of load cycles and travel during normal operation, verification
that thermal growth rates do not exceed requirements, accurate characteriza-
tion of mechanical properties in the analysis, issuance of design specifica-
tions and verification that design requirements are met, verification of
proper installation, and establishment of ISI and IST programs. In addition,

CESSAR-DC Section 3.9.3.4 states that the COL applicant will provide a listing
of all safety-related components which use snubbers, in accordance with SRP
Section 3.9.3. This is acceptable.

On the basis of its review of the CESSAR-DC, the staff concludes that thev
information provided is consistent with applicable portions of SRP Sec-
tion 3.9.3 and is acceptable.

3.12.6.7 Pipe Support Stiffnesses

CESSAR-DC Appendix 3.9A, Section 1.7.2.8, provides requirements for represent-
ing pipe supports in a piping analysis model. It states that supports are

modeled in the piping analysis by using the actual support stiffness values or
by using rigid stiffness values. When the actual support stiffnesses are
used, the flexibility of all support components as well as the effects of the
building structure are included in the stiffness value. Typically, rigid
stiffness values are used for most supports. Actual values are used for
flexible supports such as spring hangers. When a support is assumed to be
rigid in the piping analysis, a pipe support deflection limit must be met to
ensure that the assumption was reasonable. In a markup to revise CESSAR-DC
Appendix 3.9A, Section 1.7.2.8, ABB-CE limited a deflection of 1.6 mm
(1/16 in.) in the restrained direction based on the greater of the SSE load or
the minimum design load given in CESSAR-DC Appendix 3.9 A, Section 1.7.2.13.
In addition, the maximum deflection was limited to 3.2 mm (1/8 in.) based on
the maximum load combination. The staff reviewed this information and found
it acceptable. The revisions were incorporated into the CESSAR-DC by Amend-
ment R.

3.12.6.8 Seismic Self-Weight Excitationa
l
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CESSAR-DC Appendix 3.9A, Section 1.7.2.3, provides the design requirements for
consideration of pipe support seismic loads. It states that seismic inertia
and anchor movement forces from the piping are applied to supports that
restrain the seismic movement of the piping system. The response of the
support itself due to seismic acceleration is also evaluated. Typically, the
inertia response of the support mass is evaluated using the response spectrum
analysis method with the damping values for welded and bolted structures given |

in CESSAR-DC Table 3.7-1.

On the basis of its review of the information in the CESSAR-DC, the staff
concludes that seismic self-weight excitation in pipe supports is adequately
addressed due to conformance with good engineering practice and staff's
position.

3.12.6.9 Design of Supplementary Steel

CESSAR-DC Appendix 3.9A, Section 1.7.4, provides the design criteria for the
design of pipe supports using supplementary steel. Supplementary steel for
pipe supports are designed in accordance with ASME Section III, Subsection NF.
The use of Subsection NF is standard industry practice and has been proven to
provide adequate design guidelines for the design of structural steel for use
as pipe supports. In addition, for ASTM A500 Grade B tube steel members, the
NF requirements are supplemented by the weld requirements of AWS DI.1,
" Structural Welding Code." The staff find this acceptable.

3.12.6.10 Consideration of Friction Forces

CESSAR-DC Appendix 3.9A, Section 1.7.2.9, provides the design requirements for
the consideration of friction forces on pipe supports. It states that
friction forces are considered in the support design under combined deadweight
and thermal loading. The friction forces are applied in both directions of
thermal expansion. The friction force is calculated by taking the smaller of
CN or KX, where C is the coefficient of friction, N is the component of force
normal to the movement, K is the stiffness of the support in the direction of
movement, and X is the pipe displacement in the direction of movement. The
coefficients of friction are 0.3 for steel on steel and 0.1 for low-friction
slide / bearing plates. The staff finds this acceptable.

3.12.6.11 Pipe Support Gaps and Clearances

CESSAR-DC / endix 3.9A, Section 1.7.2.10, provides the design requirements%

for support os and clearances. It states that small gaps are provided for
frame type ugports built around the pipe. The gaps allow for radial thermal
expansion of the pipe and allow for pipe rotation. Total gaps of 3.2 mm
(1/81n.) or less in the restrained direction are negligible and are considered
to be zero in the piping analysis. The staff finds this consistent with
industry practice and, therefore, acceptable.

3.12.6.12 Instrumentation Line Support criteria

CESSAR-DC Appendix 3.9A, Section 1.10, provides the design requirements for
instrumentation line tubing and supports. In a markup to revise this section,
which was submitted to NRC on July 16, 1993, ABB-CE stated that the sameI

| design, analysis, and loading considerations that are used for piping and
|
|
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supports are used for tubing. Because of the large amount of safety-related
tubing in the plant, bounding analyses are performed. Two support mechanisms
are used, free tube spans and tube track supports. The same criteria are used
for both support types. Additional support and mounting considerations are
the following: tubing routed in two or more structures are verified to have
sufficient flexibility to allow for differential displacements, span lengths
are chosen and supports and tube details are designed to accommodate heat
tracing or insulation requirements or both, all reservoirs, valves, and other
in-line components are independently supported, and movement of the root valve
between the pipe and the tubing due to seismic and thermal-induced anchor
motions are considered.

The staff reviewed this information and found it acceptable due to conformance
with good engineering practice. The revision was incorporated into the
CESSAR-DC by Amendment R.

3.12.6.13 Pipe Deflection Limits

CESSAR-DC Appendix 3.9A, Section 1.7.4, includes specific design criteria to
ensure that the maximum deflections of the piping at support locations for
static and dynamic loadings are within allowable limits. It further ensures
that the piping design is consistent with the manufacturers' requirements for
pipe deflection limits at pipe supports, such as requirements for travel in ,

snubbers and hangers, or with industry practice, such as requirements for the
sway angle in rod or strut supports. Maximum deflections are calculated as
part of piping analysis results. It is common industry practice to ensure
that all deflections are within design limits and cause no unacceptable
effects to other safety-related components in adjacent area. The staff finds
that this information is consistent with industry practice and, therefore,
acceptable. ,

3.12.6.14 Conclusions
,

,

'

The CESSAR-DC provides acceptable information to address these issues and
positions. ABB-CE meets 10 CFR 50.55a and GDC 1, 2, and 4 with regard to the
design and service load combinations and associated stress and deformation
limits specified for ASME Code, Class 1, 2, and 3 component supports by :

ensuring (1) that component supports important to safety will be designed to '

quality standards commensurate with their importance to safety and (2) that
these supports will accommodate the effects of N0P as well as postulated
events such as LOCAs and the dynamic effects resulting from the SSE.

3.12.7 Criteria for Nstulating High-Energy Line Breaks
.

By GDC 4, the staff requires that SSCs important to safety be designed to be |
compatible with and to accommodate the effects of the environmental conditions |

resulting from normal operations, maintenance, testing, and postulated j
accidents, including LOCAs. It also requires that they be adequately protect- ,

ed against dynamic effects (including the effects of missiles, pipe whipping,
and discharging fluids) that may result from equipment failures and from
events and conditions outside the nuclear power plant.

CESSAR-DC Section 3.6.2 describes the design bases for locating breaks and
cracks inside and outside containment, the procedure used to define the thrusts
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at the break location, the jet impingement loading criteria, and the dynamic
response models and results. On the basis of its review of the information in
CESSAR-DC Section 3.6.2, as discussed in Section 3.6.2 of this report, the
staff finds that the information conforms with the modified guidelines of SRP
Section 3.6.2, Revision 2, including BTP MEB 3-1.

By letter LD-92-056 dated April 30, 1992, ABB-CE transmitted a draft of
Section 7 of the System 80+ DSDG to the NRC for review. Section 7 of the DSDG
gave detailed requirements for the design of piping and details concerning
pipe rupture. Subsequently, a complete version of the DSDG, dated January 15,
1993, was submitted for review. Although not part of CESSAR-DC, the DSDG was
subjected to a number of staff audits following which information necessary
for the staff's safety evaluation was extracted from the DSDG, modified or
clarified as necessary, and subsequently added to Appendix 3.9A to the
CESSAR-DC by Amendment P.

In DSER Section 3.6.2, the staff noted that in CESSAR-DC> Sections 3.6.2.1.3
and 3.6.2.2, ABB-CE documented that dynamic effects of pipe ruptures in the
reactor coolant loop, SL, SC line, Si line, and MSL were to be eliminated from
the System 80+ plant design basis by LBB evaluations. CESSAR-DC Section 3.6.3
describes the LBB evaluations to be performed to eliminate these dynamic
effects, which is discussed in Section 3.6.3 of this report.

By RAI Q252.03 the staff noted that (1) LBB analyses were to be based on
specific plant data and (2) pre-approval of LBB procedures was not staff
policy. Requirements for LBB analyses were also provided. Subsequently, as a
result of interactions (described in part in DSER Section 3.6.3) with the
staff, ABB-CE proposed an approach which was generally acceptable to the
staff. As documented in DSER Section 3.6.3, ABB-CE proposed to perform
bounding LBB analyses based on the acceptance limits of NUREG-1061, Volume 3,
to derive acceptable stress limits for the LBB piping which were to be
satisfied by COL applicants. The staff asked ABB-CE to submit these bounding
LBB analyses for review and approval for design certification. As discussed
in Section 3.6.3 of this report, the staff finds these LBB bounding analyses
acceptable for the System 80+ design. On the basis of staff's approval of the
LBB method for System 80+ design, it is acceptable to eliminate the dynamic
effects of the pipe ruptures of those lines which are eliminated by the LBB
evaluation and specified in CESSAR-DC Section 3.6.2.1.3.

Coincident with publication of the DSER, a general issue arose concerning the
consideration of OBE effects in pipe-break postulation criteria. One of the
guidelines in SRP Section 3.6.2, BTP MEB 3-1, states that the analyses for the
maximum stresses, stress ranges, and usage factors to be used for the determi-
nation of postulated high- and moderate-energy pipe break and crack locations
should be based on loads which include the OBE. In SECY-93-087, the staff
recommended the elimination of the OBE in the design process on the basis that
it would not result in a significant decrease in the overall plant safety
margin. The detailed basis for the staff's recommendation is discussed in
Section 3.1.1 of this report. For pipe break postulation without OBE, the
staff specifies acceptable deviations from SRP Section 3.6.2. CESSAR-DC
Section 3.6.2 incorporates these acceptable deviations for System 80+ design,
and, therefore, meets the staff position.

3.12.7.1 High Energy Piping Systems
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CESSAr.-DC Section 3.6.2.1 provides the criteria to define break and crackp\
[

locations and configurations in high- and moderate-energy fluid systems both
inside and outside containment. The staff reviewed this information inx
accordnnce with SRP Section 3.6.2, Revision 2. The review extended to the
criteria for ASME Code, Section III, Class 1, 2, and 3, and seismic Category I
non-ASME Code high- and moderate-energy system piping and to the criteria for
piping in containment penetration areas and in other than containment penetra-
tion areas.

The staff finds that the criteria in CESSAR-DC Section 3.6.1.1 for the
definition of high- and moderate-energy fluid system piping are consistent
with the criteria in SRP Section 3.6.1, BTP ASB 3-1, and are used correctly in
CESSAR-DC, Section 3.6.2. High-energy fluid systems inside and outside
containment are specified in CESSAR-DC Tables 3.6-3 and 3.6-4, respectively.

3.12.7.2 Pipe Break Criteria Within the Containment Penetration Areas

SRP Section 3.6.2, including BTP MEB 3-1, Revision 2, provides that breaks
need not be postulated in portions of high-energy fluid system piping located
between the CIVs inside and outside the containment that are designed to meet
ASME Code, Section III, Article NE-ll20, and additional guidelines specified
in BTP MEB 3-1. These guidelines specify an augmented ISI program that must
be implemented for those portions of piping within the break exclusion zone.

By RAI Q210.14 and DSER Open Items 3.6.2-3 and 3.6.2-4, the staff asked ABB-CE
to revise CESSAR-DC Section 3.6.2.1.4.1, Item F, (Amendment I) criteria for
piping in containment penetration areas. The staff also requested ABB-CE
to clarify the design and ISI requirements specified in CESSAR-DC Sec-
tion 3.6.2.1.4.1, Item F.3 (Amendment I), for these break-exclusion zones.
Furthermore, ABB-CE was requested not to revise the break location criteria
for ASME Code Section III, Class I high- and moderate-energy fluid system
piping in areas other than containment penetration areas which were speci-
fled in CESSAR-DC Section 3.6.2.1.4.1, Item A, as proposed in response to
RAI Q210.14. In response, by Amendment N, ABB-CE modified CESSAR-DC, Sec-
tion 3.6.2.1.4.1, Item A, and Section 3.6.2.1.4.1, Item F, which had been
changed to 3.6.2.1.4.1, Item G, in Amendment N and thereafter, in accordance
with BTP MEB 3-1, Revision 2, as requested. On this basis, DSER Open '

Items 3.6.2-3 and 3.6.2-4 are resolved.

The staff also notes that the OBE is eliminated from the load combination
specified in the break postulation criteria in CESSAR-DC Section 3.6.2.1.4.1,
Item G.1.(a), for ASME Code Section III, Class 1 piping near CIVs and in
Item G.l.(d) for Class 2 piping. On the basis of the OBE elimination dis-
cussed in Section 3.1.1 of this report, this is :cceptable.

3.12.7.3 Pipe Break Criteria Outside the Containment Penetration Areas

In response to the preceding staff requests in RAI Q210.14 and DSER Open
Items 3.6.2-3 and 3.6.2-4, ABB-CE, by Amendment N, adopted the staff position
for postulation of pipe breaks for ASME Code Class 1 piping as delineated in
SRP Section 3.6.2, BTP MEB 3-1, Revision 2. However, by Amendment P, ABB-CE
reinstated the pipe break criteria for the ASME Code Class I piping outside

~D the containment penetration areas as delineated in SRP Section 3.6.2, Revi-[d sion 1. Before Revision 2 of BTP MEB 3-1 was issued in June 1987, breaks were
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postulated at intermediate locations between terminal ends of a pipe run if
the maximum stress range as calculated by Eq.10 is greater than 2.4 S, and if
the maximum stress range as calculated by either Eqs.12 or 13 is greater than
2.4 S,, where Eqs.10,12, and 13 and S, are as defined in ASME Section III, j
Subsection NB 3653. This staff position was implemented in many plants '

operating today. In Revision 2 of BTP MEB 3-1, the same criteria were
maintained for break exclusion in the containment penetration areas. However,
for other areas, the criteria were revised to require that breaks be postu-
lated at any intermediate locations when only Eq. 10 predicts stresses greater
than 2.4 S,. The use of Eqs. 12 and 13 was eliminated. This resulted in an
inconsistency in the Revision 2 criteria in that they allow higher limits in
the containment penetration areas than in other areas. The break exclusion
areas should provide a margin greater than (or at least equal to) the margin
for areas outside the break exclusien area. To determine the impact of this
inconsistency, the staff obtained several iv. dependent analyses for both BWRs
and PWRs which compared the number af postulated pipe breaks resulting from
the use of Revisions 1 and 2 criteria. These analyses determined that the
Revision 2 criteria will result in a significant increase in the number of
postulated breaks, which may be counterproductive in terms of enhancing plant
safety. Therefore, the staff has recommended that SRP Section 3.6.2 be
revised to reinstate the Revision 1 criteria related to allowing the use of
Eqs.12 and 13 for the postulation of intermediate pipe breaks in ASME Code
Class 1 piping systems. On the basis of the above evaluation, the staff
concludes that it is acceptable to reinstate the Revision 1 criteria related
to allowing the use of Eqs. 12 and 13, as described in CESSAR-DC Sec-
tion 3.6.2.1.4.1, Item A.

By RAI Q210.15 through RAI Q210.24, RAI Q210.28 through RAI Q210.29 and
additional comments from the review of Amendment R to the CESSAR-DC, the staff
made a number of requests that ABB-CE revise CESSAR-DC Section 3.6.2 to commit
to many of the details of the break and crack location and configuration
criteria of BTP MEB 3-1, Revision 2. ABB-CE responded to all of these
requests by revising CESSAR-DC Section 3.6.2 in accordance with the staff's
comments and BTP MEB 3-1, Revision 2. This is acceptable and resolves DSER
Confirmatory Item 3.6.2-1.

Subsequently, ABB-CE submitted the report, " Design and Analysis of System 80+
Distribution Systems" (DADS), Revision 1, for staff review. Appendix L of the
report summarizes the results of a sample ASME Code Section III Class 2 and 3
stress analysis which included a postulated pipe break analysis. The feed-
water economizer line in the RB was used as the sample model. The report

I referenced the DSDG and a sample piping analysis specification. A draft of
' this specification, " System 80+ Design Certification Sample Piping Analysis

Specification" (SPAS), dated January 15, 1993, was also submitted for staff
review. The information in DSDG Section 7.1.8 and SPAS Section 7, both
entitled " Postulated Pipe Breaks," are identical to the information in
CESSAR-DC Section 3.6.2.

The details of the methodology for pipe-whip analyses of the System 80+ are
included in CESSAR-DC Appendix 3.6A. The staff reviewed this appendix and
found it acceptable. The staff concludes that proper implementation of
(1) the piping design criteria in CESSAR-DC Appendix 3.9A, together with the
piping benchmark program and (2) the pipe-whip analysis guidelines in

!
|
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CESSAR-DC Appendix 3.6A will ensure that piping stress analyses for break-
postulation and pipe-whip analyses are performed satisfactorily.

CESSAR-DC Section 3.6.2.2 describes the analytical methods to define the
forcing functions and response models for the dynamic effects of pipe breaks.
The staff's review of the CESSAR-DC Section 3.6.2.2.2.1 methodology for
determining pipe thrust and jet loads finds that the methods are in accordance |

with SRP Section 3.6.2, Revision 2, and, hence, 'are acceptable.

CESSAR-DC Appendix 3.6A provides guidelines for the design and selection of !

pipe-whip restraints and pipe-rupture and jet-impingement evaluation methods.
iThe pipe-rupture methods include energy balance and dynamic analysis for

simplified and detailed models. These guidelines are in accordance with
SRP Section 3.6.2, Revision 2, Item III, requirements and, hence, are accept- *

abl e. This resolves DSER Confirmatory Item 3.12.7.3-2.

Additionally, the staff conducted an audit review to further assess ABB-CE's |

dynamic analysis methods for pipe whip. During the audit, the staff reviewed ,

and found acceptable ABB-CE analyses and calculations which demonstrate
(1) the determination of the pipe rupture loads in the MSVH to be considered
in the design of the MSVH walls and (2) the compliance with the BTP MEB 3-1
B.1.c.(4) criterion that structures separating high-energy lines from essen- :

#

tial components be designed to withstand the consequences of the pipe break in
the high-energy line which produces the greatest effect at the structure

iirrespective of the fact that the break postulation stress criteria might not
require such a break location be postulated.

CESSAR-DC Section 3.6.2.3 describes the dynamic analysis methods used to
'

verify the design adequacy of systems, components, and component supports
under pipe whip or jet-impingement loadings. By RAls Q210.31 and Q210.32, the
staff asked ABB-CE to clarify the allowable stresses and dynamic load factors '

,

used in the pipe-whip analyses as described in CESSAR-DC Section 3.6.2.3.
ABB-CE responded to these requests by committing to use a 50-percent ultimate |

uniform strain criterion and a dynamic load factor of 2 for other than energy-
absorbing whip restraint structural elements. These criteria are in accor-
dance with SRP Section 3.6.2, Revision 2, guidelines and, hence, are accept-
able. ;

The staff also noted that the OBE is eliminated from the load combinations
specified in the break postulation criteria in CESSAR-DC Section 3.6.2.1.4.1,
Item A.2.b, for ASME Code, Section Ill, Class 1 piping outside the containment
penetration area and, in Item B.2.c, for Class 2 and 3 and seismically ,

analyzed B31.1 piping. On the basis of the OBE elimination discussed in
Section 3.1.1 of this report, this is acceptable.

3.12.7.4 Conclusions on High-Energy Systems

On the basis of its review of CESSAR-DC Section 3.6.2, the staff concludes |
that the criteria for postulating pipe break and crack locations and the

'

methodology for evaluating the subsequent dynamic effects resulting from these
breaks comply with SRP Section 3.6.2 and meet GDC 4 requirements and, there-
fore, are acceptable for ensuring that the System 80+ plant design is ade-
quately protected against the effects of postulated high-energy line breaks.
The staff's conclusion is based on the following.
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The pipe-rupture locations will be adequately determined using the staff- )

approved criteria and guidelines discussed. The design methods for high
energy mitigation devices and the measures to deal with the subsequent dynamic
effects of pipe whip and jet impingement are sufficiently and adequately
defined by ABB-CE to provide adequate assurance that upon completion of the
high-energy line break analyses by the COL applicant, the ability of safety-
related SSCs to perform their safety functions will not be impaired by the
postulated pipe ruptures.

The provisions for protection against the dynamic effects associated with pipe
ruptures of the RCPB inside the containment and the resulting discharging
fluid provides adequate assurance that design-basis LOCAs will not be aggra-
vated by the sequential failures of safety-related piping and that the
performance of the ECCS will not be degraded as a result of these dynamic
effects.

The final arrangement of piping and restraints and the final design consider-
ations for high- and moderate-energy fluid systems inside and outside the
containment, including the RCPB, shall be the responsibility of the COL
applicant to complete and shall use the staff approved high-energy line break
criteria and guidelines discussed to ensure that the SSCs important to safety
that are in close proximity to the postulated pipe ruptures will be protected.
CESSAR-DC Section 3.6 states that the COL applicant will provide final designs
of high- and moderate-energy fluid systems. This is acceptable. In using
these criteria and guidelines, the staff is assured that the consequences of
pipe ruptures will be adequately mitigated so that the reactor can be safely
shut down and maintained in a safe-shutdown condition in the event of a
postulated rupture of a high- or moderate-energy piping system inside and
outside containment.

3.12.8 LBB Evaluation Procedure

In CESSAR-DC Section 3.6.3.9, Amendment E, ABB-CE stated that Class 1 piping
with a diameter of 25 cm (10 in.) or greater and MSL piping meet all the
criteria for the application of LBB. LBB analysis is used to eliminate from
the structural design basis the dynamic effects of postulated pipe ruptures.

Under the broad-scope revision to GDC 4 (52 FR 41288; October 27, 1987), the
NRC allows the use of advanced technology to exclude from structural design
consideration the dynamic effects of pipe ruptures in nuclear power plants,
provided it is demonstrated that the probability of pipe rupture is extremely
low under conditions consistent with the design bases for the piping. The
demonstration of low probability of pipe rupture utilizes a deterministic
fracture mechanics analysis that evaluates the stability of postulated, small,
through-wall flaws in piping and the ability to detect leakage through the
flaws long before the flaw could grow to unstable sizes and break the pipe.
The concept underlying such analyses is referred to as LBB.

3.12.8.1 LBB Acceptance Criteria

GDC 4 states, in part, that " dynamic effects associated with postulated pipe i

ruptures in nuclear power units may be excluded from the design basis when 1

analyses reviewed and approved by the Commission demonstrate that the proba-
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bility of fluid system piping rupture is extremely low under conditionsp
consistent with the design basis for the piping."

The analyses referred to in GDC 4 should be based on such specific data as
piping geometry, materials, and piping loads. The staff must review the LBB
analyses for specific piping design before ABB-CE can exclude the dynamic
effects from the design basis. Applicants seeking design certification for
ALWRs under 10 CFR Part 52 should establish preliminary stress analysis
results, provided that upper and lower bound limits are determined, in order
to establish assurance that adequate margins are available for leakage, loads,
and flaw sizes. These bounding values and preliminary analyses should be
verified when as-built and as-procured information becomes available during
the COL phase. Verification of the preliminary LBB analysis should be
completed at the COL stage on the basis of actual material properties and
final, as-built piping analysis as part of ITAAC associated with 10 CFR
Part 52 before fuel loading. This staff position on LBB application is given
in SECY-93-087 and was approved by the Commission in its SRM dated July 21,
1993.

A margin of 10 on leakage is required so that leakage from the postulated flaw
size is assured of detection when the pipe is subjected to N0P loads. A
margin of 12 on loads is required to ensure that leakage-size flaws are stable
at normal plus accident loads (e.g., SSE and safety-relief valve discharge
loads). A factor of 2 between the leakage-size flaw and the critical-size
flaw is required to ensure an adequate stability margin for the leakage-size
fl aw. The analysis must be performed for an entire pipe run from anchor to
anchor.

In addition, applicants seeking approval of LBB during the design certifica-
tion phase for an ALWR, will be required to perform LBB analyses to establish
through-wall flaw sizes and flow stability. For through-wall flaw sizes, a
lower-bound, normal-operational stress limit must be established for dead
weight, pressure, and thermal loadings. The mean or best-estimate stress
strain curve should be used. For flaw stability, an upper-bound stress limit
should be established for normal loadings plus SSE. A lower-bound stress-
strain curve for base metal should be used regardless of whether the weld or
base metal is limiting. In addition, a lower-bound toughness (weld metal or
base metal) should be used.

A deterministic fracture mechanics evaluation accounting for material tough-
ness is required. Applicants may propose any fracture mechanics evaluation
method for NRC staff review. However, ABB-CE will have to validate the method
'a comparing it to other acceptable methods or to experimental data.

~Using such an approach, an initial set of bounding values and a preliminary
LBB analysis should be established during the design certification phase.
These bounding values and preliminary analyses can be verified when as-built
and as-procured information becomes available during the COL phase. Verifica-
tion of the preliminary LBB analysis should be completed at the COL stage
based on actual material properties and final, as-built piping analysis as
part of ITAAC associated with 10 CFR Part 52 before fuel loading.

A
i 3.12.8.2 LBB Limitations(d

i
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The staff has establisned certain limitations on the use of the LBB approach
for excluding piping that is likely to be susceptible to failure from various
degradation mechanisms during service. A significant portion of the LBB
review is the evaluation of the susceptibility of the candidate piping in
various degradation mechanisms to demonstrate that the candidate piping is not
susceptible to failure from these degradation mechanisms. The NRC staff
reviews the operating history and measures to prevent or mitigate these
mechanisms.

The LBB approach cannot be applied to piping that are susceptible to failure
in service from such effects as water hammer, creep, erosion, corrosion,
erosion-corrosion, fatigue, thermal stratification, and environmental condi-
tions. Such piping is excluded because these degradation mechanisms challenge
the assumptions in the LBB acceptance criteria. For example, (1) water hammer
may introduce excessive dynamic loads that are not accounted for in the LBB
analyses and (2) corrosion and fatigue may introduce flaws whose geometry may
not be bounded by the postulated through-wall flaw in the LBB analyses.
Adhering to the defense in depth principle, piping susceptible to failure from
these potential degradation mechanisms is excluded from LBB applications.

The limitations and acceptance criteria for LBB used by the NRC staff are
discussed in NUREG-1061, Volume 3, " Evaluation of Potential for Pipe Breaks,
Report of the U.S. Nuclear Regulatory Commission Piping Review Committee,"
dated November 1984.

3.12.8.3 LBB Design Basis

The broad-scope rule introduced an acknowledged inconsistency in the design
basis by excluding the dynamic effects of postulated pipe ruptures while
retaining nonmechanistic pipe rupture for containments, ECCS and EQ of safety-
related electrical and mechanical equipment.

The NRC staff subsequently clarified its intended treatment of the contain-
ment, ECCS, and EQ in the context of LBB application in a request for public
comments on this issue that was published on April 6, 1988 (53 ER 11311).
Effects resulting from postulated pipe breaks can be generally divided into
local dynamic effects and global effects. Local dynamic effects of a pipe
break are uniquely associated with that of a particular pipe break. These
specific effects are not caused by any other source or even by a postulated
pipe break at a different location. Examples of local dynamic effects are
pipe whip, jet impingement, missiles, local pressurization, pipe break
reaction forces, and decompression waves in the intact portions of that piping
or communicating piping. Global effects of a pipe break need not be asso-
ciated with a particular pipe break. Similar effects can be caused by
failures from such sources as pump seals, leaking valve packings, flanged
connections, bellows, manways, rupture disks, and ruptures of other piping.
Examples of global effects are gross pressurizations, temperatures, humidity,
flooding, loss of fluid inventory, radiation, and chemical condition.

The application of LBB technology eliminates the local dynamic effects of
postulated pipe break from the design basis. However, global effects may
still be caused by something other than the postulated pipe break. Since the
global effects from the postulated pipe break produce a reasonably conserva-
tive design envelope, the NRC staff will continue to require the consideration
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of global effects for various aspects of the plant design such as EQ, ECCS,n
{

and the containment.

The elimination of local dynamic effects of postulated high-energy pipe breaks
from the design basis of ALWRs using advanced fracture mechanics analyses (LBB
approach) is permitted in the revised GDC 4 of 10 CFR Part 50, xppendix A

3.12.8.4 ABB-CE LBB Evaluation Approach

The application of the LBB approach to ALWRs seeking design certification
under 10 CFR Part 52 is acceptable when appropriate bounding limits are
established during the design certification phase using preliminary analyses
results and verified during the COL phase by performing the appropriate ITAAC
discussed herein. Bounding analyses, as described above, must be performed by
ABB-CE for ALWR piping requesting the application of LBB. NUREG-1061,
Volume 3, constitutes the current NRC-approved LBB methodology and acceptance
criteria.

By letter LD-92-064 dated May 8, 1992, ABB-CE stated that it will perform
bounding LBB evaluations based on preliminary pipe design analyses for each
LBB piping using the guidelines of NUREG-1061, Volume 3. For each piping
system evaluated for LBB, potential degradation mechanisms, steam hammer and
water hammer, and thermal stratification were to be considered, as applicable.
In addition, dynamic strain aging of carbon steel, environmental effects on
fatigue, and thermal aging of cast stainless steel piping were to be consid-
ered in each LBB evaluation as appropriate. Each LBB piping system was to be

p evaluated from anchor point to anchor point. Leakage detection outside the
i containment would be considered for the MSL if the anchor-to-anchor portion of

V the piping evaluated includes piping that can leak outside the containment. A
leak detection capability of 0.06 L/sec (1.0 gpm) was to be used with a factor
of 10 for calculating the length of a leakage crack. ABB-CE also submitted a
reference for benchmarking its LBB calculations.

In a meeting with ABB-CE on April 22-23, 1992 (meeting summary dated May 28,
1992), ABB-CE proposed not to perform the actual routing of candidate piping
for LBB analyses. ABB-CE would use the LBB acceptance limits in NUREG-1061,
Volume 3, to derive corresponding acceptable stress limits for the LBB piping.
ABB-CE stated that the acceptable stress limits would form a " window" in
stresses and the COL applicant would have to verify that the piping is within
this window during the COL stage to justify the application of LBB. This
window concept is a new approach in meeting the staff's established LBB
criteria. The staff noted that ABB-CE should base the bounding LBB analyses
on the actual pipe routing. Since ABB-CE does not intend to complete the
actual pipe routing, the staff cannot rule out the possibility that the COL
applicant will not be able to satisfy this theoretical window. If the COL
applicant cannot meet the limits in the window, appropriate hardware will have
to be added for protection against a postulated pipe break. The hardware
modification would be feasible except for the building structure that may
already have been constructed. Thus, the staff noted that if the bounding LBB
analyses are not based on actual pipe routing, the building subcompartments
should be designed to accommodate a postulated pipe break of the LBB candidate

m piping.
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Subsequently, the staff found that preliminary pipe routings were used in the
bounding LBB analyses, and that stresses in LBB candidate piping systems were
within the acceptance limits or window based on NUREG-1061, Volume 3. The
preliminary routings were of conventional design. The stresses met the ASME
Code and the LBB acceptance limits with ample margins. Consequently, the
earlier staff concern was alleviated because it is extremely unlikely the
actual routings of the LBB candidate piping systems in COL stage will not be
able to meet the acceptance window limits. The staff also found that the
related subcompartment walls were sized to accommodate pressurization of the
postulated pipe breaks. Thus, the staff review concluded that this ABB-CE
approach was generally acceptable and, by DSER Open Item 3.6.3-1, asked ABB-CE
to submit its bounding LBB analyses for staff review and approval for design
certification.

As part of the LBB bounding analysis review, the staff noted in the DSER that

it would alsp (evaluate ABB-CE',s justification for using a conversion factor of2.4 L/sec/cm 250 gpm per in. ) of leak area for estimating leakage and
ABB-CE's justification for combining loads for the flaw stability analysis.
By letter dated May 8,1992 (LD-92-064), ABB-CE further clarified these two
subjects. Previously, for estimating leakage, the staff accepted the use of
state-of-the-art estimation procedures, such as the EPRI "PICEP" computer
program referenced in CESSAR-DC Section 3.6.3.3.2. In DSER Section 3.6.3, the
staff also stated that (1) the staff was concerned that ABB-CE is not applying
state-of-the-art technology in estimating leakage and (2) for stability
analysis, the staff was concerned that ABB-CE was not combining the appropri-
ate transient loads for stability analysis. Subsequently by Amendment R to
CESSAR-DC, ABB-CE committed in Appendix 3.9A, Section 1.9.6.2, to use the
PICEP program to estimate leakage. The staff review of the bounding analyses
of the LBB candidate piping systems as documented in Section 3.6.3.5.3 of this
report also found that loads were properly combined in these analyses.
Accordingly, the earlier staff concern on appropriateness of combining the '

transient loads was resolved.

By DSER COL Action Item 3.6.3-1, the staff noted that the COL applicant will
be required to verify that the actual material properties and final, as-built
piping analyses meet the acceptance parameters established in the bounding LBB
analyses. CESSAR-DC Sections 3.6 and 3.6.3.8 incorporate this information.
This is acceptable. This is included in COL Action Item 3.6-1.

Details of the staff's review of the ABB-CE bounding LBB calculations appear
in Section 3.6.3 of this report.

3.12.8.5 Conclusions on LBB

On the basis of this review, the staff finds that the ABB-CE LBB approach
complies'with the revised GDC 4 and the Commission-approved staff positions on
LBB applications as stated in SECY-93-087. Appropriate bounding limits were
established using preliminary analysis results, and conformance with such
bounding limits will be verified during the COL phase by performing the
appropriate ITAAC. Thus, the probability or likelihood of large pipe breaks
occurring in the System 80+ MCL, SL, DVI line, SC line, and MSL piping inside
the containment is sufficiently low so that dynamic effects associated with
postulated pipe breaks need not be included in the design basis.
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Certified Piping Design Requirements

O
3.12.9

In Table 3.1-1 of ITAAC Section 3.1, entitled " Piping DAC," ABB-CE submitted
its certified design commitments for the System 80+ piping design. The
staff's evaluation of the certified design commitments and ITAAC for the
piping design is given in the following sections.

3.12.9.1 As-Built Piping Verification

ABB-CE identified a certified design commitment that the as-built piping will
be reconciled with the as-designed piping configurations. The COL applicant
will inspect the piping systems to confirm as-designed conditions. The
inspection will verify the pipe routing, support and equipment types and
locations, required clearances, and orientation of valve operators. The
acceptance criteria require the as-built piping to be reconciled with the
piping design requirements in the piping design description.

Originally, the staff review of this ITAAC noted that it did not address the
analysis needed to reconcile the differences between the as-built and the as-
designed piping systems when discrepancies are found during the inspection.
In response, ABB-CE modified this ITAAC to include a reconciliation analysis
commensurate with the methods proposed in CESSAR-DC and evaluated in this
report, which will be documented in the as-built piping report as required by
the ASME Code. On this basis, the staff concern is resolved.

'

The staff position on the tolerances to be used for the reconciliation of the

O
as-built installation of piping systems is that EPRI Report NP-5639, " Guide-
lines for Piping System Reconciliation (NCIG-05, Revision 1)," dated' Hay 1988,
shall be complied with. The staff's acceptance of this approach was docu-
mented in a letter from G. Arlotto (NRC) to W. Weber (Nuclear Construction
Issues Group) dated February 3, 1988. The staff's endorsement of the EPRI"

report for the System 80+ design is subject to the restriction that (1) the
acceptable as-built piping tolerances not be increased beyond those stated in
NP-5639 and (2) they be limited to the piping systems analyzed using linear- .

elastic methods and qualified on the basis of the staff-approved design
criteria specified in this report.

On the basis of these commitments for a COL applicant to verify that the
installation tolerances are satisfied and that all deviations are reconciled
using the staff-approved methods and DAC discussed in this report, the staff
concludes that there is reasonable assurance that the System 80+ piping
systems will be constructed in accordance with the design documents.

3.12.9.2 Functional Capability
i

ABB-CE identified a certified design commitment that all piping systems
classified as ASME Code Class 1, 2, and 3 shall be designed to maintain
dimensional stability and functional integrity under design loadings expected
to be experienced during a 60-year design life. An inspection of the ASME
design reports for piping systems classified as ASME Code Section III Class 1,
2, or 3.by the COL applicant will be conducted to assure that the functional
capability limits have been satisfied. In Section 3.12.5.12 of this report, 1

(AM' the staff evaluated the stress limits to ensure .the functional capability of 1

safety-related piping systems. In no case will the piping stress exceed the
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primary stress limits designated for Service Level D in the ASME Code,
Section III. The Service Level D limits are 3.0 S (not to exceed 2.0 S ) fory

ASME Code Class 1 piping and 3.0 Sn (not to exceed 2.0 S ) for Class 2 and 3y
piping.

The staff finds that the limits specified by ABB-CE to ensure functional
capability of piping as discussed in Section 3.12.5.12 of this report are
consistent with the staff recommendations as documented in NUREG-138)7,acceptable. The use of Service Level D limits (not to exceed 2.0 S are

" Functional Capability of Piping Systems," for ensuring the functional
capability of piping systems that were based on high-level dynamic tests
sponsored by the EPRI and the NRC staff.

On the basis of these commitments for a COL applicant to limit piping stresses
in the certified stress report to the DAC discussed above, the staff concludes
that there is reasonable assurance that the piping is capable of performing
its safety function under all normal operating, transient, and accident condi-
tions.

3.12.9.3 As-Built LBB Verification

ABB-CE identified a certified design commitment that for each piping system
qualified for LBB, the as-built piping and materials will be reconciled with
the bases for the LBB acceptance criteria. The COL applicant will perform an
inspection of the LBB evaluation report for each piping system qualified for
LBB to verify that LBB acceptance criteria are met by the as-built piping and
piping materials.

On the basis of these commitments as stated in CESSAR-DC Section 3.9A,
Subsection 1.9.6.6 for a COL applicant to inspect as-built piping systems
qualified for LBB as discussed above, the staff concludes that there is
reasonable assurance that the piping systems qualified for LBB will meet the
LBB acceptance criteria, including their material properties.

3.12.9.4 High-Energy Line Break Analysis

ABB-CE identified a certified design commitment that will require an analysis
to demonstrate that safety-related systems, components, equipment, and struc-
tures are protected against the dynamic effects associated with the postulated
break of high-energy piping systems except for those systems to which LBB
evaluations have been applied. Seismic Category I SSCs that shall be required
to be functional during and following an SSE shall be protected against the
environmental effects induced by pipe breaks or cracks, including spraying,
flooding, pressure, and temperature effects.

As stated in CESSAR-DC Section 3.6.2, the COL applicant will prepare a pipe
break analysis report to verify that the safety of the plant will not be
adversely affected by the dynamic and environmental effects resulting from the
postulated pipe breaks and cracks. For those impacted components needed to
safely shut down the plant, the ASME Code requirements for faulted plant
conditions and operability limits shall be met. Pipe break mitigation devices
(e.g., pipe whip restraints and jet impingement shields) will be used to
restrain the whipping pipe and deflect the blowdown loads. The ITAACs specify
that (1) an inspection will be performed to verify the existence of a pipe
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break analysis report and (2) the as-built high-energy pipe break mitigation
features will be inspected. j

The COL applicant will complete a pipe break analysis to demonstrate that
safety-related SSCs will be protected against the dynamic effects of a
postulated pipe break using the methods described in Sections 3.6.2 and 3.12.7
of this report.

On the basis of these commitments for a COL applicant to inspect and analyze
pipe breaks as discussed above, the staff concludes that there is reasonable
assurance that the safety-related SSCs in the System 80+ are adequately
protected against the dynamic effects of postulated high-energy line breaks,
and the seismic Category I components will remain functional during and
following an SSE.

3.12.9.5 LBB Analysis

ABB-CE identified a certified design commitment that for each piping system
qualified for LBB, the as-built piping and materials will be reconciled with
the bases for the LBB acceptance criteria.

The COL applicant should perform an evaluation and prepare an LBB analysis
report to verify that the safety of the plant will not be adversely affected
by dynamic effects resulting from pipe breaks in high-energy piping systems to
which LBB evaluation has been applied. The analyses should demonstrate that '

the designs of these systems are in compliance with the acceptance criteria in
the PEDS of CESSAR-DC Appendix 3.9 A or alternately with the criteria of
CESSAR-DC Section 3.6.3 and Appendix 3.9A.

On the basis of this commitment, the staff concludes that there is reasonable
assurance that the safety-related SSCs in the System 80+ are adequately
protected against the dynamic effects of postulated high-energy line breaks in ,

piping systems to which LBB evaluations have been applied.

3.12.9.6 Fracture Toughness

ABB-CE identified a certified design commitment that for those piping systems
made of ferritic material as permitted by the design specification, the
material chosen will not be susceptible to brittle fracture under the expected
service conditions. The material and fabrication process will be selected to ,

reduce the possibility of cracking during service. Chemical, fabrication,
handling, welding, and examination requirements that reduce the potential for
cracking shall be employed.

In CESSAR-DC Section 5.3.3.1, fracture toughness tests are to be performed in
accordance with the requirements of the ASME Code, Section III.

On the basis of this commitment that materials satisfy the requirements of
ASME Code, Section III, the staff concludes that there is reasonable assurance
that the material for piping systems will be adequately specified to preclude
brittle fracture under pressure loadings for the expected service conditions.

3.12.9.7 Cracking in Stainless Steel Piping 1

ABB-CE System 80+ FSER 3-207 June 1994

. ., .- . -. -



!
l
1

|
l

ABB-CE identified a certified design commitment that the fabrication process
for piping systems made of austenitic stainless steel will be selected to
minimize the possibility of cracking during their 60-year design life.
Special chemical, fabrication, handling, welding, and examination requirements
will be satisfied to minimize the potential for cracking.

On the basis of this commitment, the staff concludes that there is reasonable
assurance that the austenitic stainless steel piping systems will be adequate-
ly fabricated to minimize the potential for cracking during service.

3.12.9.8 Erosion-Corrosion

ABB-CE identified a certified design commitment that piping systems will be
designed to minimize the effects of erosion-corrosion. Erosion-corrosion will
be controlled as discussed in CESSAR-DC Section 3.6.3.1.2.

Based on the above certified design commitment for a COL applicant to evaluate
the erosion-corrosion effects in piping system, the staff concludes that there
is reasonable assurance that the effects of erosion-corrosion are minimized in|

the piping design for the 60-year plant life.

3.12.9.9 Conclusions

On the basis of the discus. ions in Section 3.12.9 of this report, the staff
concludes that the certified design commitments and the ITAACs for piping
design incorporate the staff's approved piping design criteria and analysis
methods for ensuring that the piping systems are adequately designed to
perform their safety-related functions for all postulated combinations of
normal operating, operating transient, and accident conditions, and give

I reasonable assurance that the piping systems will be built in conformance with,

| the certified design.

3.12.10 Overall Conclusions

The staff concludes that ABB-CE satisfies 10 CFR 52.47 by giving sufficient
information to reach a final safety conclusion on all safety questions
associated with the System 80+ piping design. The staff further concludes
that ABB-CE satisfies the applicable requirements of 10 CFR Parts 50, 52, and
100 by providing reasonable assurance that the piping systems will be designed
and built in accordance with the certified design and will perform their
safety-related functions under all postulated combinations of normal operating
conditions, system operating transients, postulated pipe breaks, and seismic
events. The staff's conclusion is based on ABB-CE's commitments to pre-

| approved piping analysis methodology as a part of the DAC which must be used
by the COL applicant to complete the plant-specific design and analyses of the
System 80+ piping systems. The implementation of these preapproved methods
and satisfaction of the acceptance criteria will be verified through the
performance of the ITAACs by the licensee to ensure that the final as-built
piping stress analyses and high-energy line break analyses as well as the as-
constructed piping systems are in accordance with the certified design commit-
ments.

Any change to the commitments involving the piping analysis methodology
| discussed in Section 3.12 would involve an unreviewed safety question and,
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therefore, requires NRC review and approval prior to implementation. Any
requested change to these commitments shall either be specifically described
in the COL application or submitted for license amendment after the COL is
issued.
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APPENDIX 3A

STAFF POSITION ON STEEL EMBEDMENTS

INTRODUCTION

Vendors of advanced light-water reactors (ALWRs), in their standard safety
analysis reports (SSARs) for facilities adopting such reactors, have proposed
the use of the American Concrete Institute (ACI) 349 Code for the design of
seismic Category I structures. The staff reviewed Appendix B to ACI 349-85,
" Code Requirements for Nuclear Safety Related Concrete Structures," and
foreign and domestic test data for anchor bolts. On the basis of that review,
the staff has taken exceptions to Appendix B to the ACI 349 Code as detailed
below. This proposed position has been developed as an aid for the review of
the advanced reactors applications. The staff's primary concerns regarding
Appendix B to the ACI 349 Code are discussed below and exceptions to the use
of Appendix B are noted.

The staff's primary concern with Appendix B to the ACI 349 Code is the use of
a basic assumption of the 45-degree concrete-failure cone. This assumption
may have been chosen for convenience. However, tests have not confirmed this
assumption even for single anchors. The assumption becomes even less conser-
vative when an anchor is located near the free edge of the concrete or when
anchors are closely spaced.

Appendix B to the ACI 349 Code is deficient because it has no provisions for
reduced anchor strength when the anchor is located in cracked concrete, such
as in the tension zone of a concrete slab. The 1988 Edition of the Uniform
Building Code has provisions for reduced anchor strength when an anchor is
located in the tension zone.

STAFF'S EXCEPTIONS TO Appendix B TO THE ACI 349 CODE

Section B.4.2 - Tension and Fiaures B.4.1 and B.4.2

In this section and the figures, ACI specifies that the tensile strength of
concrete for any anchorage can be calculated by a 45-degree failure-cone
theory. The staff disseminated the German test data questioning the validity
of the 45-degree failure-cone theory to licensees, architect-engineers, bolt
manufacturers, and the code committee members when it met with them. The data
showed that the actual failure cone was about 35 degrees and the use of the
45-degree cone theory could be unconservative for anchorages of deep embed-
ment, and for the anchorage of groups of bolts. The code committee, having
done some research of its own, recently agreed with the staff's finding. The
code committee is now revising this section. In the meantilu, the staff

position on issues related to this section is to ensure adNtion of design
approaches consistent with the test data through case-b m ase review.

Section B.5.1.1 - Tension

In this section, ACI states a criterion for ductile ancnors. The criterion is |
'

that the design pullout strength (force) of the concrete as determined in !
Section B.4.2 exceeds the minimum specified tensile strength (force) of the |
steel anchor. Any anchor that meets this criterion is qualified as a ductile !
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I
anchor and, thus, a low safety factor can be used. The staff believes that I

the criterion is deficient in two areas: (1) the design pullout strength of
b the concrete, so calculated, is usually higher than the actual strength, as

has been stated in Section B.4.2 above and (2) anchor steel characteristics I
are not taken into consideration. For example, Drillco Maxi-Bolt Devices, '

Ltd. claims that its anchors are ductile anchors and, thus, can use a low
1

safety factor. The strength of the Maxi-Bolt is based on the yield strength '

of the anchor steel, which is 724 MPa (105 ksi). The embedment length of the
anchor, which is used to determine the pullout strength of the concrete, is
based on the minimum specified tensile strength of the anchor steel of 862 MPa
(125 ksi). The staff believes that the 19 percent margin (125/105) for the
embedment length calculation is insufficient considering the variability of
parameters affecting the concrete cone strength. The staff also questions the
energy absorption capability (deformation capability after yield) of such a
high-strength anchor steel. Therefore, in addition to the position taken with
regard to Section B.4.2 above, the staff will review vendor- or manufacturer-
specific anchor bolt behaviors to determine the acceptable design margins
between anchor bolt strengths and their corresponding pullout strengths based
on concrete cones.

Section B.5.1.l(a) - Lateral Burstina Concrete Strenath

This section states that the lateral bursting concrete strength is determined
by the 45-degree concrete-failure-cone assumption. This assumption has not
been confirmed by tests and the code committee is revising the assumption.
The staff believes that the lateral bursting concrete strength determination

n also needs to be revised. To determine if adequate reinforcement against
i

(d lateral bursting force needs to be determined on a case-by-case basis, the
staff will review the following against test data: (1) the lateral bursting
concrete strength provided by the concrete cover around anchor bolts and
(2) the lateral bursting force created by the pulling of anchor bolts. .

Section B.5.1.2.1 - Anchor. Studs. or Bars

This section states that the concrete resistance for shear can be determined
by a 45-degree half-cone to the concrete free surface from the centerline of
the anchor at the shearing surface. Since the assumption for 45-degree
concrete-failure cone for tension has not been proved, the staff believes that
the use of the 45-degree half-cone for shear should be reexamined. In the
meantime, the staff will review the adequacy of shear capacity calculations of
concrete cones on a case-by-case basis with emphasis on methodology verifica-
tion through vendor-specific test data.

Section B.5.1.2.2(c) - Shear Luas

in this section, ACI states that the concrete resistance for each shear lug in
the direction of a free edge shall be determined based on the 45-degree half-
cone assumption to the concrete free surface from the bearing edge of the
shear lug. This is the same assumption as used in Section B.5.1.2.1, and the
staff has the same comment as stated there. Therefore, the staff position
related to the design of shear lugs is to do case-by-case reviews. The staff
review will emphasize methodology verification through specific test data. |

V Section B.7.2 - Alternative Desian Reauirements for Expansion Anchors

|
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In this section, ACI states that the design strength of expansion anchors
shall be 0.33 times the average tension and shear test failure loads, which
provides a safety factor of 3 against anchor failure. The staff position on
safety factor for design against anchor failure is 4 for wedge anchors and 5
for shell anchors unless a lower safety factor can be supported by vendor-
specific test data.

Section B.7.2 - Anchors in Tension Zone of Supportina Concrete

When anchors are located within a tensile zone of supporting concrete, the
anchor capacity reduction due to concrete cracking shall be accounted for in
the anchor design.

.

O
l
!

|

|

|
|
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O
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APPENDIX 3B

STAFF POSITION AND TECHNICAL BASES ON THE USE OF STANDARD ANSI /AISC N690-1984
I

NUCLEAR FACILITIES: STEEL SAFETY-RELATED STRUCTURES

The use of ANSI /AISC Standard N690-1984 for the design, fabrication, and
erection of safety-related structures for the CE System 80+ is in compliance
with the guidelines of SRP Sections 3.8.3 and 3.8.4 and is therefore, accept-
able when supplemented by the following staff positions and technical bases.

I. STAFF POSITIONS

(1) In Section Ql.0.2, the definition of secondary stress should apply to
stresses developed by temperature loading only.

(2) Add the following notes to Section Q1.3.6:

"When any load reduces the effects of other loads, the corresponding
coefficient for that load should be taken as 0.9, if it can be demon-
strated that the load is always present or occurs simultaneously with
other loads. Otherwise, the coefficient for that load should be taken as
Zero."

"Where the structural effects of differential settlement- are present,
they should be included with the dead load 'D'."

"For structures or structural components subjected to hydrodynamic loads
resulting from LOCA and/or safety relief valve actuation, the consider-
ation of such loads should be as indicated in the Appendix to SRP Sec-
tion 3.8.1. Any fluid structure interaction associated with these
hydrodynamic loads and those from the postulated earthquake (s) should be

'taken into account."

(3) The stress limit coefficients (SLCs) for compression in Table Ql.5.7.1
should be as follows:

1.3 instead of 1.5 [ stated in footnote (c)] in load combinations 2, 5,
u

| and 6.

1.4 instead of 1.6 in load combinations 7, 8, and 9.

1.6 instead of 1.7 in load combination 11.

.(4) Add the following note to Section Ql.5.8:

"For constrained (rotation and/or displacement) members supporting
safety-related structures, systems, or components the stresses under load
combinations 9,10, and 11 should be limited to those allowed in
Table'Ql.5.7.1 as modified by provision 3 above. Ductility factors of

| Table Ql.5.8.1 (or provision 5 below) should not be used in these cases."'
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(5) For ductility factors 'y' in Sections Q1.5.7.2 and Ql.5.8, substitute
provisions of Appendix A, 11.2 of SRP Section 3.5.3 in lieu of
Table Q1.5.8.1.

(6) In load combination 9 of Section Q2.1, the load factor applied to load P,
should be 1.5/1.1=1.37, instead of 1.25

(7) Sections Q1.24 and Ql.25.10 should be supplemented with the following
requirements regarding painting of structural steel:

Shop painting to be in accordance with Section M3 of LRFD specifica-.

tions (" Load and Resistance Factor Design (LRFD) Specification for
Structural, Steel Buildings and Its Commentary," American Institute z

of Steel Construction, Chicago,1986). |

All exposed areas after installation to be field painted (or coated).

in accordance with the applicable portion of Section M3 of LRFD
specifications.

The QA requirements for painting (or coating) of structural steel to.

be in accordance with ANSI N101.4 (" Quality Assurance for Protective |

Coatings Applied to Nuclear Facilities," American Institute for !

Chemical Engineers, New York, 1972), as endorsed by RG 1.54, |
I" Quality Assurance Requirements for Protective Coatings Applied to

Water Cooled Nuclear Power Plants."

II. TECHNICAL BASES

(1) The standard defines the " secondary stress" as: "any normal stress or
shear stress developed by the constraint of adjacent material or by self-
constraint of the structure. The basic characteristic of a secondary

stress is that it is self-limiting due to deformation-limited effects."
This definition has been interpreted by some to be applicable to the
stresses generated by mechanical (i.e., non-thermal) loads at the struc-
tural discontinuities. The position in Section I of this appendix
clarifies the staff's interpretation.

(2) These notes provide guidance to the users regarding consideration of
additional load effects in designing steel structures. The notes are

| parts of SRP Sections 3.8.3 and 3.8.4.

(3) The research done in the last 12 years on the strength and stability of
compression members shows that the base curve (SSRC curve in Figure 3.1)
used in arriving at the SLCs in SRP Sections 3.8.3, and 3.8.4, and in the
standard does not reflect the results of the available test data. In
developing the American Institute of Steel Construction (AISC) building
specification based on the load and resistance factor design (LRFD)
concept, the AISC changed the formulation for compression members to
reflect the results of the test data. The LRFD curve (with d-1.0) is
also shown in Figure 3.1. Based on the test data, this curve has the

2+
minimum reliability index, B (defined as the ratio of ln (R,/Q,) to (V,d;V,2)uz; where R, - median value of resistance, Q, = median value of loa
and, V,, and V are the corresponding coefficients of variation), of 2.6!

o
(LRFD Specification for Structural Steel Buildings and Its Commentary,
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Published by AISC, Chicago, September 1, 1986). The LRFD specification
/ requires (=0.85 in establishing the resistance of compression members. '

u Figure 3.1 shows the curves reflecting the SLCs of 1.0,1.4,1.5,1.6, <

'and 1.7 as applied to the stresses specified for allowable stress design
of the AISC. Based on the comparison with the LRFD curve (d=1.0), the i

following SLCs are recommended in the interim position:

SLC of 1.6 (d=0.95) for load combinations 10 and 11. This is
reasonable for load combinations containing the effects of the two
low-probability events, that is, safe-shutdown earthquake (SSE) and
loss-of-coolant accident (LOCA).

SLC of 1.4 (d=0.84) for load combinations 7, 8, and 9. This is
appropriate for combinations containing the effects of a single,
low-probability event, that is, SSE, tornado, or LOCA.

SLC of 1.3 in load combinations 2, 5, and 6 is recommended when the
secondary stresses due to T are included in the load combinations.
This is consistent with the, current position of allowing higher
stresses under the effects of operating temperature.

(4) Neither the standard review plans (SRPs) nor the standard offer any
guidance regarding the tolerable deformation of the constrained steel
members when they are subjected to temperature growth under sustained T,
or other LOCA loads. Statistically meaningful test data simulating the
inelastic behavior of such constrained members under representative load
combinations (including T and E,) are not available. This provision
ensuresagainsttheinstabilityconditionarisingfromtheeffectsofT,
or other LOCA loads under load combinations 9,10, and 11.

!

(5) The ductility factors provided in Table Ql.5.8.1 are either more liberal
than those in Appendix A of SRP Section 3.5.3 (e.g., y for compression
members), or involve some inconsistencies in definitions'and interpreta-
tion of the formulae (e.g., " formulae" in 2.D of the table) given in the
table. Therefore, until sufficient test-based justification for ductili-
ty factors listed in Table Q1.5.8.1 is-provided, the staff position as
stated in the appendix is recommended for use.

'

(6) This provision makes the load combination consistent-with that in the
SRP.

|(7) Additional provision regarding painting of structural steel is provided.

!

l
k

4
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APPENDIX 3C

EVALUATION OF PUMPS AND VALVES INSERVICE TESTING PLAN

(CESSAR-DC TABLE 3.9-15)

1 INTRODUCTION

This appendix presents the review results of the ABB-CE System 80+ IST program
documented in Section 3.9.6 of the CESSAR-DC and the IST plan, Table 3.9-15 of
the CESSAR-DC.

This review was performed to determine if ABB-CE complies with the regulatory
and ASME Code, Section XI, 1989 Edition, requirements, and included:

verification that all pumps and valves classified as safety related in*

the CESSAR-DC are in the IST plan, as required by Section XI (This
includes both passive and active components and the verification that all

| CIVs contained in Table 6.2.4-1 of the CESSAR-DC are included in the IST
'

plan.)

a detailed review of the notes that justify for deferral of testing to=

the cold shutdown or refueling condition

a review of the testing specified in the plan to ensure that all safety-=

related functions are tested

a review of the typical IST connections and configurations (CESSAR-DC-

Figure 3.9-16)

The review of the IST program was performed using SRP Section 3.9.6; GL 89-04,
" Guidance on Developing Acceptable IST Programs;" and the minutes of the
public meeting to discuss GL 89-04 on dated October 25, 1989.

2 EVALVATION

The ABB-CE System 80+ pump and valve IST program is documented in Sec-
tion 3.9.6 of the CESSAR-DC. Specific safety-related pumps and valves subject
to IST are listed in Table 3.9-15 of the CESSAR-DC. This table lists the
individual pumps and valves and gives the following information for each
component in the IST program: identification number, description, safety
class, test parameters, test frequency, test configuration and CESSAR-DC
figure number. Additionally, the table lists the code category, valve type,
actuator, and function. The P& ids in the CESSAR-DC do not contain all the'

test connections; therefore, ABB-CE gave typical test configurations to be
used for testing and referenced them for each component, as applicable.
CESSAR-DC Table 3.9-16 lists the reactor coolant pressure isolation valves and
CESSAR-DC Table 6.2.4 lists the CIVs.

The evaluation of the ABB-CE System 80+ IST program consisted of a detailed
review of Table 3.9-15 of the CESSAR-DC and the referenced P& ids, which are
included as figures in the CESSAR-DC. The staff verified that all pumps and
valves classified as safety related in the CESSAR-DC are included in the IST |

l
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,m plan, as required by the code, and that the testing includes all safety-

(U)
related functions. Additionally, a review of the P&lDs and the referenced !ST
connections and configurations (contained in CESSAR-DC Figure 3.9-16) was done
to verify that the committed testing in Section 3.9.6 and the table could be !

completed.
' In accordance with OMa-1988 Part 10, as referenced by the 1989 Edition of i

'Section XI, valve testing that is impractical to do during power operation may
be deferred to cold shutdown. If testing is also impractical at cold shut-
down, it may then be deferred to refueling. Partial-stroke exercising must be 1

done when practical quarterly or at cold shutdowns. ABB-CE submitted numerous
'

notes justifying for deferring testing to cold shutdown or refueling outage,
affecting 178 valves. These justifications document the impracticality of
testing valves quarterly, during operation, as required by Section XI, and
were reviewed to verify their technical bases. As discussed in GL 91-18, it
is not the intent of IST to cause unwarranted plant shutdowns or to unneces-
sarily challenge other safety systems. In general, those tests involving a
plant trip, damage to a system or component, or excessive personnel hazards
are not considered practical. Removing one train for testing or entering a
limiting condition for operation is not a sufficient basis for not performing
the required tests, unless the testing renders systems inoperable for extended
periods of time. Other factors, such as the effect on plant safety and the
difficulty of the test (i.e., the burden) may be considered when determining
the impracticality.

'

Each note justifying for testing during cold shutdown and refueling outage is
discussed below.

O Notes 1 and 2: Coolina water to RCPs

Exercising the MOVs CC-130, 131, 136, 137, 230, 231, 236, and 237 during
operation would isolate cooling wate to the RCP support coolers, damaging the
pumps. Exercising check valves CC-1507 and 2507, open, and CC-1548 and 2548,
closed, requires closing the associated MOVs and would damage the pumps.
Therefore, ABB-CE's proposal to test MOVs CC-1507 and 2507, open, and CC-1548
and 2548, closed, and check valves at cold shutdowns when the pumps are not
running is acceptable.

Additionally, it is impractical to test check valves CC-1507 and 2507, closed,
and CC-1548 and 2548, open, quarterly or at cold shutdowns. These simple
check valves have no instrumentation and the only practical means of testing
these valves is by leak testing or by the use of test connections. It is
impractical to test these valves quarterly or during every cold shutdown
because the valves and associated test connections are located inside the
containment. Access to testing presents a personnel safety hazard because of
high radiation levels and proximity to high-energy systems. Testing these
valves during every cold shutdown would be burdensome to the licensee because
of the extensive test setup which would require substantial man-hours and the
potential for extending the shutdown. Therefore, ABB-CE's proposal to test
these valves at refueling outages is acceptable.

Notes 3. 4. and 5: CCW to letdown Hx

NJ
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To test valves CC-102,103,122, and 123 would require isolating the Divi-
sion 1 nonessential CCW loop, which supplies the normal containment chillers.
During NOP, both divisions of chilled water are required to maintain the
containment temperature within the TS limit. However, during certain times of
the year, only two of the four coolers are required. Therefore, ABB-CE's
proposal to test these valves quarterly unless it is impractical because of
the heat load, in which case, testing at cold shutdown is acceptable.

Exercising M0Vs CC-202, 203, 222, 223, 240, 241, 242, and 243, and check
valves CC-2622, open, and 2628, closed, would require isolating the cooling
water to the letdown Hx. This would lead to reactor coolant inventory
transients that could result in a plant trip and possible damage to the piping
due to cavitation. Therefore, testing quarterly is impractical and ABB-CE's
proposal to test at cold shutdown is acceptable.

' It is also impractical to test valves CC-2622, closed, and 2628, open, at cold
| shutdown. These simple check valves have no instrumenta' tion, and the only

practical means of testing these valves is by leak testing or by the use of'

test connections, it is impractical to test these valves quarterly or during
every cold shutdown because the valves and associated test connections are
located inside the containment. Access to testing presents a personnel safety
hazard because of high radiation levels and proximity to high-energy systems.
Testing these valves during every cold shutdown would be burdensome to the
licensee because of the extensive test setup which would require substantial
man-hours and the potential for extending the shutdown. Therefore, ABB-CE's
proposal to test at refueling outages is acceptable.

Notes 6. 7. and 11: Seal iniection to RCP

Testing the associate valves during operation would isolate seal injection
from the chemical and volume control system to the RCP and result in possible
pump damage. Therefore, ABB-CE's proposal to test at cold shutdown when the
RCPs are not running is acceptable.

Notes 8. 9. and 10: Charaina valves

Testing the associated valves would require isolating the charging and letdown
flow, thereby causing reactor coolant inventory transients that could result
in a plant trip. Therefore, testing quarterly is impractical and ABB-CE's
proposal to test at cold shutdown is acceptable.

Note 12: EFW to steam aenerators

Testing the associated check valves open would require injecting cold fluid
from the EFW storage tank into the steam generators which is impractical to do
quarterly because of the potential of damage to the nozzles as a result of
thermal shock. Therefore, ABB-CE's proposal to test at cold shutdown is
acceptable.

Notes 13 and 14: RCS depressurization and vent valves

These valves are normally closed. The RCS vent valves are used to vent non-
condensible gases during postaccident conditions and steam from the pres-
surizer for RCS pressure control. The RCS rapid depressurization valves do

ABB-CE System 80+ FSER 3-218 June 1994

_ _ - _ _ _ - - _ _ _ _ _



. _ .- - .. . . -- - -- -- . - - _ - - .- _
.

I

!

i

not serve'a design-basis safety-related function. They are used to depres- (
surize the RCS for the beyond-design-basis event when normal feedwater and EFW ;

are unavailable to remove core decay heat. These valves require operator !
action to function. Testing these normally closed valves during-operation r

increases the risk of losing reactor coolant, which would require or cause a
plant shutdown and is, therefore, impractical . Therefore exercising these ,

valves at cold shutdown is acceptable. t

Notes 15 and 16: Main feedwater and steam isolation valves
'

The main feedwater and steam valves are open during operation. Testing them
quarterly would isolate feedwater and steam to the steam generators, causing a ;

steam generator level transient and possibly a plant trip. Therefore, t

ABB-CE's proposal to partial stroke the 'nain steam valves quarterly and full |
stroke both the feedwater and main steam valves at cold shutdowns is accept- i

abl e.
.

Note 18: SI to the RCS chehjaalves

The check valves referenced in Note 18 open to allow the SI pumps to inject
into the RCS. They also perform a safety-related function in the closed
direction, some as CIVs or pressure isolation valves (PIVs). Testing ;
quarterly is impractical because the SI pump discharge pressure is lower than '

the RCS pressure. Full-flow or partial-flow testing at cold shutdown is
impractical because of low-temperature overpressurization (LTOP) concerns. '

Therefore, ABB-CE's proposal to full-fluw test at refueling outages is
acceptable. !

)
'It is also impractical to reverse flow exercise valves SI-ll3 and 133, quar-

terly or at cold shutdown. These simple check valves have no instrumentation. ,

The only practical means of reverse flow testing these valves is by leak
testing. It is impractical to test these valves quarterly or during every |

cold shutdown because the valves and associated test connections are located
inside the containment. Access to testing presents.a personnel safety hazard
because of high radiation levels and proximity to high-energy systems.

_

Testing these valves during every cold shutdown would be burdensome to the i

licensee because of the extensive test setup which would require substantial
man-hours and the potential for extending the shutdown. Therefore, ABB-CE's
proposal to test these valves at refueling outages is acceptable.

Note 19: SI/SCS to RCS valves
,

i

These check valves open to allow the SCS or either the SI or SCS pumps to ''

inject into the RCS. Testing quarterly is impractical because the SI and SCS
pump discharge pressure is lower than the RCS pressure. It is also impracti-
cal to operate the SI pumps during cold shutdown due to LTOP concerns. Using
the SCS pumps, however, the valves can be full-stroke exercised at cold
shutdown. Therefore, full-stroke exercising the valves at cold shutdowns is-
acceptable.

It is also impractical to reverse flow exercise valves SI-123-and 143 quar-
terly or at cold shutdown. These simple check valves have no instrumentation.
The only practical means of reverse flow testing these valves is by leak
testing. .It is impractical to test these valves quarterly or during'every
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cold shutdown because the valves and associated test connections are located
inside the containment. Access to testing presents a personnel safety hazard i

because of high radiation levels and proximity to high-energy systems. ;

Testing these valves during every cold shutdown would be burdensome to the |
licensee because of the extensive test setup which would require substantial
man-hours and the potential for extending the shutdown. Therefore, ABB-CE's
proposal to test these valves at refueling outages is acceptable.

Note 20: Containment spray check valves

These normally closed check valves open to allow the containment spray pumps
to discharge to the spray header. Their safety-related function in the closed
direction is to provide containment isolation. The 35.6-cm (14-in.) valves
are simple check valves located inside the containment. It is impractical to
full-flow test them because the containment would be sprayed down, causing
possible equipment damage. Therefore, these valves are supplied with mechani-
cal exercisers. It is impractical to test the valves open with the exercisers
or closed, using test connections during power operation or cold shutdown
because the valves are located inside the containment and access to testing
presents a personnel safety hazard because of high radiation levels. Testing
these valves at refueling outages is, therefore, acceptable.

Note 21: SIT discharae valves

The check valves referenced in Note 21 open to allow the safety injection
tanks (SITS) to inject into the RCS. Testing quarterly is impractical because
the SIT pressure is lower than the RCS pressure. ABB-CE has proposed partial-
flow exercising during cold shutdown and full-stroke exercising during
refueling outages. In CESSAR-DC, ABB-CE states that full-flow testing during
cold shutdown is impractical due to the risk of injecting nitrogen into the
RCS and the significant RCS inventory increase. In NRC Information
Notice 89-67, the staff discusses a concern with injecting nitrogen into the
RCS which can cause the residual heat removal pumps to become gas bound when
fuel is in the vessel. This event occurred because of a lack of operator

control during testing. Numerous ABB-CE plants, including Palo Verde, do
full-stroke testing during refueling outages when the vessel head is removed.
ABB-CE's proposal to part-stroke exercise the valves during cold shutdown and
full-stroke exercise during refueling outages is acceptable.

Note 22: DVI nozzle check valves

These check valves open to allow the SIT or SI pumps to inject into the
reactor vessel and serve as PIVs. Valves SI-227 and 247 also open to allow

| the SCS pumps to inject into the RPV. Testing quarterly is impractical
because the SI and SCS pump discharge and SIT pressure is lower than the RCS
pressure. It is also impractical to operate the SI pumps during cold shutdown
due to LTOP concerns or full-stroke the valves using the SITS due to concerns
with nitrogen injection and because the RCS is incapable of accepting the SIT
volume when the vessel head is installed. ABB-CE proposes that these valves
be partial-stroke exercised during cold shutdown and full-stroke exercised
during refueling outages using the SITS. Using the SCS pumps, valves SI-227
and 247 can be full-stroke exercised at cold shutdowns. This proposal is
acceptable.
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flote 23: SI oump minimum flow valves

Testing the SI pump minimum flow return valve requires both pumps in one
division of SI to be inoperable, to prevent operation of the pumps with no
flow. Testing is impractical to do quarterly or at cold shutdown because both
divisions of S! are required by the TS to be operable (3.5.2 and 3.5.3).
During operations, only one train may be inoperable for a limited time (i.e.,
72 hours). During shutdown, one division may be inoperable, but only for one
hour. Therefore, based on the TS limiting condition for operation (LCO),
ABB-CE's proposal to test at cold shutdowns is acceptable. :

Note 26: CIVs

These valves are the steam generator blowdown and containment ventilation unit
drain header CIVs. These valves function as both CIVs and penetration relief
valves and, therefore, have a safety-related function in both the open and
closed direction. It is impractical to test the steam generator blowdown
valves (xx-032, xx-035) open quarterly because the valves and associated test
connections are located inside the containment and testing requires the steam
generator blowdown line to be depressurized. Therefore, these valves will be
tested at cold shutdown when the steam generators are depressurized. It is

impractical to test the containment ventilation drain header valve (xx-162)
open quarterly or at cold shutdown because the valve and associated test
connections are located inside the containment. Access to testing presents a
personnel safety hazard because of high radiation levels and proximity to
high-energy systems. Therefore, ABB-CE's proposal to exercise this valve ~at
refueling outages is acceptable.

N_gte 27: SC ourification line CIV

The simple check valve = located inside the containment is normally closed. It !
'

is only opened during cold shutdown. It is impractical to verify the closure
capability of this valve quarterly because the valve is located inside the
containment and access to testing presents a personnel safety hazard because
of high radiation levels and system pressure (i.e., RCS pressure). Opening
the upstream manual valve outside the containment to allow leakage testing
could subject piping to pressures higher than the design, which is also
impractical because of the potential for component damage. Therefore,
ABB-CE's proposal to test this valve during cold shutdown is acceptable.

Note 28: SIT discharoe MOV

These valves are locked open during operation to ensure the capability of SIT
injection into the RCS. TS 3.5.1 requires all four SITS to be operable. One
tank may be inoperable for 1 hour. Because of the short period of time one
tank may be inoperable and the amount of time required to perform the test and
restore the tank, testing quarterly is' impractical, and ABB-CE's proposal to
test 'at cold shutdown is acceptable.

Note 29: SC suction from RCS

These normally locked-closed valves open to align the SC pump suction to the
RCS. Four of the valves are classified as RCS pressure isolation valves.
Operating these valves during operation is impractical because the valves are
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so interlocked that they cannot be opened when the RCS pressure exceeds the
SCS operating pressure. Additionally, there would be personnel hazard as a
result of leak testing the valve following actuation required by TS
SR 3.4.14.1. Therefore, ABB-CE's proposal to test at cold shutdown is accept-
able.

Note 30: Containment ource CIVs

These normally closed CIVs are in the high-volume containment purge system.
TS 3.6.3 does not allow the 60-cm (24-in.) purge valves to be opened during
operation. Testing would require shutting the plant down, which is impracti-
cal. Therefore, ABB-CE's proposal to test at cold shutdown is acceptable.

Note 31: Steam aenerator wet lavuo CIVs

These check valves are normally closed and are located inside the containment.
They are downstream of manual gate valves that are locked closed. The valves
are not required to be Appendix J, Type-C tested per CESSAR-DC Table 6.2.4-1.
The valves are only open during cold shutdown and this is not a safety-related
function. It would be impractical to test these valves quarterly, as the
valves are inside the containment and the only practical means of testing is
by measuring the leakage through a upstream test connection. Therefore,
ABB-CE's proposal to test at cold shutdown is acceptable.

Note 32: Normal chilled water to the containment

Testing these normally open valves would require isolating the normal chilled-
water system to the containment and ABB-CEDM coolers. During N0P, both
divisions of chilled water are required to maintain the containment tempara-

| ture within the TS limit. However, during certain times of the year, only two
I of the four coolers are required. Therefore, testing will be done quarterly .

unless it is impractical because of the heat load, in which case, testing wiil
,

then be done during cold shutdown. ABB-CE's proposed testing is acceptable.'

Note 33: SIT vent to atmosphere

These locked closed solenoid valves allow the SITS to be vented for refill or
to relieve pressure during plant cooldown. Two parallel valves supply
isolation between each SIT and atmosphere. The valves have their power
removed during operation to prevent inadvertent venting. Testing quarterly
would vent the SIT and render it inoperable and, if the tank was not restored
within I hour, the plant would have to be shut down. Therefore, testing,

( quarterly is impractical, and ABB-CE's proposal to test at cold shutdown, when
'

the SITS are depressurized, is acceptable.

Note 34: Main feedwater check valves

Testing these valves closed during operation is impractical because feedwater
flow to the steam generators would have to be isolated causing thermal
transients at the nozzles or the plant would have to be shut down. Therefore,
ABB-CE's proposal to test the valves at a cold shutdown frequency is accept-
able.

Notes 36 and 37: Fire protection water sucolv and demineralized water CIVs
!
|
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These normally closed check valves are located inside the containment. The[s] safety-related function of these valves is in the open and closed position.
-

(/ These simple check valves have no instrumentation. It is impractical to test
these valves quarterly or during every cold shutdown because the valves and
associated test connections are located inside the containment. Access to
testing presents a personnel safety hazard because of high radiation levels
and proximity to high-energy systems. Testing these valves during every cold
shutdown would be burdensome to the licensee because of the extensive test
setup which would require substantial man-hours and the potential for extend-
ing the shutdown. Therefore, ABB-CE's proposal to test these valves at
refueling outages is acceptable.

Note 39: EFW trip and throttle valves

It is impractical to test the trip and throttle valves quarterly or during
cold shutdown due to the required test setup and the length of time to setup,
perform the test, and restore the EFW pump. It may not be possible to perform
the test within the TS LCO during operation and would be burdensome to do it
during cold shutdown as it could extend the outage. These valves will be
tested at refueling outages, which is acceptable.

Note 40: IRWST to holdup volume tank (HVT) and reactor cavity floodina MOVs

These normally closed MOVs are' opened during severe accidents to flood the
reactor cavity to cover core debris. They do not have any design-basis
safety-related function. Testing the HVT flooding MOVs during operation or
cold shutdown is impractical because manual valves inside the containment must(q be closed before testing. Testing the reactor cavity flooding MOVs duringj

U operation or cold shutdowns compromises the operability of the IRWST. During
an accident, water collected in the HVT would be diverted to the reactor
cavity, instead of to the IRWST, from which the ECCS pumps take suction. The
IRWST is required by the TS to be operable during Modes 1-5. Therefore,
ABB-CE's proposal to test these valves during refueling outages is acceptable.

Notes 41 and 42: SI air-ooerated valves

It is impractical to perform fail-safe testing during power operation or cold
shutdown because these valves are located inside the containment. Testing
requires the air supply to be locally isolated. Access to testing presents a
personnel safety hazard because of high radiation levels and proximity to
high-energy systems. Testing these valves during every cold shutdown would be
burdensome to the licensee because of the extensive test setup which would
require substantial man-hours and the potential for extending the shutdown.
Therefore, ABB-CE's proposal to test these valves at refueling outages is
acceptable.

Note 44: PlVs

It is impractical to reverse-flow exercise the RCS pressure isolation valves
quarterly or during every cold shutdown as these valves are located inside the
containment. Access to testing presents a personnel safety hazard because of

p high radiation levels and proximity to high-energy systems. Testing these
valves during every cold shutdown would be burdensome to the licensee because,

C of the extensive test setup which would require substantial man-hours and the
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potential for extending the shutdown. ABB-CE's proposal to exercise the
valves in accordance with TS 3.4.14 is, therefore, acceptable.

3 SUMMARY Af1D C0f1CLUSI0f1

On the basis of the preceding evaluations, ABB-CE has adequately addressed the
impracticality of exercising these valves during power operation, and the
proposed testing frequencies comply with OMa-1988, Part 10, Sections 4.2.1 and
4.3.2.

ABB-CE's System 80+ IST program complies with the 1989 Edition of Section XI
except for the service water and CCW pumps. The code requires pumps to be
tested at the same flowrate or pressure (reference value) at every test. The
system resistance for the service water and CCW pumps, however, is dependent
on the heat load, and it would be impractical to require the test to be done
at the same flowrate or pressure. ABB-CE proposes using pump curves in lieu
of reference points to verify the operational readiness of these pumps.
Pursuant to 10 CFR 50.55a(a)(3)(i), the testing proposed by ABB-CE provides an,

I acceptable level of quality and safety and alternatives to the code, and is,
l therefore, acceptable.

The ABB-CE System 80+ IST program was reviewed in accordance with the require-
ments in the 1989 Edition of Section XI and applicable staff guidance as
described in Section 3.9.6 of this report. On the basis of the results of
this evaluation, the staff concludes that the System 80+ IST Program is in
accordance with the commitments in CESSAR-DC Section 3.9.6 and is, therefore,
acceptable.

O
|

|
|

|

|
l

|

|
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Figure 3.1
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Table 3.1 Criteria pertaining to the probability of turbine missile
generation for a favorably oriented turbine

Probability
criterion / year Required licensee action

P < 10'' This is the general, minimum reliability requirement
3

for loading the turbine and bringing the system on
line.

10'' < P < 10'3 If this condition is reached during operation, the
3

turbine may be kept in service until the next
scheduled outage, at which time the licensee is to
take action to reduce P to meet the first criterion

3

before returning the turbine to service.

10'3 < P3 < 10-2 If this condition is reached duriog operation, the
turbine is to be isolated from the steam supply within
60 days, at which time the licensee is to take action
to reduce P to meet the first criterion before re-

3

turning the turbine to service.
10 2 < P If this condition is reached at any time during opera-

3

tion, the turbine is to be isolated from the steam
supply within 6 days, at which time the licensee is to
take action to reduce P to meet the first criterion

3

before returning the turbine to service.

O

O
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Table 3.2 LBB analysis parameters,- ~s

(
'-' Anchor to

Piping anchor Material base
system description flominal pipe size metal Weld type

MCL SG nozzle & 1070 mm (42") ID SA-516 Gr70 or SMAW
Hot leg RV nozzle 89 mm (3 1/2") SA-508 CLIA

wall thickness

MCL SG nozzle & 762 mm (30") ID SA-516 GR70 or SMAW
Cold leg RV nozzle 64 mm (2-1/2") SA-508 CLIA

and 76 mm (3")
wall thickness

Surge line HL nozzle & 305 mm (12") SA-312 TP316 or GTAW (tig)
PZR nozzle Schedule ,160 TP347

Direct ves- RV nozzle 305 mm (12") SA-312 TP304 or GTAW (tig)
sel injec- SI tank Schedule 160 TP316
tion nozzle & con-

tainment pene-
tration

Shutdown HL nozzle & 406 mm (16") SA-312 TP304 or GTAW (tig)
cooling containment Schedule 140 TP316

penetration

f'~'s Main steam SG nozzle & 711 mm (28") ID SA-516 Gr70 SMAW

( ) containment 38 mm (1-1/2")
penetration wall thickness

C
()Tt

!
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Table 3.3 Margins for straight pipe '
'

Temp S S S S I

*C MPa Mha Mfa Mfa Margins on
Material (*F) P /P (ksi) (ksi) (ksi) (ksi) Burst Yield im

SA-106 Grade B 37.8 1/2 103.4 206.8 413.7 241.3 2.00 1.34
(10J) (15) (30) (60) (35.0)

260 1/2 103.4 206.8 413.7 195.1 2.00 1.08
(500) (15) (30) (60) (28.3)

37.8 1/3 103.4 310.3 413.7 241.3 1.33 0.89
(100) (15) (45) (60) (35.0)

260 1/3 103.4 310.3 413.7 195.1 1.33 0.72
(500) (15) (45) (60) (28.3)

37.8 1/4 103.4 413.7 413.7 241.3 1.00 0.67
(100) (15) (60) (60) (35.0)

260 1/4 103.4 413.7 413.7 195.1 1.00 0.54
(500) (15) (60) (60) (28.3)

SA-312 Type 304 37.8 1/2 129.6 258.6 517.1 206.8 1.70 0.92
(100) (18.8) (37.5) (75.0) (30.0)

260 1/2 109.6 219.3 437.8 133.8 1.70 0.70
(500) (15.9) (31.8) (63.5) (19.4)

37.8 1/3 129.6 388.2 517.1 206.8 1.13 0.61
(100) (18.8) (56.3) (75.0) (30.0)

260 1/3 109.6 328.9 437.8 133.8 1.13 0.47
(500) (15.9) (47.7) (63.5) (19.4)

37.8 1/4 129.6 517.1 517.1 206.8 0.85 0.46
(100) (18.8) (75.0) (75.0) (30.0)

260 1/4 109.6 438.5 437.8 133.8 0.85 0.35
(500) (15.9) (63.5) (63.5) (19.4)

SA-312 Type 316 37.8 1/2 129.6 258.6 482.6 206.8 1.59 0.92
(100) (18.8) (37.5) (70.0) (30.0)

260 1/2 109.6 219.3 424.7 137.2 1.65 0.72
(500) (15.9) (31.8) (61.6) (19.9)

37.8 1/3 129.6 388.2 482.6 206.8 1.06 0.61
(100) (18.8) (56.3) (70.0) (30.0)

260 1/3 109.6 328.9 424.7 137.2 1.10 0.48
(500) (15.9) (47.7) (61.6) (19.9)

37.8 1/4 129.6 517.1 482.6 206.8 0.80 0.46
(100) (18.8) (75.0) (70.0) (30.0)

260 1/4 109.6 438.5 424.7 137.2 0.85 0.36
(500) (15.9) (63.6) (61.6) (19.9)

5 = at towable stress per ALME Code, Section ill for Class 2 piping

5. = hoop stress at P = P.
= S/(P,/P,)

5,, = ultimate tensile strength; from Section III, Table I-3.1 and I-3.2

S, = yield strength; f rom Section III, Table I-2.1 and I-2.2

Margin on burst pressure = F = S,m (P,/P.)/S
where F = 1.00 for SA 106 Grade B

F = 0.85 f or SA-312 Type 3041 Type 316
Margin on yletd pressure = 1.15 = S, x (P,/P.)/S

,
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4 REACTOR

4.1 Introduction

Criterion 10 of the general design criteria (GDC) requires that the reactor |
core and associated systems be designed eo that specified acceptable fuel I

'design limits (SAFDLs) are not exceeded during any condition of normal
operation, including the effects of anticipated operational occurrences (A00).
The staff reviewed the information in the CESSAR-DC in support of the Sys-
tem 80+ standard plant design. The staff's evaluation is presented below.

The System 80+ nuclear steam supply system is designed to operate at a maximum
core thermal output of 3,914 megawatts (MWt), with sufficient margin for
transient operation and instrument error, without damaging the core and
without exceeding the pressure settings of the safety valves in the coolant
system.

The reactpr is cooled and moderated by light water at a pressure of
1.55 x 10 kPa (2250 psia). The reactor coolant contains soluble boron for
neutron absorption. The concentration of the boron is varied, as required, to
control relatively slow reactivity changes, including the effects of fuel
burnup. Additional boron, in the form of burnable absorber rods, may also be
employed to establish the desired initial reactivity. Two other types of

(A) burnable absorber rod designs use gadolinium oxide or erbium oxide mixed with
uranium dioxide (U0 ). Both full-strength and part-strength control elementw
assemblies (PSCEAs)2may be used to compensate for changes in reactivity
associated with changes in power level, power distribution, moderator tempera-
ture, and boron concentration. The PSCEAs are used primarily for power shape
control during power operations. Both types of CEAs are used for reactor
shutdown.

4.2 Fuel System Desian

The staff based its review of the fuel design on information in CESSAR-DC
Chapter 4, " Reactor," and the referenced topical reports. The design was
reviewed in accordance with the guidelines provided in the Standard Review
Plan (SRP) (NUREG-0800) Section 4.2. The objectives of this fuel system
safety review are to assure that (1) the fuel system will not be damaaed by
normal operation and A00s, (2) fuel system damage will never be so severe as
to prevent control rods from being inserted when they are required, (3) the
number of fuel rod failures is not underestimated for postulated accidents,
and (4) coolability is always maintained. Not damaaed means that fuel rods do
not fail, that fuel system dimensions remain within operational tolerances,
and that functional capabilities are not reduced below those assumed in the
safety analysis. This objective implements GDC 10, and the design limits that
accomplish this are called SAFDLs. Fuel rod failure means that the fuel rod
leaks and that the first fission product barrier, the cladding has, therefore,

rm been breached. Fuel rod failure must be accounted for in the dose analysis
jV) required by 10 CFR Part 100 for postulated accidents. Coolability. which is

sometimes termed "coolable geometry," is the ability of the fuel assembly toi
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retain its rod bundle geometrical configuration with adequate coolant channel,,

Q)' control rod insertability and core coolability appear repeatedly in the
/ spacing for removal of residua ~l heat. The general requirements to maintain

GDC (e.g., GDC 27 and 35). Specific coolability requirements for loss-of-
coolant accidents (LOCAs) are given in 10 CFR 50.46.

4.2.1 Fuel Assembly Description

The fuel assembly, with 236 fuel rod positions has five guide tubes welded to
spacer grids and is closed at the top and bottom by end fittings. The guide
tubes each displace four fuel rod positions and serve as channels to guide the
CEAs over their entire length of travel.

Incore instrumentation is installed in the central guide tube of selected fuel
assemblies.

4.2.2 Fuel Rod Description

. The fuel rods consist of slightly enriched U0 cylindrical ceramic pellets, a2
l round wire Type 302 stainless steel compression spring and an alumina spacer

disc located at each end of the fuel column, all encapsulated within a
Zircaloy-4 tube. The fuel rods are internally pressurized with helium during
assembly. This internal pressurization, by reducing the stresses from
differential pressure, postpones creep collapse beyond the required service
life of the fuel and improves the thermal conductivity of the pellet-to-
cladding gap.

The fuel cladding is cold-worked and stress-relief-annealed Zircaloy-4 tubing
V with a wall thickness not less than 0.0584 cm (0.023 in.)

The UOz pellets are concave at both ends to better accommodate thermal
expansion and fuel swelling. The nominal density of the U0 in the pellets is
10.47 g/cc, which corresponds to 95.5 percent of the 10.96 g/cc theoretical
density. However, because the pellet dishes and chamfers constitute about
3-percent of the volume of the pellet stack, the average density of the pellet
stack is reduced to 10.315 g/cc (nominal). The nominal density of the U0 in

2the pellets may range between 94.5 and 96.5 percent of the theoretical
density, with corresponding variations in the nominal pellet stack density.

The compression spring located at the top of the fuel pellet column maintains
the column in its proper position during handling and shipping. The alumina
spacer disc at the lower end of the fuel rod reduces the lower end cap
temperature, while the upper spacer disc prevents U0 chips, if present, from

aentering the plenum region. The fuel rod plenum, which is located above the
pellet column, allows space for aial thermal differential expansion of the
fuel column and accommodates the initial helium loading and evolved fission
gases.

4.2.3 Burnable Absorber Rod Description

To reduce the beginning-of-life moderator coefficient, fixed burnable neutron
absorber rods are included in selected fuel assemblies, replacing or augment-m

V)f ing fuel rods at selected locations. Three alternative burnable absorber rod
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designs, each mechanically similar to fuel rods, are proposed for the Sys-
tem 80+ design.

The first burnable absorber rod design contains a column of burnable absorber
pellets instead of fuel pellets. The absorber material is alumina (A1,0 )3

with uniformly dispersed boron carbide (B C) particles. The rest of the i
4

column consists of Zircaloy-4 spacers; the total column length is the same as
the column length in fuel rods.

The second burnable absorber rod design consists of gadolinium oxide (Gd 0 )23
admixed with natural UO in the central rod portion (axially) and with natural

2
00 at the top and bottom. The total column length is also the same.as in

2
fuel rods.

The third burnable absorber rod design consists of erbium oxide (Er 0 )23
admixed with enriched 00 in the central rod portion (axially) and with

2 UO at the top and bottom. The total column length
natural, or low enriched 'el rods.2

is also the same as in fu

Each of these types of burnable absorber rods has been used previously in
reactors designed by ABB-CE and has been approved by the NRC. Therefore, all
of these designs are acceptable. .

4.2.4 Control Element Assembly Description

The control element assemblies (CEAs) consist of either 4 or 12 neutron
absorber elements arranged to engage the peripheral guide tubes of fuel
assemblies. These elements are connected by a spider structure that couplesy
to the control element drive mechanism (CEDM) drive shaft extension. The
neutron absorber elements of a four-element CEA engage the four corner guide
tubes in a single fuel assembly. The 12-element CEAs engage the four corner
guide tubes in one fuel assembly and the two nearest corner guide tubes in
adjacent fuel assemblies. The CEAs total 93 CEAs, 25 of which are PSCEAs.

The control elements of a four-element full-strength CEA consist of an
Inconel 625 tube loaded with a stack of cylindrical silver-indium-cadmium (Ag-
In-Cd) absorber bars. The control elements of a 12-element full-strength CEA
consist of an Inconel 625 tube' loaded with a stack of cylindrical absorber
pellets; the absorber material is 8 C pellets of 73-percent theoretical4
density, except for the lower portion of the elements, which contains reduced-
diameter B C pellets wrapped in a sleeve of Type 347 stainless steel (felt
metal). TIie control elements of the four-element PSCEA consist of an Inconel
625 tube loaded with Inconel 625 bars over the full active length. Thus, the
PSCEAs have lower reactivity worth than the full-strength CEAs and are used
primarily for axial power shape control during power operation.

4.2.5 Design Bases

Design bases for the safety analysis address fuel system damage mechanisms
and suggest limiting values for important parameters to keep damage to
acceptable levels. For convenience, acceptance criteria for these design ,

3 limits are grouped into three categories in the SRP: (1) fuel system damage
> criteria, which apply to normal operation and A00s; (2) fuel rod failure
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criteria, which apply to normal operation, A00s, and postulated accidents, and jp) (3) fuel coolability criteria, which apply to postulated accidents. j
g
R./

With one exception, the design bases and the corresponding design limits for
the damage mechanisms listed in the SRP, the fuel rod failure threshold 1 for
the failure mechanisms listed in the SRP, and the limits to ensure that
coolability is maintained for the severe-damage mechanisms listed in the SRP
are presented in the CESSAR-DC and are consistent with the staff's require-
ments and with those previously accepted in the staff's review of the CESSAR
final safety analysis report (FSAR) for the System 80 design. The exception
is the proposed use of a statistical convolution technique for determining the
number of fuel rods experiencing a departure from nucleate boiling (DNB)
during accidents. The DNB statistical convolution approach is discussed in
more detail in Section 15.1 of this report.

4.2.6 Design Evaluation

The CESSAR-DC presents methods of demonstrating that the System 80+ design
satisfies the established design criteria. These methods include operating
experience, prototype testing, and analytical predictions and are consistent
with the staff's requirements and with methods previously accepted in the
staff's review of the CESSAR FSAR for the System 80 design.

4.2.7 Evaluation Findings

The staff concludes that the System 80+ design fuel system has been designed
so that (1) the fuel system will not be damaged by normal operation and A00s,

(Q) (2) fuel damage during postulated accidents would not be severe enough to
\s prevent control rod insertion when it is required, and (3) core coolability

will always be maintained, even after severe postulated accidents. The fuel
system thereby satisfies the related requirements of 10 CFR 50.46, of GDC 10,
27, and 35 of (10 CFR Part 50, Appendix A) 10 CFR Part 50 (Appendix K), and
10 CFR Part 100. This conclusion is based on the following:

(1) The fuel design has been previously reviewed and approved by the NRC for
use in System 80 operating reactors. Surveillance programs to follow the
fuel performance of the System 80 design in Arkansas Nuclear One (ANO)-2
and in Palo Verde (Unit 1) show that the fuel is behaving as expected
after several cycles of irradiation.

(2) ABB-CE has submitted sufficient evidence, based on operating experience,
prototype testing, and analytical predictions, that these design objec-
tives will be met. The analytical predictions for structural response
and CEA ejection were performed in accordance with (a) Regulatory Guides
(RGs) 1.60, " Design Response Spectra for Seismic Design of Nuclear Power
Plants" and 1.77, " Assumptions Used for Evaluating a Control Rod Ejection
Accident for PWRs," and (b) the guidelines for " Evaluation of Fuel
Assembly Structural Response to Externally Applied Forces" in SRP
Section 4.2 (Appendix A).

(3) ABB-CE has agreed that testing and inspecting new fuel at core loading to
q ensure conformance with design tolerances is the responsibility of COL
i ) applicants and is, therefore, a COL action item. In their facility-
\/ specific SAR, COL applicants referencing the System 80+ design
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fm certification must discuss on-line fuel failure monitoring and postirra-
diation surveillance to detect anomalies or confirm that the fuel hasV};
performed as expected. This is COL Action Item 4.2.7-1.

(4) ABB-CE has described methods of predicting fuel rod failures during
postulated accidents so that radioactivity releases are not under-
estimated and has thereby satisfied the related requirements of 10 CFR
Part 100. The fission product release assumptions used by ABB-CE to meet
these requirements are discussed in Section 12.4 of this report.

The staff concludes that the System 80+ fuel system design, including the fuel
design, the CEA design, and the initial core design, satisfies all the
requirements of the applicable regulations, RGs, and current regulatory
positions. The fuel design and the CEA design have been specified and the
associated analyses results presented in CESSAR-DC. Startup tests to confirm
specified nuclear and thermal-hydraulic design parameters are described in
CESSAR-DC Chapter 14.

Any changes to the initial reference design of the fuel, the CEA design, or
the initial core design from that presented and evaluated in CESSAR-DC would
involve an unreviewed safety question and require prior NRC review and
approval prior to implementation, except for the following:

(1) changes to the design features and evaluated design parameters in
Tables 4.1 and 4.2 within the boundaries of the acceptance criteria;

(2) changes covered by applicable NRC-approved topical reports.

V Prior NRC review and approval will also be required to change the NRC-approved
analysis methods used to demonstrate conformance of the fuel design, the CEA
design, and the initial core design to the design limits in CESSAR-DC. An
exception is changes covered by applicable NRC-approved topical reports.

Any requested change to the above information that requires NRC review and
approval prior to implementation shall be either specifically described in the
COL application or submitted for license amendment after COL issuance. ABB-CE
has agreed to these commitments. Therefore, draft safety evaluation report
(DSER) Confirmatory Item 4.2.7-1 is resolved.

4.3 Nuclear Desian

| In evaluating the nuclear design, the staff reviewed the information in the
| CESSAR-DC, ABB-CE's responses to staff requests for additional information,

and the referenced topical reports. The staff followed the guidelines of SRPi

Section 4.3.

4.3.1 Design Basis

ABB-CE presented design bases that comply with the applicable GDC and are,
therefore, acceptable. Acceptable fuel design limits are specified (GDC 10),
a negative prompt feedback coefficient is specified (GDC 11), and tendency ;

|
q toward divergent operation (power oscillation) is not permitted (GDC 12). !

k ") ABB-CE design bases require a control and monitoring system (GDC 13) that|
1

'v automatically initiates a rapid reactivity insertion, preventing fuel design
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limits in normal operation or anticipated transients (GDC 20) from being
n) exceeded. The control system is designed so that a single malfunction or(
V single operator error will not violate fuel design limits (GDC 25). The a

reactor coolant boration system is capable of bringing the reactor to cold
shutdown conditions (GDC 26), and the control system, combined with the
engineered safety features, can control reactivity changes during accident
conditions (GDC 27).

The design will limit the effects of reactivity accidents so that damage to
the reactor coolant system (RCS) boundary may not occur (GDC 28).

4.3.2 Design Description

In the CESSAR-DC, ABB-CE describes the first-cycle fuel loading as a three-
batch loading scheme in which the type B and C fuel assemblies contain rods of
erbia burnable absorber. Fuel enrichment and burnable absorber distributions
are shown. Assembly enrichments, core burnup, critical soluble boron concen-
trations and worths, and plutonium buildup are also presented. Values
presented for the delayed neutron fraction and prompt neutron lifetime at
beginning and end of cycle are consistent with those normally used and are
acceptable.

Power Distribution

The design bases affecting power distribution are as follows:

To meet the initial conditions assumed in the LOCA analysis, the peakingr~N =

(V) factor in the core will not be greater than 2.28 during normal operation
at full power.

Under normal conditions (including maximum overpower) the peak fuel=

power will not produce fuel centerline melting.

During normal operation or A00s, the power distribution will not cause=

the departure from nucleate boiling ratio (DNBR) to fall below 1.24,
calculated by the CE-1 DNB correlation and the statistical combination
of uncertainties (SCU) methodology discussed in Section 4.4.

The core operating limit supervisory system (COLSS) continuously monitors
important reactor characteristics and establishes margins to operating limits.
This system, which consists of software executed on the plant computer, uses
the output of the in-core detector system to synthesize the core average axial
power distribution. Rod positions taken from the control rod position
indication system, together with precalculated radial peaking factors, are
used to construct axially dependent, radial power distributions. Using this
information, together with measured primary coolant flow, pressure, and
temperature, the COLSS establishes the margin to the operating limits on
maximum linear heat generation rate and minimum DNBR. The system also
monitors azimuthal flux tilt and total power level and generates an alarm if
any of these limits are exceeded. The margins to all of these limits except
azimuthal tilt are continuously displayed to the operators; the tilt can be
displayed at the request of the operator. The operator monitors these margins

A)( and takes corrective action if the limits are approached. These actions
include improving the power distribution by moving full-strength orv
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part-strength rods, reducing power, or changing thermal-hydraulic conditionsf

[] (i.e., coolant inlet temperature and primary system pressure).

The COLSS algorithms and an uncertainty analysis of the calculations performed
by the COLSS are described in Topical Report CENPD-169-P, "COLSS - Assessment
of the Accuracy of PWR Generating Limits as determined by the Core Operating
Limit Supervisory Systems," which was approved by the staff in NUREG-0852,
" Safety Evaluation Report Related to the Final Design of the Standard Nuclear
Steam Supply Reference System, CESSAR System 80," dated November 1981.
Topical Report CEN-356(V)-P-A, Revision 1-P-A, " Modified Statistical
Combination of Uncertainties," modified the methodology of the uncertainity
analysis in CENPD-169-P. CEN-356(V)-P-A was approved by the staff in its
letter to the Palo Verde Nuclear Generating Station, dated October 21, 1987.
Therefore, the staff has found the methods employed by ABB-CE in the COLSS to
determine power distributions to be acceptable. The COLSS is currently used
at ANO-2, San Onofre (Units 2 and 3), Waterford (Unit 3), and Palo Verde
(Units 1, 2, and 3).

Reactivity Coefficients

The reactivity coefficients are expressions of the effect on core reactivity
of changes in such core conditions as power, fuel and moderator temperature,
moderator density, and boron concentration. These coefficients vary with fuel
burnup and power level. ABB-CE presents calculated values of the coefficients
in the CESSAR-DC and has also evaluated the accuracy of these calculations.
The staff reviewed the reactivity coefficients used in the transient and
accident analyses and concludes that these coefficients conservatively bound[ ,j the expected values, including uncertainties. Further, moderator and power

V Doppler coefficients, along with boron worth, are measured as part of the
startup physics testing to ensure that actual values are within those used in
these analyses. Although applicant-predicted moderator temperature coeffi-
cient (MTC) values for the full range of expected operating conditions during
the initial cycle are negative, the technical specifications (TS) that were
initially proposed allowed a positive MTC below 100-percent rated thermal
power, presumably to encompass future reload cycles. However, the Electric
Power Research Institute (EPRI) Advanced Light-Water Reactor (ALWR) Evolu-
tionary Plant Utility Requirements Document (URD) states that the fuel cycle
design shall have a nonpositive MTC over the entire fuel cycle when the
reactor is critical. The staff agrees with this requirement. As a matter of
prudence, the staff believes, reactivity increases that raise moderator
temperature should be self-limiting, ensuring stable power operation.
Therefore, the staff will ugrade the safety characteristics of advanced
reactors to require that the MTC be nonpositive under all operating condi-
tions. This was designated as DSER Open Item 4.3.2-1. In accordance with
this staff requirement, ABB-CE has revised the MTC TS to ensure a nonpositive
value under all operating conditions (CESSAR-DC Chapter 16). Therefore, DSER
Open Item 4.3.2-1 is resolved.

Control

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission product buildup, a significant amount ofm

fV} excess reactivity is built into the core. ABB-CE has given enough information
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about core reactivity balance for the first core and has shown that means arep) incorporated into the design to control excess reactivity at all times.g

Q)
Both excess reactivity and power level are controlled by moving CEAs and by
varying boron concentration in the reactor coolant. In addition, during
refueling the chemical and volume control system (CVCS) is capable of shutting
down the reactor by adding soluble boron absorber and maintaining the reactor ,

at least 5-percent subcritical. The combination of control systems satisfies '

the requirement of GDC 26.

System 80+ plants will operate at steady-state full power with one bank of the
full-strength CEAs slightly inserted. Limited insertion of the full-strength
CEAs permits operators to compensate for fast reactivity changes (e.g., power
level changes and the effects of minor variations in moderator temperature and
boron concentration) without impairing shutdown capability.

The PSCEAs assist primarily in controlling core power distribution, including
xenon-induced axial power oscillations during power operations, and axial
power shape during load-following transients. The part-strength CEAs can also
control reactivity to compensate for minor variations in moderator temperature
and boron concentration during power operations and assist to compensate for
reactivity changes due to power level and xenon during load-following tran-
sients. The total reactivity worth of the PSCEAs will enable licensees to !

|control load-following transients without changing boron concentrations as
much or even at all.

A Rod insertion is controlled by the power-dependent insertion limits given in
f 1 the TS. These limits ensure (1) that sufficient negative reactivity is
V available to quickly shut down the reactor with ample margin and (2) that, if

a control rod were ejected (an unlikely event), the worth of a control rod
would be no worse than the worth assumed in the accident analysis.

Soluble boron absorber is used to compensate for slow reactivity changes,
including changes associated with fuel burnup, changes in xenon and samarium
concentration, buildup of long-life fission products, burnable absorber rod
depletion, and the large moderator temperature change from cold shutdown to
hot standby. The soluble boron absorber system can take the reactor at least
10-percent subtritical in the cold shutdown condition.

ABB-CE based the uncertainities in the calculated CEA worths on comparisions
of CEA worths with the measured control rod worths from many reactor-years of
startup test data for ABB-CE-designed reactors and critical experiments.
Based on this, the staff concludes that ABB-CE's assessment of reactivity
control is suitably conservative and that the control system has adequate
negative reactivity worth to ensure shutdown capability if the most reactive
CEA is assumed stuck in the fully withdrawn position. Therefore, the CEA and
soluble boron worths are acceptable for use in the accident analysis.

Stability

In the CESSAR-DC, ABB-CE discusses the stability of the reactor to xenon-
p\ induced power distribution oscillations and the control of such transients.

Because of the negative power coefficient, the reactor is inherently stable toqd oscillations in total reactor power.
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The core may be unstable to axial xenon oscillations during the first cycle.
ABB-CE has given the staff sufficient information to show that axial oscilla-

# tions will be detected and controlled before any safety limits are reached,
'

thus preventing fuel damage. From its analysis, ABB-CE also concluded that
the core will be stable to both radial and azimuthal xenon oscillations
throughout core life. This conclusion is verified by measurements on an
operating reactor, Maine Yankee, in which the predicted damping factor agreed
well with the measured value. The staff concurs with this conclusion.

Vessel Irradiation

Maximum fast neutron fluxes greater than 1 million electron volts (Mev) at the
vessel inside diameter are presented. For reactor operation at the full power
rating and an 80 percent capacity factor, the calculated vessel fluence
greater than 1 Mev at the inner vessel wall does not exceed 6.2 x 10" n/cm2

over the 60-year design life of the vessel. ABB-CE had to show that the
calculated fluence complies with the requirements of 10 CFR 50.61. This was
designated as DSER Open Item 4.3.2-2. The calculated exposure includes a
30-percent uncertainty factor. The staff reviewed ABB-CE's calculational
method and found that calculated values of RT for the maximum value of the
fiuence and the appropriate base metal and wen chemistry comply with the
requirements of 10 CFR 50.61. On this basis, DSER Open Item 4.3.2-2 is ,

resolved. |
,

1

Criticality of Fuel Assemblies |

/G Criticality of fuel assemblies outside the reactor is precluded by adequate

tJ design of fuel transfer and storage facilities. The staff's evaluation is
discussed in Section 9.1 of this report. !*

4.3.3 Analytical Methods

In the CESSAR-DC, ABB-CE describes the computer programs and calculational
methods used to calculate the nuclear characteristics of the reactor design. |
Based on the examples to show that these methods can predict experimental
results, the staff concludes that the information presented adequately
demonstrates the ability of these analytical methods to calculate the reactor ;

!physics characteristics of the System 80+ core.

4.3.4 Summary of Evaluation Findings

To allow for changes of reactivity from reactor heatup, changes in operating
conditions, fuel burnup, and fission product buildup, ABB-CE has designed a
significant amount of excess reactivity into the core. ABB-CE has provided
substantial information about core reactivity balances for the first cycle and
has shown that means have been incorporated into the design to control excess
reactivity at all times. ABB-CE has shown that sufficient control rod worth
would be available at any time during the cycle to shut down the reacter with
at least a 2.0-percent delta-k/k subcritical margin in the hot shutdown
condition with the most reactive control rod stuck in the fully withdrawn'

position.

O
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ABB-CE's assessment of reactivity control requirements over the first core

(Vn) cycle is suitably conservative, and the control system has adequate negative
worth to ensure shutdown capability.

ABB-CE describes the computer programs and calculational techniques used to
predict the nuclear characteristics of the reactor design and gives examples
to demonstrate the ability of these methods to predict experimental results.
The information presented adequately demonstrates the ability of these
analyses to predict reactivity and physics characteristics of the CESSAR-DC
System 80+ design.

The nuclear design is acceptable and satisfies the requirements of GDC 10,11,
12, 13, 20, 25, 26, 27, and 28. This conclusion is based on the following:

(1) ABB-CE satisfied the requirements of GDC 11 (with respect to prompt
inherent nuclear feedback characteristics in the power operating range)
by

(a) calculating a negative Doppler and moderator coefficient of
reactivity and

(b) using calculational methods that have been previously found
acceptr.ble (CENPD-266-P-A, "The ROCS and DIT Computer Codes for
Nuclear Design," which was approved by the staff in its letter to
Combustion Engineering on April 4, 1983).

ch The staff reviewed the reactivity coefficients in this case and finds

(d them suitably conservative for the reasons stated in Section 4.3.2 of
\ this report.

(2) ABB-CE satisfied the requirements of GDC 12 (with respect to power
oscillations that could result in conditions exceeding SAFDLs) by

(a) showing that such power oscillations are not possible or can be
easily detected and remedied and

(b) using calculational methods that have been verified by ABB-CE.

The staff has reviewed ABB-CE's analysis of these power oscillations in
this case and finds it suitably conservative.

(3) ABB-CE satisfied the requirements of GDC 13 (with respect to provision
of instrumentation and controls to monitor variables and systems that
can affect the fission process) by providing

(a) instrumentation and systems to monitor the core power distribu-
tion, control rod positions and patterns, and other process
variables such as temperature and pressure and

(b) alarms or control room indications or both for these monitored
variables.

(4) ABB-CE satisfied the requirements of GDC 26 (with respect to provision
of two independent reactivity control systems of different designs) by

ABB-CE SYSTEM 80+ FSER 4-10 June 1994
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providing a movable control rod system and a liquid absorber system !(q capable of: !

,

%.J
(a) reliably controlling A00s, )

(b) holding the core subcritical under cold conditions, and
!

(c) controlling planned, normal power changes.

(5) ABB-CE satisfied the requirements of GDC 27 (with respect to reactivity
control systems that have a combined capability, in conjunction with
absorber addition by the emergency core cooling system, of reliably
controlling reactivity changes under postulated accident conditions) by

(a) designing a movable control rod system and a liquid absorber
system, and

(b) performing calculations to demonstrate that the core has suffi-
cient shutdown margin with the highest worth rod stuck as dis-
cussed in Section 4.3.2 of this report.

(6) ABB-CE has satisfied the requirements of GDC 28 (with respect to postu-
lated reactivity accidents) by satisfying the following:

(a) regulatory position in RG 1.77, " Assumptions Used for Evalu-
.

ating a Control Rod Ejection Accident for Pressurized Water
O Reactors,"

h
(b) fuel enthalpy limit of 280 cal /gm as shown in Section 15.3.4

of this report, and

(c) criteria on the capability to cool the core as stated in SRP
Section 4.2, and

(d) using calculational methods that have been found acceptable for
reactivity insertion accidents as shown in Table 15.1-3 of this
report.

(7) ABB-CE has satisfied the requirements of GDC 10, 20, and 25 with respect
to SAFDLs by demonstrating that

(a) normal operation, including the effects of A00s, have met fuel
design criteria,

(b) the automatic initiation of the reactivity control system ensures
that fuel design criteria are not exceeded as a result cf A00s and
ensures the automatic operation of systems and components impor-
tant to safety under accident conditions, and

(c) no single malfunction of the reactivity control system will viola- f
tion the fuel design limits.

(Av) 4.4 Thermal-Hydraulic Desian

,

I

!
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The scope of the staff's review of the thermal-hydraulic design of the core
for the System 80+ design includes the design-basis and steady-state analysis

.

of the core thermal-hydraulic performance. The acceptance criteria used as
the bases of the staff's evaluation are given in SRP Section 4.4.

l

4.4.1 Thermal-Hydraulic Design Bases
1

The principal thermal-hydraulic design basis for the System 80+ design core
is the avoidance of thermal-hydraulic-induced fuel damage during normal
steady-state operation and A00s. To satisfy the design basis, the digital i

core protection calculator (CPC) will automatically trip or take other !

corrective action to prevent design limits from being violated. The design
analysis was performed and design limits were established on the basis of the
criteria in the sections that follow.

4.4.1.1 Departure From Nucleate Boiling (DNB)

The margin to DNB at any point in the core is expressed in terms of the ;

departure from nucleate boiling ratio (DNBR). The DNBR is defined as the
ratio of the heat flux required to produce DNB at the calculated local
conditions to the actual local heat flux.

The thermal-hydraulic design basis in CESSAR-DC Section 4.4.1.1 for the DNBR
is as follows: "The minimum DNBR shall be such as to provide at least a <

'

95-percent probability with 95-percent confidence (95/95 probability /
confidence) that DNB does not occur on a fuel rod having that minimum DNBR
during steady-state operation and A00s."

This design basis is consistent with the guidelines in SRP Section 4.4.11.1
and is acceptable. In CESSAR-DC Section 15.0.4, ABB-CE stated that, for
CESSAR-DC Chapter 15 design-basis events in which the 95/95 DNBR safety limit ,

is violated, the statistical convolution method was used to calculate the
number of failed rods. The staff's evaluation of the statistical convolution >

approach is discussed in Section 15.1 of this report.

4.4.1.2 Hydraulic Stability ;

The hydraulic stability design basis in CESSAR-DC Section 4.4.1.2 is as fol-
lows: " Operating conditions shall not lead to flow instability during steady-
state operation or during anticipated operational occurrences." As discussed
in Section 4.4.2.3 below, this design basis is acceptable.

4.4.1.3 Core Flow

The minimum allowable reactor coolant flow less a maximum bypass flow
(3.0 percent) is the design basis used in the thermal margin analysis. The
minimum allowable reactor coolant flow is the total design flow with the four
reactor coolant pumps in operation. This defined core flow assures a minimum
allowable flow and provides a higher safety margin in the thermal margin

-

analysis; therefore, the staff concludes that the defined core flow is
acceptable for use in the thermal margin analysis.

O '

4.4.2 Thermal-Hydraulic Design MethodologyQ
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p 4.4.2.1 Thermal-Hydraulic Analysis Methods |

Steady-state thermal-hydraulic analysis for the .9ystem 80+ design was per-
formed with the approved thermal-hydraulic code, thermal-hydraulic analytical
code (TORC), and the CE-1 critical heat flux correlation. The design thermal-
hydraulic margin analysis was performed with the NRC-approved methods: TORC
(" TORC Code: A Computer Code for Determining the Thermal Margin of a Reactor
Core," CENPD-161-A, April 1986) and the fast-running version of the TORC code,
CETOP-D (" TORC Code - Verification and Simplified Modeling Methods,"
CENPD-206-P-A, June 1981; "CETOP-D Code Structure and Modeling Methods for
Arkansas Nuclear One Unit 2," CEN-214-A-P, July 1982).

|

ABB-CE also used the NRC-approved modified statistical combination of uncer-
tainties (MSCU) (i.e., " Modified Statistical Combination of Uncertainties," ,

CEN-356(V)-P-A, Rev.1-P-A, May 1988) for the thermal-hydraulic analysis. |
With this methodology, the engineering hot channel factors for heat flux, heat <
input, fuel rod pitch, and cladding diameter are combined statistically with ]

. other uncertainty factors to arrive at overall uncertainty penalty factors to|

be applied to the DNBR calculations performed by the CPCs and the COLSS.

ABB-CE uses NRC-approved methods for the thermal-hydraulic analysis. This
approach is acceptable.

f4.4.2.2 Departure From Nucleate Boiling
|

The correlation used to determine the DNBR is the "CE-1" critical heat flux |

A correlation (" Critical Heat Flux Correlations for CE Fuel Assemblies with ]
( I Standard Spacer Grik, Part 1, Uniform Axial Power Distribution,"

CENPD-162-A-P, September 1976; " Critical Heat Flux Correlation for CE Fuel
Assemblies with Standard Spacer Grids, Part 2, Non-Uniform Power Distribu- ;

tion," CEN-207-A-P, June 1976). The safety limit DNBR of 1.24 for the
System 80+ design gives a 95/95 probability / confidence that the hottest fuel
rod will not experience DNB.

The 1.24 value incorporates all applicable penalties, such as for rod bow, the
0.01 DNBR for HID-1 grids, and the penalties specified in the MSCU. The rod
bow value used in the analysis is 1.75-percent DNBR for burnups up to
30,000 MWD /MTV. For burnups higher than 30,000 MWD /MTU, because of lower
radial power peaks in these higher burnup assemblies and rods, sufficient
margins exist to offset the rod bow penalty.

Since the minimum safety limit DNBR of 1.24 was previously approved by the
staff (C. Thompson (NRC) letter to W. Conway, APSC, " Issuance of Amend-
ment No. 26 to the Facility Palo Verde Nuclear Generating Station, Unit
No. 3," May 20, 1991) for the Palo Verde core design and since the core
thermal-hydraulic designs of System 80+ and Palo Verde are similar and the
methods used for the thermal-hydraulic analysis are identical, the staff con- I

cludes that the minimum design DNBR of 1.24 is acceptable for the System 80+ j
design calculations. In CESSAR-DC Section 15.0.4 ABB-CE stated that, for
CESSAR-DC Chapter 15 design-basis events in which the 95/95 DNBR safety limit i

'

is violated, the statistical convolution method was used to calculate the
p number of failed rods. The staff's evaluation of the statistical convolution ;

( approach is discussed in Section 15.1 of this report. |
; ,wj
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4.4.2.3 Hydraulic Stability

Ox In steady-state, two-phase, heated flow in parallel channels, the potential
for hydrodynamic instability exists. ABB-CE gave the following information in
the CESSAR-DC to support the contention that the System 80+ core is thermal
hydraulically stable. According to the literature cited in CESSAR-DC, flow
instabilities that have been observed occur almost exclusively in closed
channel systems operating at low pressures relative to pressurized-water
reactor (PWR) pressures. For PWR operating pressures, experimental results
have shown that, even with closed channel systems, operating limits caused by ,

'critical heat flux are encountered before the flow stability threshold is
reached. Kao, Morgan, and Parker (H.S. Kao, C.D. Morgan, and M.B. Parker,
" Prediction of Flow Oscillation in Reactor Core Channel," American Nuclear
Society Transactions, Vol 16, p. 212) conducted flow-stability experiments at

$
| pressures up to 15.2 x 10 kPa (2200 psia) with closed, parallel, heated |

| channels. They found that, at flow and power levels encountered in power I

reactors $ no flow oscillations could be induced at pressures above
8.3 x 10 kPa (1200 psia). The low resistance to coolant cross-flow among
subchannels of fuel assemblies would be expected to have a stabilizing effect,
and this expectation is confirmed by experimental results by Veziroglu and Lee
(T.N. Veziroglu and S.C. Lee, " Boiling-Flow Instabilities in a Cross-Connected
Parallel-Channel or Flow System," American Society of Mechanical Engineers
(ASME) Paper 71-HT-12, August 1971), who found that the cross-flow between
parallel, heated channels improves flow stability. Experimental evidence that i

flow instabilities will not occur is given by data from rod bundle DNB tests
conducted by ABB-CE (CENPD-162-P-A). Analytical support for the conclusion

p that flow instabilities will not reduce the thermal margin of ABB-CE's PWRs is

Q contained in a letter to J.F. Stolz, (NRC) from D.H. Williams, Arkansas Power
and Light Company, January 16, 1978, and enclosure, " Assessment of Core Flow
Stability for Applicant PWRs," CEN-64(A)-P (proprietary) and CEN-64(A) (non-
proprietary), July 1977. This document assesses core flow stability for a
typical ABB-CE PWR using the CE-HYDNA code (H.B. Currin, et al., "HYDNA-
Digital Computer Program for Hydrodynamic Transients in a Pressure Tube
Reactor or a Closed Channel Core," report CVNA-77, 1961). It was found that,
for nominal coolant conditions, the flow is stable throughout the range of
reactor power levels examined (100-percent to 250-percent rated power).

On the basis of past operating experience, flow stability experiments, and
inherent thermal-hydraulic characteristics of ABB-CE PWRs, the System 80+
design stability evaluation is adequate.

4.4.3 Loose-Parts Monitoring System

A loose object in the primary coolant system can indicate degraded reactor
safety. A loose part may be from a failed or weakened component or may be an
item inadvertently left in the primary system during construction, refueling,
or maintenance. By frequently hitting other parts in the system, a loose part
can contribute to component damage and material wear. A loose part can
partially block flow of coolant and cause fuel experiencing DNB to fail. A
loose part also increases the likelihood that control rods will jam and can
cause more radioactive crud to accumulate in the primary system. Para-

,I
graph 3.5.2.2 in the EPRI URD requires instrumentation to detect the presence
of loose parts in the RCS. Early detection of loose metallic parts in the

s

primary system can avoid or mitigate safety-related damage to, or malfunction
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of, primary system components. As specified in Paragraph II.7 of SRP Sec-,

( tion 4.4, the design description and proposed procedures for use of the loose-
u parts monitoring system (LPMS) should be consistent with the guidance in

RG 1.133, Revision 1, " Loose-Part Detection Program for Primary System of
Light-Water-Cooled Reactor."

ABB-CE describes the LPMS in CESSAR-DC Section 7.7.1.6.3 and in responses to
generic safety issues B-60 and C-12 in CESSAR-DC Chapter 20. The LPMS has two
sensors at each natural collection region. The LPMS design complies with
RG 1.133, Revision 1. To be consistent with the CE standard TS, the LPMS is
not included in the TS for System 80+. However, as ABB-CE states in CESSAR-DC
Section 7.7.1.6.3, ABB-CE operating guidelines will call for a channel check
at least once per 24 hours, a channel functional check at least once per 31
days, a background noise check at least once 91 days, and a channel calibra-
tion at least once per 18 months. These operating guidelines for the surveil-
lance requirements are consistent with the guidelines of RG 1.133, Revision 1.
The staff has evaluated the System 80+ LPMS by comparing it with the systems
used at other plants, taking into account pertinent differences.

The staff concludes that an acceptable LPMS will be implemented for the
System 80+ plants.

4.4.4 Digital Core Protection Calculator and Control Element Assembly
Calculator

The CPC and control element assembly calculator (CEAC) system is designed to
(x trip the reactor on low DNBR and or high local power density (LPD), ensuring

t]'
that the SAFDLs on DNB and centerline fuel melt are not exceeded during A00s.
These trips also assist the engineered safety feature systems in limiting the
consequences of certain postulated accidents. In CESSAR-DC Sec-
tion 7.2.1.1.2.5, ABB-CE describes the hardware design of the digital CPC and
CEAC. However, ABB-CE did not initially describe the software design, and to
complete its review, the staff requested ABB-CE to (1) describe the CPC/CEAC
software design and protection algorithm; (2) identify all the differences
from the previously approved designs and evaluate how the differences will
affect the CPC/CEAC performance and safety functions, and (3) discuss the
verification program for implementing the CPC/CEAC software during the
certification process. As an alternative, ABB-CE could have discussed the
applicability of the previously submitted and approved documents for the
System 80 CPC/CEAC design to the System 80+ design. This was designated as
DSER Open Item 4.4.4-1.

In response, ABB-CE revised CESSAR-DC 7.2.1.1.2.5 (Amendment R) to state that
the software design of the CPC/CEAC system is described in the following
documents:

" Functional Design Specifications for CPC," CEN-147(S)-P, January 1981=

" Functional Design Requirement for CEAC," CEN-148(S)-P, January 1981=

"CPC/CEAC Software Modifications for Waterford 3," CEN-197(C)-P,-

March 1982

V "CPC/CEAC Software Modifications for System 80," LD-82-038, March 1982=
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"CPC/CEAC Software Modifications for San Onofre Nuclear Generatingp) Station Units Nos. 2 and 3," CEN-281(S)-P, July 1984
.

iG
"CPC/CEAC Software Modifications for the CPC Improvement Program,".

CEN-308-P-A, April 1986

"CPC/CEAC Software Modifications for the CPC Improvement Program Reload.

Data Block," CEN-330-P-A, October 1987

|

and has been reviewed and approved by the NRC in: |

" Safety Evaluation Report Related to Operation of San Onofre Nuclear.

Generating Station, Units 2 and 3," Docket Nos. 50-361 and 50-362,
Southern California Company, January 1982

" Safety Evalue. tion Report Related to the Operation of Waterford Steam.

Electric Station Unit No. 3," Docket No. 50-382, Louisiana Power and
Light Company, July 1981

" Safety Evaluation Report Related to the Operation of Palo Verde Nuclear.

Generating Station, Units 1, 2 and 3," Docket Nos. STN 50-528,
STN 50-529, and STN 50-530, Arizona Public Service Company, October 1984

" Safety Evaluation Related to Amendment No. 32 to Nuclear Power Facility.

(NPF)-10 and Amendment No. 21 to NPF-15 for San Onofre Nuclear Generating
Station, Units 2 and 3," Docket Nos. 50-361 and 50-362, Southern Califor-

y nia Edison Company, March 1985

" Safety Evaluation Related to Amendment No. 66 of Facility Operating.

License No. NPF-6, Arkansas Power & Light Company, Arkansas Nuclear One
Unit 2," Docket No. 50-368, May 1985

The COL applicant and ABB-CE will follow the procedures described in "CPC
Protection Algorithm Software Change Procedure," CEN-39(A)-P, Revision 3-P-A,
November 1986, and " Reload Data Block Constant Installation Guidelines,"
CEN-323-P-A, Revision 1-P, December 1986, for all changes to the algorithms,
data base constants, and data block constants for the CPCs and CEACs. The
staff finds that these procedures have previously been approved by the NRC.
The overall CPC/CEAC software implementation, by which the system functional
requirements will be translated into modules of machine executable code and
the modules integrated into a real-time software system, will be verified
through the Phase I and Phase II software verification test. The testing will
generate a plant-specific data-base document, appropriate test cases, and
acceptable criteria and be documented in test reports. Phase I testing will
be performed on the DNBR/LPD calculation systems to verify that CPC/CEAC
system software modifications have been properly implemented. Phase II
testing on the CPC/CEAC system will verify that CPC and CEAC software modifi-
cations have been properly integrated with the CPC and CEAC software and
system hardware and to confirm that the static and dynamic operation of the
integrated system as modified bears out the predictions of the design analy-

(" ses.
>

C
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Testing of the CPC/CEAC software for each license applicant referencing the I

A) System 80+ design certification will be considered complete with the formali
V issuance of (1) a CPC/CEAC database document, (2) the Phase I test report, and

(3) the Phase II test report. These documents are plant-specific and will be ,

1reviewed individually for each license application referencing the System 80+
design certification. Therefore, DSER Open Item 4.4.4-1 is reclassified as
COL Action Item 4.4.4-1.

4.4.5 Thermal-Hydraulic Comparison

In Table 4.3 the thermal-hydraulic design parameters for the System 80+ design |
are compared with those of the System 80 design. The major differences in the '

System 80+ design are a 3-percent increase in the rated core power, a decrease
of 5.0 *C (9 'F) in the nominal reactor inlet temperature, a 1.5-percent
increase in the average mass velocity, and a 1-percent increase in the minimum
DNBR in full-power steady-state conditions. The reactor core heat output
increases by 3 percent and the active heat transfer area increases by 3.7 per-
cent. The differences are within 0.5 percent for the coolant volumetric flow
rate and average heat flux. Both the System 80 and the System 80+ use the
CE-1 DNBR correlation. As described in CESSAR-DC Section 4.4, ABB-CE used
thermal design procedures identical to those of the System 80 design, the
thermal-hydraulic aspects of which have been approved by the NRC. Since the
design parameters for the System 80+ design are within the applicable ranges
of the NRC-approved thermal design procedures for System 80, the staff
concludes that ABB-CE's approach is acceptable.

4.4.6 Inadequate Core Cooling System DesignO)(V ABB-CE describes the inadequate core cooling (ICC) system design in CESSAR-DC
Section 7.5.1.1.7 and a response to Three Mile Island (TMI) Action Item II.F.2
in CESSAR-DC Chapter 20. ABB-CE used an inadequate core cooling instrumenta-
tion (ICCI) package that the NRC staff had previously approved. The ICCI
package consists of resistance temperature detectors (RTDs), pressurizer
pressure sensors, core exit thermocouples (CETs), and reactor vessel level
monitoring system probes employing the heated junction thermocouple (HJTC)
concept. Details of the system are discussed below.

4.4.6.1 Saturation Margin Monitor

The saturation margin monitor (SMM) informs the reactor operator of approach-
ing and existing RCS saturation and existence of care uncovery. The SMM
inputs include RCS cold-leg and hot-leg temperatures measured by RTDs, the
maximum temperature of the top three unheated HJTCs, representative CET
temperature, and pressurizer pressure sensors. The unheated HJTC input comes
from the output of the HJTC processing units.

4.4.6.2 Core Exit Thermocouple

The CETs measure core heatup by measuring core exit steam temperature. The l
'

design of the in-core instrumentation (ICI) system includes Type K (Chromel-
Alumel) thermocouples each of the ICI detector assemblies. These CETs monitor

n the temperature of the reactor coolant as it exits the fuel assemblies. The

(v) CETs have a usable temperature range from 0 *C to 1260 *C (32 *F to 2300 'F).

|

|
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p 4.4.6.3 Heated Junction Thermocouple System

The HJTC asambly measures reactor coolant inventory above the fuel alignment
plate with discrete HJTC sensors. Enclosed in a separator tube, the sensors
are at different levels ranging from the top of the fuel alignment plate to
the reactor vessel head and detect the temperature difference between adjacent
heated and unheated thermocouples. The HJTC sensor consists of a Chromel-
Alumel thermocouple near a heater (or heated junction) and another Chromel-
Alumel thermocouple away from the heater (or unheated junction). Two probe
assemblies allow two channels of HJTC instruments. Each HJTC probe assembly
has eight HJTCs, a separator tube, a mal plug, and electrical connectors.
The eight HJTC sensors are electrically independent. The separator tube
creates a collapsed liquid level that the HJTC sensors measure. This col-
lapsed liquid level is directly related to the average liquid fraction of the
fluid in the reactor head volume above the fuel alignment plate.

ABB-CE states in CESSAR-DC Section 7.5.1 that two design features ensure
proper HJTC operation under all thermal-hydraulic conditions. First, each

HJTC is shielded to avoid overcooling due to direct water contact during two-
phase fluid conditions. The HJTC with the splash shield is referred to as the
HJTC sensor. Second, a string of HJTC sensors is enclosed in a tube that
separates the liquid and gas phases that surround it.

The ICC sensors send data to

(1) the discrete indication and alarm system (DIAS) channel P processing
[ equipment for continuous display on the safety-monitoring panel in the
Q] main control room,

(2) the DIAS channel N processing equipment for normal and postaccident
monitoring, and

(3) the data processing system for integration into the cathode ray tube
plant process display.

The staff has reviewed the design of the ICC system described in CESSAR-DC
Section 7.5.1.1.7 and finds that the ICC system design is consistent with the
guidelines in RG 1.97, Revision 3, " Instrumentation for Light-Water-Cooled
Nuclear Power Plants to Assist Plant and Environs Conditions During and
Following an Accident," and meets the requirements of NUREG-0737, TMI Action
Plan Item II.F.2. However, the staff required ABB-CE to complete testing and
calibrating the ICC system as part of inspections, tests, analyses, and
acceptance criteria (ITAACs). In the DSER, this requirement was designated as
DSER Confirmatory Item 4.4.6.3-1. In the response, ABB-CE put the limiting
conditions for operation and surveillance requirements in TS 3.3.11 for the
ICC system and included the ICC system in ITAACs for the RCS. The staff finds
that the ITAACs and TS provide reasonable assurance that the ICC system will
be installed and will operate in conformance with the design described in
CESSAR-DC Section 7.5.1.1.7. Therefore, the staff concludes that the design
of the ICC system is acceptable. Therefore, DSER Confirmatory Item 4.4.6.3-1
is resolved.

A
) 4.4.7 Conclusions
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The staff reviewed the thermal-hydraulic design of the core for the System 80+ |x

V) design. The review included the design-basis and steady-state analysis of the !

core thermal-hydraulic performance and concentrated on the differences between l
Ithe proposed design and designs that the staff previously reviewed and found

acceptable. The staff concludes that ABB-CE has satisfactorily justified all I

such differences and has performed thermal-hydraulic analyses using analytical |

methods, DNBR correlations, and the safety limit DNBR that the staff previous-
ly approved. Therefore, the staff concludes that the thermal-hydraulic design
of the System 80+ design core has appropriate thermal margin to ensure that
SAFDLs are not exceeded during any conditions of normal operation and A00s,
and, thus, conforms to the requirements of GDC 10 and is acceptable. The
calculated DNBRs during A00s are evaluated in Sections 15.1 through 15.3 of
this report.

Each COL applicant referencing the System 80+ design certification is respon-
sible for the startup test program to measure ad confirm thermal-hydraulic
design aspects, in accordance with RG 1.68, "Ir.U.ial Test Programs for Water-
Cooled Nuclear Power Plants." However, the CESSAR-DC defines ABB-CE's
participation and gives guidelines for the preoperational and initial startup
test program. The startup testing program is evaluated in Chapter 14 of this
report.

4.5 Reactor 81aterials

4.5.1 Control Element Drive Mechanism (CEDM) Structural Materials

e In its review, the staff evaluated CESSAR-DC Section 4.5.1, following the
f guidelines of SRP Section 4.5.1. Areas reviewed were material specifications,

austenitic stainless steel components and their welding and fabrication into
plant systems, inspection of these components, heat treatment of other
materials, and cleaning and cleanliness control. DSER open items were
resolved as follows:

In CESSAR-DC Section 4.5.1.1, ABB-CE states that Inconel 690 is to be used in
lieu of Inconel 600 materials for the motor housing assembly. The staff views
the Inconel 690 alloy as the preferred pickel-base alloy in the primary and
secondary coolant loops because it is more corrosion-resistant than'Inconel
600. Thus, the use of Inconel 690 and its equivalent weld metals (Types 52
and 152) will give reasonable assurance of the material integrity of the
components and tubing in contact with reactor coolant and most secondary water
chemistries because it is more corrosion resistant. On this basis, DSER Open i

Item 4.5.1-1 is resolved.

ABB-CE proposes to use American Society for Testing and Materials (ASTM) A-708
for the purpose of maintaining the qualifications of older weld procedures.
ASTM A-262, Practice A or E (recommended in RG 1.44, " Control of the Use of
Sensitized Stainless Steel") has been used by ABB-CE since the mid-1970s for
verifying non-sensitization of austenitic stainless steel materials and
weldments. ABB-CE qualified weld procedures developed prior to the mid-1970s
and used A.-708 in their qualification. These weld procedures are still in
use. Then have been no IGSCC failures involving austenitic stainless steel

p weldments in ABB-CE's nuclear steam supply system (NSSS) units. In addition,

( the staff has allowed in SRP Section 4.5.1, Paragraph III.2, ASTM A-708 as an
x
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/' acceptable alternative test for ASTM A-262, Practice A or E. On this basis,

DSER Open Item 4.5.1-2 is resolved.

ABB-CE proposes to use Stellite, a cobalt-based alloy, for pins and latches in
the CEDM. Radioactivation of cobalt is a concern in current nuclear plants.
Cobalt application should be avoided in the System 80+ design to keep radia-
tion doses as low as reasonably achievable. In CESSAR-DC Section 5.2.3.2.2, )
" Materials of Construction Compatibility with Reactor Coolant," ABB-CE states I

that cobalt-based alloys will be avoided except where no proven alternative |
exists. Cobalt-free alloys with the wear and corrosion properties of the !

Stellite (cobalt-base) type alloys are being developed but have not been fully
demonstrated to be as durable as the Satellites. Accordingly, the staff
acknowledges that the availability of alternative materials for Satellites is
limited at this time. Therefore, DSER Open Item 4.5.1-3 is resolved.

ABB-CE proposes to use Type 304 and 316 austenitic stainless steel. However,
these materials are susceptible to intergranular stress corrosion cracking
U.lSCC) when the oxygen content of the reactor coolant exceeds 0.010 ppm at
temperatures above 200 *F during normal operations. During startup and
operation of the System 80+ plant, these temperature and chemical conditions
are maintained through specified chemistry control. As allowed in RG 1.44,
ABB-CE has taken alternative mitigating approaches, giving reasonable assur-
ance of the integrity of austenitic stainless steel components in contact with
reactor coolant. On this basis, DSER Open Item 4.5.1-4 is resolved.

The ferrite content limits for austenitic stainless weld metal in the
O CESSAR-DC were broader than those in industry guidelines (EPRI, " Advanced

Light Water Reactor Utility Requirements Document," NP-6780-L, Volume 2, ALWR
Evolutionary Plant, Chapter 1, Overall Requirements, Revision 3, November
1991) and staff guidance (USNRC, " Technical Report on Materials Selection and
Processing Guidelines for BWR Coolant Pressure Boundary Piping," NUREG-0313,
Revision 2, January 1988). In CESSAR-DC Amendment L, ABB-CE revised the
CESSAR-DC to be consistent with industry guidelines and staff guidance. The
revision should assure an acceptable level of structural integrity for
stainless steel wlds over the life of the plant. On this basis, DSER Open
Item 4.5.1-5 is resolved.

In CESUR-DC Section 4.5.1.1, ABB-CE states that martensitic stainless steel
(Type 403) will be used for the CEDM housing. ABB-CE has specified the
following material and he i treatment for this component in the reactor
coolant pressure boundar

Material SA-182, Type 403, as modified by*

ASME Code Case 4-N-11.

Heat treatment Heat to 1800 *F (982 *C) +/- 25 *F*

(14 *C), air cool and temper at i

1125 *F (607 *C) minimum for 4 hours l

(Code Case 4-N-11). |

This is the only component in the reactor coolant pre:ssure boundary using
(~N martensitic stainless steel. For this component, ABS-CE has chosen ASME Code

Case N-4-11 material (a modified Type 403 martensitic :tainless steel) with
the additional requirements of ASME SA-182. This heat treatm mt should
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(x provide a Rockwell "C" hardness of the material in the N 25-31 range (accord-
ing to the ASM Metals Handbook, 8th Edition). ASME Code C a e N-4-11 is I

(] accepted by RG 1.85, " Materials Code Case Acceptability - / SME Section III,'

Division 1." This material and specific heat treatment arc. in accordance with j

the accepted ASME Code Case, and the material should perform adequately during
'

ii.s service life. On this basis, DSER Open Item 4.5.1-6 is resolved.
1In CESSAR-DC Section 4.5.1.1, ABB-CE states that Inconel X-750 (aerial

monitoring system (AMS) 56988 and AMS 56998) will be used. ABB-CE uses these
materials for springs that will be subjected to elevated temperatures and must
resist relaxation. ABB-CE affirms that prototype testing of the CEDM and
extensive previous experience in existing reactors have demonstrated the
acceptability of these materials for their intended use. The springs are not
part of the primary pressure boundary; therefore, Section III of the ASME Code
and RG 1.85 do not require them to be listed as accepted.

AMS 5698 and 5699 (Inconel X-750 materials) are drawn from hot-finished wire
rod that has been previously ground or has had surface preparation (other than
by pickling) to remove seams or. other injurious surface imperfections. The
wire is heat-treated at 2100 *F before being reduced to size. The staff finds
that these materials should perform their function when supported by the
maintenance and inspections prescribed by ABB-CE. On this basis, DSER Open
Item 4.5.1-7 is resolved.

In CESSAR-DC Section 4.5.1.3.3, ABB-CE limited the carbon content of austen-
itic stainless steels to 0.065 percent as compared to the usual specification

Q limit of 0.08 percent, and imposed controls on welding, fabrication, and water
tg chemistry during startup and operation. These mitigating actions to mitigate

the occurrence of IGSCC in these stainless steels have proven successful in
operating reactors for more than 15 years and give reasonable assurance of the
integrity of compone~nts made of austenitic stainless steel. On this basis,
DSER Open Item 4.5.1-8 is resolved.

ABB-CE has evaluated CEDM materials by extensively testing a CEDM assembly.
The CEDM tested surpassed the lifetime requirements, as described in CESSAR-DC
Section 3.9.4.4.1. The design duty or lifetime requirement, as defined in
CESSAR-DC Section 3.9.4.1, is a total cumulative CEA travel of 100,000 feet of
operation without loss of function (not the 60-year plant life). As stated in
CESSAR-DC Section 3.9.4.1, the CEDM is designed to operate without maintenance
for a minimum of 1-1/2 years and without replacement of components for a
minimum of 3 years. Therefore, the test results of the extensively tested
CEDM do not need to be verified to the 60-year plant life.

Over the 60-year plant life, the operational requirement for the System 80+
CEAs, except possibly the lead regulating CEA group, is expected to be less
than the 100,000 feet of travel (the tested life). If plants institute daily

load cycle operation, the lead regulating CEA group may travel more than
100,000 feet.

Since the regulating CEAs are much lighter than the CEA weight used during
accelerated CEDM motor life tests, the System 80+ CEDM motors are expected to

A be capable of operating regulating CEAs for more than 100,000 feet of cumula-

[\-) tive travel. Depending on how much the lead regulating CEA group is used, the
CEDM motor for this bank of CEAs may need to be replaced once during the
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A 60-year plant life. Replacing the CEDM motor in case of extreme use is an
i acceptable approach.

As indicated in CESSAR-DC Section 3.9.4.1, all CEDM pressure boundary compo- i

nents have a design life of 60 years. On this basis, DSER Open Item 4.5.1-9 i

I

is resolved.

The staff concludes that the CEDM structural materials are acceptable and meet
the applicable requirements of GDC 1,14, and 26 and 10 CFR 50.55a. This
conclusion is based on the following considerations.

ABB-CE has demonstrated that the properties of materials selected for the CEDM
components exposed to reactor coolant satisfy Appendix I to Section III, and
Parts A, B, and C of Section II, of the ASME Boiler and Pressure Vessel Code.
ABB-CE selected all materials in this system for their compatibility with the
reactor coolant. Materials were extensively tested in a CEDM assembly that
exceeded lifetime requirements. Moreover, all materials have served satisfac-
torily in many other NRC-licensed operating reactors for more than 20 years.

The mechanical properties of structural materials selected by ABB-CE for
control red system components exposed to the reactor coolant conform with the
staff position that the yield strength of cold worked austenitic stainless
steel should not exceed 90 Ksi (620.5 MPa). ABB-CE has met the guidelines of
RG 1.85, " Code Case Applicability - ASME Section III Materials," by using
construction materials that are approved by ASME Code cases.

'A In addition, the controls imposed on the austenitic stainless steel of the
g J

mechanisms conform to the recommendations of RG 1.33, " Control of Ferrite
Content in Stainless Steel Weld Metal," and RG 1.44, " Control of the Use ofv
Sensitized Stainless Steel." The controls imposed on the austenitic stainless
steels of the system will satisfy the requirements of the materials specifica-
tions. All raw austenitic stainless steel, both wrought and cast, used in
fabricating the CEDM structural components will be supplied in the solution-
annealed condition. ABB-CE avoids sensitization by forbidding heat treatment
in the temperature range of 800-1500 *F (427-816 *C). Martensitic stainless
steels will be tempered in accordance with the staff's positions, except for
an ASTM A-276, Type 440C ball in the vent valve on top of the CEDM. This
component is compressively loaded. The yield strength of this material "

exceeds 90 Ksi (620.5 Mpa), but corrosion has not occurred in operating
- reactors with extensive operating experience. All materials selected for the

control rod drive mechanism components conform with the applicable Code case
listed in RG 1.85.

Fabrication and heat-treatment practices specified in accordance with these
recommendations give added assurance that stress corrosion cracking will not
occur during the design life of the components. The compatibility of all
materials in the control rod system in contact with the reactor coolant
satisfies the criterion of Subarticles NB-2120 and NB-3120 of the Code.

Cleaning and cleanliness control are in accordance with American National
Standards Institute (ANSI)/ASME NQA-2-1983, " Quality Assurance Requirements I

( for Nuclear Power Plants," and RG 1.37, " Quality Assurance Requirements for
! f. Cleaning Fluid Systems and Associated Components of Water-Cooled Nuclear Power

\ Plants." The staff has previously reviewed ANSI /ASME NQA-2-1983 and finds it'
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O acceptable. The cleaning and cleanliness control specified will adequately
( control contamination of components during fabrication, shipment, and storage.

Conformance with (1) the codes, standards, and RGs and (2) the rtaff's
positions on the allowable maximum yield strength of cold-worket austenitic
stainless steel and on the tempering temperatures for martensitic stainless
steels satisfies the requirements of GDC 1, 14, and 26 and 10 CFR 50.55a.

4.5.2 Reactor Internals Materials

The staff reviewed CESSAR-DC Section 4.5.2 in accordance with SRP Sec-
tion 4.5.2. Areas reviewed were material specifications, control of welding
of materials used for reactor internals, nondestructive examination of wrought
seamless tubular products and fittings, austenitic stainless steel components,
the welding, fabrication, and inspection of reactor internals, and heat
treatment of other materials. DSER open items were resolved as follows:

ABB-CE proposes to use Stellite, a cobalt-based alloy, as a hard-facing
material. As discussed in Section 4.5.1 of this report, ABB-CE states that

*

cobalt-based alloys will be avoided unless no proven alternative exists.
Cobalt-free alloys with the wear and corrosion properties of the Stellite
(cobalt-base) alloys are under development, but have not been fully demon-
strated to be as usable as the Satellites. Accordingly, the staff acknow-
ledges that at this time the availability of alternative materials for
Satellites is limited. On this basis, DSER Open Item 4.5.2-1 is resolved.

A As discussed in CESSAR-DC Section 4.5.1, ABB-CE proposes to allow the con-
tinued reference to ASTM A-708 for the purpose of maintaining the qualifica-
tions of older weld procedures. ASTM A-262, Practice A or E (recommended in
RG 1.44), has been used by ABB-CE since the mid-1970s for verifying non-
sensitization of austenitic stainless steel materials and weldments. ABB-CE
qualified weld procedures developed prior to the mid-1970s and used A-708 in
their qualification. These weld procedures are still in use. There have been
no IGSCC failures involving austenitic stainless steel weldments in ABB-CE's
NSSS units. In addition, the staff allowed in SRP Section 4.5.1, Para-
graph 111.2, ASTM A-708 as an acceptable test for ASTM A-262, Practice A or E.
On this basis, DSER Open Item 4.5.2-2 is resolved.

ABB-CE proposes to use Type 304 austenitic stainless steel. However, this
material is susceptible to IGSCC when the oxygen content of the reactor
coolant exceeds 0.010 ppm at temperatures above 200 *F during normal opera-
tions. During startup and operation of the ABB-CE NSSS, these temperature and
chemical conditions are maintained through specified chemistry control. On
this basis, DSER Open Item 4.5.2-3 is resolved.

In CESSAR-DC Section 4.5.2.1, ABB-CE indicates that Inconel 690 will be used
in lieu of 600 to fabricate the flow skirt. The staff views the Inconel 690 |
alloy as the preferred nickel-base alloy in the primary and secondary coolant j

loops because it is more corrosion-resistant than Inconel 600. The use of |

Inconel 690 and the equivalent weld metals (Types 52 and 152) will give |
Ireasonable assurance of the material integrity of the components in contact

with reactor coolant. On this basis, DSER Open Item 4.5.2-4 is resolved.
g
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As discussed in Section 4.5.1 of this report, the ferrite content limits for
( austenitic stainless steel castings and weld metal given in the CESSAR-DC were

broader than those in industry guidelines and staff guidance. In Amendment Ns

to the CESSAR-DC, ABB-CE revised the ferrite content of old metal to be con- ,

sistent with industry guidelines. In Amendment Q to the CESSAR-DC, ABB-CE !

reduced the upper limit of ferrite content in stainless steel castings with )
normal operating temperatures above 260 *C (500 'F) (as expressed in ferrite
number (FN)) to 20 to mitigate the effects of thermal embrittlement over the
life of the castings in service. This reduction will offer reasonable
assurance of an acceptable level of fracture toughness for stainless steel
castings over the life of the plant. On this basis, DSER Open Item 4.5.2-5 is
resolved.

In CESSAR-DC Section 4.5.2.1, ABB-CE states that precipitation-hardened stain-
less steel will be used. The precipitation-hardened stainless steel used in
the reactor internals is SA 453 Grade 660 or SA 638 Grade 660. ABB-CE has
specified the following heat treatment for these materials:

Solution Treatment: 1650 1 25 'F (899 *C i 14 *C), for 2 hours mini-*

mum, oil or water quench

Hardening Treatment: 1350 f 25 'F (732 *C i 14 'C), for 16 hours,=

air cool

Part A of the 1992 ASME Code Section II, " Materials," indicates the hardening
temperature for both SA-453 and SA-638 should be within the range of

p 1300-1400 *F (704-760 *C). These heat treatments will offer these materials
acceptable mechanical and corrosion-resistant properties. On this basis, DSER
Open Item 4.5.2-6 is resolved.

In CESSAR-DC Section 4.5.2.3.1.4, ABB-CE limits the carbon content of austen-
itic stainless steels to 0.065 percent compared to the usual specification

'

limit of 0.08 percent and imposes controls on welding, fabrication, and water
chemistry during startup and operation. These actions to mitigate the
occurrence of IGSCC in these stainless steels have proven successful in
operating reactors for more than 15 years and give reasonable assurance of the !

integrity of these components. On this basis, DSER Open Item 4.5.2-7 is
resolved.

The staff concludes that the materials used for the construction of the
reactor internals and core support structures are acceptable and meet the
requirements of GDC 1 and 10 CFR 50.55a. This conclusion is based on the
following considerations.

ABB-CE satisfies the requirements of GDC 1 and 10 CFR 50.55a with respect to
assuring that the design, fabrication, and testing of the materials used in
the reactor internals and core structures support meet standards of high
quality and are adequate for structural integrity. The controls imposed'

components made of austenitic stainless steel satisfy the recommendations of
RG 1.31.

p The materials used for constructing the components of the reactor internals
and core support structures have been identified by specification and conform I

with the requirements of NG-2000 of Section III and Parts A, B, and C of |
|

l
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G Section II of the ASME Code. In addition, ABB-CE conforms with the guidelines |

[O of RG 1.85 by using construction materials approved for use by ASME Codei
As proven by satisfactory performance, the specified materials arecases.

compatible with the expected environment and corrosion is expected to be
negligible.

The controls imposed the reactor coolant chemistry offer reasonable assurance
that the reactor internals and the core support structures will be adequately
protected during operation from conditions that could lead to stress corrosion 1

of the materials and loss of component structural integrity. |

The material selection, fabrication practices, examination and testing pro-
cedures, and control practices with conforming the ASME Code and RGs 1.31 and
1.44, offer reasonable assurance that the materials used for the reactor
internals and core support structures will not deteriorate in service.
Conformance with requirements of the ASME Code and the recommendations of the
these RGs satisfies the chemical and material requirements of GDC 1 and 10 CFR
50.55a.

4.6 Functional Desian of Reactivity Control Systems

The functional design of the reactivity control systems for the System 80+
standard plant is within the scope of design certification, and the staff
reviewed CESSAR-DC to confirm that the design has the capability to satisfy
the various reactivity control conditions for all modes of plant operations.
These control conditions are the following:

p
(1) the capability to operate in the unrodded, critical, full-power mode

throughout plant life,

(2) the capability to vary power level from full power to hot thutdown and
have power distributions within acceptable limits at any power level, and

(3) the capability to shut down the reactor to mitigate the effects of
postulated events discussed in Chapter 15 of this report.

The reactivity control systems for the facility are the control rod drive
system (CRDS), the safety injection system (SIS), and the CVCS.

The CRDS contains magnetic-jack CEDMs. When electrical power is removed from
the coils of the CEDM, the armature springs automatically disengages the
holding latches from the CEDM drive shaft, allowing insertion of the CEAs and
the PSCEAs by gravity. There are 68 full-strength CEAs and 25 PSCEAs. The
regulating CEA groups may be used to compensate for changes in reactivity
associated with power-level changes and power distribution, variations in
moderator temperature, or changes in boron concentration. Refer to Sec-
tions 3.9.4 and 4.3 of this FSER for further discussion of this feature. The
PSCEA consists of an Inconel 625 tube loaded with Inconel 625 bars over the
full active length. The PSCEAs, which have lower worth then the full-strength
CEAs, control reactivity and axial power shape during power operations.

The SIS automatically injects borated water into the RCS vn receipt of a
safety injection actuation signal. The SIS pumps take suction from the in-g
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p containment refueling water storage tank. The SIS is discussed further in
Section 6.3 of this report. 1

The CVCS is a non-safety-grade system designed to control slow or long-term
reactivity changes, such as those caused by fuel burnup and variations in
coolant temperature, and the xenon concentration. The CVCS controls

treactivity by adjusting the dissolved boron concentration in the RCS. The
baron concentration is controlled to obtain optimum CEA positioning, to
compensate for reactivity changes during startup, load following (changes in !

reactor power level), and shutdown, and to provide shutdown margin for main- J

tenance and refueling operations or emergencies. The boric acid concentration
in the RCS is controlled by the charging and letdown portions of the CVCS.

The CVCS can be used to maintain reactivity within the required bounds by
means of the automatic makeup system which replaces minor coolant leakage
without significantly changing the boron concentration in the RCS system.
Dilution of the RCS boron concentration is required to compensate for reactiv-
ity losses from fuel depletion. Dilution is accomplished by manual operation

,

of the CVCS. The CVCS is discussed further in Section 9.3.4 of this report.

The concentration of boron in the RCS is changed manually under the following
operating conditions:

(1) Startup - boron concentration is decreased to compensate for moderator
temperature and power increase.

|

/ (2) Load follow - boron concentration is increased or decreased to compensate ,

\, for moderator temperature and power changes during load changes, and for :

xenon transients following load changes.

(3) Fuel burnup - boron concentration is decreased to compensate for burnup. ,

!

(4) Cold shutdown - boron concentration is increased to compensate for l
increased moderator density due to cooldown.

Soluble absorber concentration changes are used to control slow reactivity
changes, but if necessary, CEAs can also be inserted to accommodate such
changes, although insertion is used mainly to mitigate A00s (the analysis
assumes a single malfunction, such as a stuck rod). In either case, fuel

design limits will not be exceeded. The soluble boron control is capable of
keeping the core subcritical during cold shutdown, in conformances with j

GDC 26, " Reactivity Control System Redundancy and Capability." |
1

IThe CEAs are the primary shutdown mechanism for normal operation, accidents,
and transients. They are inserted automatically in accident and' transient
conditions. Concentrated boric acid solution is injected by the SIS in the
event of a LOCA, steamline break, loss of normal feed-water flow, steam
generator tube rupture, or CEA ejection, thereby complying with GDC 20,
" Protection System Functions," which requires automatic protective systems (1) ,

to ensure that SAFDLs are not exceeded and (2) to sense accident conditions
and actuate safety related systems and components.

The ability of the CEAs to have their position changed is tested quarterly
during power operation. At every refueling shutdown, the CEAs are stepped
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over their entire range of movement and are drop-tested to demonstrate theirp] ability to drop in the required time. The CEAs are designed such that a
- single failure will not result in loss of the protection system, and removing

a channel or component from service will not result in a loss of redundancy.
These matters are discussed further in Section 7.2 of this report. The
provisions for periodic testing, reliability, and redundancy conform to the
requirements of GDC 21, " Protection System Reliability and Testability."

Failure of electrical power to any CEDM will result in the insertion of the
CEA. Analysis of accidental withdrawal of a CEA was found to have acceptable
results, as discussed in Section 15.2.4 of this report. The requirements of
GDC 23, " Protection System Failure Modes," and GDC 25, " Protection System
Requirements for Reactivity Control Milfunctions," are thus met.

|

The reactivity control system functional design meets the requirements of
GDC 21, 23, 25, 26, and 27 with respect to its reliability and testability,
fail-safe design, malfunction protection design, redundancy and capability,
and combined systens capability, and is, therefore, acceptable.

n

i

;

(O)v i
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Table 4.1 Design featares ar.d acceptance criteria for fuel and initial core
design

Design feature Acceptance criterion *

Fuel design ,

Maximum fuel rod burnup 860,000 MWD /HTU

Fuel rod U-235 enrichment s3.7 wt. %

Er 0 burnable absorber concentration s2.0 wt. %23

Number of integral Er 0 burnable s12423
absorber rods per fuel assembly

Natural or low enrichment uranium s7.5 inches
axial blanket length (top and bottom
of fuel and Er 0 burnable absorber rods)23

Er 0 burnable absorber rod cutback s15.0 inches23
length (top and bottom)

Initial core design

Core power level s3914 MWt

Cycle length s16,000 MWD /MTU

* Acceptance criteria are nominal values.

<

O
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em Table 4.2 Evaluated design parameters and acceptance criteria for
I i fuel and initial core design
'% )

Evaluated design parameter Acceptance criterion *

Core average U-235 enrichment s2.6 wt. %

Maximum unrodded 3-dimensional s2.28
peaking factor (F,)

Maximum unrodded integrated s1.55
radial peaking factor (F,)

Minimum DNBR 21.24

Net CEA shutdown worth 28.86% y
hot full power (HFP)

MTC (HFP, all rods out) s-0.1 E-4 g/*F, 2-3.5 E-4 g/*F

Power coefficient <0.0 g/(kW/ft)

Critical boron concentration s1056 ppm

O
V

* Acceptance criteria are nominal values.

h)'%
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ex Table 4.3 Reactor design comparison

Characteristics System 80+ System 80

Performance Characteristics
Reactor core heat output (Mwt) 3,914 3,800

System pressure, kPa (psia) 15.5 x 10 (2,250) 15.5 x 103 (2,250)3

Minimum DNBR at steady-state full 2.00 1.98
power

Minimum DNBR limit 1.24 (MSCU) 1.24 (SCU)

Critical heat flux correlation CE-1 CE-1

Coolant Flow

Total flow rate L per min (gpm) 1.68 x 10' 1.69 x 10'
(444,650) (445,600)

6 6Effective flow rate for heat 1.63 x 10 1.64 x 10
transfer (gpm) (431,300) (432,200)

Average velocity along fuel rods 5.1 (16.7) 5.1 (16.8)
m/s (ft/s)

\ Averggemassvelocity 13.0 (2.65) 12.8 (2.62)
2 6 2d 10 kg/hr-m (10 lb/hr-ft )

Coolant Temperature

Nominal Reactor Inlet 'C (*F) 291 (556) 296 (565)

Average Rise in Core *C ('F) 33.9 (61) 32.2 (58)
Heat Transfer 100-percent power

3 3
Aptiveheattransfersurfacearea 6.6 x 10 (70,960) 6.4 x 10 (68,320)

2m (ft )
5.77 x 10 (183,300) 5.82 x 103 (184,800)32

Average heat,) flux w/m(BTV/hr-ft
6 62 1.35 x 10 1.36 x 10

Maximum allp)wable heat flux w/mBTV/hr-ft (429,100) (432,700)

Average linear heat rate kw/m 17.6 (5.36) 17.7 (5.41)
(kw/ft)

Peak allovcble linear heat 41.3 (12.6) 41.7 (12.7)
generation rate kW/m (kw/ft)

A

( )v
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5 REACTOR COOLANT SYSTEM AND C0tif1ECTED SYSTEMS

5.1 Summary Description

The ABB-CE reactor is a pressurized-water reactor (PWR) with two coolant
loops. The reactor coolant system (RCS) circulates water in a closed cycle,
removing heat from the reactor core and internal components and transferring
it to a secondary system. The steam generators (SGs) serve as the interface
between the reactor coolant (primary) system and the main steam (secondary)
system. The SGs are vertical U-tube heat exchangers with an integral
economizer in which heat is transferred from the reactor coolant to the main
steam system. Reactor coolant is prevented from mixing with the secondary
steam by the SG tubes and the SG tubesheet, making the RCS a closed system,
thus forming a barrier to the release of radioactive materials from the core
of the reactor to the secondary system and containment building.

The major components of the system are the reactor vessel; two parallel heat
transfer loops, each containing one SG and two reactor coolant pumps; a
pressurizer connected to one of the reactor vessel hot legs; and associated
piping. All components are located inside the containment building.

System pressure is controlled by the pressurizer, where steam and water are
A maintained in thermal equilibrium. Steam is formed by energizing immersion
( heaters in the pressurizer, or is condensed by the pressurizer spray to limit
\ pressure variations caused by contraction or expansion of the reactor coolant.

The average temperature of the reactor coolant varies with power level, and
the fluid expands or contracts, changing the water level in the pressurizer.

The charging pumps and letdown control valves in the chemical and volume
control system (CVCS) are used to maintain a programmed level of water in the
pressurizer. A continuous but variable letdown purification flow is
maintained to keep the RCS chemistry within prescribed limits. A charging
nozzle and a letdown nozzle are provided on the reactor coolant piping for
this operation. The charging flow is also used to alter the boron
concentration or correct the chemical content of the reactor coolant.

Other RCS penetrations are the pressurizer surge line in one hot leg; the four
direct vessel injection (DVI) nozzles for the safety injection system (SIS);
the two return nozzles to the shutdown cooling system, one in each hot leg;
two pressurizer spray nozzles; vent and drain connections; and sample and
instrument connections.

|

Overpressure protection for the reactor coolant pressure boundary (RCPB) is
provided by four spring-loaded American Society of Mechanical Engineers Boiler |
and Pressure Vessel Code (ASME Code) safety valves connected to the top of the i

pressurizer. These valves discharge to the in-containment refueling water
storage tank (IRWST), where the steam is released under water to be condensed ,

and cooled. If the steam discharge exceeds the capacity of the IRWST, it is |p
g vented to the containment atmosphere.
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Overpressure protection for the secondary side of the SGs is provided by
spring-loaded ASME Code safety valves located in the main steam system
upstream of the steamline isolation valves.

Components and piping in the RCS are insulated with a material compatible with
the temperatures involved, in order to reduce heat losses and protect
personnel from high temperatures.

5.2 Intearity of Reactor Coolant Pressure Boundarv

5.2.1 Compliance With Codes and Code Cases

5.2.1.1 Compliance With 10 CFR 50.55a

The components of the RCPB are defined by the rules of 10 CFR 50.55a, " Codes
and Standards," and have been properly classified in CESSAR-DC Table 5.2-1 as
ASME Code Section III, Class I components. These components are designated as
Quality Group A in CESSAR-DC Table 3.2-1 and are in conformance with
Regulatory Guide (RG) 1.26, " Quality Standards and Records." In CESSAR-DC
Table 1.8-6, ABB-CE identifies the 1989 edition of the ASME Code and addenda
for System 80+ design. The specific edition and code has been endorsed by

,

10 CFR 50.55a and is, therefore, acceptable. The specification of the ASME {
Code is considered to be Tier 1 information. However, specification of the I

'code editions and addenda is considered to be Tier 2 information and, as such,
is subject to change by a COL applicant through a 50.59-like process.
Therefore, it will be required that each applicant for a combined license
(COL) that references the CESSAR-DC identify the ASME Code edition to be used
in the construction of the RCPB ASME Class 1 components if it differs from
the edition specified in the CESSAR-DC. In Amendment U to CESSAR-DC
Section 5.2.1.1, ABB-CE committed that the COL applicant will identify the
ASME Code edition and addenda other than those specified in CESSAR-DC
Table 1.8-6, and that the Code and addenda shall have been endorsed in
10 CFR 50.55a. This is COL Action Item 5.2.1.1-1. In addition, those

RCPB components that meet the exclusion requirements of 10 CFR 50.55a(c)(2)
are classified Quality Group B in accordance with the guidance in Position C.1
of RG 1.26 and are constructed as ASME Section III, Class 2 components.

Since this position is not totally consistent with ASME Code, Section III, I
Subsection NCA-ll40, "Use of Code Editions, Addenda, and Cases," the following
comparison is made:

NCA-ll40 Rules p_esian Certification Position

NCA-ll40(a)(1) - Under the rules of (1) The specific Code edition and
this Section, the owner or its addenda shall be specified by ABB-CE
designee shall establish the Code in the CESSAR-DC during design cer-
edition and addenda to be included tification. The COL applicant may
in the Design Specifications. All update the Code edition or addenda
items of a nuclear power plant may (or portions thereof) referenced in
be constructed to a single Code the CESSAR-DC using a 10 CFR 50.59-
edition and addenda, or each item like process without prior NRC
may be constructed to individually approval unless the proposed change
specified Code editions and addenda. involves a change to the certified

design or an unreviewed safety
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question. 'The COL applicant may up- '

date the referenced edition or 1

addenda for all items of a nuclear
power plant or a specific item if 1
the construction practices (includ-
ing fabrication, inspection, and r

examination methods) are not compat-
ible with the design requirements. '

All changes to the referenced edi-
tion and addenda shall be documented-
and maintained by the COL applicant
and available for audit.

NCA-1140(a)(2) - In no case shall (2) The specific Code edition and ,

the Code edition and addenda dates addenda are required to be estab-
established in the Design Specifica- lished during design certification

,

tions be earlier than 3 years prior except for.Section XI requirements
to the date that the nuclear power related to inservice inspection
plant construction permit applica- (ISI), inservice testing, and system
tion is docketed. pressure tests, which shall meet the

requirements of 10 CFR 50.55a(g).
Further discussions and any excep-
tions to 10 CFR 50.55a(g).are noted
in S.' tions 5.2.4 and 6.6 of this
report.

(3) This is acceptable subject to

O NCA-1140(b) - Code editions and
addenda later than those established the conditions noted in position
by (a) above may be used by mutual (1) above.
consent of the owner or its designee
and certificate holder. For
Division 2 design and construction, .

.the consent of the Designer shall
also be obtained. Specific
provisions within an edition or
addenda later than those established
in the design specifications may be ,

used, provided that all related
requirements are met.

NCA-1140(c) - Code cases are permis- (4) As discussed in Sec-
sible and may be used beginning with tion 5.2.1.2- of this report, only .

the date of approval by the ASME those Code cases identified in ,

Council (and-the American Concrete RG 1.84, " Code Case Acceptability-in i

Institute for Division 2 design and ASME Section III - Design and-fabri-
construction). Only Code cases that cation," Rev. 28'or RG 1.85, " Code
are specifically identified as being' Case Acceptability in ASME Section '

applicable to this Section may be III - Materials," Rev. 28, as speci-
used, fied in'the CE3SAR-DC may be used. |

The COL applicant may submit for |

staff review and approval future
Code cases that are. endorsed in
future revisions of RG 1.84 and 1.85
with its COL application provided -

-

I
ABB-CE' SYSTEM 80+ FSER 5-3 June 1994

l

.. - - - . . _ . . . .- _ _ - . - - -



these cases do not involve a change
to the certified design or an unre-
viewed safety question.

NCA-1140(d) - Code cases may be used (5) Code cases to be used in the
by mutual consent of the owner or design of the standard plant must be
its designee, and the certificate identified by ABB-CE in the
holder on or after the date permit- CESSAR-DC during design
ted by (c) above. For Division 2 certification.
design and construction, the consent
of the designer shall also be ob-
tained.

NCA-Il40(e) - Existing materials
previously produced and certified
in accordance with Code editions
and addenda earlier than the one
specified for construction of an
item may be used, provided all of
the following requirements are sat-
isfied.

(i) The material (NCA-1220) (6) Does not apply to design cer-
meets the applicable requirements of tification.
a material specification permitted
by paragraph 2121 of the applicable
subsection of the Section III edi-
tion and addenda specified for con-
struction.

(ii) The material meets all
the requirements of Article 2000 of
the applicable Subsection of the
Section III Edition and addenda
specified for construction.

(iii) The material was pro-
duced under the provisions of a
Quality System Program that had been
accepted by the Society or qualified
by a party other than the Society
(NCA-3820), in accordance with the
requirements of the latest Sec-
tion III Edition and Addenda issued
at the time the material was pro-
duced. Material exempted from por-
tions of the provisions of NCA-3800
by paragraph 2610 of the applicable
Subsection of Section Ill may be
used, provided the requirements of
(i) and (ii) above are met.

NCA-ll40(f) - Code editions, (7) The specific Code edition and
addenda (including the use of spe- addenda shall be specified by ABB-CE
cific provisions of editions addenda in the CESSAR-DC during design
permitted by (b) and (e) above), and certification. Use of later edi-
Cases used shall be reviewed by the tions and addenda (or portions
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owner or its designee for accept- thereof) and Cases not approved(p ability to the regulatory and during design certification shall be;
V enforcement authorities having reviewed by the COL applicant or its

jurisdiction at the nuclear power designee for acceptability to the
plant site, regulatory and enforcement authori-

ties having jurisdiction at the
nuclear power plant site.

Conclusion

The staff concludes that the construction of all ASME Class 1, 2, and 3 com-
ponents and their supports will conform to the appropriate ASME Code editions
and addenda as allowed and modified by the Commission's regulations and that
component quality will be commensurate with the importance of the safety
function of all such components and their supports. This constitutes an
acceptable basis for satisfying General Design Criterion (GDC) 1, " Quality
Standards and Records," and is acceptable.

5.2.1.2 Applicable Code Cases

In amendments to the CESSAR-DC, ABB-CE revised Section 5.2.1.2 to state that
the RCPB components shall be fabricated in accordance with the ASME Code, Sec--
tion III and that code case interpretations applied to these components are
specified in Table 1.8-7. The specific Code Cases whose requirements will be
applied in the design of ASME Section III, Division 1, Class 1, Class 2,
Class 3, and Class MC components are in accordance with the rules of
10 CFR 50, Section 50.55a and the guidance provided in RGs 1.84 and 1.85, or(q have been specifically approved by the staff as part of its designj

U certification review. None of the specified Code Cases involve ISI,
accordingly, RG 1.147 is not relevant.

Code Cases other than those specified above will be identified by the COL
applicant. Also, unless stated otherwise in the COL application, the COL
applicant is committed to comply with RGs 1.84, 1.85 and 1.147 in effect at
that time in determining suitable ASME Code cases. A code case not included
in these RGs may be used with specific authorization from the Commission under
10 CFR Part 50, Section 50.55a. On this basis, DSER Open Item 5.2.1.2-1 is
resolved.

The staff concludes that compliance with the ASME Code cases listed in
RGs 1.84, and 1.85, or as approved under 10 CFR Part 50, Section 50.55a will
result in a level of quality that is commensurate with the importance of the
safety function of the RCPB and constitutes an acceptable basis for satisfying
the requirement of GDC 1 and is acceptable.

5.2.2 Overpressure Protection

The staff reviewed the design for overpressure protection for the Syster 80+
design described in CESSAR-DC Sections 5.2.2, 5.4.10, and 5.4.13, and
CESSAR-DC Appendix 5A in accordance with Standard Review Plan (SRP)
Section 5.2.2. Overpressure protection for the RCPB is provided by
pressurizer safety valves, SG safety valves, and relief valves in the shutdown

.

l

i cooling system (SCS), in combination with the action of the reactor protection !
\ system. The combination of these features provides overpressure protection as j

|
"
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required by GDC 15, " Reactor Coolant System Design," Section III of the ASME
Code, " Rules for Construction of Nuclear Power Plant Components," and 10 CFR
part 50, Appendix G, " Fracture Toughness Requirements." These measurements
ensure RCPB overpressure protection for power operation and low-temperature
operation (startup and shutdown). Both modes of overpressure protection are
discussed below.

5.2.2.1 Overpressure Protection During Power Operation

for power operation, the overpressure protection design maintains primary and
secondary operating pressures within 110 percent of design by means of
4 pressurizer safety valves, 20 SG safety valves, and the reactor protection
system. The secondary safety valves are sized to pass a total steam flow of

6 68.6 x 10 kg/hr (19 x 10 lbm/hr) at the safety valves set pressures of at
least 8,275 kPa (1,200 psia) plus 3-percent accumulation pressure to limit SG
pressure to less than 110 percent of SG design pressure for design transients.
The reactor trips at a pressurizer pressure of 16,780 kPa (2,434 psia), and
the pressurizer safety valves are designed to lift at a pressure of 17,200 kPa
(2,500 psia), which is the RCS design pressure.

The design-basis event for sizing the pressurizer safety valves is a loss of
turbine generator load without a simultaneous reactor trip. In the analysis
submitted, the reactor trip is assumed to occur on the second safety-grade
signal (generated by the core protection calculator at pressurizer pressure of
16,990 kPa (2,464 psia)). (The first safety-grade signal generated by the
reactor protection system is due to a pressurizer pressure signal of 16,780
kPa (2,434 psia)). No control-grade reactor trip signals are credited. Also,
no credit is taken for letdown, charging, pressurizer spray, turbine bypass,
or feedwater addition after the turbine trip. The initial RCS and main steam
system are at the maximum rated output of 3,817 MWt plus a 2-percent uncer-
tainty. The moderator and Doppler coefficients used for the analysis maximize
the power and pressure excursion. An upper limit on instrument error in
pressurizer pressure measurement is used in the analysis. This delays the
reactor trip, which, in turn, provides additional conservatism in sizing the
pressurizer safety valves.

The assumptions used for the analysis meet acceptance criterion II.2. A.c(3) of
SRP Section 5.2.2, which states that the reactor trip should be initiated by
the second safety-grade signal from the reactor protection system. Under the
assumptions of this design, the minimum capacity of the four pressurizer
safety valves is determined to be 209,090 kg/hr/ valve (460,000 lbm/hr/ valve).
The calculated peak primary and secondary system pressures are less than
110 percent of design pressure, required by GDC 15, during the limiting case
of the loss of load transient.

Further, ABB-CE increased the maximum rated power from 3,817 MWt to 3,931 MWt
(a 3-percent increase in the rated power), and assessed the applicability of
the analysis to the upgraded power conditions. During a loss-of-load event,
the 3-percent increase in power level will cause the primary pressure to
increase at a faster rate and result in an earlier reactor trip, which rapidly
reduces the insurge into the pressurizer, and thus results in a lower pressure
increase. In addition, the upgraded power design increased the minimum
capacity of the safety valves by 14 percent to 238,636 kg/hr/ valve
(525,000 lbm/hr/ valve). Because of a combination of the earlier reactor trip
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and the increased safety valve capacity, ABB-CE asserted that the consequencesbs\ of the loss-of-load event was less severe at the 3,931 MWt power conditions.
d Witnout a quantitative analysis, it was not obvious to the staff that the

higher pressure increase during a loss-of-load event at a higher initial power
level would be offset by larger primary safety valves. As a result, the staff ;

required ABB-CE to perform an analysis for the loss-of-load event based on a
power level of 3,931 MWt, and present the results of the limiting case in
CESSAR-DC Section 5.2.2 for the staff to review. This was designated as DSER
Confirmatory Item 5.2.2.1-1.

In Amendment U to the CESSAR-DC, ABB-CE provided the analysis in Appendix 5A,
which shows that the calculated peak primary and secondary pressures resulting
from a loss-of-load event are within 110 percent of the design pressures. On
this basis, DSER Confirmatory Item 5.2.2.1-1 is resolved.

In CESSAR-DC Section 15.2.8, ABB-CE presented an analysis of extended safety
valve blowdown for the System 80+ pressurizer safety valves. The analysis
shows that for the worst-case feedwater line break, the water level in the
pressurizer will not reach the inlet nozzle of the pressurizer safety valve.
The analyses assume an 18.5-percent blowdown (valve setpoint of 14,300 kPa
(2,070 psia)) below the nominal set pressure of 17,500 kPa (2,540 psia) for
the pressurizer safety valves instead of the 5 percent specified by the ASME
Code. The lower setpoint assumed in the analyses results in increased
blowdown and maximizes the water level increase in the pressurizer. ABB-CE
determined that water will not be relieved through the safety valves. The
design specification and procurement process ensure that the System 80+
pressurizer safety valves are consistent with the valves that were previously

(mV)
-

tested. The safety valves are designed in accordance with ASME Code, Sec-
tion III, and periodic testing and inspection are performed in accordance with
ASME Code, Section XI, " Rules of Inservice Inspection of Nuclear Power Plant
Components."

The overpressure protection design for the System 80+ plant at power operating
conditions complies with the guidelines of SRP Section 5.2.2 and the require-
ments of GDC 15 and, therefore, is acceptable for design certification.

5.2.2.2 Overpressure Protection During low-Temperature Operation

Guidelines in SRP Section 5.2.2 state that the system for overpressure
protection during low-temperature phases of plant operation should be designed
in accordance with the requirements of Branch Technical Position (BTP)
RSB 5-2, "0verpressurization Protection of Pressurized Water Reactors While
Operating at Low Temperatures."

The low-temperature overpressure protection (LTOP) system for the System 80+
design is provided by the spring-loaded liquid-relief valves in the SCS. One
SCS liquid relief valve is provided in each of the two SCS pump suction lines.
These two valves are set at a pressure low enough to prevent violation of the
10 CFR Part 50, Appendix G heatup and cooldown curves should a pressure
transient occur during low-temperature operations. For LTOP considerations,
two types of events are considered as the design-basis events. These events
are (1) the mass addition transient caused by charging and safety injectionn\(d (SI) fiows following an inadvertent Si actuation and (2) the heat addition
transient caused by the restart of a reactor coolant pump. ABB-CE determined
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the pressure setpoint and flow capacity for the SCS relief valves based on the
mass addition transient, which has been demonstrated as the limiting case, and
which results in the highest pressure increase. The mass addition transient
analysis was performed assuming simultaneous operation of four SI pumps and
one charging pump with the letdown system isolated. All pressurizer heaters
were assumed to be operating from a water solid condition to maximize the
pressure increase. The result shows that the peak pressure is 4,275 kPa
(620 psia) for a relief valve with the pressure setpoint of 3,760 kPa
(545 psia) and flow capacity of 19,000 L/ min (5,000 gpm) of water. ABB-CE !

Ispecified 19,000 L/ min (5,000 gpm) for each of two valves as a rated relief
capacity. This rated relief capacity will meet the required relief flow for
the worst transient.

LTOP enable temperatures for initiation of the LTOP system can be determined
by following BTP RSB 5-2 guidance for LTOP. According to the BTP 5-2 guid-
ance, the enable temperature is the water temperature corresponding to metal
temperature of at least reference nil-ductility transition temperature |
(RT,)+ 50 "C (90 *F) at vessel beltline location (either 1/4 t or 3/4 t)
that is controlling in the Appendix G (to section III of the ASME Code) limit i

calculations. Conforming with BTP 5-2 guidance, ABB-CE has determined the i

disable temperatures for the plant heatup as a function of heatup rates and
the enable temperature for the controlling cooldown. However, ABB-CE proposed
LTOP disable and enable temperatures defined by intersections of the 10 CFR
Part 50, Appendix G heatup and cooldown curves and the pressurizer safety
valve setpoint of 17,200 kPa (2,500 psia). The proposed LT0P temperature
limits are specified in Technical Specifications (TS) 3.4.3 and 3.4.11. Since
the proposed disable and enable temperatures specified in the TS exceed the
required temperatures in accordance with BTP RSB 5-2 for LTOP with sufficient
margin in overpressure protection, the staff determined that the proposed LTOP
temperature limits are acceptable.

For temperatures above the LTOP enable temperature, overpressure protection
is provided by the pressurizer safety valves. Before entering the low-
temperature region for which LTOP is necessary, administrative controls
require operators to decrease the RCS pressure below the maximum pressure
allowable for SCS operation. The SCS will be aligned whenever the RCS is at
low temperatures and the reactor vessel head is secured, or until an adequate
vent has been established.

System design criteria required by the staff include the following: the
mitigating system must meet single-active failure criteria; the system must be
capable of being tested; and the system must be capable of functioning
following loss-of-offsite power. ABB-CE has met all the design criteria for
LTOP. This provides assurance that the temperature-pressure limit presented

i in Appendix G of 10 CFR Part 50 will not be exceeded during any transients.|

DSER Open Item 5.2.2.2-1, regarding the use of cobalt containing alloys, such
as Stellite, is resolved as follows:

Stellites are cobalt alloys. Activation of cobalt is a concern relating to
the radioactivity in current nuclear plants. Therefore, ABB-CE should avoid
the use of cobalt in order to maintain the philosophy that exposure to
radioactivity should be kept as low as reasonably achievable (ALARA). In
CESSAR-DC Section 5.2.3.2.2, " Materials of Construction Compatibility With
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Reactor Coolant," ABB-CE states that alloys containing cobalt will be avoided,
except in cases where no proven alternative exists. On this basis, DSER Openg

' Item 5.2.2.2-1 is resolved. Although cobalt-free alloys with the wear and
corrosion properties of the Stellite (cobalt) alloys are under development,
they have not been fully demonstrated to have the usability of the Stellites
at this time. The NRC staff encourages the COL applicant to monitor the
continuing development of cobalt-free hardfacing alloys in nuclear power plant
systems to reduce future radiation exposure of personnel.

The COL applicant should determine the LTOP enable-temperature based on plant-
specific material prnperties and pressure-temperature limit curves. This is
COL Action Item 5.2.2.2-1.

5.2.2.3 Pressurized Thermal Shock

Pressurized thermal shock (PTS) events are system transients in a pressurized-
water reactor that can cause severe overcooling followed by immediate repres-
surization to a high level. The thermal stresses, caused when the inside
surface of the reactor vessel cools rapidly, combine with the pressure
stresses to increase the potential for fracture if an initiating flaw is
present in low-toughness material. This material may exist in the reactor
vessel beltline, adjacent to the core, where neutron radiation gradually
embrittles the material over time. The chemical composition of the steel *

is an important determining factor regarding the degree of embrittlement. In-
10 CFR 50.61, " Fracture Toughness Requirements for Protection Against Pressur- ;

ized Thermal Shock Events" (56 B 22300; May 15,1991), the staff establishes
a PTS screening criterion (RTp13) below which no additional action is required ,

for protection from PTS events.

In response to Q252.13, ABB-CE stated that the design conforms to the PTS
screening criterion. The ABB-CE assessment is based on the assuaed beltline
forgingmaterialproperties(0.06 weight-percentcoger,1.00 weight-percent
nickel, and -12 *C (10 *F) initial RT ,) and 6 x 10 neutrons /cm end-of-life
(E0F) fluence (60 years).

,

The reactor vessel beltline materials are acceptable and comply with the- ;

requirements of 10 CFR 50,61. DSER Open Item 5.2.2.3-1 is resolved as
follows: i

in Amendment N, ABB-CE modified the CESSAR-DC to state that the PTS
-

calculation margin used was 27 *C (50 *F) for base metal.

The staff has performed a statistical analysis of all the plate surveillance
' data that were received from the licensees. The surveillance data are -

maintained in the Power Reactor - Embrittlement Database (PR-EDB).
Surveillance data received by the NRC from the licensees after the issuance of
RG 1.99, " Effects of Residual Elements on Predicted Radiation Damage to
Reactor Vessel Materials," Revision 2 -indicate that the standard deviation i,

(a) for the increase in reference temperature for the plate material should be
13 *C (26 *F). This would result in a margin of 28.9 *C (52 *F). The staff
has raised this issue in the PTS review of Indian Point 3 and Beaver Valley 1.

1

Since the staff's statistical analysis indicates that the standard deviation
for the increase in reference temperature is greater than 9.5 *C (17 *F), the
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licensee's use of 9.5 *C (17 "F) as the amount of margin may not ensure that i

the RT value is less than the PTS screening criteria at the end of a l

license.s A staff contractor is currently reviewing the data base to update
p3

the methodology for calculating RT *. When this review is completed, a
margin term different than 9.5 *C ('l7 *F) may be necessary to ensure that the

p

RT ,3 value is less than the PTS screening criterion at the end of a license.p

The staff believes that ABB-CE's approach of using a margin of 27.8 *C (50 *F)
rather than 28.9 *C (52 *F) has enough conservatism to provide adequate assur-
ance of fracture toughness in a PTS event for its design life. Information is

being developed to improve the accuracy of calculating RT,Y. This issue is
further addressed in the resolution of DSER Open Item 5.3. 3. On this basis,
DSER Open Item 5.2.2.3-1 is resolved.

The COL applicant should verify that plant-specific material properties and
EOF fluence (60 years) are within the limits assumed in the CESSAR-DC
analysis. This is COL Action Item 5.2.2.3-1.

5.2.3 Reactor Coolant Pressure Boundary Materials

The staff reviewed the RCPB materials described in CESSAR-DC Section 5.2.3 in
accordance with SRP Section 5.2.3. The areas reviewed were materials
specifications, compatibility of materials with reactor coolant, fabrication
and processing of ferritic materials, and the fabrication and processing of
stainless steels. The staff's open items are resolved as follows:

ABB-CE took exception to the recommendations in Position C.2 of RG 1.50,
" Control of Preheat Temperature for Welding Low Alloy Steels," for controls
imposed on preheat temperatures for welding ferritic steels. These controls

| would provide reasonable assurance that components made from low-alloy steels
! will not crack during fabrication and minimize the possibility of subsequent
, cracking from hydrogen in the weldment. ABB-CE, in a letter of November 24,
! 1992, stated that its basis for taking exception to Position C.2 was

Westinghouse Topical Report WCAP-8678, "Effect of Preheat and Post Weld Heat
Treat on Hydrogen-Induced Cracking in Pressure Vessel Steels," September 1975.
The staff evaluated and accepted this report. This report presents three
acceptable alternatives, and ABB-CE's position is that a particular
alternative will be specified based upon various factors such as the
configuration or the capabilities of the fabrication facility. This approach
should provide adequate assurance that low-alloy steel weldments will not be
developing cracking due to hydrogen. On this basis, DSER Open Item 5.2.3-1 is

,

resolved.I

ABB-CE complies with RG 1.71, " Welder Qualification for Areas of Limited
Accessibility," except for the welder performance qualifications. ABB-CE's
proposed alternative is for the welding supervisor to assign the most highly
skilled welders to weld those joints that have the most limited accessibility.

; These joints are also subject to the inspections required by the applicable
| code. Such precautions should provide adequate assurance of the acceptability
! of the walding work performed on those joints that have limited accessibility.

On this basis, DSER Open Item 5.2.3-2 is resolved.
!

' In Amendment Q to CESSAR-DC Table 5.2-2, ABB-CE listed materials and informa-
; tion for RCPB components and included Inconel 690 materials in place of
l
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Inconel 600 materials. Operating experience indicates that Inconel 600 and(c) Inconel 182 (shielded metal arc welding filler material) are susceptible to
\,_/ cracking. ABB-CE considered alternate materials that were more resistant to

cracking. ABB-CE will use Inconel 690 for all applications in which Inconel
600 was to be used. The staff views the Inconel 690 alloy as the preferred
nickel alloy in the primary and secondary coolant loops because of its
improved corrosion resistance compared to Inconel 600. The use of Inconel 690
will provide reasonable assurance of the material integrity of the components
and tubing in contact with reactor coolant and most secondary water
chemistries. On this basis, DSER Open Item 5.2.3-3 is resolved.

ABB-CE proposes to allow the continued reference to American Society for
Testing and Materials (ASTM) A-708 for the purpose of maintaining the
qualifications of older weld procedures. ASTM A-262, Practice A or E
(recommended in RG 1.44), " Control of the Use of Sensitized Stainless Steel,"
has been used by ABB-CE since the mid-1970s for verifying non-sensitization of
austenitic stainless steel materials and weldments. ABB-CE qualified weld
procedures developed prior to the mid-1970s and used A-708 in their
qualifications. These weld procedures are still in use. There have been no
intergranular stress corrosion cracking (IGSCC) failures involving stainless
steel weldments in ABB-CE's nuclear steam supply system (NSSS) units. In
addition, the staff has allowed in SRP 4.5.1, paragraph III.2, ASTM A-708 as
an acceptable alternative tests for ASTM A-262, Practice A or E. On this
basis, DSER Open item 5.2.3-4 is resolved.

ABB-CE, in Amendments L and N to the CESSAR-DC, submitted a revised

/
Table 5.2-2 which lists the materials for RCPB components. The materials used
for construction of components of the RCPB have been identified bys

specification and conform to the requirements of Section III of the ASME Code.
Type 347 austenitic stainless steel is to be used in the surge line. The
nuclear industry experienced considerable welding problems with this alloy in
the 1950s. However, because of (1) the newer melting processes, such as
argon-oxygen-decarbonization, which reduce the amount of carbon and
impurities, (2) ABB-CE's several years of problem-free experience with welding
this alloy in the System 80 plants, and (3) the section sizes involved in
these components are not heavy, i.e, less than 2-inch thickness, there appears
to be little risk in the weldability of this alloy in the present
circumstances. On this basis, Open Item 5.2.3-5 is resolved.

The following recent fatigue test data indicate that the effects of the
environment could significantly reduce the fatigue resistance of materials:

K. Iida, J. Fukakura, M. Higuchi, H. Kobayashi, S. Miyazono, and.

M. Nakao, " Survey of Fatigue Strength Data of Nuclear Structural
Materials in Japan," Abstract of DBA Committee Report, 1988. (Presented
to the American Society of Mechanical Engineers, Subgroup on Fatigue
Strength, on December 5, 1988, in New York City.) (Enclosure in letter,
from John W. Craig of NRC to Edward Griffing of the Nuclear Management
and Resources Council, Washington, DC, July 2,1991.) ;

M. Higuchi and K. Iida, " Fatigue Strength Correction Factors of Carbon=

and Low Alloy Steels in Oxygen-Containing High-Temperature Water,"
Nuclear Enaineerina and Desian, Volume 129, 1991, pp. 293-306.
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J. B. Terrell, "Effect of Cyclic Frequency on the Fatigue Life of.

ASME SA-106-C Piping Steel in PWR Environments," Journal of Materials
Enaineerina, Volume 10, Number 3, 1988, pp. 193-203.

The specific concern relates to the reactor water and temperature environment
and its synergistic interactions with strain rate. The recent data indicate
that the design fatigue curves in ASME Code Section III Class 1 requirements
may not be as conservative as originally intended.

The design of System 80+ components will address the potential influence of
environmental effects on the fatigue life of materials over the 60-year design
life. The issue of environmental effects on fatigue is currently under con-
sideration by a special steering committee for cyclic life and environmental
effects in nuclear applications of the pressure vessel research council
(PVRC). These activities were initiated in response to requests from the ASME
Boiler and Pressure Vessel (B&PV) Code Committee and the Board on Nuclear

-

Codes and Standards (BNCS). The charter of the PVRC Steering Committee is to
provide guidance and direction related to determining the effects of light-
water-reactor (LWR) service environments on the cyclic life properties of
applicable materials. The steering committee is also evaluating application
methodologies that include these effects in the fatigue analysis process.

Preliminary recommendations were made to the BNCS in September 1992. The
initial findings reported to BNCS were that the current fatigue S/N curves
should be appropriate for PWR environments. There was not a complete
agreement of the steering committee on this position and the issue is
unresolved. ABB-CE will continue to monitor the industry activities on the
fatigue curves and fatigue analysis methodology.

System 80+ components will be designed to the ASME B&PV Code requirements.
ABB-CE addressed the issue of environmental fatigue of Class 1 components in
Amendment R to Section 3.9.1 of CESSAR-DC and the staff's evaluation is
provided in Section 3.12.5.7 of this report. On this basis, DSER Open
item 5.2.3-6 is resolved.

In response to Q281.46, ABB-CE stated that the CVCS maintains the reactor
coolant chemistry within the limits defined in Electric Power Research
Institute (EPRI) guidelines (EPRI, "PWR Primary Water Chemistry Guidelines:
Revision 2," Report NP-7077, November 1990). In addition, in a letter of

May 8, 1992 (letter number LD-92-064), ABB-CE indicated that the reactor
coolant chemistry is consistent with EPRI Utility Requirements Document (URD)
(EPRI, " Advanced Light Water Reactor Utility Requirements Document,"
NP-6780-L, Volume 2, ALWR Evolutionary Plant, Chapter 1, Overall Requirements,
Revision 3, November 1991). However, the water chemistry stated in CESSAR-DC
Section 5.2.3.4.1.2.1 was not consistent with EPRI NP-7077 and EPRI URD.

In a letter of November 24, 1992, ABB-CE identified the chemistry limits in
CESSAR-DC Section 5.2.3.4.1.2.1 as applying to cleaning water used on NSSS
components fabricated with austenitic stainless steel and, accordingly, would
not be consistent with reactor coolant water chemistry limits. These cleaning
water chemistry limits provide contamination control during component fabrica-
tion, shipment, and storage as required by RG 1.37, " Quality Assurance
Requirements for Cleaning of Fluid Systems and Associated Components of Water
Cooled Nuclear Power Plants." Also, to prevent halide-induced intergranular
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r corrosion, which would occur with the presence of significant quantities of
F oxygen, flushing water is inhibited by additions of hydrazine. The staff

finds that the cleaning and flushing water does not have to conform to the
chemistry limits of reactor coolant water.

In addition, EPRI URD indicates that the guidelines in EPRI NP-7077 should be
supplemented as follows for the makeup water storage tank:

Conductivity at 25'C 0.2 yS/cm

Oxygen 0.100 ppm (max)

Chloride 0.15 ppm (max)

Fluoride 0.15 ppm (max)

Suspended solids * 1.0 ppm (max)

* Solids concentration is determined by filtration through a filter having a
0.45-micron pore size.

In Amendment J, ABB-CE revised the primary water chemistry in CESSAR-DC
Table 9.2.3-1 to meet or exceed the guidelines of EPRI URD. On this basis,
DSER Open Item 5.2.3-7 is resolved.

O ABB-CE initially proposed to fabricate the pressurizer surge line and the RCS
valves from cast austenitic stainless steel (SA351 CF8M). Thermal aging of
cast austenitic stainless steel at the reactor temperature reduces the
fracture toughness of the materials (U.S. Nuclear Regulatory Commission,
" Estimation of Fracture Toughness of Cast Stainless Steels During Thermal
Aging in LWR Systems," NUREG/CR-4513, June 1991). ABB-CE needed to address
the effect of thermal embrittlement for the 60-year plant design life.

In addition, it is difficult to inspect cast austenitic stainless steel using
ultrasonic techniques. As discussed in Sections 5.2.4 and 6.6 of this report,
10 CFR 50.55a(g) requires ASME Code Class 1, 2, and 3 components to be de-
signed to enable the performance of inservice examination in accordance with
ASME Code Section XI. Further,10 CFR 50.55a(g) requires the performance of a
preservice inspection in accordance with ASME Code Section XI. This
regulation has no relief provisions for preservice inspection. A material
that is difficult to inspect may not be able to conform to'10 CFR 50.55a(g).

Because of the thermal aging and inspection concerns, ABB-CE considered such
alternatives to cast materials as wrought materials.

As a result, ABB-CE modified the CESSAR-DC to specify that the surge line will
be fabricated from wrought stainless steel product forms. Therefore, thermal
aging and the difficulties associated 'vith ultrasonic inspection of cast stain-
less steel will not apply to the st.rge line.

In addition, ABB-CE considered alternative materials to cast stainless steels

( for-other components. Where cast stainless steel was determined to be the
best material selection for a specific application, such as large-diameter
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valve bodies, ABB-CE provided, in Amendment Q to CESSAR-DC, additional |

controls. These controls involved further restriction of the permissible I

ferrite content of the casting to minimize the effects of thermal aging.
ABB-CE also considered the component service temperature for the 60-year
design life since at lower operating temperatures, thermal aging is of less ,

'

concern. The standard range of permissible ferrite content specified for
stainless steel castings is from 8 percent to 30 percent.

In Amendment Q to the CESSAR-DC, ABB-CE limited the ferrite content of
austenitic stainless steel castings to a maximum of 20 percent. The maximum
ferrite content limit of 20 percent will reduce the effects of thermal aging
in stainless steel castings when service temperatures are at the higher
temperatures of the normal operating range (e.g., > 500 'F (260 *C)). This
should provide assurance that the cast stainless steel components will perform
their intended function for the 60-year life of the plant. On this basis,

DSER Open Item 5.2.3-8 is resolved.

The ferrite content limits for austenitic stainless steel castings and weld
metal given in the CESSAR-DC are broader than those in industry guidelines
(EPRI URD) and staff guidance (NUREG-CR/4513). In Amendment Q to the
CESSAR-DC, ABB-CE limited the ferrite content of austenitic stainless steel
castings with normal operating temperatures above 500 *F (260 *C) to a maximum
of 20 percent. In Amendment L to the CESSAR-DC, ABB-CE modified the upper
ferrite limit to 15 percent for austenitic stainless steel weld metal. The
staff believes the lower ferrite content limits for austenitic stainless steel
castings and weld metal will provide reasonable assurance that components of
these materials maintain adequate fracture toughness for their 60-year life.
On this basis, DSER Open Item 5.2.3-9 is resolved.

ABB-CE's use of lubricants within the RCPB is limited to small amounts for
bolting on the reactor and reactor coolant pump internals and as lubrication
for closure studs. These lubricants are either graphite or nickel in either
an alcohol, silicon, or petroleum oil base with tightly controlled limits on
halogens and sulfur. No molybdenum disulfide lubricants are used.
Accordingly, reasonable assurance of fastener integrity in contact with reac-
tor coolant is provided. On this basis, DSER Open item 5.2.3-10 is resolved.

In Chapter 1, paragraph 5.3.1.1.5 of the URD, EPRI states that although the
stated controls on grinding on stainless steel may be desirable for use on PWR
components, they are not required for avoiding IGSCC. ABB-CE intends to avoid
fabrication processes which would severely cold work the surface of austenitic
stainless steel components. Grinding is done with resin-bonded or rubber
bonded, aluminum oxide or silicon carbide wheels which were not previously
used on materials other than austenitic alloys. This will offer reasonable
assurance of stainless steel component integrity, and that stainless steel
components in contact with reactor coolant are not likely to crack. On this
basis, DSER Open item 5.2.3-11 is resolved.

ABB-CE restricts the use of SA 540 Grade B23 or 824 bolts in the RCPB to
Class 3 material which has a maximum ultimate tensile strength of 1,172 MPa
(170 ksi). The use of this class of material complies with the requirements
of RG 1.65, " Materials and Inspections for Reactor Vessel Closure Studs."
Laboratory and field experience with these materials has indicated resistance
to stress corrosion cracking under anticipated service conditions.
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Accordingly, these materials (with a restricted ultimate tensile strength and

( the periodic ISI requirements of the code) should provide adequate assurance
of the structural integrity of the RCPB for the life of the plant. On this
basis, DSER Open Iter. o.2.3-12 is resolved.

Carbon steel materials may be susceptible to the mechanism of dynamic strain
aging which reduces the material fracture properties (C.W. Marschall,
M.P. Landow, and G.M. Wilkowski, "Effect of Dynamic Strain Aging on Fracture
Resistance of Carbon Steels Operating at Light-Water-Reactor Temperatures,"
ASTM STP 1074, ASTM, Philadelphia, PA, 1990, pp. 339-360.) ABB-CE is applying
the leak-before-break concept to the RCPB. When established NRC procedures
for leak-before-break of RCPB components are applied, adequate material
fracture toughness properties exist so that the effects of dynamic strain
aging will not be of concern. On this basis, DSER Open Item 5.2.3-13 is
resolved.

In CESSAR-DC Sections 5.2.3.4.1.1.1 and 3.6.3.5, ABB-CE proposes using
Types 304 and 316 austenitic stainless steel in the RCPB. These materials are
susceptible to IGSCC when the oxygen content of the reactor coolant exceeds
0.010 ppm at temperatures above 93 *C (200 "F) during normal operations.
During startup and operation of the ABB-CE NSSS, these temperature and
chemical conditions are avoided through water chemistry controls specified in
the CESSAR-DC. ABB-CE has taken alternative mitigating approaches as allowed
in RG 1.44, thus providing reasonable assurance of the integrity of austenitic
stainless steel components in contact with reactor coolant. On this basis,
DSER Open Item 5.2.3-14 is resolved.

b ABB-CE referenced RG 1.2, " Thermal Shock to Reactor Pressure Vessels," in the
CESSAR-DC. The NRC has withdrawn RG 1.2 (56 ER 36175; July 31, 1991). In
Amendment N, ABB-CE modified the CESSAR-DC to remove this reference from the
CESSAR-DC. On this basis, DSER Open Item 5.2.3-15 is resolved.

In CESSAR-DC Section 5.2.3.4.1.1.1, ABB-CE limits the carbon content of
austenitic stainless steel to 0.065 percent compared to the usual specifica-
tion limit of 0.08 percent and imposed controls on welding, fabrication, and
water chemistry during startup and operation to mitigate the occurrence of
IGSCC in these stainless steels. These mitigating actions have proved suc-
cessful in operating reactors for more than 15 years and offer reasonable
assurance that IGSCC can be controlled and, therefore, maintain the integrity
of these components. On this basis, DSER Open item 5.2.3-16 is resolved.

The staff concludes that the plant design is acceptable and meets the require-
ments of GDC 1; 4, " Environmental and Dynamic Effects Design Basis;"
14, " Reactor Coolant Pressure Boundary;" 30, " Quality of Reactor Coolant
Pressure Boundary;" and 31, " Fracture Prevention of Reactor Coolant Pressure
Boundary," of Appendix A to 10 CFR Part 50; the requirements of Appendices B
and G of 10 CFR Part 50; and the requirements of 10 CFR 50.55a.

The materials used for construction of components of the RCPB have been iden-'

tified by specification and are in conformance with the requirements of
,

Section III of the ASME Code. Compliance with these coac provisions for j

O
material specifications conforms to the quality standards of GDC 1 and 30, and '

10 CFR 50.55a.
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The materials of construction of the RCPB exposed to the reactor coolant are
identified and all of the materials are compatible with the primary coolant
water, which will be chemically controlled in accordance with appropriate
water chemistry specifications in the CESSAR-DC. This compatibility has been
proved by extensive testing and satisfactory performance. The use of |austenitic stainless steel conforms to the recommendations of RG 1.44, ;

" Control of Sensitized Stainless Steel." |

General corrosion of all materials in contact with the reactor coolant is neg-
ligible and, accordingly, general corrosion is not a concern. For these
materials, conservative corrosion allowances have been provided for all
exposed surfaces in accordance with the ASME Code, Section III. The evidence
of compatibility with the coolant and compliance with the code provisions
satisfy the requirmvnts of GDC 4 relative to compatibility of components with
environmental conditions.

In CESSAR-DC Section 5.2.3.2.2, ABB-CE states that metallic materials in con-
tact with reactor coolant are restricted in cobalt content to as low a level
as practical for all stainless steel or nickel alloy components that have a
large wetted surface area. Cobalt alloys are avoided except where no proven
alternative exists. This is to address ALARA concerns regarding the
activation of cobalt and the resultant radioactivity.

The materials of construction for the RCPB are compatible with the thermal
insulation used in these areas and are in conformance with the recommendations
of RG 1.36, " Nonmetallic Thermal Insulation for Austenitic Stainless Steels."
Conformance with the above recommendations fulfills the requirements of GDC 14
and 31 relative to prevention of failure of the RCPB.

The ferritic steel tubular products and the tubular products fabricated from
; austenitic stainless steel have been found to be acceptable by nondestructive
' examinations in accordance with the provisions of ASME Code, Section III.

Compliance with these code requirements fulfills the quality standards of
GDC 1 and 30, and 10 CFR 50.55a.

The fracture toughness tests required by the ASME Code, augmented by
Appendix G to 10 CFR Part 50, offer reasonable assurance that adequate safety
margins against nonductile behavior or rapidly propagating fracture can be
established for all pressure-retaining components of the RCPB. The use of
Appendix G of the ASME Code, Section III, and the results of fracture

I toughness tests performed in accordance with the code and the Nuclear
i Regulatory Commission (NRC) regulations in establishing safe operating
| procedures, give adequate safety margins during operating, testing, mainte-
| nance, and postulated accident conditions. Compliance with these code provi-
| sions and NRC regulations fulfills the requirements of GDC 31 and
; 10 CFR 50.55a regarding prevention of fracture of the reactor coolant pressure
| boundary.
:

The controls imposed on welding preheat temperatures for welding ferritic
steels are in conformance with the recommendations of RG 1.50, " Control of
Preheat Temperature for Welding Low Alloy Steels," or acceptable alternative

,

| approaches to the RG's guidelines are provided. These controls offer
reasonable assurance that components made from low-alloy steels will not crack'

| during fabrication and minimize the possibility of subsequent cracking due to
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p residual stresses being retained in the weldment. These controls satisfy the
_( quality standards requirements of GDC 1 and 30, and 10 CFR 50.55a.
s

Electroslag welding will not be used for RCPB components; therefore, RG 1.34,
" Control of Electroslag Weld Propert;cs," does not apply.

The controls imposed on welding ferritic steels under conditions of limited
accessibility are in conformance with the recommendation of RG 1.71, " Welder
Qualification for Areas of Limited Accessibility," or provide acceptable
alternative approaches and ensure that proper requalification of welders is
required in accordance with the welding conditions. These controls also
conform to the quality standards requirements of GDC 1 and 50, and
10 CFR 50.55a. The controls imposed on weld cladding of low-alloy steel
components by austenitic stainless steel are in conformance with the recom-
mendations of RG 1.43, " Control of Stainless Steel Weld Cladding of Low Alloy
Steel Components." These controls ensure that practices that could result in
underclad cracking are restricted. The controls also fulfill the quality
standards of GDC 1 and 30, and 10 CFR 50.55a.

The controls to avoid stress enrrosion cracking in RCPB components constructed
of austenitic stainless steels include, (1) not using cold-worked austenitic
stainless steel to limit the yield strength, and (2) conforming to the
recommendations of RG 1.44, " Control of the Use of Sensitized Stainless
Steel," and RG 1.37, " Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water Cooled Nuclear Plants." The
controls followed in accordance with these recommendations during msterial
selection, fabrication, examination, and protection, prevent excessive yield

O the austenitic stainless steel RCPB components will be in a metallurgical
; strength, sensitization and contamination, and offer reasonable assurance that

condition that minimizes susceptibility to stress corrosion cracking during
service. These controls fulfill the requirements of GDC 4 relative to
compatibility of components with environmental r.onditions and the requirements
of GDC 14 relative to prevention of leakage and failure of the RCPB.

The controls imposed during welding of austenitic stainless steels in the
RCPB conform to the recommendations of RG 1.31, " Control of Stainless Steel
Welding," and RG 1,71, " Welder Qualification for Areas of Limited
Accessibility," or provide acceptable alternative approaches. These controls
offer reasonable assurance that welded components of austenitic stainless
steel will not develop microfissures during welding and will have high
structural integrity. These controls fulfill the quality standards require-
ments of GDCs 1 and 30, and 10 CFR 50.55a, and conform to the requirements of
GDC 14 relative to prevention of leakage and failure of the RCPB.

5.2.4 Inservice Inspection and Testing of the Reactor Coolant Pressure
Boundary

The staff reviewed the RCPB ISI requirements stated in the CESSAR-DC to the
criteria in SRP Section 5.2.4. To ensure that no deleterious defects develop
during service, selected = cids and weld heat-affected-zones will be inspected
before plant startup and periodically throughout the life of the plant. The ,

o areas reviewed included the inspection requirements for the RCPB, |

V) accessibility of welds, examination categories and methods, inspection lt

intervals, evaluation of examination results, system leakage and hydrostatic |

!
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pressure tests, code exemptions, and relief requests, as appropriate. DSER
open items were resolved as follows:

ABB-CE committed to comply with the design and access for inspection
provisions for Class I components of the RCPB of the ASME Code, Section XI, in
Amendment N to the CESSAR-DC. The applicable edition of the code (1989) gives
specific requirements for accessibility to accomplish preservice and ISIS and,
therefore, should offer adequate assurance of accessibility for preservice and
ISIS. On this basis, DSER Open Item 5.2.4-1 is resolved.

In Amendment N to the CESSAR-DC, ABB-CE revised the CESSAR-DC to require that
preservice inspection (PSI) will conform to Section XI of the same edition as
the ASME Code used for construction and ISI will conform to Section XI in
effect in accordance with 10 CFR 50.55a(g). On this basis, DSER Open
Item 5.2.4-2 is resolved.

In response to Q252.17, ABB-CE indicated that it will submit relief requests
to the NRC when Section XI PSI requirements are impractical. However, because
the PSI requirements are established and can be incorporated into the compo-
nent design, 10 CFR 50.55a(g) does not have provisions for relief requests for
impractical PSI examination requirements. ! Amendment N to the CESSAR-DC,
ABB-CE revised the CESSAR-DC to require that PSI be in accordance with
Section XI of the same edition as the ASME Code used for construction. On
this basis, DSER Open Item 5.2.4-3 is resolved.

The COL applicant will have the overall responsibility for the completion of
the PSI and ISI of the RCPB throughout the service life of the plant.
However, the plant should be designed for accomplishment of preservice and
ISIS, and in particular, should reflect the requirements of Apoendix VIII of
the 1989 addenda to the ASME Code which ABB-CE has acknowledged.

In Amendment U to the CESSAR-DC, ABB-CE modified Section 5.2.4 of the
CESSAR-DC to state that systems and components are designed so that design,
materials and geometrv do not restrict inspections required by Section XI of
the ASME Code. The b 4 for requests for relief is in 10 CFR 50.55a(g)(4).
ABB-CE eliminated the w I for relief under this paragraph, and accordingly,
COL applicants should a need to request relief because materials, design, or
geometry make ISI examinations and tests impractical. A review of the history
of relief requests for Palo Verde, Units 1, 2 and 3, in " Commercial Nuclear
Power Plant ISI Relief Request Data Base Regarding ASME Code Section XI
Requirements" prepared by The Idaho National Engineering Laboratory showed
that no requests for relief have been granted tc date for material or design
limitations. Two were granted for reason of limited access (removal of
insulation) which, for a plant designed under the 1989 edition of the Code,
would not be an acceptable reason for granting relief because this parti.eular
edition of the code requires that access be provided to perform PSI and ISI
examinations. The staff views the Palo Verde experience as evidence that
ABB-CE has : 4 1tained a philosophy of designing its units so that code-
required inspections can be performed. On this basis, DSER Open Item 5.2.4-4
is resolved.

ASME Section XI states that PSI should be conducted with equipment and
techniques eQJivalent to those that are expected to be used for subsequent
ISI. The PSI provides the baseline information for reference in subsequent
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ISI. For example, if the ISI of piping weld is expected to be performed with
ultrasonic techniques, the PSI should also be based on ultrasonic techniques.

\s In Amendment L to the CESSAR-DC, ABB-CE specified that PSI and subsequent ISI
will be conducted with equivalent equipment and technologies. On this basis,
DSER Open Item 5.2.4-5 is resolved.

The ASME has published ultrasonic testing standards in Section XI, Appen-
dix VII, " Qualification of Nondestructive Examination Personnel for Ultrasonic
Examination," and Appendix VIII, " Performance Demonstration for Ultrasonic
Examination Systems." The NRC has approved the 1989 edition of the ASME Code,
Section XI which includes Appendix VII. The applicable code edition for the
CESSAR-DC is the 1989 edition. In Amendment N, ABB-CE revised the CESSAR-DC
to require that the Section XI requirements are to be augmented with the re-
quirements in Appendix VIII. On this basis, DSER Open Item 5.2.4-6 is
resolved.

ASME Class 1, 2, and 3 carbon and low-alloy steel piping items that are sus-
ceptible to wall thinning as a result of the single phase (water) erosion-
corrosion phenomenon will be subject to examination in accordance with Subsec-
tion IWH of ASME Code Section XI.

As noted in CESSAR-DC Sections 5.2.4 and 6.6.1, although ASME B&PV Code,
Section XI, Subsection IWH has not yet been formally approved for use by the
nuclear industry, the COL applicant will review Subsection IWH after NRC
approval, and ensure that the System 80+ design PSI and ISI programs comply.
Where the design will not practically accommodate full adherence to IWH, the
COL applicant may propose alternatives as allowed in 10 CFR 50.55a(a)(3)(i)
and (ii). This is part of COL Action Item 5-3 as noted in CESSAR-DC Table
1.10-1. On this basis, DSER Open Item 5.2.4-7 is resolved.w

Table IWB-2500-1 in ASME Code Section XI requires the examination of Class 1
piping welds, with a Section III fatigue cumulative usage factor (CUF)
exceeding 0.4, at every inspection interval. ABB-CE has confirmed that the
value of CUF to be used will correspond to a 60-year plant design life for
Class 1 piping welds. On this basis, DSER Open Item 5.2.4-8 is resolved.

The COL applicant should submit its PSI and ISI program plans for staff review
and approval. The COL applicant should verify that its PSI and ISI programs
will incorporate the requirements of Appendices VII and VIII and Subsec-
tion IWH of ASME Section XI. This is COL Action Item 5.2.4-1.

In the CESSAR-DC, ABB-CE has states that its inspection program will comply
with the rules published in 10 CFR 50.55a and Section XI of the ASME Code.
The design of the RCS incorporates provisions for access for ISI in accordance
with Section XI of the ASME B&PV Code, 1989 edition. Suitable equipment has
been developed to facilitate the remote inspection of those areas of the RCPB
that are not readily accessible to inspection personnel. The ISI program will
consist of a PSI plan and an ISI plan. Periodic examinations, and leakage and
hydrostatic testing of pressure-retaining components of the RCPB, in accor-
dance with the requirements of Section XI of the ASME Code and 10 CFR Part 50,
will offer reasonable assurance that evidence of structural degradation or
loss of leaktight integrity occurring during service will be detected in time i

( to permit corrective action before the safety functicas of a component are i.' compromised. Compliance with the preservice and inservice examinations re- |
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quired by the ASME Code and by 10 c.fR Part 50 constitutes an acceptable basis I
for conforming to inspection requirements of GDC 32, " Inspection of Reactor '

Coolant Pressure Boundary," and 10 trR 50.55a.

The staff concludes that the COL applicant should be able to conduct a preser-
vice and an ISI and testing program with few if any requests for relief. Such
a program by the COL applicant should conform to GDC 32 and 10 CFR 50.55a.
This conclusion is based on ABB-CE complying with the requirements of the ASME
B&PV Code, Section XI, as reviewed by the staff.

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection

GDC 30, " Quality of Reactor Coolant Pressure Boundary," requires that means be
provided for detecting and, to the extent practical, identifying the location
of the source of reactor coolant leakage. The RCPB leakage detection systems
are designed to comply with this requirement. The staff reviewed the RCPB
leakage detection systems in accordance with SRP Section 5.2.5 (NUREG-0800)
and RG 1.45, " Reactor Coolant Pressure Boundary Leakage Detection Systems."

RG 1.45 states that the source of reactor coolant leakage be identifiable to
the extent practical. Specifically, Position C.1 of RG 1.45 states that the
leakage to the primary reactor containment from identified sources should be
collected or isolated so that the flow rates are monitored separately from un-
identified leakage, and the total flow rates can be established and monitored.
Position C.2 states that the leakage to the primary containment from
unidentified sources should be collected and the flow rate monitored with an
accuracy of 3.8 L/ min (1 gpm) or better. Position C.3 states that at least
three separate detection methods should be identified. Position C.4 states
that provisions should be made to monitor systems connected to the RCPB for
signs of intersystem leakage. Position C.5 states that the sensitivity and
response time of each leakage detection system used for unidentified leakage
should be adequate to detect a leakage rate, or its equivalent, of 3.8 L/ min
(1 gpm) in less than I hour. Position C.6 states that the leakage detection
systems should ba capable of performing their functions following seismic
events that do not require plant shutdown. Position C.7 states that
indicators and alarms for each leakage detection system should be installed in
the main control room. Position C.8 states that the leakage detection systems
should be equipped with provisions to readily permit testing for operability
and calibration during plant operation.

In CESSAR-DC Section 5.2.5, ABB-CE states that the leakage detection systems
are designed to meet the guidance delineated in RG 1.45. Leakage is classi-
fied into two types: identified and unidentified. The leakage from such
components as valves located on the RCS, reactor coolant pump seals, valves
inside the containment, and reactor vessel seals is considered identified
leakage, and is monitored, limited, and separated from other leakage
(unidentified) by directing it to tanks or sumps. ABB-CE discusses
sources, disposition, and indication of identified leakage in CESSAR-DC
Section 5.2.1.2. The staff reviewed this information and concludes that it
complies with Position 0.1 of RG 1.45.

In CESSAR-DC Section 5.2.5.1.1, ABB-CE gives four methods for detecting
unidentified leakage, namely: (1) inventory method, (2) containment air par-
ticulate and gaseous radioactivity monitoring, (3) sump level and flow method,
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y and (4). acoustic leakage monitoring system. The system for detecting
unidentified leakage is designed to detect a minimum of 3.8 L/ min (1 gpm) in'
1 hour or less. Therefore, ABB-CE has complied with Positions C.2, C.3, and -

C.5 of RG 1.45.
.

Intersystem leakage is detected by an increase in the interfacing system
level, radioactivity, temperature, or pressure. Specifically, the intersystem
leakage for the following areas are monitored: SIS, pressurizer relief valve,
shutdown cooling system, component cooling water syste ,, and SG leakage. ?

Therefore, ABB-CE has complied with Position C.4 of R. 1.45. -

In a response to the NRC request for additional inf' .aation (RAI) Q410.101,
ABB-CE committed to design the containment atmosphere monitor to seismic

,

Category I and to revise CESSAR-DC Table 11.5-3 accordingly. This was
designated as DSER Confirmatory Iter 5.2.5-1. The staff has confirmed in
Amendment J that the containment atmosphere monitor is designed to seismic
Category I. On this basis, DSER ionfirmatory Item 5.2.5-1 is resolved.
Furthermore, the containment atmosphere monitors are located inside the
containment, a flood- and tornado-protected structure, thus conforming to the }
requirements of GDC 2, " Design Basis for Protection Against Natural
Phenomena," and the guideline Positions C.1 and C.2 of RG 1.29, " Seismic
Design Classification," regarding the seismic design of the safety-related and
non-safety- related portions of the system, respectively, and Position C.6 of
RG 1.45.

.

In CESSAR-DC Section 5.2.5.2, ABB-CE notes that indicators and alarms for
safety valve leakage and RCS leakage are installed in the control room. In ,

CESSAR-DC Section 5.2.5.2.4, ABB-CE describes procedures for converting leak-
age detection to a common leakage equivalent. On the basis of this informa-
tion, the staff concludes that the design of' the leakage detection system !

conforms to Position C 7 of RG 1.45. In CESSAR-DC Section 5.2.5.6, ABB-CE
describes testing and calibration of the leakage detection systems,
demonstrating compliance to the guidelines of Position C.8 of RG 1.45.

In CESSAR-DC Section 5.2.5.3, ABB-CE states that the maximum allowable total
,

identified leakage will be given in the TS. However, in Position C.9 of
RG 1.45, the staff states that the TS should include the limiting conditions
for both identified and unidentified leakage and should address the
availability of various types of instruments. This was designated as DSER
Open Item 5.2.5-1. In Amendment N, ABB-CE revised Section 5.2.5.3 to include r

both identified and unidentified leakage in the TS. TS Limiting Condition for
Operation (LC0) 3.4.12 and LC0 3.4.14 include this information. On this *

basis, DSER Open Item 5 2.5-1 is resolved.

The RCPB leakage detection systems are diverse and give reasonable assurance ;

that primary system leakage (both identified and unidentified) will be ;

detected. Therefore, the systems conform to the requirements of GDC 2 and ;

30 with respect to protection against natural phenomena and provisions for- *

RCPB leak detection and identification, and the guidelines of RG-1.29,
Positions C.1 and C.2, and RG 1.45, Positions C.1 through C.9, with respect to
the seismic classification and RCPB leakage detection systems. The detection
of leakage through the RCPB is in accordance with the acceptance criteria of |
SRP 5.2.5 and, therefore, is acceptable.

~

4
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5.3 Reactor vessel
|5.3.1 Reactor Vessel Materials
|

The staff has reviewed the reactor vessel materials in accordance with SRP |

Section 5.3.2. The areas of review included material specifications, special I

processes used for manufacture and fabrication of components, special methods I

of nondestructive examination, special controls and special processes used for |
ferritic steels and austenitic stainless steels, fracture toughness, material
surveillance and reactor vessel fasteners. The staff's DSER open items were
resolved as follows:

When the copper content of the reactor vessel beltline material is reduced,
the susceptibility of the material to embrittlement by neutron irradiation
becomes dominated by other chemical elements, such as nickel and phosphorous.
ABB-CE has allowed the nickel content of the reactor vessel beltline forging
to vary the full range (0.4 percent to 1.00 percent) permitted by the SA 508
Class 3 material specification. The available data indicate that the
influence of nickel on susceptibility to irradiation damage is limited when
other residual elements, in particular copper, are controlled to very low
levels. Weld metals show slightly more sensitivity to nickel at low copper
contents than base metals. Therefore, the nickel content for beltline weld
metal is controlled to lower levels than the forging material.

In Amendment N to the CESSAR-DC, ABB-CE reduced the phosphorus content in the
reactor vessel forging and weld metal to a maximum of 0.012 percent. The
possible effect of phosphorus on predicted shifts in low copper reactor
pressure vessel (RPV) beltline materials was evaluated by Oak Ridge National
Laboratory (0RNL) and the NRC using the PR-EDB. Only a marginal correlation
was observed between phosphorus content and predicted shift for low copper
materials. The conclusion that there was any significant correlation was
judged to be weak. Even in those cases in which the data suggested a possible
trend with phosphorus content, the differences between the observed and
predicted shifts were within the margins applied by RG 1.99, Revision 2. In
addition, in the cases in which the data suggested a possible trend with
phosphorus content, it was generally the high phosphorus (>0.012 percent)
materials which indicated the possible trend. In view of this earlier
assessment of the effects of residual elements on the irradiation response of
materials, the existing controls on residual elements are concluded to be
sufficient. The limits on copper, phosphorus, and other residual elements
will minimize the extent of radiation damage to the RPV beltline materials.
The radiation-induced shifts in reference temperatures for these materials can
be predicted with reasonable accuracy and conservatism using the methodology
of RG 1.99, Revision 2. On this basis, Open item 5.3.1-1 is resolved.

The staff believes that the reactor vessel materials surveillance program plan
should be based on a reasonably conservative estimate of the temperature
shift. This is because it may be technically difficult to backfit an existing
surveillance program should the actual temperature shift be higher than that
estimated. In the CESSAR-DC, ABB-CE calculates predicted shif ts in the
reference temperature for the reactor vessel materials using the methodology
of RG 1.99, Revision 2. This methodology produces reasonably accurate and
conservative predictions of adjusted reference temperatures for RPV beltline
materials, including low copper base and weld metals with phosphorus
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impurities controlled to low levels.

C The surveillance program is based on a reasonably conservative estimate of the |
temperature shift. The recommended minimum number of surveillance capsules in |

ASTM E185 for a reactor vessel with an E0L shift between 38 *C and 93 *C !

(100 *F and 200 *F) is four. The System 80+ surveillance program includes six
capsules with archive materials available for at least two additional complete
replacement capsules which can be installed in the reactor at any time when
circumstances indicate that an additional capsule is required and when there
is an available holder location. On this basis, DSER Open Item 5.3.1-2 is >

resolved.

Appendix H to 10 CFR Part 50 requires the surveillance program to comply with
ASTM E195-82. In the CESSAR-DC, ABB-CE contends that its surveillance program
is designed on the basis of Appendix H to 10 CFR Part 50 and ASTM E185-82.
ASTM E185-82 has been applicable to plants designed for 40 years, i.e.,
32 effective full-power years (EFPYs) at EOL. ABB-CE submitted additional
information on its surveillance program in response to Q252.1.

In the CESSAR-DC, ABB-CE describes the application of six surveillance cap-
sules, three of which were scheduled for withdrawal before the end of the
60-year design life of the plant. In CESSAR-DC Table 5.3-7, ABB-CE shows the
surveillance capsule withdrawal schedule. The withdrawal schedule outlined by
ABB-CE upon which the DSER was based was unacceptable. The proposed capsule
withdrawal schedule in the CESSAR-DC would provide a capsule data point in
5 to 8 EFPYs. The next capsule data point would not be available until 22 to
26 EFPYs. This schedule was insufficient to establish the actual trend of
embrittlement early in plant life to provide for timely mitigation.

The staff required that the schedule in ASTM E185-82 be supplemented to
address the period between 40 and 60 years. The staff, in the DSER, required
that ABB-CE propose a capsule withdrawal schedule beyond 32 EFPYs to demon-
strate compliance with 10 CFR Part 50, Appendix H, to the end of the plant's
design life of 60 years. The staff proposed as an option that the time inter-
val between the last two capsule withdrawals be maintained within 32 EFPYs
throughout the rest of plant design life, or at the end of the 60-year plant
design life, whichever is earlier.

1

The staff proposed the following example: If a design certification applicant
estimates that the reference temperature shift is greater than 56 *C (100 *F)
but less than 111 *C (200 *F), the capsule withdrawal schedule in ASTM E185-82
would require one capsule each to be withdrawn at 3, 6, 15, and 32 EFPYs,
along with certain restrictions on fluence levels. ABB-CE should follow this
schedule for up to 32 EFPYs. Then, ABB-CE should propose a schedule beyond
32 EFPYs to the end of the 60-year plant design life. As an option, ABB-CE
may consider maintaining the time interval between the last two capsules that
will be withdrawn during the 32 EFPYs; in this case, 32 minus 15, or 17 EFPYs.
So, the next capsule should be withdrawn at 49 EFPYs, i.e., 32 plus 17, or at
the end of the 60-year plant design life, whichever is earlier.

In Amendment L to the CESSAR-DC, ABB-CE revised the capsule withdrawal
,

schedule to withdraw a surveillance capsule at 6, 15, 32 and 48 (E0L) EFPYs '

O over the 60-year design life of the reactor vessel. This revision to the
V withdrawal schedule is consistent with the discussion given for this open
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item, with the exception that a surveillance capsule will not be withdrawn at
3 EFPY. The predicted shift for the bel 11ine forging material to be used for
the System 80+ reactor vessel is predicted to have approximately an 8 *C
(15 *F) shift at a fluence corresponding to 3 EFPY. The predicted shift after
6 EFPYs for the beltline forging is on'.y 10 *C (18 *F). The material
selection and requirements for the System 80+ reactor vessel beltline will
ensure minimal damage from irradiation and minimal changes in properties. The
beltline materials in the RPVs of this design will have tighter chemistry
limits and more stringent requirements for initial properties than the latest
fabricated vessels of current'y operating, licensed reactor vessels. The
staff agrees that there is not a sufficient difference in predicted shift over
this short time span relative to the overall life of the reactor vessel to
justify the need for two surveillance capsules being analyzed in the first
6 EFPYs. On this basis, DSER Open Item 5.3.1-3 is resolved.

ABB-CE has clarified its intent relating to welds within the reactor vessel
beltline region. In its letter of November 24, 1993, ABB-CE expressed the
intent to supply beltlines without welds if such is possible at construction
time. Since there is no certainty that such a supplier will exist in the
future, ABB-CE has included a series of surveillance capsules which include
welds in the test program. On this basis, DSER Open Item 5.3.1-4 is resolved.

In Amendment S to CESSAR-DC, ABB-CE modified the CESSAR-DC to specify use of a
nickel-containing, high-purity lubricant on the reactor vessel studs. The use
of lubricants is to be limited to small amounts for bolting on the reactor and
reactor coolant pump internal components and as lubrication for closure studs.
These lubricants are either graphite or nickel in either alcohol, silicon, or
petroleum oil base with tightly controlled limits on halogens and sulfur.
Accordingly, the integrity of fasteners used in the RCPB, with the ISI
requirements of the code, is reasonably assured for the life of the reactor
vessel. On this basis, DSER Open Item 5.3.1-5 is resolved.

The concern relating to the environmental effects on fatigue is discussed in
Section 5.2.3 of this chapter. This is applicable to all materials.

The design of System 80+ components will address the pntential influence of
environmental effects on the fatigue life of materials over the 60-year -

design life. The issue of environmental effects on fatigue is currently
under consideration by a special steering committee for cyclic life and
environmental effects in nuclear applications of the PVRC. These activities
were initiated based on requests from the ASME B&PV Code Committee and the
BNCS. The charter of the PVRC steering committee is to provide guidance and
direction related to determining the effects of LWR service environments on
the cyclic life properties of applicable materials. The steering committee is
also evaluating application methodologies that include these effects in the
fatigue analysis process.

Preliminary recommendations were made to the BNCS in September 1992. The
initial findings reported to BNCS were that the current S/N curves shouN be
appropriate for PWR environments. There was not a complete agreement of the
steering committee on this position and the issue is unresolved. ABB-CE will
continue to monitor the industry activities on the fatigue curves and fatigue
analysis methodology.
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p System 80+ components will be designed to the ASME B&PV Code requirements.

(v) ABB-CE addressed the issue of environmental fatigue of Class 1 components in
Amendment R to Section 3.9.1 of CESSAR-DC and the staff's evaluation is
provided in Section 3.12.5.7 of this report. On this basis, DSER Open
Item 5.2.3-6 is resolved.

ABB-CE takes exception to the recommendations in Position C.2 of RG 1.50,
" Control of Preheat Temperature for Welding Low Alloy Steels," for controls
imposed on preheat temperatures for welding ferritic steels. These controls
would provide reasonable assurance that components made from low-alloy steels
will not crack during fabrication and minimize the possibility of subsequent
hydrogen cracking in the weldment. In a letter of November 24, 1992, ABB-CE
stated that its basis for taking exception to Position C.2 was Westinghouse
Topical Report WCAP-8678, "Effect of Preheat and Post Weld Heat Treat on
Hydrogen-Induced Cracking in Pressure Vessel Steels," September 1975. The NRC
evaluated and accepted this report. This report presents three acceptable
alternatives, and ABB-CE's position is that a particular alternative will be
specified based upon the particulars of the configuration or a particular
facilities capabilities. This approach should offer adequate assurance that
low-alloy steel weldments will not developing cracking due to hydrogen. On
this basis, DSER Open Item 5.3.1-7 is resolved.

In the CESSAR-DC, ABB-CE limits the sulfur content of welds and forgings to a
meximum of 0.015 percent. This limit is the same as is specified for the
restricted chemistry limits for SA 508 Class 3 forgings which are used for the
RPV beltline region.

Data compiled in EPRI Report NP-933, " Nuclear Pressure Vessel Steel Data
Book," December 1978, indicated that this control on the level of sulfur will
provide the fracture toughness required to ensure the structural integrity of
the reactor vessel as specified by 10 CFR Part 50, Appendix G.

A heat treatment applied to a typical forging is as follows:

Austenitizing: This temperature is 840-895 *C (1,540-1,640 *F) for
established by the melter or 4 hours followed by water quenching.
manufacturer of the forging or plate. '

Tempering: The temperature and time 659 *C (1,200 *F) minimum for
are specified by the ASME 4 hours,

specification.
Post-Weld Heat Treatment: 607 *C i 14 *C (1125 *F i 25 *F) for
Temperature and time specified by up to 40 hours.
the ASME Code.

The specified chemical limits, heat treatment, and post-weld heat treatment
cycle should provide adequate strength and toughness for the nuclear RPV
design forgings and weldments for the 60-year life of the vessel. On this
basis, DSER Open Item 5.3.1-8 is resolved.

Appendix G of 10 CFR Part 50 requires reactor beltline materials to have a
Charpy upper-shelf energy (USE) of no less than 102 J (75 ft.lbf) initially

d and must maintain a USE throughout the life of the vessel of no less than 68 J
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(50 f t-lb), unless lower values provide margins of safety against fra9Jre
equivalent to those required by Appendix G of the ASME Code. In the ,l

CESSAR-DC, ABB-CE requires the beltline base and weld metal to have an |
unirradiated minimum USE of 102 J (75 ft.lbf). The 60-year plant design life |

10" EFPY), will result in an EOL fluence on the reactor vessel of 6.0 X '(48 !

n/cm. In accordance with the guidelines of RG 1.99, Revision 2, this
fluence would result in a maximum of a 29-percent decrease in USE or a minimum
of 72 J (53 ft.lbf). ABB-CE will satisfy the initial USE requirements and
will meet the E0L requirement by limiting the amounts of copper and fluence to
the reactor vessel beltline materials. On this basis, DSER Open item 5.3.1-9
is resolved.

As discussed in Section 5.2.3 of this chapter, ABB-CE proposes to allow the
continued reference to ASTM A-708 for the purpose of maintaining the
qualifications of older weld procedures. ASTMA-262, Practice A or E
(recommended in RG 1.44) has been used by ABB-CE since the mid-1970s for
verifying non-sensitization of austenitic stainless steel materials and
weldments. ABB-CE qualified weld procedures developed prior to the mid-1970s
and used A-708 in their qualifications. These weld procedures are still in
use. There have been no IGSCC failures involving stainless steel weldments in
ABB-CE's NSSS units. In addition, the staff has allowed in SRP 4.5.1,

paragraph III.2, A-708 is an acceptable alternative test for A-262, Practice A
or E. On this basis, DSER Open Item 5.3.1-10 is resolved.

,

l
As discussed in Section 5.2.3 of this chapter, the ferrite content limits for'

austenitic stainless suel castings and weld metal in the CESSAR-DC are
broader than those in industry guidelines and staff guidance. In Amendment Q
to the CESSAR-DC, ABB-CE limited the ferrite content of austenitic stainless
steel castings with normal operating temperatures above 500 *F (260 *C) to a
maximum of 20 percent. In Amendment L to the CESSAR-DC, ABB-CE modified the
upper ferrite limit to 15 percent for austenitic stainless steel weld metal.
The staff believes the '.ower ferrite content limits for austenitic stainless
steel castings and weld metal will offer reasonable assurance that components
of these materials will maintain adequate fracture toughness for their 60-year
life. On this basis, DSER Open Item 5.3.1-11 is resolved.

The staff concludes that the reactor vessel materials are acceptable and
comply with the requirements of GDC 1, 4, 14, 30, 31, and 32 of Appendix A of
10 CFR Part 50; the material testing and monitoring requirements of
Appendices B, G, and H of 10 CFR Part 50; and the requirements of 10 CFR
50.55a. This conclusion is based on the following:

(1) The materials used for construction of the reactor vessel and its appur- >

tenances have been identified by specification and found to be in
conformance with Section III of the ASME Boiler & Pressure Vessel Code.
Special requirements with regard to control of the residual elements
have beer, identified and are considered acceptable. Compliance with the

| c!ted code provisions for material specifications conforms to the
,

1quailty standards of GDC 1 and 30, and 10 CFR 50.55a.

(2) Special processes used for the manufacture or fabrication of the reactor
vessel and its appurtenances have been identified, and appropriate data i

reports on each prccess as required by Section Ill of the ASME Code have l

been submitted by ABB-CE. Since ABB-CE has certified that it will I
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comply with the requirements of Section III of the ASME Code,-the
special processes used are considered acceptable. Compliance with these -

\ code provisions conforms to the quality standards of GDC 1 and 30, and
.

10 CFR 50.55a. '

(3) Special methods used for nondestructive examination of the reactor i

vessel and its appurtenances have been identified and have been found
equivalent or superior to the techniques described in Section V of the :

ASME B&PV Code. ABB-CE has committed to Appendixes VII and VIII of- |Section XI of the code which describe qualification of nondestructive ,

examination personnel for ultrasonic examination and performance '

demonstrations for ultrasonic examination systems. The special methods
of nondestructive examination are deemed acceptable. This
acceptability, based on the code provisions, complies with the

,

requirements of GDC 1 and 30, and 10 CFR 50.55a.

(4) Special controls and special welding processes used for welding the
'

,

reactor vessel and its appurtenances have been identified and found
to be qualified in accordance with the requirements of ASME Code
Sections III and IX. Qualification in accordance with the code
provisions complies with the requirements of GDC 1 and 30, and 10 CFR !

50.55a concerning quality standards.

(5) When welding ferritic steel components as identified above, code con- i
.

trols are supplemented by conformance with the recommendations of RGs as
''

follows: '

The controls imposed on welding preheat temperatures are in confor-*

mance with recommendations of RG 1.50, " Control of Preheat Temper- ,

ature for Welding of Low Alloy Steel," or alternative approaches
which are acceptable to the staff. These controls give reasonable e

assurance that components made from low-alloy steels will not crack*

during fabrication and the potential for subsequent cracking is
minimized. These controls also satisfy the quality standards of
GDC 1 and 30, and 10 CFR 50.55a. -

'

The controls imposed on electroslag welding of ferritic steels are*

not necessary because electroslag welding will not be used for RCPB :
components.

,

The controls imposed during weld cladding of ferritic steel com-*

ponents are in conformance with the recommendations of RG 1.43,
" Control of Stainless Steel Weld Cladding of Low Alloy Steel
Components," because the process used provides reasonable assurance ,

that the undercladding will not crack during the weld clad 6ing
process. These controls satisfy the quality standards of UDC 1 and
30, and 10 CFR 50.55a. j

;

(6) When welding austenitic stainless steel components, code controls are
supplemented by conformance with the recommendation.c of the RGs as
follows: |

1
<

. ' The controls imposed on delta ferrite in austenitic stainless
steel welds are in conformance with the recommendations of
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RG 1.31, " Control of Stainless Steel Welding," because the l
controls used provide reasonable assurance that the welds

,

will not contain micro-cracks. These controls also satisfy
the quality standards requirements of GDC 1 and 30, and
10 CFR 50.55a, and the requirements of GDC 14 regarding
fabrication to prevent rapid propagating failure of the RCPB.

(7) The controls (during all stages of welding) to avoid contamination and
sensitization that could cause stress corrosion cracking in austenitic
stainless steels conform with the recommendations of RGs as follows:

The controls to avoid contamination and sensitization of austenitic.

stainless steel are in conformance with the recommendations of
RG 1.44, " Control of the Use of Sensitized Stainless Steel,"
because the controls used offer assurance that welded components
will not be contaminated nor excessively sansitized preceding or
during the weldir.g process. These controls satisfy the quality
standards requirement of GDC 1 and 30, and 10 CFR 50.55a, and the
GDC 4 requirement relative to material compatibility.

The controls regarding onsite cleaning and cleanliness control of*

austenitic stainless steel are in conformance with the
recommendation of RG 1.37, " Quality Assurance Requirements for
Cleaning of Fluid Systems and Associated Components of Water Cooled
Nuclear Power Plants," because the controls used offer assurance
that austenitic stainless steel components will be properly cleaned
on site. The controls satisfy Appendix B of 10 CFR Part 50
regarding controls for onsite cleaning of materials and components.

(8) Fracture toughness of the reactor vessel and its appurtenances is con-
trolled by conformance with Appendix G to 10 CFR Part 50, which
specifies ASME Code provisions and supplementary requirements of
Appendix G to 10 CFR Part 50. The fracture toughness tests required by
the ASME Code, and by Appendix G to 10 CFR Part 50, provide reasonable
assurance that adequate safety margins against the possibility of
nonductile behavior or rapioly propagating fracture can be established
for all pressure-retaining components of the reactor coolant boundary.
The use of Appendix G of the code as a guide in establishing safe
operating procedures, and use of the results of the fracture toughness
tests performed in accordance with the code and NRC regulations, will
provide adequate safety margins during operating, testing, maintenance,
and postulated accident conditions. Compliance with the provisions of
Appendix G, 10 CFR Part 50, satisfies the requirements of GDC 14 and 31,
and 10 CFR 50.55a regarding prevention of fracture of the RCPB.

(9) Changes in the fracture toughness of material in the reactor vessel
beltline caused by exposure to neutron radiation have been assessed
properly, and adequate safety niargins against the possibility of vessel
failure are provided as the material surveillance requirements (SRs) of
ASTM E185 and Appendix H, 10 CFR Part 50, are met. Compliance with
these documents ensures that the surveillance program serves as an
acceptable basis for monitoring radiation-induced changes in the
fracture toughness of the reactor vessel material and conforms to the -

,

requirements of GDC 32 regarding an appropriate material surveillance i

i
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program for the reactor vessel. '

(10) Integrity of the reactor vessel studs and fasteners is ensured by
,

conformance with the recommendations of RG 1.65, " Materials and |
Inspections for Reactor Vessel Closure Studs." Compliance with these- '

recommendations satisfies the quality standards requirements of GDC 1 |

and 30, and 10 CFR 50.55a; the prevention of fracture of the RCPB
requirement of GDC 31; and the requirements of Appendix G,10 CFR
Part 50, as detailed in the provisions of the ASME Code, Sections II
and III.

i

The COL applicant should verify that the CESSAR-DC assumptions of material i
properties and 60-year neutron fluence relating to Appendices G and H of :

'10 CFR Part 50 are met based on actual plant-specific values. This is COL
Action Item 5.3.1-1.

5.3.2 Pressure-Temperature Limits

The staff has reviewed the pressure-temperature limits on the RCPB in
accordance with SRP Section 5.3.2. The areas reviewed were the applicable
regulations, codes, basis documents, technical bases, and the pressure-
temperature requirements. The staff's open items in the DSER were resolved as
follows:

ABB-CE calculated predicted shifts in the reference temperature for the
reactor vessel materials using the methodology of RG 1.99, Revision 2. This
approach is acceptable for domestically produced steels; however,-steels from
other sources could have different characteristic responses to radiation
embrittlement, particularly steels with high phosphorous content. Hence, the
methodology of.RG 1.99, Revision 2 may not be appropriate. -RG 1.99, Revi-
sion 2 provides reasonably accurate and conservative predictions of adjusted
reference temperatures for RPV beltline materials that are produced domesti-
cally. COL applicants that utilize foreign steel for beltline materials may
need to estimate neutron irradiation embrittlement with a methodology '

different from that specified in RG 1.99, Revision 2. Since ABB-CE has
controlled the amount of residual elements (copper, phosphorous, sulfur), it
is anticipated that-embrittlement will proceed at a low rate. However, the
test results from the surveillance program should provide data to accurately

'determine the rate of embrittlement in both domestic and foreign produced
materials.

i
As discussed in the resolution of DSER Open Item 5.3.1-1, the phosphorus ;

content in the reactor vessel forgings and weld metal is controlled to a +

maximum of 0.012 percent. The possible effect of phosphorus on predicted i
'shifts in low copper RPV beltline materials was evaluated by ORNL and the NRC

using the Embrittlement Database (EDB). Only a marginal correlation was
'

observed between phosphorus content and predicted shift for low copper
materials. The conclusion that there was any significant correlation was :
Judged to be weak. Even in-those cases in which the data suggested a possible
trend with phosphorus content, the differences between the observed and
predicted shifts were within the margins applied by RG 1.99, Revision 2. In .

addition, in the cases in which the data suggested a possible trend with !

O which indicated the possible trend.
phosphorus, it was generally the high phosphorus (>0.012 percent) materials

In view of this earlier assessment of the :
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effects of impure elements on the irradiation response of materials, the
existing controls on residual elements are concluded to be sufficient. The
limits on copper, phosphorus, and other residual elements will minimize the
extent of radiation damage to the RPV beltline materials. The radiation-
induced shifts in reference temperatures for these materials can be predicted
with reasonable accuracy and conservatism using the methodology of RG 1.99,
Revision 2. On this basis, DSER Open Item 5.3.2-1 is resolved.

In Amendment N to the CESSAR-DC, ABB-CE modified CESSAR-DC to conform with the
recommendation of Section 3 of the ASME Code, paragraph G.2400(a). The
preservice hydrostatic test is to be performed at an isothermal temperature no
lower than RT,33 (-12 *C) + 33 *C - 21 *C (10 *F + 60 *F - 70 *F). On this
basis, DSER Open item 5.3.2-2 is resolved.

The responses to Q252.1, Q252.5, and Q252.13 stated that the margin is 19 *C
(34 *F) for the base metal. However, ABB-CE assumed the margin to be 28 *C
(50 *F). In response to Q252.5, ABB-CE submitted the equation used to

| calculate the margin. A factor of 2 was missing from this equation when
| compared to the guidance given in RG 1.99, Revision 2. ABB-CE evaluated this

discrepancy and determined that the response in RAI Q 252.5 was incorrect.

. Based on Position 1.1 of RG 1.99, Revision 2, the margin to be added to obtain
values of adjusted reference temperature (ART) can be calculated based onI

al - 0 *C (0 *F), and o5 - 15.5 *C (28 *F) for welds and 9.5 *C (17 *F) for
| base metal.

The resultant margin according to the RG 1.99 equation

M = 2 [(01)2 + (o6)2 ) u2

| is 19 *C (34 "F) for base metal and 31 "C (56 "F) for welds.

As stated in Section 5.3.2.1.1 of the CESSAR-DC, a margin of 27.8 *C (50 *F)
was used for base metal (ring forgings) to provide an added degree of conser-
vatism based upon RG 1.99, Revision 2. However, since the issuance of
RG 1.99, Revision 2, the staff has performed a statistical analysis of all
plate surveillance data that have been received from licensees. The analysis
of the surveillance data indicates that the standard deviation for the
increase in reference temperature should be 14.4 *C (26 *F), resulting in a
margin of 28.9 *C (52 *F). The staff has raised this issue in the PTS review

| of other plants, such as Indian Point 3 and Beaver Valley 1. The staff
believes that using a margin of 27.8 *C (50 *F) rather than 28.9 *C (52 *F) is
adequate because ABB-CE has controlled the amount of residual elements
(copper, nickel and phosphorous), which will result in less embrittlement

, than the vessels currently operating in the U.S. On this basis, DSER Open

| Item 5.3.2-3 is resolved. '

I The responses tu Q252.1 and Q252.5 stated that the initial RT , for theuo

beltline material is -29 *C (-20 *F). However, the response to Q252.13 stated
that the initial RT , is conservatively assumed to be -12 *C (10 *F) for PTSuo
calculations. In Amendment N to the CESSAR-DC, ABB-CE modified the CESSAR-DC
and specified an initial RT value of -12 *C (+10 *F) for the beltline

| material in all applicable ca,lculations. This approach is satisfactory to the
uo

| staff. On this basis, DSER Open Item 5.3.2-4 is resolved.
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r w' The pressure-temperature limits imposed on the RCS for operating and testing
( conditions to ensure adequate safety margins against nonductile or rapidly

propagating failure are in conformance with the fracture toughness criteria of |
Appendix G to 10 CFR Part 50 and Section III, including Appendix G, of the !

ASME Code. The change in fracture toughness requirements of the pressure !
vessel during operation will be determined by Appendix H to 10 CFR Part 50. {
The use of operating limits, based upon the criteria defined in SRP
Section 5.3.2, offers reasonable assurance that nonductile or rapidly propa-
gating failure will not occur, and constitutes an acceptable basis for
satisfying the requirements of 10 CFR 50.55a and GDC 1, 14, 31, and 32
(Appendix A to 10 CFR Part 50).

The COL applicant should subait plant-specific material fracture toughness
data and the resulting pressure-temperature curves for staff review and
approval. This is COL Action Item 5.3.2-1.

5.3.3 Reactor Vessel Integrity

The staff concludes that the structural integrity of the reactor vessel is
acceptable and conforms to the requirements of GDC 1, 4, 14, 30, 31, and 32 of
Appendix A to 10 CFR Part 50; the requirements of Appendices B, G, and H of 10
CFR Part 50; and the requirements of 10 CFR 50.55a. This conclusion is based
on the staff's review of the CESSAR-DC conducted in accordance with the
following SRP sections, and supplemented by the acceptance criteria of SRP
Section 5.3.3:

SRP Section 5.2.3, "RCPB Materials"*

SRP Section 5.2.4, "RCPB Inservice Inspection and Testing"=

k SRP Section 5.3.1, " Reactor Vessel Materials"=

SRP Section 5.3.2, " Pressure-Temperature Limits".

The staff reviewed all factors contributing to the structural integrity of the
reactor vessel and concludes there are no special considerations that make it
necessary to consider potential reactor vessel failure for this design. The
basis for the conclusion is that the design, materials, fabrication,
inspection, and quality assurance requirements for the CESSAR-DC will conform
to applicable NRC regulations and RGs, and to the rules of the ASME B&PV Code,
Section III. The stringent fracture toughness requirements of the regulations
and ASME Code, Section III will be adhered to, including requirements for
surveillance of vessel material properties throughout service life, in
accordance with Appendix H to 10 CFR Part 50. Also, operating limitations of
temperature and pressure will be established for this plant in accordance with
Appendix G, " Protection Against Nonductile Failure," of ASME Code Section III,
and Appendix G to 10 CFR Part 50.

The integrity of the vessel is assured because the vessel:

will be designed and fabricated to the high standards of quality*

required by the ASME B&PV Code and any pertinent code cases

will be made from materials of controlled and demonstrated high quality-

will be subjected to extensive preservice examination and testing to.

d provide assurance that the vessel will not fail because of material or
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fabrication deficiencies

will be operated under conditions and procedures and with protective-

devices that provide assurance that the reactor vessel design conditions
will not be exceeded during normal reactor operation, maintenance,
testing, and anticipated transients

|

will be subjected to periodic inspection to demonstrate that the high=

initial quality of the reactor vessel has not deteriorated significantly
under service conditions

may be annealed to restore the material properties if this becomes-

necessary

will be subjected to surveillance to account for neutron irradiation-

damage so that the operating conditions may be adjusted

5.4 Component and Subsystem Desian

5.4.1 Reactor Coolant Pumps

Pump Flywheel Intearity

The staff reviewed the reactor coolant pump flywheel integrity in accordance
with SRP Section 5 4.1.1. The areas of review were materials selection,
fracture toughness, preservice inspection, flywheel design, overspeed test,
and ISI. The staff's oper, items in the DSER were resolved as follows:

In response to Q252.08, ABB-CE stated that the design of the pump flywheel
depends on the motor supplier. The material selected may be plate or forging.
ABB-CE stated that a typical plate material is A-533, Grade B, Class 1, and a
typical forging material is A-508, Class 2 or Class 3. However, the
recommended materials for flywheels listed in SRP Section 5.4.1.1 are ASME
SA-533-B Class 1, SA-508 Class 2, and SA-516 Grade 65. The SA-508 Class 3
material is not on this recommended list. In a letter of November 24, 1993,
ABB-CE justified the use of SA-508 Class 3 material.

SA-508 Class 3 is a quenched and tempered vacuum-treated carbon and alloy
steel forging material commonly used for pressure vessel construction. The
material is a high-strength ductile material produced in different classes
from Class 1 to Class 5 by varying the chemical composition and heat treatment
temperatures. SA-508 Class 2 and SA-508 Class 3 are essentially the same

i material. Both materials have the same heat treatment temperatures and
( mechanical properties. The only differences are slight variations in the

carbon content (0.27 max. versus 0.25 max.) and the alloy compositions as
shown in the SA-508 material specification. Figure A-4200-1 in ASME
Section XI shows the same lower bound fracture toughness curve for SA-508
Class 2 and SA-508 Class 3 materials.

ABB-CE considers SA-508 Class 3 to be an acceptable flywheel forging material
and requests that it be added to SRP Section 5.4.1.1 to allow for future use
of other acceptable materials.

The staff believes this material should provide adequate materials properties
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to ensure a 60-year life of the reactor coolant pump flywheel. On this basis,
g j DSER Open Item 5.4.1.1-1 is resolved.
V

Originally, ABB-CE proposed, as an alternative to testing the fracture
toughness of the actual material, to use a lower bound fracture toughness
curve obtained from testing the same type of material and adjusting the curve
to provide a dynamic stress intensity factor of 49 MPa/m (45 ksi/in.) at the
nil ductility temperature (NDT) of the material.

ABB-CE re-evaluated the alternate method proposed in the CESSAR-DC for
establishing the fracture toughness of the actual flywheel material. In
Amendment N to the CESSAR-DC, ABB-CE has modified the CESSAR-DC to specify the
SRP Section 5.4.1.1, Subsection II.2 recommended requirements as noted below:

The minimum static fracture toughness of the material at the normal
operating temperature of the flywheel will be equivalent to a critical
stress intensity factor, Kic, of at least 165 MpaJn (150 ksi/in.).
Compliance will be demonstrated by either of the following:

testing of the actual material of the flywheel to establish the K.

icvalue at the normal operating temperature

determining that the normal operating temperature is at least 56 *Ce

(100 'F) above the RT ,

These requirements should offer adequate assurance that the material chosen
will have the specified service life. On this basis, DSER Open Item 5.4.1.1-2
is resolved.

In SRP Section 5.4.1.1, the staff recommends that the normal operating temper-
ature of the flywheel be at least 56 *C (100 *F) above the RT The3
flywheel's normal operating temperature depends on the specifYc. motor design;
however, the typical flywheel normal operating temperature is 49 *C (120 *F).
This places the temperature at least 60 *C (110 *F) above the specified mini-
mum RT of -12 'C (10 'F). Additionally, in Amendment N to the CESSAR-DC,
ABB-CE , revised the CESSAR-DC to specify the recommended requirements in SRP
Section 5.4.1.1, Subsection 11.2 as noted in resolution of Open item 5.4.1.1-2
above.

These requirements should offer adequate assurance that the material chosen
will have the specified service life. On this basis, DSER Open Item 5.4.1.1-3
is resolved.

ABB-CE stated that the flywheel is subjected to a magnetic particle or liquid
penetrant examination per ASME Code Section III before final assembly.
Further, ABB-CE stated that the inspection be performed on finished machined
bores, keyways, and on both flat surfaces to a radial distance of 20 cm
(8 in.) minimum beyond the final largest machine bore diameter, but not
including small drilled holes.

In Amendment N to the CESSAR-DC, ABB-CE modified the CESSAR-DC to require that

h a surface examination be performed on all finished machined bores, keyways,
splines, and drilled holes. This will offer assurance that these critical

U areas will be sound and defect free. On this basis, DSER Open Item 5.4.1.1-4
,

'
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is resolved.

Originally, ABB-CE had not submitted the basis for the assumed design
overspeed for staff review as recommended in SRP Section 5.4.1.1. ABB-CE
described the design speed as 125 percent of normal operating speed. In
Amendment N to the CESSAR-DC, ABB-CE modified the CESSAR-DC to state that the
design overspeed will be at least 10 percent above the highest anticipated
overspeed of the pump. The highest anticipated overspeed is predicted on the
basis of the largest break size remaining after application of the leak-
before-break principle of the piping as described in Section 3.6 of this
report. In Amendment T to the CESSAR-DC, ABB-CE identified the largest pipe
remaining after leak-before-break as a 4-inch pressure spray line. On this
basis, DSER Open item 5.4.1.1-5 is resolved.

In Amendment N to the CESSAR-DC, ABB-CE modified the CESSAR-DC to require a
surface examination of all exposed surfaces as part of the flywheel ISI
program. On this basis, DSER Open Item 5.4.1.1-6 is resolved.

In Amendment N to the CESSAR-DC, ABB-CE modifled the CESSAR-DC and committed
to performing a preservice baseline inspection incorporating all the
procedures for ISI as described to establish initial flywheel conditions,
accessibility, and practicality of the program. ABB-CE also specified that
the examination procedures and acceptance criteria are those contained in ASME
Code Section Ill. On this basis, DSER Open Item 5.4.1.1-7 is resolved.

In Amendment N to the CESSAR-DC, ABB-CE modified the CESSAR-DC to commit to
conform to the guidance of RG 1.14, " Reactor Coolant Pump Flywheel Intagrity."
On this basis, DSER Open Item 5.4.1.1-8 is resolved.

The staff concludes that the precautions taken to ensure the integrity of the
reactor coolant pump flywheels are acceptable and comply with the requirements
of GDC 1 and 4, and 10 CFR 50.55a(a)(1). This conclusion is based on the
following:

ABB-CE's selection of materials, fracture toughness tests, design.

procedures, preservice overspeed spin testing program, and ISI program
for the reactor coolant pump flywheels comply with the requirements for

i GDC 1 and 10 CFR 50.55a(a)(1) with respect to providing adequate
| assurance of a quality product commensurate with the importance of the
' safety function.

ABB-CE has complied with the requirements of GDC 4 and the guidance of*

RG 1.14, " Reactor Coolant Pump Flywheel Integrity," in using suitable
materials with adequate fracture toughness and conservative design
procedures, and by providing a preservice testing and ISI program for
flywheels of reactor coolant pump motors which provides reasonable
assurance of the structural integrity of the flywheels in the event of
design overspeed transients or postulated accidents.

,

5.4.2 Steam Generator Materials
|

The staff reviewed the SG materials in accordance with SRP Section 5.4.2.1.
Among the areas of review were selection and fabrication of materials, SG
design, compatibility of the SG components with the primary and secondary
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coolant, and cleanup of the secondary side.

Reactor coolant enters at the bottom of the SG 'hrough the single inlet
nozzle, flows through the U-tubes, and leaves through the two outlet nozzles.
The SG tubes are fabricated of thermally treated Inconel 690 materials. The
outer diameter of a tube is 1.9 cm (3/4 in.) and the wall thickness is 0.11 cm
(0.042 in.). The tube support structure is of the " egg crate" design and is
fabricated from stainless steel. SG components will be constructed in
accordance with the ASME Boiler & pressure Vessel Code, Section Ill.

In CESSAR-DC Table 5.2-2, ASB-CE lists the materials selected for the fabrica-
tion of the SG. In CESSAR-DC Table 5.2-1, ABB-CE lists the applicable ASME
Code requirements. The primary side of the SG is designed and fabricated to
comply with ASME Section III Class 1 criteria. The secondary side pressure
boundary parts of the SG are designed and fabricated to comply with ASME
Section III Class 2 criteria. The staff evaluated fabrication of the RCPB in
Section 5.2.3 of this chapter.

ABB-CE stated that the SG internal components are designed to maintain
localized fluid velocities below the critical velocities that will cause
excessive tube vibration. The horizontal egg crate tube supports are designed
and located to maintain the natural frequency of the tubes higher than the
exciting frequency induced by cross-flow in the tube bundle entrance region.
In comparison to the System 80 SGs, several design improvements, described
below, have been made to the System 80+ SGs to prevent the type of vibration-
induced wear seen at other plants:

The economizer divider plate and center stay cylinder have been extendedi a
'

up to the top of the cold side recirculating fluid entrance window, to
reduce fluid cross-flow velocities.

The downcomer partition between hot side and cold side has been extended.

down to the top of the economizer divider plate to prevent circumferen-
tial flow.

The economizer flow shroud has been extended up 41 cm (16 in.) to meet*

the downcomer flow shroud, for a circumferential distance of 18 cm
(7 in.) on each side of the cold side recirculating fluid entrance win-
dow, to limit the cross-flow velocities in the open tube lane along the
economizer divider plate.

One additional egg crate tube support has been added to the cold leg*

economizer region to stiffen the tubes. The combination of stiffer
tubes and lower local fluid velocities results in a reduction in flow-
induced tube vibration for the System 80+ SGs.

A flow-induced vibration test has been performed on a test model for the SG
economizer and lower tube bundle region. This test model incorporated the
design improvements described above for the System 80+ SGs. In the CESSAR-DC,
ABB-CE states that the results of the economizer test should provide
comparable results for the System 80+ units and, therefore, excessive tube
vibration due to flow-induced vibrations should not occur.

N In the CESSAR-DC, ABB-CE states that the System 80+ design includes several
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f provisions for detecting and monitoring primary-to-secondary leakage:

condenser steam air ejector radiation monitor*

| SG blowdown sample line radiation monitors-

main steam line area radiation monitorj =

|

I Detection of increasing primary-to-secondary leakage is enhanced by the
'

Nuplex 80+ control complex. Nuplex 80+ includes the capability to perform
trending analysis on the radiation monitor output signals.

In the CESSAR-DC, ABB-CE asserts that the tube expansion into the tubesheet is
total with no voids or crevices along the length of the tube in the tubesheet.

j The tubing is expanded in the tubesheet using an explosive charge. Tolerances
| on charge length and strength are specified so that the crevice between tube
' and tubesheet is closed through the full depth of the tubesheet and so that no

crevice occurs on the secondary face of the tubesheet. Therefore, the crevice
between the tubesheet and the inserted tube is minimal because the tubes are
expanded to the full depth of insertion of the tube in the tubesheet. The
tube expansion and subsequent positive contact pressure between the tube and

| the tubesheet preclude a buildup of impurities from forming in the crevice
region and reduce the probability of crevice boiling.'

To prevent the buildup of potential corrosive materials in the tube-to-tube
support plate area, extensive crevices and conditions which promote dryout
should be avoided. In the CESSAR-DC, ABB-CE claims that with only one
exception, all tube supports present a flat surface to the tube in order to

- prevent dryout at the support locations. The one exception is located in an
area in which the secondary water is subcooled and, therefore, dryout is not

| expected. The egg crate support structures form an open lattice which can
! provide almost complete washing of the tube surface with SG water and thus
'

minimizes the potential for dryout. In summary, the tube support structuro is
manufactured to the egg crate design. The egg crate design eliminates the j

narrow annular gap at the tube supports, because the support may contact the i
tube at only four lines on the tube circumference, and provides almost I

complete washing of the tube surface with SG water.

ABB-CE has incorporated the following design features to provide access to the
SG internals so that tools may be inserted to inspect and clean up deposits:

One 53-cm (21-in.) manway on each of the hot and cold leg side of the=

primary side. Manway locations were chosen with respect to use of
remote manipulators for inspection and maintenance.

Two 53-cm (21-in.) manways on the secondary side to allow access to the-

separator dryer area, and an internal hatch for access to the top of the
tube bundle. These openings allow for inspections on the condition of
separation equipment, feedwater ring, and the top of the tube bundle.

Two 20-cm (8-in.) handholes at the top of the tubesheet for sludge lan -*

ing as well as for inspection of the downcomer annulus. These handholes
can be used ta remotely inspect for, and retrieve, loose parts.

In response to Q281-37, ABB-CE stated that the secondary water chemistry
complies with EPRI Report NP-6239, "PWR Secondary Water Chemistry Guidelines,"

ABB-CE SYSTEM 80+ FSER 5-36 June 1994

__ _ _- _ ___ _ _ _-_-___ _ ______ - _-___- _ _ _ _ -



|

December 1988, Revision 2. In order to comply with the secondary water |[m} chemistry guidelines, ABB-CE has incorporated the following design features ;

\_/ and controls:
;

monitoring the feedwater to limit the amount of impurities that can be.

introduced into the SG

continuous blowdown of the SG to reduce the concentrating effects of the.

SG

chemical addition points for establishing and maintaining an environment.

that minimizes system corrosion

preoperational cleaning of the feedwater system-

minimizing feedwater oxygen content before entry into the SG.

Furthermore, ABB-CE has proposed the following design and operational features
in order to control feed train and SG corrosion: (1) alkaline conditions are
maintained in the feed train and SG to decrease the release of soluble

i corrosion products from metal surfaces, thereby, resulting in the formation of
a protective metal oxide film; (2) hydrazine, added to scavenge oxygen within
the steam cycle, also promotes formation of a metal oxide film by reducing
ferric oxide to magnetite that provides further corrosion resistance;
(3) oxygen-induced corrosion is minimized by removing the oxygen from the
steam cycle condensate in the main condenser deaerating section and by the
full-flow feedwater deaerator which is a portion of the low-pressure feedwaterp) heaters; and (4) the amount of oxygen within the steam cycle is also minimizedg

v by adding hydrazine which scavenges the oxygen that does enter the system.
! ABB-CE additionally states that oxygen-induced corrosion is minimized by
I providing specific materials for components such as the steam reheater tubes,

feedwater heater tubes, condenser tubes, condenser tubesheets, and other
miscellaneous piping.

The staff's open items in the DSER were resolved as follows:

In a letter of November 24, 1992, ABB-CE discussed how it will perform weld
qualifications, weld fabrication processes, and inspection during fabrication
and assembly of the SGs. This is acceptable to the staff as the procedures
and processes would be in accordance with an applicable ASME code which had
been approved by the staff. On this basis, DSER Open Item 5.4.2-1 is
resolved.

! The COL applicant will be required to establish an ISI program for SG tubes by
System 804 TS SR 3.4.12.2. This program will be subject to review in the
normal review processing of any COL application, and no further action need be
taken until that time. On this basis, DSER Open Item 5.4.2-2 is resolved.

ABB-CE indicated that the secondary water chemistry will comply with EPRI
guidelines. However, the staff has found several inconsistencies between the
CESSAR-DC and the EPRI secondary water chemistry guidelines. ABB-CE clarified

.g some of these inconsistencies in various submittals, and revised the CESSAR-DC
!c with Amendments N and 0 as follows:
\'
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lABB-CE stated that the normal hydrazine operating specification will not.

be revised to be greater than three times the oxygen level because ABB-
CE believes 20 ppb is the minimum acceptable hydrazine level in order to
accommodate minor fluctuations in condensate dissolved oxygen level.
Whereas a lower limit of 20 ppb of hydrazine to scavenge oxygen would be
adequate for low oxygen levels, a typical value of greater than three
times the oxygen level would be appropriate for cases in which there are
high levels of oxygen in the feedwater. In Amendment 0 to the CESSAR-
DC, ABB-CE revised the CESSAR-DC to require that the normal con-
centration of feedwater hydrazine shall be greater than, or equal to,
three times the dissolved oxygen concentration (2 3 x [0 ]), but no less2
than 20 ppb. On this basis, dst 3 Open item 5.4.2-3/1 is resolved.

ABB-CE has changed the temperaturi' at which chemistry guidelines should.

be implemented for cold shutdown / wet layup and heatup from 93 *C
(200 *F) to 99 *C (210 *F). This change was made for consistency with
the definition of plant operating modes specified ir, the TS in Chapter
16 of the CESSAR-DC. On this basis, DSER Open Item 5.4.2-3/2 is
resolved.

ABB-CE referenced cyclohexylamine as and possible additive to maintain=

secondary water pH. Cyclohexylamine is not referenced in EPRI guide-
lines as a pH additive. In Amendment 0 to the CESSAR-DC, ABB-CE revised
Section 10.3.5.1 to state that only ammonia and morpholine will used for
pH control. On this basis, DSER Open Item 5.4.2-3/3 is resolved.

Minimum sampling frequencies were not specified for any of the water.

chemistry control parameters. In Amendment N to the CESSAR-DC, ABB-CE
revised the CESSAR-DC to specify minimum sampling frequencies of sec-
ondary water chemistry in Tables 10.3.5-4 and 10.3.5-5. On this basis,
DSER Open Item 5.4.2-3/4 is resolved.

ABB-CE has limited the cold, wet, layup hydrazine concentration to*

200 ppm. ABB-CE submitted the following technical basis for this limit. 4

Concentration of hydrazine during cold, wet, layup is limited to 200 ppm |

because by its thermal decomposition, ammonia is produced. High hydra- 1
|zine concentrations would result in excessive production of ammonia and

elevated pH conditions (> 9.2) during plant heatup. Such conditions can
accelerate copper alloy corrosion in secondary systems, and rapidly
exhaust condensate polisher resin. The staff finds that this is an
acceptable technical basis for the cold, wet, layup hydrazine concentra-
tion limit. On this basis, DSER Open Item 5.4.2-3/5 is resolved. l

The requirement for immediate shutd~= if the oxygen concentration in-

the condensate system exceeds 30 ppb for more than 100 hours had been
deleted without any technical justification being given. ABB-CE
submitted as a technical justification that the CESSAR-DC follows the ;

recommendations of the EPRI "PWR Secondary Water Chemistry Guidelines,
Revision 2, December 1988" which contains no immediate shutdown limit
(Action Level 3) for condensate dissolved oxygen. The staff has
accepted these guidelines. On this basis, DSER Open Item 5.4.2-3/6 is
resolved.

No specification for hydrazine was presented for the makeup water used-
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p to fill the SGs when outage durations are expected to be less than seven
i days from cold shutdown to startup. In Amendment 0 to the CESSAR-DC,id ABB-CE revised the CESSAR-DC to specify that for outages of less than

seven days from cold shutdown to startup, the SGs will be filled with
the feedwater containing more than 5 ppm hydrazine, and nitrogen
overpressure greater than 5 psig. On this basis, DSER Open
Item 5.4.2-3/7 is resolved.

No requirement was specified for monitoring hydrazine feed rate w!en*

sampling for hydrazine is not possible. In Amendment N to the
CESSAR-DC, ABB-CE revised CESSAR-DC Table 10.3.5-5 to provide for moni-
toring hydrazine feed rate when sampling for hydrazine is not possible.
On this basis, DSER Open Item 5.4.2-3/8 is resolved.

In the CESSAR-DC, ABB-CE has proposed verifying hydrazine concentration*

downstream of the normal chemical addition point rather than at the
condensate pump discharge. The CESSAR-DC follows the recommendations of
the EpRI, "PWR Secondary Water Chemistry Guidelines," Revision 2,
December 1988, which has been accepted by the staff. Hydrazine
concentration will be verified at a point downstream of the normal
chemical addition point rather than at pump discharge because, due to
the high volatility of hydrazine, the concentration would not be
representative at the pump discharge. This explanation is acceptable to
the staff. On this basis, DSER Open Item 5.4.2-3/9 is resolved.

In response to DSER Open Item 5.4.2-4, ABB-CE provided clarifications for the
p following statements relating to the secondary water chemistry:
\U) In the CESSAR-DC, ABB-CE states that the normal chemistry conditions can*

,

'

be maintained by any plant operating with little or no condenser leak-
age. ABB-CE clarified the meaning of this statement as follows: With
All Volatile Treatment (AVT), even small leakage of condenser cooling
water could significantly change secondary water chemistry, because AVT
control has no buffering capability to minimize the impact of ionic
impurities. The staff finds this statement acceptable.

In CESSAR-DC Section 10.3, ABB-CE states that the normal pH value for a*

mixed system would be typically within 8.5 and 9.2, with action required
only if operating experience shows increased copper transport at a pH
greater than 9.2. In the CESSAR-DC, ABB-CE defines increased copper
transport as any statistically significant increase above the base value
established at pH 9.2 or below. Increased copper transport could be
determined through weekly measurements of the feedwater copper
concentration during normal power operation in the secondary systems
containing copper alloys. The staff finds ABB-CE has provided an
acceptable definition and means of controlling increased copper
transport.

On the basis of these two clarifications, DSER Open Item 5.4.2-4 is resolved.

The specifications for makeup water to the feedwater and condensate system are
presented in Table 9.2.3-1 of the CESSAR-DC. In Amendments J and L, ABB-CE

,h(/| modified this table so that all water chemistry limits complied with the EPRI
evolutionary plant renvirements. On this basis, DSER Open Item 5.4.2-5 is

1
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resolved.

In the CESSAR-DC, ABB-CE restricts the use of SA 540 Grade B23 or B24 bolts in
!

l the RCPB to Class 3 material which has a maximum ultimate tensile strength of
1,191 MPa (170 ksi). The use of this class of material conforms to thei

requirements of RG 1.65, " Materials and Inspections for Reactor Vessel Closure
Studs." Laboratory and field experience with these materials has indicated
resistance to stress corrosion cracking under anticipated service conditions.
On this basis, DSER Open Item 5.4.2-6 is resolved.

ABB-CE has provided a corrosion allowance for a 60-year plant design life and
its technical basis as follows:

| The 60-year minimum corrosion allowance for the materials to exposed
process fluids are:

i

0.00015 cm (0.0006 in.) for Inconel 690*

0.0076 cm (0.003 in.) for austenitic stainless steel=

0.015 cm (0.006 in.) for ferritic stainless steel=

0.15 cm (0.060 in.) for unclad carbon steel=

The materials of construction for the primary-side components include a {
variety of nickel alloys, stainless steels, and low-alloy steels clad with j
corrosion-resistant material (i.e., nickel alloy or stainless steel). All of 1

these materials are resistant to general corrosion in high-temperature aqueous
environments, and numerous studies have documented this resistance (EPRI, 1

NP-3274, 1984, Volume 5, Page 7-44; and EPRI, NP-3274,1984, Volume 3, {page 7-42). For example, 300-series stainless steels, low-chromium stainless j

steels (Types 405 and 409), and Alloy 600 (a nickel-base alloy used for SG l

( tubes and penetrations in older PWRs) have been exposed to low-level faulted |
secondary-side environments for up to 249 days. After exposure, the following |

general corrosion rates were determined: For Type 347 stainless steel,
0.000033 - 0.00012 cm/yr (0.013 - 0.048 mils /yr); for Types 405 and 409 steel,
0.00007 - 0.00015 cm/yr (0.028 - 0.061 mils /yr); and for Alloy 600, 0.000015 -
0.000058 cm/yr (0.006 - 0.023 mils /yr). Another report (A. J. Sedriks,
J. W. Schultz, and M. A. Cordovi, "Inconel 690, A New Corrosion Resistant
Material," Boshoku Giiutsu, Volume 28, page 82-95,1979) presents general
corrosion results for Alloy 690 and Alloy 600 in flowing (5.5 m/sec)
ammoniated and borated water at 316 *C (600 'F). This study shows a signifi-
cantly improved general corrosion resistance for Alloy 690 as compared to
Alloy 600. Under the test conditions, general corrosion for Alloy 690 was one
fourth to one tenth that of Alloy 600. Thus, a conservative corrosion
allowance for Alloy 690 is 0.01 mils /yr of operation. For austenitic
stainless steel in the primary circuit, a corrosion allowance of 0.00013 cm/yr
(0.05 mils /yr) is appropriate; and for ferritic stainless steels, a corrosion
allowance of 0.00025 cm/ year (0.1 mils /yr) is appropriate.

On the secondary side, unclad carbon and low-alloy steels used for the SG
shells are exposed to the secondary environment, as are the outside surfaces
of the tubes (Alloy 690), the tube supports (Type 409 stainless steel), and
the flow distribution plate (Type 405 stainless steel). The same corrosion
allowances used for the primary-side applications are appropriate for the a
secondary side for Alloy 690 and the Types 405/409 stainless steels. EPRI
NP-3271 and NP-3274, along with other sources, show relatively low corrosion
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rx rates for carbon and low-alloy steels. For 1010 carbM steel, corrosion rates
'tV) after up to 440 days' exposure to low-level faulted conditions ranged from

0.00034 to 0.002 cm/yr (0.135 - 0.77 mil s/yr) . For SA 508 Class 3, thei

corrosion rates for the same test period varied from 0.00031 to 0.0017 cm/yr
-(0.122 to 0.650 mils /yr). Thus, for secondary-side applications, a corrosion
allowance of 0.0025 cm/yr (1.0 mils /yr) of operation is reasonable, and an
overall corrosion allowance of 0.15 cm (0.060 in.) will provide sufficient
material for 60 years of operation. On this basis, DSER Open Item 5.4.2-7 is
resolved.

<

The concern relating to the environmental effects on fatigue was discussed in
Section 5.2.3 of this chapter. This is applicable to all materials.

The design of System 80+ components will address the potential influence of
environmental effects on the fatigue life of materials over the 60-year design
life. The issue of environmental effects on fatigue is currently under con-
sideration by a special Steering Committee for Cyclic Life and Environmental
Effects in Nuclear Applications of the PVRC. These activities were initiated
in response to requests from the ASME B&PV Code Committee and the BNCS. The
charter of the PVRC Steering Committee is to provide guidance and direction
related to determining the effects of light-water-reactor (LWR) scrvice-
environments on the cyclic life properties of applicable materials. The
steering committee is also evaluating application methodologies that include
these effects in the fatigue analysis process.

Prelimir.ary recommendations were made to the BNCS in September 1992. The
x initial findings reported to BNCS were that the current S/N curves should be[e ) appropriate for PWR ' environments. There was not a complete agreement of the

'O steerino committee on this position and the issue is unresolved. ABB-CE will
continue to monitor the indostry activities on the fatigue curves and fatigue
analysis methodology.

System C0+ components will be designed to the A5ME B&PV Code requirements.
ABB-CE addressed the issue of environmental fatigue of Class I components in
Amendment R to Section 3 9.1 of CESSAR-DC and the staff's evaluation is
provided in Sect $on 3.,12,5.7 of this report. On this basis, DSER Open
Item 5.2.3-6 is resolved.

In Section 5.2.3 of this chapter, the staff notes that the ferrite content
limits for austenitic stainless steel given in the CESSAR-DC are broader than
those in industry guidelines and staff guidance. In Amendment Q to the
CESSAR-DC, ABB-CE modified the CESSAR-DC to state that ferrite content of
austenitic stainless steel castings with normal operating temperatures above
500 *F (260 *C) will be limited to a maximum of 20 percent. In Amendment L to
the CESSAR-DC, ABB-CE modified the upper ferrite limit to 15 percent for
austenitic stainless steel weld metal. The staff believes the lower ferrite
content limits for austenitic stainless steel castings and weld metal will
provide reasonable assurance that components of these materials maintain ade-
quate fracture toughness for their 60 year life. On this basis, Open
Item 5.4.2-9 is resolved,

As discussed in Sections 4.5.1, 4.5.2, and 5.2.3 of this report, ABB-CE limits(n) the carbon content of austenitic stainless steels to 0.065 percent compared to
\J the usual . specification limit of 0.08 percent and imposed controls on welding,
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fabrication, and water chemistry during startup and operation to mitigate the
occurrence of IGSCC in these stainless steels. These mitigating actions have
proved successful in operating reactors for more than 15 years and offer
reasonable assurance that IGSCC can be controlled, and therefore, maintain the
integrity of these components. On this basis, DSER Open Item 5.4.2-10 is
resolved.

Operating experience indicates that SGs may have to be replaced during plant
life. In a letter of December 18, 1992, ABB-CE described plant design
provisions to facilitate SG replacement. The descriptions and procedures for
removing and replacing the SGs demonstrated an adequate approach for their
removal. On this basis, DSER Open Item 5.4.2-11 is resolved.

The staff concludes that the SG materials specified are acceptable and meet
the requirements of GDC 1, 14, 15, and 31, and Appendix B to 10 CFR Part 50.
This conclusion is based on the following:

ABB-CE has complied with the requirements of GDC 1 with respect to codes*

and standards by ensuring that the materials selected for use in Class 1
and Class 2 components will be fabricated and inspected in conformance
with codes, standards, and specifications acceptable to the staff.
Welding qualification, fabrication, and inspection during manufacture
and assembly of the SGs will be done in conformance with the require-
ments of Sections III and IX of the ASME Code.

The requirements of GDC 14 and 15 have been met to ensure that the reac-*

tor coolant boundary and associated auxiliary systems will be designed,
fabricated, erected, and tested so as to have an extremely low
probability of abnormal leakage, of rapid failure, and of gross rupture
during normal operation and anticipated operational occurrences.

The primary side of the SG is designed and fabricated to comply with
ASME Code Section III, Class I criteria as required by the staff. The
secondary-side pressure boundary parts of the SG are designed and
fabricated to comply with ASME Code Section III, Class 2 criteria.

The crevice between the tubesheet and the inserted tube is minimal*

because the tube expands to the full depth of insertion of the tube in
the tubesheet. The tube expansion and subsequent positive contact pres-
sure between the tube and the tubesheet preclude a buildup of impurities
in the crevice region and reduce the probability of crevice boiling.

The tube support structure is manufactured to the egg crate design. The
egg crate design eliminates the narrow annular gap at the tube supports,
because the support may contact the tube at only four lines on the tube
circumference, and almost completely washes the tube surface with SG
water.

The requirements of GDC 31 have been met with respect to the fracture*

toughness of the ferritic materials, since the pressure boundary
materials of ASME Code Class I components of the SG comply with the
fracture toughness requirements and tests of Subarticle NB-2300 of
Section III.

.
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The requirements of Appendix B to 10 CFR Part 50 have been met since the-

onsite cleaning and cleanliness controls during fabrication will conform,

\ to the recommendations of RG 1.37, " Quality Assurance Requirements for
Cleaning of Fluid Systems and Associated Components of Water-Cooled
Nuclear Power Plants." The controls placed on the secondary coolant

Jchemistry are in agreement with staff technical positions.

Reasonable assurance of the satisfactory performance of SG tubing and*

other generator materials is offered by (1) the design provisions and
the manufacturing requirements of the ASME Code, (2) rigorous secondary
water monitoring and control, and (3) the limiting of condenser in-
leakage. The controls described above, combined with conformance to
applicable codes, standards, staff positions, and RGs, constitute an
acceptable basis for meeting the requirements of GDC 1,14,15, and 31,
and Appendix B to 10 CFR Part 50 as it relates to chemical and materials
engineering aspects.

5.4.3 Shutdown Cooling System

In CESSAR-DC Section 5.4.7, ABB-CE describes the shutdown cooling system
(SCS). The SCS is designed to remove heat from the RCS during a reactor
shutdown after the RCS temperature and pressure have been reduced to
approximately 177 *C (350 "F) and 3,150 kPa (450 psia). The SCS is capable of
reducing the RCS temperature to the refueling conditions and maintaining this
temperature until the plant is started again.

The SCS also performs the following functions:
' transfers RCS fluid to the CVCS for purification of RCS fluid during SCS.

operation

transfers refueling pool water back to the inside-containment IRWST.

following refueling operations

provides cooling of the IRWST during post-accident feed and bleed*

operations utilizing the SIS and the safety depressurization system

provides RCS LTOP.

The staff reviewed the SCS for the System 80+ design in accordance with SRP
Section 5.4.7. The design acceptance criteria are stated in BTP RSB 5-1,
" Design Requirements of the Residual Heat Removal System." ABB-CE's approach
to meeting these requirements is discussed below.

5.4.3.1 Functional Requirements

In SRP Section 5.4.7, the staff requires the SCS c'esign to meet GDCs 1
through 5. Compliance with GDC 1 through 4 is addressed in Chapter 3 of this
report. ABB-CE has complied with GDC 5, since components of the SCS will not
be shared between units.

When the SCS is in operation, the system takes its suction from each hot legO through a system of parallel lines and valves forming redundant trains. From ;

(/ the discharge of the two SCS pumps, a portion of the reactor coolant is
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circulated through two SCS heat exchangers, which are cooled by component
cooling water. The reactor coolant then returns to the RCS through SIS DVI
nozzles. During normal shutdown, when non-safety-related equipment and
offsite power are available, decay heat is removed from the core by the main
feedwater system, the steam bypass system, and reactor coolant pump
circulation system. During emergency shutdown, when non-safety-related
equipment and offsite power are not available, decay heat is removed by RCS
natural circulation with the SGs serving as the heat sink. The steam produced
in the SG shell side can be removed through the safety-related SG safety
valves and atmospheric steam dump valves to vent vaporized secondary coolant.
Secondary coolant makeup is the emergency feedwater pumped from two safety-
grade emergency feedwater storage tanks.

During natural circulation conditions, RCS depressurization can be achieved by
one of three systems: (1) auxiliary pressurizer spray, (2) rapid
depressurization system (RDS), and (3) reactor coolant gas vent system
(RCGVS). The auxiliary pressurizer spray is not designed to satisfy single-
failure criteria and is not credited in the BTP RSB 5-1 analysis. Both RDS
and RCGVS are safety-grade systems. The RCGVS is designed for RCS
depressurization for design-basis events, and the RDS is used to mitigate
consequences of a beyond-design-basis event. The staff reviewed the design of
the RCGVS and RDS in Section 6.7 of this report.

Two separate trains for each unit provide redundancy in the SCS. Each train
is powered by an emergency diesel generator. No single active failure to the
SCS can prevent at least one complete train of the SCS from being brought on
line from the control room during normal plant cooldown, a transient, or an
accident.

Before SCS initiation, the SI tanks must be secured or vented (from the
control room) to prevent overpressurization of the SCS. During the cooldown,
adding borated water (boration) to the RCS controls core reactivity. For cold
shutdown, boron is added to the RCS using the SIS. The source of borated
water is the fluid in the IRWST. As opposed to the System 80 design, the
System 80+ design does not rely on the CVCS as a means for boron injection to
meet BTP RSB 5-1 requirements.

Item G of BTP RSB 5-1 requires that a seismic Category I emergency feedwater
supply be provided with sufficient inventory to permit operation at hot shut-
down conditions for at least 4 hours, followed by a cooldown to the conditions
permitting operation of the SCS. The emergency feedwater needed for the cool-
down is based on the longest cooldown time needed with either onsite or off-
site power available and with the worst single failure. ABB-CE includes two
safety-grade emergency feedwater trains in the System 80+ design. Each train
has one turbine-driven pump and motor-driven pump. The emergency feedwater
system contains two safety-grade emergency Each tank
has a minimum condensate volume of 1.3 x 10[eedwater storage tanks.L (350,000 gal) available for
safe plant cooldown.

During the course of the review, the staff asked ABB-CE to submit the results
of an analysis to demonstrate that the System 80+ plant can achieve cold shut-
down during natural circulation conditions per the assumptions specified in
BTP RSB 5-1. In the response to RAI Q440.51, ABB-CE referenced the CE
System 80 report of August 12,1983 (letter LD-83-074; Docket No. :
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g STN 50-470F), as applicable to the System 80+ design. The CE report of
( August 12, 1983, contains an analysis of full natural circulation cooldown

(NCC) from hot standby conditions to temperatures and pressures that permits

the initiation of the SCS. The analysis was performed using only safety-
related equipment concurrent with a loss-of-offsite power and the worst single
failure (i.e., failure of one diesel generator to start). The results of this
analysis indicate that the total time required to take the System 80 plants
from hot standby conditions to the SCS initiation condition is approximately
10.5 hours. This time includes maintaining the plant in hot standby for
4 hours before commencing a cooldown.

In the report of August 12, 1983, for the System 80 analysis, the design used
the safety-related auxiliary spray and charging systems for RCS depressuri-
zation and RCS inventory control. The safety-related RCGVS was not credited
in the analysis. During this simulated cooldown process, approximately
832,800 L (2|0,000 gal) of condensate water are required, which is less than
the 1.1 x 10 L (300,000 gr i design condensate water capacity. ABB-CE com-
pared the operational status of systems and equipment assumed in the analysis
and indicated that the availability of the system and components for Sys-
tem 80+ is equivalent to System 80, and the capacities of those components for
plant cooldown are equivalent to or better than those for System 80. In the
System 80+ design, the auxiliary spray and charging systems are not designed
to be single-failure-proof and are not creditable for the BTP RSB 5-1 analy-
sis. However, under the assumption of loss-of-offsite power, two trains of
the SIS are available for System 80+ as opposed to one train of the high-
pressure SIS for System 80. In response to the staff's RAI, ABB-CE claims
that the flow capacity of the additional SI train for System 80+ exceeds that
of the charging pumps credited in the Syster 80 analysis for the RCS coolant

\ makeup. In the System 80 cooldown analysis, the auxiliary spray was used to
rapidly depressurize the RCS. This depressurization can be conducted for
System 80+ via the RCGVS, which has greater capability for depressurization
than the System 80 auxiliary spray system. In addition, the condensate
storage capability has more than doubled from the System 80 to System 80+
design. Thus, ABB-CE asserts that the August 12, 1983 analysis for System 80
bounds the System 80+ design.

ABB-CE's justification was reasonable qualitatively. However, the staff was
concerned about the thermal-hydraulic response during depressurization by
using the RCGVS. Also, since the makeup water is demanded at relatively high
RCS pressures during the plant cooldown, the SI pumps may not be as effective
as the charging pumps for the RCS inventory makeup. The staff determined that
ABB-CE had not adequately demonstrated the applicability of the August 12,
1983, analysis to the System 80+ design. Therefore, ABB-CE was required to
submit the results of anslysis demonstrating that System 80+ is capable of
achieving cold shutdown in accordance with the assumptions specified in BTP
RSB 5-1.

In response to the staff's request, ABB-CE performed an NCC analysis by using i

only safety-grade equipment with an assumption of the concurrent loss of off- i
site power and the worst single-failure. The results are presented in
Amendment N to Appendix SD of the CESSAR-DC. ABB-CE used the LTC code that
NRC had approved earlier to perform the analysis. The NCC sequence relied on

O the guidance in ABB-CE's System 80+ emergency operating guidelines (E0Gs) asg

follows:
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Following the reactor trip, the operator manually controls the atmos- !*

pheric dump valves (ADVs) and emergency feedwater pumps to restore the ;

plant at hot standby conditions.

The operator throttles two of the four SIS pumps (only two trains are-

available because of the assumed single failure of one diesel generator)
for RCS boration and inventory control.

After the 4-hour hot standby period, the operator uses the ADVs to*

initiate a cooldown with a rate less than that allowed by the TS.

The operator uses the safety-grade equipment for RCS pressure and inven--

tory control: the pressurizer vent system for depressurization; the
reactor vessel vent system for removing steam from the reactor upper
head; and SI pump throttling for boron and RCS inventory control.

The operator controls the cooldown to maintain the pressurizer level and*

RCS subcooling within the ranges consistent with the E0G guidance.

The analytical results indicate that the SCS entry conditions can be achieved
within 12 hours (including 4 hours at hot standby conditions). The staff has
reviewed ABB-CE's NCC analysis. The staff finds that the previously approved
LTC code was used for analysis and only the safety-grade equipment was
credited for NCC. The analysis shows that the SCS entry conditions have been
achieved with the total emergency feedwater usage of less than 35 percent of
the minimum available capacity. Therefore, the staff concludes that the
analysis is acceptable. BTP RSB 5-1 requires ABB-CE to demonstrate the NCC
capability by analysis and test. The staff believes that the use of RCGVS and
SIS may result in a more complicated activity than that demonstrated by use of
auxiliary spray and CVCS. The staff's conclusion is based upon the SI pump

,

| curve which shows a rapidly increasing flow rate as pressure decreases, and
the use of two vent valves for pressure control as opposed to the auxiliary
spray system. To satisfactorily resolve this open item, the staff required
ABB-CE to conduct an NCC test to confirm that the operator in the control room
can control the plant cooldown by using the methods consistent with the
methods assumed in the analysis.

In response, ABB-CE addressed the operating n..irgins relative to the NCC analy-
sis, identified the instrumentation available to the operator in the control
room for carrying out the NCC operation, discussed tests for validation of the
NCC analysis, and compared the RCS depressurization rates achieved using the
pressurizer vent versus the auxiliary spray. Pressurizer venting will be used
in the System 80+ design, although auxiliary spray was used in the NCC test
for the Palo Verde plant. The ABB-CE evaluation was included in Appendix 50
to CESSAR-DC Amendment U.'

In CESSAR-DC Appendix 50, ABB-CE indicated that the NCC analysis presented in
meeting BTP RSB 5-1 used 35 percent of the minimum condensate available. This
excess condensate capacity provides a large operating margin. It allows addi-
tional time for the operator to extend the cooldown duration. For example,
the plant cooldown rate could be reduced from the value used in the NCC analy-
sis, resulting in a milder thermal transient on plant components. The addi-
tional time could also be used to control the SI flow injected into the
reactor vessel by throttling the SI valves. This action would result in a;

|
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milder pressure transient while maintaining control of the reactor coolant
j makeup function.

J
The operator is required to monitor the following parameters during the NCC
event: (1) pressurizer level, (2) pressurizer pressure, (3) hot-leg tempera-
ture, (4) cold-leg temperature, (5) SG pressure, (6) SG level, (7) reactor
vessel upper head level, and (8) emergency feedwater tank level. In CESSAR-DC
Appendix 50, ABB-CE indicates that the instrumentation used by the operator to
measure these parameters is safety grade and consists of multiple channels as
defined in Table 3.3.14-1 of CESSAR-DC Chapter 16, thus complying with BTP .

RSB 5-1 requirements which only allow the use of safety-grade equipment.

ABB-CE also agreed to perform tests, which were discussed in Table SD-3 of
Appendix 5D and Chapter 14 of the CESSAR-DC, to validate the adequacy of the
assumptions used in the NCC analysis in meeting BTP RSB 5-1 requirements. The
tests include: (1) pressurizer vent and reactor vessel vent capacity tests,
(2) SI flow capacity and valve throttling capability tests, (3) atmospheric
dump valve and emergency feedwater capacity tests, and (4) tests of the decay
power to reactor coolant flow ratio and boron mixing in NCC conditions using
the auxiliary spray for depresssurization. ABB-CE compared the analytical
results of the RCS depressurization rate using the pressurizer vent, which is
safety-grade equipment, versus auxiliary spray (which was used to achieve the
NCC for the Palo Verde plant for meeting the BTP RSB 5-1 requirements.)
ABB-CE indicated that the depressurization rates for the auxiliary spray and
pressurizer vent are similar with a slightly higher depressurization rate
achieved when using the auxiliary spray. The system responses are similar.
After completing the analytical results, ABB-CE asserted that both methods
will provide adequate depressurization capacities for the NCC event. ,

The staff has reviewed Appendix SD of the CESSAR-DC and finds that (1) ABB-CE
demonstrated that the NCC analysis is conservative, and sufficient operating
margins are available for the operator to achieve the NCC cooldown, (2) the
multiple channels and safety-grade instrumentation will be available to the
operator for monitoring and controlling the NCC conditions from the control
room, (3) the tests proposed by ABB-CE represent anticipated plant conditions
during the NCC event, and the acceptance criteria of the tests bound the
assumptions used in the NCC analysis, and (4) the pressurizer vent capacity
for depressurization will be demonstrated to be comparable to that of the :
auxiliary spray, which was used in a Palo Verde. plant with a RCS similar to
the System 80+ design for the NCC test in meeting the BTP RSB 5-1
requirements. Therefore, the staff concludes that ABB-CE has provided
reasonable assurance that the NCC can be achieved for System 80+ plants and
ABB-CE's approach to addressing the NCC issue is acceptable. On this basis,
DSER Open Item 5.4.3.1-1 is resolved.

.

'

Since System 80+ differs from System 80 in the DVI feature, ABB-CE committed
to conduct a boron mixing test under natural circulation for the first plant :

with a System 80+ design. In a letter of December 23, 1992, ABB-CE indicated I

that the test would be performed during the startup test program as described
in Amendment J to CESSAR-DC Section 14.2.12.4.23. Since the boron mixing test
would be performed after fuel was loaded during power ascension testing, the
staff agrees with ABB-CE that this test should not be part of the ITAAC

(oV) program, which would be completed before fuel load. On this basis, DSER Open
Item 5.4.3.1-2 is resolved.
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The SCS is a safety-grade system, is single failure proof, and all of the
actions necessary for shutdown can be performed from the control room. There-
fore, the System 80+ SCS complies with the functional requirements of
BTP RSB 5-1.

5.4.3.2 SCS Isolation

The SrS is designed to provide adequate protection to the SCS from overpressu-
rization when the RCS is operating at high pressures. There are two parallel
paths of SCS suction lines that are equipped with three remotely controlled
valves in each line. Two isolation valves per line are located inside the
containment and one motor-operated valve per line is located in the low-
pressure piping outside the containment. The four isolation valves inside the
containment are powered by four independent power supplies, so that a fault in
a power supply or valve will neither line up the RCS to either of the two SCS
trains inadvertently nor prevent the initiation of shutdown cooling with at
least one SCS train. Each of the four isolation valves inside the containment
has an independent interlock, utilizing pressurizer pressure, to prevent the
SCS isolation valves from being opened when reactor pressure is high. This
interlock protects against violation of the low temperature overpressure
protection (LT0P) and plant pressure and temperature limits (see Section 5.2.2
of this chapter for the staff evaluation of the LTOP design). The interlocks
do not provide automatic closure of the valves when pressurizer pressure in-
creases during shutdown cooling operation, so as not to increase the potential
for loss of shutdown cooling. The discharge side is isolated from the RCS by
three check valves on each line from the SCS discharge to the DVI nozzles.

ABB-CE confirmed that valve position indication for each of four isolat Nn
valves inside the containment and two motor-operated valves outside the con-
tainment will be installed in the main control room and that CESSAR-DC
Figure 6.3.2.lc correctly reflects the valve position and indications for each
isolation valve. On this basis, DSER Open Item 5.4.3.2-1 is resolved.

The design of interlocks will not automatically close the isolation valves in
the event of an RCS pressurization during shutdown cooling. This design of
interlocks prevents a loss of decay heat removal capability due to inadvertent
closure of the isolation valves during SCS operation. To respond to DSER Open
Item 5.4.3.2-2, ABB-CE indicated that the System 80+ design has the following
features for preventing SCS overpressurization:

An alarm is installed for each of the SCS suction isolation valves*

located inside containment. This alarm warns control room operators
when rising RCS pressure approaches the SCS operating pressure limit and
isolation valves are not closed.

Valve position indication is installed in the control room for all SCS |*

suction isolation valves located inside containment. The power for the
indicators is supplied from a separate source so that the position |

'indication is not affected by power interruption to the operator.

The response guidelines as described in CESSAR-DC Section 5.4.7.2.6.E.

direct operator actions during shutdown cooling for overpressurization
protection of the SCS.

|
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.- The design pressure of the SCS is increased to 6,205 kPa (900 psi).
This design pressure meets the required ultimate rupture strength (URS)
equal to full RCS pressure as specified in SECY-90-016, " Evolutionary
LWR Certification Issues and Their Relationship to Current Regulatory-

,Requirements," to reduce risk of intersystem loss-of-coolant accident *

(LOCA) events (see Chapter 20, of this report (Issue 105), for the
evaluation of intersystems LOCA events).

;

!

On the basis of its review, the staff finds that the design features discussed -

above provide reasonable assurance of overpressure protection for the SCS.
The staff, thus, determines that the design of interlocks without automatic -

closure function is acceptable. On this basis, DSER Open Item 5.4.3.2-2 is !

resolved.
L

ABB-CE indicated that the SCS design deviates from the requirements of CTP
RSB 5-1, Items B.1(b) and (c), and Item E with regard to the diversity of
interlocks for SCS suction isolation valves, and testability of the isolation .'

valves and interlock circuits. In Item B.l(b) of BTP RSB 5-1, the staff ,

states that "the valves shall have independent diverse interlocks to prevent '

the valves from being opened unless the RCS pressure is below residual heat
!removal (RHR) system design pressure." ABB-CE justified the lack of this
,

diversity by addressing the adequacy of the overall design of the SCS: i
overpressure protection described in CESSAR-DC Section 5.4.7.2.3; the LTOP !
addressed in CESSAR-DC Section 5.2.2.10; the alarm design for operator action
detailed in CESSAR-DC Section 5.4.7.2, and the limiting conditions for opera- ;

tion and SRs for the relief valves stated in TS 3.4.11. The staff has '

reviewed these areas for the SCS design. On the basis of its evaluation '

stated in Sections 5.2.2 and 5.4.3 of this chapter, the staff concludes that !
reasonable assurance was provided to protect against SCS overpressurization, |
even without diverse interlocks.

In Item B.l(c) of BTP RSB 5.1, the staff states that "the valves shall have !
independent diverse interlocks to protect against one or both valves being i
open during an RCS increase above the design pressure of the RHR system." To :
address the overpressure concern in this item, previous designs have contained !

an interlock that automatically closes the suction isolation valves upon a |
pressure transient for PWRs. Over the past several years,' there has been j
increased effort to improve the reliability of the SCS. It was recognized
that the auto closure interlocks (ACIs) on suction valves of the SCS have been j
a frequent cause of loss-of-SCS events. The staff had previously reviewed and
approved the removal of the ACIs for many PWRs. The System 80+ design does i
not have the ACI feature, which is consistent with the modified design in the !
existing plants, and the guidance specified in EPRI VRD 5.2.3.3. As discussed |

in this section, the staff has concluded that the overall design of the SCS
system is adequate for overpressure protection. Therefore, the staff finds
that the deviation from the guidance of Item B.l(c) is acceptable. !

In Item E of BTP RSB 5-1, the staff states that "the isolation valve 1
operability and interlock circuits must be designed so as to permit on line l

test when operating in the RHR modes." ABB-CE has retracted this deviation I
and committed to the conformance of the System 80+ design to these testing '

requirements. Testing of the SCS suction isolation valve circuitry appears in
CESSAR-DC Sections 7.6.2.2 and 14.2.12.1.21.
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The SCS design complies with the isolation requirements of BTP RSB 5-1 and is,
therefore, acceptable. On this basis, DSER Open Item 5.4.3.2-3 is resolved.

Intersystems t0CA

SECY-90-016, " Evolutionary Light Water Reactor (LWR) Certification Issues and !
Their Relationship to Current Regulatory Requirements," specifies the staff's
position on protection against the possibility of a LOCA occurring outside the
containment for those systems linked to the RCS. The staff position is that
future advanced light-water reactor (ALWR) designs should reduce the possibil-
ity of a LOCA outside the containment by designing, to the extent practicable,
all systems ar.d subsystems connected to the RCS to an URS at least equal to
full RCS pressure. The " extent practicable" phrase is a realization that all
systems must eventually interface with atmospheric pressure, and that, for
certain large tanks and heat exchangers, it would be difficult or
prohibitively expensive to design such systems to the URS equal to full RCS
pressure. Note that the degree of isolation or number of barriers (e.g.,
three isolation valves) is not sufficient justification for using low-pressure
components that can be practically designed to the URS criteria. For example,
piping runs should always be designed to meet the URS criteria, as should all
associated flanges, connectors, and packing, including valve stem seals, pump
seals, heat exchanger tubes, valve bonnets, and RCS drains and vent lines.
The oesigner should attempt to reduce the level of pressure challenge to all
systems and subsystems connected to the RCS.

For all interconnected systems and components that do not fully comply with
all RCS URS criteria, it is necessary for ABB-CE to justify why it is not
practical to reduce the pressure challenge any further. This justification
should be based on an engineering feasibility analysis and not solely on risk-
benefit tradeoffs.

For those interconnections where acceptable justification on impracticability
of full RCS pressure capability has been provided, compensating isolation
capability must be demonstrated. For example, ABB-CE should demonstrate for
each connecting system and component that the degree and quality of isolation
or reduced severity of the potential pressure challenges compensate for and
justify the safety of the low-pressure system or component. The adequacy of
pressure relief and piping of relief back to primary containment are possible
considerations. As noted in SECY-90-016, each of these areas where high
pressure meets low pressure must also include the following protection
measures: (1) the capability of leak testing the pressure isolation valves,
(2) the valve position indication that is available in the control room when
isolation valve operators are deenergized, and (3) high-pressure alarms to
warn control room operators when rising RCS pressure approaches the design
pressure of the attached low-pressure system and both isolation valves are not
closed.

In Amendment Q to the CESSAR-DC, ABB-CE submitted its evaluation of various
interconnected systems (including the SCS design) in Appendix SE, and
concluded that the design of the SCS that is face-to-face with the RCS will be
in full compliance with the requirements specified in SECY-90-016 as discussed
for interfacing system LOCA protection. The staff has reviewed the SCS design
in meeting the intersystems LOCA requirements. On the basis of its evaluation
in Chapter 20 of this report on GSI-105, the staff finds that ABB-CE

ABB-CE SYSTEM 80+ FSER 5-50 June 1994

. _ _ ___ _ - - __ _ __ _ _-__ _ _ _ _ - _ _ _ _ _ _



.

m adequately addressed the intersystems LOCA requirements for the SCS design,

[V] and concludes that the SCS design is acceptable. On this basis, DSER Open
Item 5.4.3.2-4 is resolved.

5.4.3.3 SCS Pressure Relief

Each of two SCS suction lines is equipped with pressure relief valves designed
to prevent overpressurization of the SCS. Relief valves SI-169 and SI-469 are |

in the SCS suction line between the isolation valves inside the containment to
protect isolated pipe lengths from transient thermal effects. Relief valves
SI-179 and SI-189 are in suction lines between isolation valves inside the
containment and isolation valves outside the containment. These two valves
protect the SCS from inadvertent RCS pressurization during SCS operation. The
valves are sized to protect the components and piping from overpressurization
due to inadvertently starting the charging pumps, RCS pumps, SI pumps, and
pressurizer heaters. The evaluation of the design for the SCS relief valves |
1s discussed in Section 5.2.2 of this chapter.

The SCS piping and valves from the RCS up to and including SI-653 and SI-654,
are designed to ASME Code Section III, Class 1. The remainder of the SCS
piping, components, and valves, including relief valves SI-179 and SI-189, are

,designed to ASME Code Section III, Class 2. The relief valves SI-179 and )SI-189 are located inside the containment. The reactor coolant discharged
through the relief valves is collected in the holdup volume tank (HVT), which>

is a low collection point in the containment. The spillage from the HVT is .

collected in the IRWST, which supplies the borated water for the SIS. This
p relief flow path enables the System 80+ design to preserve the RCS inventory

V) and the SIS water source in the containment, and to avoid flooding of any(
safety-related equipment should relief valves be stuck open.

The SCS design complies with the pressure relief requirements of BTP RSB 5-1
and is, therefore, acceptable.

5.4.3.4 SCS Pump Protection

Each of the SCS pumps, as described in CESSAR-DC Section 5.4.7.2.2.E and in
ABB-CE's response to RAI Q440.58, has a minimum recirculation line to protect
the pump from a potential low-flow or no-flow operating condition. The mini-
flow lines are routed from the pump discharge back to the pump suction.

A locally operated manual valve, that is located in each miniflow line to
allow pump maintenance, is locked open during all operating modes. A heat
exchanger in each miniflow line removes pump heat in the event of a closed
pump discharge path should an operator make a mistake.

Individual flow and pump inlet / outlet pressure instruments monitor i.he
condition of each of the SCS pump trains. A readout for each of these instru-
ments is in the main control room. In addition, the SCS flow has a low-flow
alarm located in the main control room. An alarm alerts the operator to low-
flow conditions that lead to a loss of shutdown cooling due to either a loss
of adequate pump suction or the closure of a system valve.

m
In a letter dated January 21, 1993, and in Amendment V to CESSAR-DC
Sections 5.4.7.2.2.E and 5.4.7.4, ABB-CE indicated that the SCS pumps are
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required to operate in a range from the design point to runout conditions.
These pumps are not required to operate at reduced flow, such as injection
mode following a small-break LOCA. For post-trip long-term cooling, the SCS
operates only after the RCS level has been stabilized, and the pressure and
temperature have been reduced to low pressures. Since SCS pumps take suction
from RCS hot legs and return flow to the RCS through a DVI nozzle, RCS
pressure has no effect on SCS pump flow. ABB-CE reviewed operating data for
pumps with the similar mechanical seal design used in SCS pumps and stated
that these pumps could be operated at the range of the design flow to runout
conditions for more tlan 12,000 hours without overhaul. ABB-CE also indicated
that the SCS pumps will be inspected, tested, repaired, and replaced to comply
with the pump functional requirements in accordance with the requirement; of
ASME/ ANSI OM-1987. On the basis of its evaluation of the SCS design
discussed in this section, the staff concludes that ABB-CE has given
reasonable assurance for the operability of SCS pumps. On this basis, DSER
Open Item 5.4.3.4-1 is resolved.

The SCS design conforms to the pump protection requirements of BTP RSB 5-1;
therefore, the SCS pump design is acceptable.

5.4.3.5 Shutdown and Low-Power Operation Risk

The NRC staff has become increasingly concerned about the safety of operations
during low-power operations or periods of plant shutdown. The Diablo Canyon
event of April 10, 1987, highlighted a particularly sensitive condition of the
operation of a PWR with a reduced inventory in the RCS. After the NRC
reviewed the event, the staff issued Generic Letter (GL) 88-17, " Loss of Decay
Heat Removal," on October 17, 1988. The letter requested that licensees
address numerous generic deficiencies to improve operational safety at reduced
reactor coolant inventory. This included deficiencies in procedures,
hardware, and training in the areas of (1) prevention of accident initiation,

|
(2) early mitigation of accidents, and (3) control of radioactive material if
a core damage accident should occur. More recently, the loss of ac power at
the Vogtle plant on March 20, 1990, led to a staff investigation of the
incident. The incident investigation team report (NUREG-1410), " Loss of Vital
AC Power and the Residual Heat Removal System During Midloop Operations at
Vogtle Unit 1 on March 20, 1990," June 1990, emphasized the need for risk
management of shutdown operations.

These events have led the staff to conclude that: (1) non-routine activities
and availability of less equipment during shutdown increases the probability
of complex events that challenge operators in unfamiliar ways and (2) lack of
rigorous consideration of accident sequences during shutdown operations has
resulted in potentially incomplete or inadequate instrumentation, emergency
response procedures, and mitigation equipment.

The NRC has evaluated risks during shutdown and low power operation. This
task had the objective of developing a thorough understanding of the manner in
which activities and operations during shutdown are planned and implemented;
determining the root causes of earlier events was also a part of this task.
The staff evaluation of shutdown and low-power operations was issued in
NUREG-1449, "NRC Staff Evaluation of Shutdown and Low Power Operation,"
September 1993.

|
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Because an event that occurs during shutdown.and at low power has_ safety sign--
.t ificance, the staff has determined that concerns with the shutdown operation
L \. .should be satisfactorily. addressed before the NRC issues a final. design

,

approval for the System 80+ design. ABB-CE was required to demonstrate ade- ,

quate treatment of shutdown risk by submitting information, including i

(1)- documentation showing adequate assessment of shutdown and low-power risk, I
with identification of design-specific vulnerabilities and weaknesses and '

!(2) documentation showing consideration and incorporation of design features
that minimize shutdown and low-power risk vulnerabilities. The staff has ;

reviewed the shutdown risk report submitted by ABB-CE and found it acceptable.
'

The staff's evaluation is included Section 19.3 of this report. On this
basis, DSER Open Iteni 5.4.3.5-1 is resolved.

In addition, the staff asked ABB-CE to describe any deviations and a
justification of the deviations from GL 88-17 recommendations regarding
instrumentation, operating procedures, operator training programs, and TS
implementations, addressing the concerns for reduced inventory operation. The
staff sent its request to ABB-CE in RAIs Q440.140 through Q440.151 on-
August 21, 1991. The staff has reviewed ABB-CE's responses to the RAls in !

conjunction with the shutdown-risk report. The staff finds that ABB-CE '

adequately addressed the shutdown-risk issue. The staff's evaluation of the '

shutdown risk appears in Section 19.3 of this report. On this basis, DSER :

Open Item 5.4.3.5-2 is resolved.
;

Tests. ODerational Procedures, and Sucoort Systems '

,

In the CESSAR-DC, ABB-CE requires that preoperational tests be conducted on *

each referenced plant to verify proper operation of the SCS. The r

preoperational tests include calibration of instrumentation, verification of
adequate cooling flow, and verification of operability of all associated
valves. In addition, a preoperationai hot functional performance test is !
performed on the installed shutdown cooling heat exchangers to verify adequate i

fl ow. In compliance with RG 1.68, " Initial Test Programs for Water Cooled
Reactor Power Plants," plans to conduct preoperational testing to verify the :
. design performances of the SCS and its individual components. Also, '

preoperational hydrostatic tests are performed per Section III of the ASME ,

B&PV Code. The preoperational testing program is evaluated in Chapter 14.of
this report.

.

Conclusions

The staff reviewed the SCS design for the System 80+ design. The scope of the |
staff review included piping and instrumentation diagrams, failure modes and
effect analysis, and design performance specifications for essential compo- '

nents. The staff reviewed the proposed design criteria, design bases, and the
conformance of design to those criteria and bases. The staff concludes that
the SCS design for the System 80+ plant complies with the requirements of BTP
RSB 5-1; GDC 5, " Sharing of Structures, Systems, and Components"; GDC 19,
" Control Room"; and GDC 34, " Residual Heat Removal"; and is acceptable. The

'

design description and ITAAC for the SCS system contain the appropriate design
commitments that are to be verified and that are acceptable.

-
3
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5.4.4 Pressurizer Relief Tank

The IRWST is used as the pressurizer relief tank for the System 80+ design and
is addressed in Section 6.8 of this report.

i

O

O
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6 ENGINEERED SAFETY FEATURES'q
G] 6.1 N_ateri al s i

6.1.1 Engineered Safety Feature Materials

The staff has reviewed the engineered safety features (ESF) materials,
fabrication procedures and associated requirements stated in the CESSAR-DC for
compliance with the guidelines in standard review plan (SRP) Section 6.1.1.
Among the areas reviewed were the materials and fabrication procedures used in
the design ESFs, composition and compatibility of ESFs fluids, component and
system cleaning, thermal insulation, and coatings. Open items in the draft
safety evaluation report (DSER) are addressed as follows:

In CESSAR-DC Section 5.2.3.3.2.1, ABB-CE takes exception to the recommenda-
tions in Position C.2 of Regulatory Guide (RG) 1.50, " Control of Preheat
Temperature for Welding Low Alloy Steels," for controls imposed on preheat
temperatures for welding ferritic steels. These controls provide reasonable
assurance that components made from low-alloy steels will not crack during
fabrication and will minimize the possibility of subsequent cracking because
of hydrogen-induced stresses in the weldment. In a submittal dated Novem-
ber 24, 1992, ABB-CE stated that its basis for taking exception to Position
C.2 was the Westinghouse Topical Report WCAP-8678, "Effect of Preheat and Post
Weld Heat Treat on Hydrogen-Induced Cracking in Pressure Vessel Steels,"
September 1975. The NRC evaluated this report and accepted it. This report
presents three acceptable alternatives, and ABB-CE's position is that a
particular alternative will be specified when purchased in the construction(p) stage on the basis of such factors as the configuration or the capabilities of

v the fabrication facility. This approach should provide adequate assurance
that low-alloy steel weldments will not develop cracking from the presence of
hydrogen. On this basis, DSER Open Item 6.1-1 is resolved.

In CESSAR-DC Table 6.1-1, ABB-CE indicates that Inconel 690 will be used in
place of Inconel 600 as an ESF pressure-retaining raaterial. Operating experi-
ence indicates that Inconel 600 is susceptible to cracking as discussed at a
1987 workshop on secondary-side intergranular corrosion mechanisms and
documented in EPRI NP-5971. ABB-CE has considered using alternate materials
that resist stress corrosion cracking. ABB-CE will use Inconel 690 wherever
Inconel 600 was to be used. The staff views the Inconel 690 alloy as the
preferred nickel alloy in the primary and secondary coolant loops because it
is more resistant to corrosion than Inconel 600. The use of Inconel 690 will
provide reasonable assurance of the material integrity of the components and
tubing in contact with reactor coolant and secondary water chemistries thus
meeting the EPRI guidelines committed to by ABB-CE. On this basis, DSER Open
Item 6.1-2 is resolved.

ABB-CE proposes that Types 304 and 316 austenitic stainless steel be used.
However, these materials are susceptible to intergranular stress corrosion

,

cracking when the oxygen content of the reactor coolant exceeds 0.010 ppm at i
temperatures above 93 *C (200 'F) during normal operations. During startup !

and operation of the nuclear steam supply system (NSSS), these temperature and
n' chemical conditions are maintained through specified chemistry control. ABB-

,

( CE has taken alternative mitigating approaches described in CESSAR-DC Section i

5.2.3.4 as allowed in RG 1.44, " Control of the Use of Sensitized Stainlessx
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Steel . " These approaches provide reasonable assurance of the integrity of
austenitic stainless steel components in contact with reactor coolant. On
this basis, DSER Open Item 6.1-3 is resolved.

The ferrite content limits for austenitic stainless steel castings and weld
metal in the System 80+ design are broader than those in industry guidelines
Electric Power Research Institute (EPRI), " Advanced Light Water Reactor
Utility Requirements Document," NP-6780-L, Volume 2, Advanced Light Water
Reactor (ALWR) Evolutionary Plant, Chapter 1, Overall Requirements, Revi-
sion 3, November 1991, and staff guidance U.S. Nuclear Regulatory Commission,
" Technical Report on Material Selection and Processing Guidelines for (BWR)
Coolant Pressure Boundary Piping," NUREG-0313, Rev. 2, January 1988. In
Amendment Q to CESSAR-DC, ABB-CE committed to limit the ferrite content of
austenitic stainless steel castings to a maximum of 20 percent for components
with normal operating temperature exposure above 260 *C (500 *F). In Amend-
ment L to CESSAR-DC, ABB-CE modified the upper ferrite limit to 15 percent for

~

austenitic stainless steel weld metal. The staff believes that these lower
limits at ferrite content for austenitic stainless steel castings and weld
metal will provide reasonable assurance that components of these materials
will maintain adequate fracture toughness for their 60-year life. On this
basis, DSER Open Item 6.1-4 is resolved.

During the development of the DSER, the staff raised the issue that carbon
steel materials may be susceptible to dynamic strain aging (DSA) which reduces
the material fracture properties (see C.W. Marschall, M.P. Landow, and G.M.
Wilkowski, "Effect of Dynamic Strain Again on Fracture Resistance of Carbon
Steels Operating at Light-Water-Reactor Temperatures," ASTM STP 1074, ASTM,
Philadelphia, PA, 1990, pp. 339-360.) The NRC staff discussed this issue with
ABB-CE several times. In its January 20, 1993, submittal, ABB-CE noted that
industry is investigating the susceptibility of materials to DSA and the
extent to which the fracture toughness properties are affected. The materials
used in nuclear power plant ESFs (carbon and alloy steels, stainless steels
and nickel alloys) have adequate fracture toughness, either as an inherent
property of the material (austenitic stainless steels, thin-section carbon and !
alloy steels, and nickel alloys) or by Charpy V-notch testing of thicker 1

section carbon and alloy steels as required by the American Society of
Mechanical Engineers (ASME) Code. These materials have had extensive use in
existing reactor designs in the same applications and have had no cases of
excessive leakage, sudden failure or brittle fracture due to DSA. The staff
concludes that these materials, by meeting the ASME Code, have an acceptable
level of fracture toughness to account for DSA. On this basis, DSER Open Item
6.1-5 is resolved.

In Section 5.2.3 of the CESSAR-DC, ABB-CE is proposing to allow the continued
reference to American Society for Testing and Materials (ASTM) A-708 for the
purpose of maintaining the qualifications of older welding procedures. ASTM
A-262, Practice A or E (recommended in RG 1.44) has been used by ABB-CE since
the mid-1970s for verifying non-sensitization of austenitic stainless steel
materials and weldments. ABB-CE qualified weld procedures developed prior to
the mid-1970s and used A-708 in their qualification. These weld procedures
are still in use. There have been no intergranular stress corrosion cracking
(IGSCC) failures involving austenitic stainless steel weldments in ABB CE's
NSSS units. In addition, in SRP 4.5.1, paragraph III.2, the staff allowed A-
708 as an acceptable alternative test for A-262, Practice A or E. On the
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basis DSER Open Item 6.1-6 is resolved.

ABB-CE limits the carbon content of austenitic stainless steels to
0.065 percent compared to the usual specification limit of 0.08 percent and
imposed controls on welding, fabrication, and water chemistry during startup
and operation to mitigate the occurrence of IGSCC in these stainless steels.
Such mitigation has proved successful in operating reactors for more than
20 years and provides reasonable assurance that IGSCC is controlled and,
therefore, that these components will maintain their integrity. On this
basis, DSER Open Item 6.1-7 is resolved.

ABB-CE has provided a corrosion allowance for a 60-year plant design life and
its technical basis as follows:

The 60-year minimum corrosion allowance for the materials exposed to
process fluids are:

0.00015 cm (0.0006 in) for Inconel 690
0.0076 cm (0.003 in) for austenitic stainless steel
0.015 cm (0.006 in) for ferritic stainless steel
0.15 cm (0.060 in) for unclad carbon steel

Among the materials of construction for the primary-side components are a
variety of nickel alloys, stainless steels, and low alloy steels clad with
corrosion resistant material (i.e., nickel alloy or stainless steel). All of
these materials are resistant to general corrosion in high temperature aqueous
environments, and numerous studies have documented this resistance (EPRI URD

( and NUREG-0313). For example, 300 series stainless steels, low-chromium
|stainless steels (Types 405 and 409), and Alloy 600 (a nickel alloy used for

steam generator (SG) tubes and penetrations in older pressurized-water
reactors (PWRs) have been exposed to low-level faulted secondary-side environ- |

,

ments for up to 249 days. After exposure, the following general corrosion
rates were determined: for Type 347 stainless steel, 0.000033 - 0.00012
cm/ year (0.013 - 0.048 mils /yr); for Type 405/409 stainless steel, 0.00007 -
0.00015 cm/ year (0.028 - 0.061 mils /yr); and for Alloy 600, 0.000015 - |

0.000058 cm/ year (0.006 - 0.023 mils /yr). ASlf. STP 1074 pre;ents general
corrosion results for Alloy 690 and Alloy 600 in flowing (5.5 m/sec)
ammoniated and borated water at 316 *C (600 *F). This study shows a signifi-
cantly improved general corrosion resistance for Alloy 690 over Alloy 600.
Under the test conditions, general corrosion for Alloy 690 was one fourth to
one tenth that of Alloy 600. Thus, a conservative corrosion allowance for
Alloy 690 is 0.000025 cm/ year (0.01 mils /yr) of operation. For austenitic
stainless steel in the primary circuit, a corrosion allowance of 0.00013
cm/ year (0.05 mils /yr) is appropriate; and for ferritic stainless steels, a
corrosion allowance of 0.00025 cm/ year (0.1 mils /yr) is appropriate.

On the secondary side, unclad carbon and low-alloy steels used for the steam
generator shells are exposed to the secondary environment, as are the outside
surfaces of the tubes (Alloy 690), the tube supports (Type 409 stainless
steel), and the flow distribution plate (Type 405 stainless steel). The same
corrosion allowances used for the primary-side applications are appropriate
for the secondary side for Alloy 690 and the Types 405/409 stainless steels. l

O References (1) and (2), along with other sources, show relatively low corro-
sion rates for carbon and low-alloy steels. For Type 1010 carbon steel,

I
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corrosion rates after up to 440 days of exposure to low-level faulted condi-
tions ranged from 0.00034 - 0.002 cm/ year (0.135 - 0.77 mil s/yr) . For SA 508
Class 3 steel, the corrosion rates for the same test period varied from
0.00031 to 0.0017 cm/ year (0.122 - 0.650 mils /yr). Thus, for secondary-side
applications, a corrosion allowance of 0.0025 cm/ year (1.0 mils / year) of
operation is reasonable, and an overall corrosion allowance of 0.15 cm
(0.060 in.) will provide sufficient material for 60 years of operation. On
this basis, DSER Open Item 6.1-8 is resolved.

Recent fatigue test data indicates that the effects of the environment could
significantly reduce the fatigue resistance of materials (see the following
references) . (1) K. Ilda, J. Fukakura, M. Higuchi, H. Kobayashi, S. Miyazono,
and M. Nakao, " Survey of Fatigue Strength Data of Nuclear Structural Materials
in Japan," Abstract of DBA Committee Report, 1988. (Presented to the ASME,
Subgroup on Fatigue Strength, on December 5, 1988, in New York City, NY.)
(Enclosure in letter, from John W. Craig of NRC to Edward Griffing of the
Nuclear Management and Resources Council, Washington, D.C., dated July 2,
1991.). (2) M. Higuchi and K. Iida, " fatigue Strength Correction Factors of
Carbon and Low-Alloy Steels in Oxygen-Containing High-Temperature Water,"
Nuclear Engineering and Design, Volume 129, 1992, pp. 293-306.
(3) J.B. Terrell, "Effect of Cyclic Frequency on the Fatigue Life of ASME
SA-106-C Piping Steel in PWR Environments," Journal of Materials Engineering,
Volume 10, Number 3,1988, pp.193-203). The specific concerns relate to the
water and temperature environment and its synergistic interactions with the
strain rate.

The design of System 80+ components will address the potential influence of
environmental effects on the fatigue life of materials over the 60-year design
life. The issue of environmental effects on fatigue is currently under
consideration by a special Steering Committee for Cyclic Life and Environmen-
tal Effects in Nuclear Applications of the Pressure Vessel Research Council
(PVRC). These activities were initiated based on requests from the ASME
Boiler and Pressure Vessel (B&PV) Corie Committee and the Board on Nuclear
Codes and Standards (BNCS). The charter of the PVRC Steering Committee is to
provide guidance and directions related to determining the effects of light
water reactor (LWR) service environments on the cyclic life properties of
applicable materials. The Steering Committee is also evaluating application
methodologies that include these effects in the fatigue analysis process.

Preliminary recommendations were provided to the BNCS in September 1992. The
initial findings reported to BNCS were that the current S/N curves should be
appropriate for PWR environments. There was not a complete agreement of the
Steering Committee on this position and the issue is not yet finally resolved.
ABB-CE will continue to monitor the industry activities on the fatigue carves
and fatigue analysis methodology.

System 80+ components will be designed to ASME B&PV Code rules. If the
influence of environmental effects has not been incorporated into the Code
rules at the time of the design, the potential effects will be addressed based
on the technical understanding of the materials data and anticipated operating
conditions. On this basis, DSER Open Item 6.1.9 is resolved.

The staff concludes that the ESF materials specified are acceptable and meet
the requirements of General Design Criteria (GDC) 1, 4, 14, 31, 35, and 41 of
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Appendix A to 10 CFR Part 50; Appendix B to 10 CFR Part 50, and 10 CFR 50.55a.
The basis for this conclusion follows.

The facility will comply with GDC 1,14 and 31, and 10 CFR 50.55a regarding
assuring an extremely low probability of leakage, of rapidly propagating
failure, and of gross rupture. This is shown since the materials selected for.
ESFs will conform to Appendix I of Section III of the ASME Code, and Parts A,
B, and C of Section II of the Code. Cold-worked stainless steels will not be
used for components of the ESF. The fracture toughness of the ferritic
materials will conform to the requirements of the code.

The controls on the use and fabrication of the austenitic stainless steel of
the systems will follow the recommendations of RG 1.31, " Control of Ferrite
Content of Stainless Steel Weld Metal," and RG 1.44, " Control of the Use of-
Sensitized Stainless Steel," or acceptable alternative approaches. Fabrica-
tion and heat treatment practices performed in accordance with these guide-
lines produce added assurance that the probability of IGSCC will be reduced
during the postulated duration of the accident.

Conformance with the codes and RGs and with the staff positions given above,
constitutes an acceptable basis for fulfilling the requirements of GDC 1, 4,
14, 35, and 41, Appendix B to 10 CFR Part 50, and 10 CFR 50.55a, and for
designing, fabricating, and erecting these systems so that they can function
as required.

GDC 1, 14, and 31 and Appendix B to 10 CFR Part 50 have been met with respect
to assurir.g that the reactor coolant boundary and associated auxiliary systems

O will have an extremely low probability of leakage, rapidly propagating
failures, and gross rupture. The controls to be placed on concentrations of
leachable impurities in nonmetallic thermal insulation used on components of
the ESFs conform to recommendations of RG 1.36, " Nonmetallic Thermal Insula-
tion for Austenitic Stainless Steels." Compliance with the recommendations of
RG 1.36 form a basis for conforming to the requirements of GDC 1, 14, and 31.

The protective coating systems have been qualified by tests acceptable to the
staff. This qualification provides reasonable assurance that the coating
systems will not degrade the operation of the ESFs by delaminating, flaking,
or peeling.

The coatings applied are in accordance with RG 1.54, " Quality Assurance
Requirements for Protective Coatings Applied to Water-Cooled Nuclear Power
Plants." Conformance with this RG is a basis for meeting the requirements of
Appendix B to 10 CFR Part 50, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Processing Plants."

The ESF components will meet the requirements of GDC 4, 35, and 41, and
Appendix B to 10 CFR Part 50 regarding compatibility of ESF components with
environmental conditions associated with normal operation, maintenance,
testing, and postulated accidents, including loss-of-coolant accidents
(LOCAs). The controls on the pH and chemistry of the reactor containment
sprays and the emergency core cooling water following the loss-of-coolant or
design-basis accident (DBA) are adequate to reduce the probability of IGSCC of

O containment throughout the duration of the postulated accident to completion
austenitic stainless steel components and welds of the ESFs systems in
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of cleanup.

Also, the control of pH of the sprays and cooling water, in conjunction with
controls on selection of containment materials, conforms to RG 1.7, " Control
of Combustible Gas Concentrations in Containment Following a Loss-of-Coolant
Accident," and provides assurance that the sprays and cooling water will not
give rise to excessive hydrogen gas evolution resulting from corrosion of
containment metal or cause serious deterioration of the materials in the
containment.

The staff reviewed the CESSAR-DC for compliance with the staff positions in
Branch Technical Position (BTP) MTEB 6-1, "pH for Emergency Coolant Water for
PWRs." The controls on the pH and chemistry of the reactor containment sprays
and emergency core cooling system (ECCS) solutions conform to the staff
positions on postaccident chemistry requirements for PWR emergency coolant
water. They also conform to the requirements of GDC 14 for assuring the low
probability of abnormal leakage or failure of the reactor coolant pressure
boundary and safety-related structures. Therefore, the staff concludes that
the proposed pH for emergency cooling water is acceptable.

The controls to be placed upon component and system cleanup will comply with
the recommendations of RG 1.37. These controls provide a basis for the
finding that the components and systems will be protected against damage or
deterioration by contaminants as stated in the cleaning requirements of
Appendix B to 10 CFR Part 50.

In CESSAR-DC, ABB-CE states that the combined license (COL) applicant will '

review vendor fabrication procedures to ensure that unstabilized austenitic
stainless steel with a carbon content greater than 0.03 percent is not exposed,

I to the temperature range of 430 *C to 820 "C (800 *F to 1500 'F) other than
'

during welding. This was designated as COL Action Item 6.1.1-1 in the DSER.

The COL applicant will perform grinding with resin-bonded or rubber-bonded
aluminum oxide or silicon carbide wheels that have been used only on Type 300-
series stainless alloys. Grinding wheels bonded with rubber compositions that

; include halides or sulfur will not be used on austenitic stainless steels.
! This was designated as COL Action Item 6.1.1-2 in the DSER.

i To prevent halide-induced intergranular corrosion which could occur in an
| aqueous environment with significant quantities of dissolved oxygen, the COL
| applicant will add hydrazine to inhibit the flushing water. This was design-
| ated as COL Action Item 6.1.1-3 in the DSER.

In welding ferritic steel, one of the options of Westinghouse report
WCAP-8578, "Effect of Preheat and Post Weld Heat Treat on Hydrogen-Induced
Cracking in Pressure Vessel Steels," September 1975, will be followed as an,

alternative to Position C.2 of RG 1.5, " Control of Preheat Temperature for|

| Welding of Low-Alloy Steel." Additional requirements of the ASME Code will
I

also be followed. This was designated as COL Action Item 6.1.1-4 in the DSER.

|

6.1.2 Organic Materials

The staff concludes that the protective coating systems and their applications
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are acceptable and comply with the requirements of Appendix B to 10 CFR Part

(J< .)
50. This conclusion is based on ABB-CE having complied with the quality
assurance requirements of Appendix B to 10 CFR Part 50, since the coating
systems and their applications will comply with the positions in RG 1.54,
" Quality Assurance Requirements for Protective Coatings Applied to Water-
Cooled Nuclear Power Plants." The quality assurance standards of American
National Standards Institute (ANSI) N101.2, " Protective Coatings (Paints) for
Light Water Nuclear Reactor Containment Facilities" have been superseeded.

4The requirements of ANSI N101.2 are met by selecting coatings based on ASTM
D-3842, " Standard Guide for Selection of The Methods for Coatings for Use in
Light Water Nuclear Power Plants," ASTM D-3911 " Standard Test Method for

| Evaluating Coatings Used in Light Water Nuclear Power Plants at Simulated
Design Basis Accident Conditions," and ASTM D-3843 " Standard Practice for
Quality Assurance for Protective Coatings Applied to Nuclear Facilities.
These ASTM specifications represent the current industry technology and
experience and are intended to replace the ANSI standards referenced in ANSI
N101.2. The containment coating systems have been evaluated regarding their
suitability to withstand a postulated DBA environment. The coating systems ;

chosen by ABB-CE have been qualified under conditions that take into account '

the postulated DBA conditions.

6.2 Containment Systems

The containment systems for the System 80+ design comprise: (1) a containment
structure as the primary containment; (2) a secondary containment (shield|

I building) surrounding the primary containment; and (3) supporting systems.
The primary containment is designed to prevent the uncontrolled release of
radioactivity to the environment with a design leakage rate of 0.5 percent of

k free volume for the first day and 0.25 percent of free volume each day after
the first 24 hours. These values are predicated on a containment pressure
caused by the DBA equal to the containment's design value of 365.4 kPa
(53 psig) for the first 24 hours and equal to 50 percent of its design value
(i.e., 182.7 kPa, or 26.5 psig) after 24 hours. The secondary containment is
discussed in Section 6.2.3 of this report.

6.2.1 Primary Containment Functional Design

The System 80+ primary containment design consists of a 61m diameter (200-ft)
spherical steel shell with a nominal wall thickness of 4.45 cm (1.75 in.).
This wall is thicker around primary containment penetrations to structurally
compensate for these openings. The primary containment will enclose the NSSS
(i.e., reactor vessel, steam generators, reactor coolant pumps, pressurizer,
and associated connecting piping), the in-containment refueling water storage
tank (IRWST), safety injection tanks, the refueling canal, and associated
mechanical, electrical, and heating, ventilation, and air conditioning (HVAC)
support components.

The primary containment shell is supported by embedding a lower segment
between the concrete of the containment internal structures and the subsphere
concrete of the reactor building. There is no structural connection between
the freestanding portion of the containment and the adjacent structures other

7 than penetrations and their supports. Thus, the portion of the spherical
; primary containment shell above the support region (elevation 91 + 9) is
( structurally independent.
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3 3The primary containment has a net free volume of 95,630 m (3,377,000 ft ) and
is designed to withstand pressures and temperatures resulting from a spectrum
of primary coolant and steamline pipe breaks and from a negative differential
pressure caused by an inadvertent actuation of the containment spray system.
The primary containment design parameters are an internal design pressure of
365.4 kPa (53.0 psig), an external design pressure of -13.8 kPa (-2.0 psig),
and a design temperature of 143 *C (290 *F).

The System 80+ containment design features are compared with those of ABB-CE's
other designs in Table 6.1 of this report. These features include contairment
structure type, power level, containment free volume, design pressures, design
temperatures, and calculated peak DBA containment pressures and temperatures.

A number of insights and conclusions can be drawn from Table 6.1. The
System 80+ containment design represents a significant change from some of
ABB-CE's previous containment designs, which consisted of steel-lined, pre-
stressed, post-tensioned concrete structures with no secondary containment.

The System 80+ free volume is considerably larger than all of ABB-CE's
previous containments. Although this larger volume is expected when comparing
the System 80+ design to ABB-CE's lower-power plants, the comparative ratios
of containment free volume to power show that the System 80+ containment

!

design has a considerably larger free volume to power ratio thp/MW (677 and
n is found in

ABB-CE's other designs. This ratio is between 19.2 and 19.9 m
3 3 3704 ft /MW) for ABB-CE's earlier designs, but is 24.6 m /MW (869 ft /MW) for 3

the System 80+. This larger relative volume is proportional to the relatively
lower design pressure for the System 80+ (365.4 kPa, or 53 psig) as compared
to ABB-CE's steel lined, pre-stressed, post-tensioned concrete containment
designs (372.3 to 413.7 kPa or 54 to 60 psig).

Table 6.1 also shows that the external design pressure of the System 80+ plant
(13.8 kPa or 2 psig) is less than that of the steel lined, pre-stressed, post-
tensioned concrete containment System 80 and 3400 - megawatt thermal (MWt) CE
designs (34.4 kPa or 5 psig). The System 80+ containment has a significantly
higher design leak rate for the first 24 hours than do other designs. This
design leak rate is 0.5 percent per day, while the System 80 and 3400 MWt
designs have a design leak rate of 0.1 percent per day. This higher design
leak rate is a benefit to a utility because it provides more operating
flexibility for containment leak rate testing and associated maintenance.

| This is consistent with the ALWR URD requirement. The 10 CFR Part 100 limits
are still met with this higher leak rate. Containment design pressure margin
is discussed in Section 6.2.1.1.2 of this report.

6.2.1.1 Containment Pressure and Temperature Response to High-Energy Line
Breaks

The staff reviewed the temperature and pressure response of the primary con-
tainment to a spectrum of LOCAs and main steamline breaks (MSLBs), an analysis
of negative or external pressure for the primary containment, and an analysis
of the minimum containment backpressure for LOCA analyses. The staff address-
es the response of the secondary containment in Section 6.2.3 of this report.

6.2.1.1.1 Containment Analytical Model

|
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. ABB-CE calculates the pressure and temperature response of the' containment
using the CONTRANS computer code. CONTRANS models both active and passive( heat sinks in the containment and the energy source using information from a
table of mass and energy releases. These heat sinks include containment spray
and fan cooler and the materials inside the containment that can absorb energy
from the containment atmosphere.

The containment is simulated as a vapor and liquid region with time incremen-
tal step thermodynamic properties solved by CONTRANS. Mass and energy can be
transferred between these two regions by boiling, condensation, and evapora-
tion. CONTRANS models noncondensible gases and allows for a different
temperature in each region. Liquid condensed from the atmosphere is automati-
cally deposited in the sump or liquid region of the model.

The staff finds all but one of the analytical models and all of the assump-
tions used by ABB-CE acceptable to calculate the containment pressure and
temperature transients following a LOCA and an MSLB in the System 80+ contain-
ment. The staff addresses the exception concerning post-LOCA mass and energy
release data in Section 6.2.1.3 of this report.

6.2.1.1.2 Containment Pressure Response

The maximum differential pressure in the primary containment occurs from an
MSLB at 0 percent power with the loss of one containment spray system. The
maximum differential pressure is 331.7 kPa (48.11 psig) at 262 seconds after
the MSLB begins. ABB-CE determined this peak pressure after analyzing
13 different LOCA and MSLB scenarios. This value of calculated peak differen-

O original design pressure of 337.8 kPa (49 psig).
tial internal containment pressure provides a margin of only 1 percent to the

In Item II.a of SRP Section 6.2.1.1.A, the staff states that an applicant ;

should maintain a 10-percent margin during the construction permit stage of ,

review and that at the operating license (0L) stage of review, the calculated !

peak pressure "should be approximately the same as at the construction permit
stage." In Item 11.2 of SRP Section 6.2.1.1.A, the staff cites GDC 50 as ,

'

requiring " sufficient margin" for calculated peak containment pressure.
Therefore, the staff stated in the DSER that the one percent margin between
calculated peak primary containment pressure and its design value did not
comply with the requirements given in GDC 50 or SRP Section 6.2.1.1.A. This
was designated as DSER Open Item 6.2.1.1.2-1.

In CESSAR-DC, ABB-CE states that the single-step licensing process for
System 80+ precludes considering this review at the construction permit (CP)

'

stage. They also pointed out that relaxing the 10 CFR Part 100 requirement
for considering the Level B operating-basis earthquake (0BE) would provide
additional margin in containment pressure. However, the' staff stated that the
System 80+ design will not be considered final until construction and opera-
tion. Experience shows us that numerous factors such as design changes, as- ,

built deviations, p.nd analytical developments have affected other plants, 1

prompting applicants to reanalyze the containment response to LOCAs and MSLBs -

and increase the calculated peak containment pressure. Furthermore, a " final '

' design" should incorporate a sufficiently large margin in peak calculated :
containment pressure to accommodate such future changes that might increase '

\ the calculated peak containment pressure.
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The staff stated in the DSER that ABB-CE should not rely on a possible future
licensing action such as a change in 10 CFR Part 100. The staff cannot pre-
dict the manner in which future changes in nuclear regulations will affect
containment pressure margin. Therefore, the staff concluded that the margin
in calculated peak internal primary containment pressure did not comply with
SRP Section 6.2.1.1.A and GDC 50. In response, ABB-CE stated that the NRC has
reviewed the elimination of the OBE as related to the change in 10 CFR Part
100 and found it acceptable. As a result, in Amendment N, ABB-CE revised the
containment design pressure to 365.4 kPa (53 psig), which provides more than
10-percent margin. One this basis, DSER Open Item 6.2.1.1.2-1 is resolved.

ABB-CE calculated a peak external differential pressure of -12.6 kPa
(-1.63 psid) on the primary containment caused by an inadvertent actuation of
the containment spray system. ABB-CE assumed conservative containment initial
conditions to minimize the calculated containment pressure in this calcula-
tion. This value provides a margin of 8.5 percent to the containment design
value of -13.8 kPa (-2.0 psid). This margin is less than the 10-percent
criterion previously discussed. This was designated as DSER Open
Item 6.2.1.1.2-2. In response, ABB-CE refined the calculated peak external
pressure to -12 kPa (-1.82 psid) which provided a 9.8-percent margin. As
discussed above, this 10-percent margin criterion is required for the prelimi-
nary design, not for the final design. Because the difference between the
calculated margin and the 10-percent criterion is insignificantly small, the
staff agrees that the existing margin is adequate and, on this basis, DSER
Open Item 6.2.1.1.2-2 is resolved.

In Item II.b of SRP Section 6.2.1.1.A, the staff states that to satisfy
GDC 38, the containment pressure should be reduced to less than 50 percent of
its peak value within 24 hours of the occurrence of a design-basis LOCA.
ABB-CE presented the results of an analysis of long-term containment analysis
pressures resulting from the design-basis LOCA which demonstrated the desired
result. These analysis results are acceptable because they comply with the
requirements of SRP Section 6.2.1.1.A Section (Item II.b).

On the basis of its review of CESSAR-DC Sections 6.2.1.1, 6.2.1.3, and
6.2.1.4, the staff finds that the short-term calculated peak containment
internal and external pressures comply with the requirements given in the SRP
and GDC 50. The methods used in calculating these pressures are acceptable
and suitably conservative, except for the one concern that is discussed in
Section 6.2.1.3 of this report. The long-term pressure analysis is acceptable
and conforms with the requirements in the SRP.

6.2.1.2 Subcompartment Analysis

In CESSAR-DC Section 6.2.1.2, ABB-CE states that the leak-before-break (LBB)
concept applies to all piping in the primary coolant system and that, there-
fore, it need not analyze the subcompartments in the reactor cavity, pressur-
izer, and IRWST. These are the only subcompartments within the primary
containment that ABB-CE lists.

The LBB concept is acceptable as a justification for not analyzing subcompart-
ments containing primary coolant piping within the containment. The staff
addresses LBB in Section 3.6.3 of this report. In the DSER, the staff stated
it accepts the use of the LBB concept to justify not analyzing the sub-
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compartments in the reactor cavity, pressurizer, and IRWST for breaks in'the '-

n\F primary coolant piping. However, ABB-CE had not accounted for a feedwaterD line break in the steam generator subcompartment. The staff stated that
ABB-CE may not have found all the high-energy line breaks for which LBB may
not apply and which may affect subcompartment pressurization.

The System 80+ design includes a subcompartment around the steam generators
through which the main feedwater line (MFWL) enters and connects to the steam
generator. In the DSER, the staff stated that the MFWL is a high-energy pipe- ;
line that could justify performing a subcompartment analysis of the steam
generator enclosure. ABB-CE did not discuss this subcompartment and did not

;

present a justification or technical evaluation to demonstrate that an MFWL :
would not break before leaking. ABB-CE did not indicate that it had found and .

reviewed all possible line breaks. Therefore, the staff required that ABB-CE
must list all the high-energy lines in each subcompartment and justify not
performing subcompartment analysis for each by discussing the applicability of
LBB for each line. This was designated as DSER Open Item 6.2.1.2-1. ABB-CE ,

repliad that the area around the steam generator has extensive openings so
that the compartment pressurization does not pose a concern. ABB-CE revised
CESSAR-DC Section 6.2.1.2, which identified all the subcompartments within the i
containment. In addition, ABB-CE stated that a pipe break in these compart-
ments would increase pressure negligibly because of adequate venting. The
staff concurs with ABB-CE's assessment and, on this basis, DSER Open :

Item 6.2.1.2-1 is resolved. |

6.2.1.3 Postulated LOCA Mass and Energy Release

O ABB-CE calculated the mass and energy release data for five LOCA breaks using
the CEFLASH4A and FL000-M002 computer codes for the blowdown and reflood
phases, respectively. These five LOCA pipe breaks include examples in both
the hot leg and the cold leg and examples for which the safety injection flow
is at minimum and maximum rates.

.

The staff previously approved both CEFLASH4A and FLOOD-M002, which ABB-CE has
,

used extensively. Moreover, the staff cited the CEFLASH4A code in SRP ;

Section 6.2.1.3 for calculating mass and energy release data. These codes '

model the primary system for mass and energy release calculations by solving
equations for the conservation of mass, energy, and momentum. The calcula-
tions take the following heat sources into account: primary and secondary
coolant, metal within the primary and secondary coolant systems, core power
transient and decay heat, water from the safety injection system (SIS), and
steam generator heat transfer. However, ABB-CE states in CESSAR-DC Sec-
tion 6.2.1.3.8 that it does not consider energy from the metai-water chemical
reaction. ABB-CE estimated the amount of this energy to be small and to have
a very small effect on the containment pressures. The staff found that not .

using the metal-water energy is not conservative and is inconsistent with the
requirements in GDC 50. Although the effect may be small, the staff stated .in
the DSER that ABB-CE should account for it because the containment pressure
only had a margin of about one percent (based on the original 49 psig design
pressure), as discussed in SER Section 6.2.1.1.2. Including this small energy
source should not cause any difficulty but will resolve the concern of

;

nonconservatism. Therefore, the staff determined that the metal-water energy '

shoald be included as an energy source. This was designated as DSER Open i\ Item 6.2.1.3-1. In Amendment N, ABB-CE stated that considering the increased !
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energy from the metal-water reaction for a nominal core power of 3914 MWt, the
calculated peak containment pressure would only increase to 46.7 psig (322 ,

kPa). This is below the containment design pressure, and is also below the
calculated peak pressure of the limiting MSLBs. On this basis, DSER Open
Item 6.2.1.3-1 is resolved.

The nuclear steam supply system (NSSS) initial conditions are all assumed in a
conservative direction so as to maximize the release of mass and energy.
These conditions include an additional 2 percent of initial core power,

.

20 percent of decay heat fcr the first 1000 seconds and 10 percent thereafter, I
and the maximum possible coolant volumes and initial temperatures. |

The CEFLASH4A model of the System 80+ NSSS includes the following conservative
modeling assumptions: all-metal wall surfaces, even if they may not be an
effective heat source; an infinite wall surface heat transfer coefficient;
conservatively high carbon steel thermal conductivity for all metal, including
the lower thermal conductivity stainless steel; a high nucleate boiling heat
transfer coefficient for the steam generator tube secondary side, even after
turbine trip; an unrealistically small closure time for the turbine stop valve
and a closure time for the large main feedwater isolation valve to provide the
maximum secondary-side energy source; and no addition of cold emergency feed-
water. )

ABB-CE models the reflood phases with FLOOD-MOD 2 and an iteratively converged
containment backpressure. ABB-CE assumes conservative values for the heat
transfer coefficients, exposed area, and thermal resistance of the steam
generator tubes. The model also explicitly follows the carryover fraction
liquid entrainment guidance in Section II.3.c. of SRP Section 5.2.1.3.

s

ABB-CE models the phase after reflood in a manner similar to the reflood phase |except for changing the carryout rate fraction from 0.8 to 1.0 and taking no I

credit for the steam condensation induced by the safety injection water.
|

These assumptions cause a maximum rate of mass and energy release during this |phase. '

During the long-term cooling (LTC) or decay heat phase, ABB-CE models the NSSS
as a pot of boiling water in which decay heat and stored energy supply steam
to the containment, and in a manner, follow the containment depressurization i
rate. All decay heat and stored energy produces steam.

Therefore, the staff concludes that the methodology, assumptions, and initial |
conditions for the LOCA mass and energy release rate calculations comply with i

SRP Section 6.2.1.3 and provide for a suitably conservative analysis of the
parameters for the containment pressure and temperature response analysis.

6.2.1.4 Main Steamline Break Mass and Energy Release
|

In analyzing the temperature and pressure response of the containment, ABB-CE
used the SGh-III computer code to calculate the MSLB mass and energy release
rate. ABB-CE considered a spectrum of eight different breaks that included |

four different power levels (102, 50, 20 and 0 percent), two different break
2 jareas (0.81 and 0.42 m (8.72 and 4.5 ft )] and two postulated failures (loss

of one containment spray train and main steam isolation valve (MSIV) failure).
ABB-CE made conservative assumptions on initial conditions such as power

|
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o level, steam pressure, and fluid inventories. The assumed active failures are

V)( failure of either one containment spray train or one MSIV. i

SGN-III accounts for delayed closure of isolation valves, flow from the intact i

steam generator prior to isolation, initial pumped feedwater flow, and the I

later expansion of the feedwater inventory into the steam generator. The code
models the secondary system by dividing it into nodes with an appropriate
talance of mass within each node. SGN-III also solves the conservation of
energy and momentum equations and explicitly accounts for subcooled and
saturated fluid in the system. In Item II.2 of SRP Section 6.2.1.4, the staff
cites SGN-III as an acceptable computer code for calculating the release of
mass and energy from an MSLB.

Therefore, the staff concludes that the methods, inputs, and assumptions in
CESSAR-DC Section 6.2.1.4 for calculating the MSLB mass and energy release
data for containment pressure and temperature analyses comply with SRP Sec-
tion 6.2.1.4.

6.2.1.5 Minimum Containment Pressure Analysis for ECCS Performance

In Appendix K to 10 CFR Part 50, SRP Section 6.2.1.1.A (Item II.h) and SRP
Section 6.2.1.5, the staff requires that ABB-CE analyze the minimum contain-
ment pressure during a LOCA to determine the containment backpressure for
calculating the performance of the emergency core cooling system (ECCS) during
a LOCA. The assumptions and initial conditions for this calculation are
delineated in BTP CSB 6-1.

n
i j ABB-CE analyzed the minimum containment pressure using the assumptions from
V BTP CSB 6-1, namely, minimum containment temperature and pressure, mnximum

containment relative humidity and free volume, and maximum heat removal
capacity of containment sprays and fan coolers. ABB-CE also assumed that the
containment purge system would continue operating. ABB-CE modeled the effects

,

of spilled ECCS water inside containment as a heat sink and also modeled the '

passive heat sinks such as concrete and metal present in the primary contain-
ment.

For CESSAR-DC, ABB-CE presents the results of minimum containment pressure
analysis in three figures, namely: containment pressure, air temperature, and
sump temperature for the first 500 seconds of the LOCA. ABB-CE used these
results in CESSAR-DC Section 6.3.3 for the ECCS performance analysis.

The staff has reviewed ABB-CE's analysis of the containment minimum pressure
for ECCS performance and finds that it conforms with Appendix K to 10 CFR
Part 50, SRP Section 6.2.1.5, and BTP CSB 6-1. Therefore, the analysis is
acceptable.

6.2.1.6 Conclusion

The staff has reviewed ABB-CE's containment functional design, subcompartment
analysis postulated LOCA mass and energy release, main steamline treak mass
and energy release, and minimum containment pressure analysis for ECCS
performance, and finds them consistent with the guidance in SRP Sec-

,b tions 6.2.1, 6.2.1.1.A, 6.2.1.2, 6.2.1.3, 6.2.1.4, and 6.2.1.5, and BTP
\ CSB 6-1. On the basis of its review, the staff concludes that ABB-CE has met
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the requirements of GDC 16 and 50 in Appendix A to 10 CFR Part 50 with respect
to the containment functional design; that the containment design conditions
are not exceeded for as long as postulated accident conditions require; and
that the containment structure and its internal components can accommodate the
calculated pressure and temperature conditions from any LOCA with sufficient
margin. The temperature and pressure profiles in the CESSAR-DC for the
spectrum of LOCA and n.ain steamline breaks are acceptable for use in equipment
qualification.

6.2.2 Containment Heat Removal Systems

In CESSAR-DC Section 6.2.2, ABB-CE cites the containment spray system (CSS) as
the only containment heat removal system qualified for post-accident opera-
tion. This system consists of two 100-percent capacity redundant and indepen-
dent trains, each comprising a heat exchanger, pump, spray headers and
associated piping, instrumentation, and valves. The CSS is Safety Class 2,
seismic Category I, and is designed to the ASME Boiler and Pressure Vessel
Code Section III.

Responding to several questions from the staff on CSS pump behavior, ABB-CE
detailed the calculation of minimum pump net positive suction head (NPSH) and
design features that prevent debris from entering the pumps while ensuring an
adequate water supply during a design-basis LOCA. ABB-CE's method for
calculating minimum CSS pump NPSH during a design-basis LOCA conforms with RG
1.1 "Het Positive Suction Head for Emergency Core Cooling and Containment Heat
Removal System Pumps," and SRP Section 6.2.2. The calculated minimum CSS pump

,

NPSH with all appropriate conservative assumptions is 63.7 kPa (21.3 ft) for |
the pumps at their runout flow of 25,000 L/ minute (6,500 gpm).

.

ABB-CE also discussed the design features of the IRWST and holdup volume tank I
(HVT) which will maintain a sufficient water inventory during all phases of a 1

design-basis LOCA and will prevent debris from entering the CSS pumps. The
,

spillways and screens between the HVT and the IRWST and at the entrance to the |

suction piping to the CSS pumps prevent particles greater than 2.3 mm
(0.09 in.) in diameter from entering the CSS. Using the methods in RG 1.82,
" Water Sources for Long-Term Recirculation Cooling Following a Loss-of-Coolant
Accident," ABB-CE calculated that no air would enter the CSS pump at the
normal rate of pump flow and that a maximum of 2 percent of air would enter at
the CSS pump runout flow. These analyses and design evaluations conform to
the requirements of RG 1.82 and SRP Section 6.2.2.

In CESSAR-DC Section 6.5, ABB-CE states that each CSS train will have its own
spray header and nozzles which are located in the upper region of the contain-
ment and are designed to provide maximum effective coverage of the containment
vol ume. The maximum fall height is 25.3 m (83 ft) and the average drop
residence time in the containment atmosphere is 13 seconds. The SPRAC0 1713A
nozzle is used in the CSS and provides a mean drop size of 530 microns and a
median drop size of 230 microns for a nozzle pressure differential of
275.8 kPa (40 psid). The results of the containment temperature-pressure
analyses for LOCAs and MSLBs in CESSAR-DC Section 6.2 show that the CSS and
the passive heat sinks effectively reduce the long-term containment tempera-
ture and pressure.

In Amendment U of CESSAR-DC Section 6.2, ABB-CE states that the efficiency of
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the containment spray for heat removal is a function of droplet size, fallo) height, and the containment atmosphere steam- to-air ratio. For the System 80+(V design, the assumed droplet size is 1000 microns and the fall height is 6.1 m
(20 ft), and these are satisfied by the design of spray nozzles. The volume
of the containment covered by the sprays does not affect the total heat
removal.

On the basis of the in-containment analysis presented in Section 6.2.1 of this
report and the staff's review, the design of the containment heat removal
system, with suitable redundancy, complies with the requirements of GDC 38 as
it relates to containment heat removal capability to reduce rapidly the
containment pressure and temperature following any LOCA.

In CESSAR-DC Section 6.2.2.4, ABB-CE states that preoperational tests will be
conducted to verify proper operation of the CSS. The tests include calibra-
tion of instrumentation, verification of adequate pump performance, verifica-
tion of the operability of all associated valves, and verification that the
spray headers and spray nozzles are free of obstructions. Preoperational
hydrostatic tests will be conducted in accordance with Section III of the ASME
Boiler and Pressure Vessel Code. In CESSAR-DC Section 6.5.4.2, ABB-CE states
that the CSS . aesigned and installed to permit inservice inspection (ISI)
and testing in accordance with ASME Boiler and Pressure Vessel Code Sec-
tion XI. The complete schedule for CSS tests and inspections is described in
CESSAR-DC Chapter 16. The staff has reviewed the testing and inspection of
the containment heat removal system in meeting the testing and inspection
requirements of GDC 39 and 40 and finds them acceptable.

CESSAR-DC Section 6.2.2, does not have sufficient information for the staff to
k adequately review this section to the criteria in SRP Section 6.2.2. However,

CESSAR-DC Section 6.5 has more detailed information on the CSS. Therefore,
the staff reviewed information from CESSAR-DC Sections 6.5 and 6.2.2 on the
CSS as a containment heat removal system.

On the basis of this review, the staff concludes that the containment heat
removal system of System 80+ conforms to the guidance in SRP Section 6.2.2,
RGs 1.1 and 1.82, and the requirements of GDC 38, 39, and 40 with respect to
the adequacy of heat removal capability and CSS design, pump NPSH, avail-
ability of recirculation flow from IRWST, redundancy of components, testing,
and inspection of the CSS.

6.2.3 Secondary Containment Functional Design

The System 80+ containment design has a secondary containment comprising the
containment shield building and the volume that it encloses outside of the
primary containment structure. This building is a reinforced-concrete
structure in the shape of an up right cylinder with a hemispherical dome that
completely encloses the steel sphere of the primary containment. It has an

,

inner radius of about 32 m (105 ft), a height of about 65.5 m (215 ft), and is 1

0.9 m (3-ft) thick in both the cylinder and dome sections. l

The secondary containment shield building shields against radiological effects i

and missiles and encloses safety-related equipment outside the primary ;p) containment structure. The annulus, which is the space between the shield4

V building and the primary containment, helps reduce radioactivity releases to
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3 3the environment. This annulus consists of 17,500 m (617,000 ft ) of net free
volume.

An annulus ventilation system (AVS) maintains a negative pressure inside the
annulus and vent annulus air through filtered vents which remove airborne
radioisotopes. The AVS is actuated by the containment spray signal or by
manual means. It consists of two 100-percent-capacity systems of fans, ducts,
and filters. Each system is completely independent, having no electrical or
mechanical connections to the other which could cause a common-mode failure.
The system consists of two ducts, one in the upper annulus and one in the
lower, with a fan drawing air from the upper duct through a demister, and
through high-efficiency particulate air (HEPA) and carbon filters. The
filtered air can be discharged either back to the annulus through the lower
duct or out the plant vent. Each fan is powered by a separate Class IE emer-
gency diesel generator (EDG). In Section 6.2.3.4 of CESSAR-DC, ABB-CE states
that tests and inspections will be performed to demonstrate the capability of,

; components, and to demonstrate that the system can perform its function
according to the design criteria. These tests include manufacturer testing,i

operational testing before initial startup, and periodic tests and inspec-
tions.

The system is designed to maintain a negative pressure in the annulus of
-0.1 kPa (-0.5 in, water gauge) during a LOCA. The AVS is an engineered
safety feature (ESF) and, as such, is credited in accident analyses. It is
designed to withstand seismic events, tornados, winds, and missile. In the
CESSAR-DC, ABB-CE states that components of the AVS are designed, manufac-
tured, and tested in accordance with applicable Institute of Electrical and
Electronics Engineers (IEEE) and other relevant standards. Responding to a
staff question, ABB-CE committed to following the staff guidance in RG 1.52,
" Design, Testing, and Maintenance Criteria for Postaccident Engineered-Safety-
Feature Atmosphere Cleanup System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants," with one exception taken to Posi-
tion C.5 of this guide. In CESSAR-DC Section 6.2.3.4.1, ABB-CE states that
"HEPA filters will be tested for efficiency initially at the factory and the
U.S. NRC Quality Assurance Station in accordance with MIL-STD-282." RG 1.52
Position C.5 refers to HEPA testing in accordance with ASME N510, ASME AG-1-
1991, and ASTM D 3803-1989. In the DSER, the staff stated that ABB-CE had not
explained the difference between these standards and the reason for taking
this exception. This was designated as DSER Open Item 6.2.3-1. In Amend-
ment Q, ABB-CE revised CESSAR-DC Section 6.2.3.4.1 to state that the System
80+ design will comply with RG 1.52 without any exception. The staff finds
this acceptable. On this basis, DSER Open Item 6.2.3-1 is resolved.

In the DSER, the staff stated that it was not clear that the filter train will
include the minimum instrumentation requirements listed in SRP Table 6.5.1-1.
This was designated as DSER Open Item 6.2.3-2. In Amendment Q, ABB-CE revised
its minimum instrumentation requirements listed in CESSAR-DC Table 9.4-3A to
conform to the minimum instrument requirements in SRP Table 6.5.1-1. The
staff finds this revised table acceptable. On this basis, DSER Open
Item 6.2.3-2 is resolved.

In the DSER, the staff stated that the COL applicant should perform local leak
rate tests on the AVS in accordance with Appendix J to 10 CFR Part 50. The
COL applicant should perform Type B tests for bellows and seals and Type C

l
1
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tests for containment isolation valves (CIVs). This was designated as COLp) Action Item 6.2.3-1 in the DSER. By letter of December 18, 1992, ABB-CE(JN agreed to this COL action item. However, since ABB-CE has committed to comply
with Appendix J in CESSAR-DC Section 6.2.6, the staff concludes that COL
applicants will perform the tests required above without additional require-
ments. Therefore, COL Action Item 6.2.3-1 becomes unnecessary.

|ABB-CE analyzed the pressure in the annulus building pressure analysis to
determine the time needed to reestablish subatmospheric pressure in the
annulus and to demonstrate the adequacy of the AVS design. ABB-CE assumed a
design-basis LOCA in the primary containment and analyzed the annulus using
the ABB-CE CONTRANS computer code, which solves the conservation of mast:and
energy equations during each time step, while accounting for all heat sources
into and losses out of the annulus.

In modeling this scenario, ABB-CE assumed a minimal AVS flow capacity and
maximum initial air temperatures in both the primary and secondary contain-
ments. These assumptions would yield the maximum rise in temperature and
pressure in the annulus. This analysis included the expansion of the primary
containment shell induced by temporal heat and pressure during the LOCA.
ABD-CE used natural convection heat transfer in modeling the heat transfer
between the annulus air, the outer primary containment sphere, and the inner
surface of the shield building. However, ABB-CE failed to include the radiant
heat transfer to the secondary containment; this should be included in order
to be consistent with Item II.1.a of SRP Section 6.2.3. This was designated
as DSER Open Item 6.2.3-3. In Amendment N to CESSAR-DC, ABB-CE revised its

o assumptions to include the radiant heat transfer. ABB-CE assumed a leakage

('v) rate jnto the annulus of 28.3 m /per minute (1000 cfm) and set the AVS flow to
3

453 m / minute (16,000 cfm) corresponding to only one of the two AVS trains
3operating. The leakage rate of 28.3 m / minute (1000 cfm) is much greater than

the 0.5-percent-per-day design leak rate of the primary containment.

The results of the annulus analysis are a peak annulus pressure of 2.3 kPa
(9.3 in. of water or 0.34 psig) at 63 seconds, which drops to a negative
pressure at 104 seconds and a peak temperature of 91 *C (195 "F) after about
11.9 hours. After 11.9 hours, the temperature gradually drops. In the DSER,
the staff stated that although the CESSAR-DC includes no design values for
annulus pressure and temperature, ABB-CE stated that these peak values are
less than the design limits. The staff asked ABB-CE to list the design limits
in the CESSAR-DC. This was designated as Confirmatory Item 6.2.3-1 in the
DSER. ABB-CE indicated that the design values would not be available until
the final structural analysis was preformed. However, the pressurization load
has been included in the structural analysis and is insignificant relative to
the other structure loads. ABB-CE made the design and analysis calculations
available. The staff finds ABB-CE's response acceptable. On this basis,
Confirmatory Item 6.2.3-1 is resolved.

ABB-CE also failed to address the issue of primary containment leakage
bypassing the secondary containment as specified in SRP Section 6.2.3
(Item II.4.a) and BTP CSB 6-3. This was designated as DSER Open Item 6.2.3-4.
In Amendment Q, ABB-CE listed the potential bypass leakage paths in Ta-

c ble 6.2.4-2 of CESSAR-DC and specified the design bypass leak rate of
.

i

( 0.05 percent volume / day in Table 6.2.1-3. In CESSAR-DC Section 6.2.3.4,
b ABB-CE committed to test the bypass leak paths by local leak tests in accor-

ABB-CE System 80+ FSER 6-17 June 1994

i

.l



dance with Appendix J to 10 CFR Part 50. On this basis, the staff finds
ABB-CE's commitment acceptable; therefore, DSER Open Item 6.2.3-4 is resolved.

On the besis of this review, the staff concludes that the design, analysis,
and leak testing of the secondary containment conform to the guidance in SRP
Section 6.2.3, and RG 1.52 and conforms to the requirements in GDC 4, 16, and
43, and 10 CFR Part 50, Appendix J with respect to structures, systems, and
components (SSC) important to safety being protected against dynamic effects,
functional capability of the secondary containment, the analysis of the
pressure and tem,nerature responses, periodic functional testing of AVS, and
periodic leakage testing of secondary containment bypass leakage.

6.2.4 Containment Isolation System

The containment isolation system (CIS) is designed to four basic tenets:
(1) the use of a double barrier for all containment penetrations that are not
required to function after a DBA; (2) automatic and leaktight closure of all
penetrations which create paths to the containment atmosphere after a DBA;
(3) containment penetrating fluid system barrier leak testing methods; and
(4) periodic operability testing of CIVs.

In the CESSAR-DC, ABB-CE states that the CIS design conforms to the following
regulations and standards:

GDC 52: to provide the capability for containmenc leakage rate testing*

GDC 54: to provide leak detection, isolation, and containment capabil-*

ity including redundancy and reliability for the piping
systems and related components penetrating the containment

GDC 55: to provide CIVs for reactor pressure boundary lines penetrat-*

ing containment

GDC 56: to provide CIVs for each line that connects directly to thea

containment atmosphere and penetrates containment

GDC 57: to provide at least or,e CIV for each line that penetrates.

containment and is neither part of the reactor coolant pres-
sure boundary nor connected directly to the containment atmo-
sphere

ANSI N18.2 and RG 1.29, " Seismic Design Classification:" Design and con-=

struction of the CIV and connecting piping (Safety Class 2 and seismic
Category I).

ASME Code: Qualification of the CIV and piping in accordance with*

Section III of the ASME Code as Class 2 components

ANSI /American Nuclear Society (ANS) 56.2: CIV maximum allowable actua-*

tion times

10 CFR Part 50 Appendix J: Containment leak rate testing=

ABB-CE also commits to CIS design features which include: missile protection;
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design pressure and temperature margin; pipe whip and jet impingement protec-
tion; LOCA debris particle size limitation in fluid drawn from the containment
sump; postaccident environmental qualification of CIVs; and safety function

|consistent with CIV operators and power sources.

In CESSAR-DC Section 6.2.4, ABB-CE fails to commit to the following standards
and regulations specified in SRP Section 6.2.4:

RG 1.11: instrument line containment isolation*
,

RG 1.26: quality group classifications *a

RG 1.141: containment penetration system classification*

BTP CSB 6-4: containment purging during normal operationa

In the DSER, the staff stated that ABB-CE must clarify whether or not the
CESSAR-DC will conform to each of the regulations and standards listod above.
This was designated as DSER Open Item 6.2.4-1. In Amendments N and Q, ABB-CE
committed in CESSAR-DC Sections 6.2.4.1.2 and 9.4.6.1, and Table 6.2.4.1 to
complying with these requirements. On this basis, DSER Open Item 6.2.4.1 is
resolved. '

In CESSAR-DC Table 6.2.4-1, ABB-CE lists all CIVs with the associated loca- .

tion, arrangement, position, actuation, and test information for each valve.
Designated as DSER Open Item 6.2.4-2, this table and its accompanying notes
and text should include the following information:

valve closure time*

O *

RG 1.141

.

identification of essential and nonessential systeas as described in

applicable GDC number (such as 55, 56, or 57)*
,

i

pipeline size !*

distance of isolation valve from the containment*

^

ESF function*

,

In subsequent amendments, ABB-CE placed the requested information in CESSAR-DC
Table 6.2.4-1, with the exception of pipeline sizes and distance of isolation
valve from the containment. ABB-CE stated that this level of detailed
information was beyond the scope of design certification. However, ABB-CE
committed to GDC 54, which requires that CIVs be located as close as practical ,

to the containment. The missing information will be available by the time '

that COL applicants determine pipe design. Therefore, DSER Open Item 6.2.4-2
becomes. COL Action Item 6.2.4-1 and is acceptable. -

Recognizing that the aforementioned information was missing, the staff
,

reviewed CESSAR-DC Table 6.2.4-1 in accordance with SRP Sectica 6.2.4. .This-

review' included determining if the valves will be arranged correctly for each
type of containment penetration, as specified in GDC 55, 56, or 57. The staff

- studied the effect of the four possible CIV positions (normal, fail safe, ;

shutdown, and accident) on the' function of the specific system during a DBAI 3

and determined whether or not the CIV it will be connected to the reactor
,

!
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coolant system (RCS) pressure boundary, the containment atmosphere, or a
clcsed system within the containment. The staff also examined the CIV
actuation signal and type of actuator to confirm compliance with SRP Sec-
tion 6.2.4.

In the DSER, the staff designated the following as open items:

ABB-CE did not specifically commit to RGs 1.11, 1.26, and 1.141, and BTP*

CSB 6-4, which are cited in SRP Section 6.2.4. On the basis of the
preceding evaluation, this open item was closed when Open Item 6.2.4-1
was resolved.

All CIVs listed in CESSAR-DC Table 6.2.4-1 had no information in the.

following areas: applicable GDC, line size, the essential or nones-
sential nature of the system, valve closure times, location of CIV from
the containment wall, and a confirmation of whether or not the CIV
performs an ESF function. Except for the information to be submitted by
COL applicants when the design details of piping and valve locations are
available this open item was closed when DSER Open item 6.2.4-2 was
resolved.

ABB-CE did not indicate that each line directly connecting the contain-*

ment atmosphere and the environment had a radiation monitor that could
isolate the line upon sending a high radiation signal as required in SRP
Section 6.2.4 (Irem II.m). This was designated as DSER Open
Item 6.2.4-3. In Amendment Q, ABB-CE stated in CESSAR-DC Sec-
tion 6.2.4.3 that the above required dedicated radiation monitors are
included in the design. On this basis, DSER Open Item 6.2.4-3 is
resolved.

In CESSAR-DC Section 6.2.4.2, ABB-CE states that CIVs and their opera-*

tors are designed to withstand a maximum integrated radiation dose of
4.0E-9 Gy (4.0E-7 rad) during the life of the plant. This value is not
physically reasonable. ABB-CE did not state the type of radiation used
in calculating this dose (such as gamma or neutron). This was
designated as DSER Open Item 6.2.4-4. In Amendment J, ABB-CE revised
CESSAR-DC Section 6.2.4.2 stating that CIVs, operators, and associated
instrumentation and controls are environmentally qualified for the
normal and pastaccident environments in which they are located as
discussed in CESSAR-DC Section 3.11. The staff finds this revision
acceptable. On this basis, DSER Open Item 6.2.4-4 is resolved.

ABB-CE harl not responded to the staff's request for additional informa-*

tion (RAI) [Q480.37(d)] regarding an analysis of the radiological
results of a DBA with the containment purge system initially open. This
was desiglated as DSER Open Item 6.2.4-5. In response, ABB-CE indicated
that the question had been included in a letter from ABB-CE dated
Decembe:- 24, 1991. In the response letter, ABB-CE stated that the
requested analysis was included in CESSAR-DC Section 15.6.5, where ABB-
CE stated that in the dose analysis, the containment purge is assumed to

,

be terminated 30 seconds after the actuation of containment isolation I

actuation signal. This is consistent with the valve closure time for i

the low-volume purge valves specified in CESSAR-DC Table 6.2.4-1. The )
high-volume containment purge system CIVs are required by Technical

|
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n Specifications (TSs) to be seal closed when the RCS exceeds hot shutdown
conditions. On this basis, DSER Open Item 6.2.4-5 is resolved.

In Amendment U to the CESSAR-DC, ABB-CE took a new position regarding the
containment penetrations for the four SIS direct vessel injection (DVI) lines
and the two parallel shutdown cooling system (SCS) discharge lines and SIS
warmup bypass lines. They pointed out that these penetrations are part of
closed loops outside of containment and have only a single outboard contain-
ment isolation valve for each line. By taking this position, the inboard
check valves next to the containment are no longer considered to be CIVs, and
therefore, are not subject to Type C leak testing (see discussion in Sec-
tion 6.2.6 of this report.) The justifications for the single isolation valve
arrangement are provided in CESSAR-DC Section 6.2.4.3. These lines are in an
ESF system and will have higher system reliability in its ECCS function by
minimizing the number of valves in the line. There are two barriers on each
line for containment isolation; one is the outboard containment isolation
valve, and the other is the closed loop piping outside containment.

The staff has reviewed, according to SRP Section 6.2.4, the proposal that
considers the closed loop outside containment as the second isolation barrier.
The closed loop SIS outside containment is protected from missiles, is
designed to seismic Category I and Safety Class 2, and has a design tempera-
ture and pressure exceeding the containment design temperature and pressure.
The integrity of the closed system is maintained during normal plant operation
and is periodically pressure tested in accordance with the pre-service and in-
service inspection programs required by 10 CFR 50.55a and the ASME Code, as

g described in CESSAR-DC Section 6.6. The integrity of the system is checked
g during in-service testing of safety related pumps and valves, as described in
' CESSAR-DC Section 3.9.6. Based on the above review, the staff concurs with

ABB-CE that the closed loop outside containment can be considered as the
second barrier for the containment isolation. Therefore, the proposed
approach using a single isolation valve for each of these SIS lines is
acceptable.

,

The staff has reviewed the CIS in accordance with SRP 6.2.4 and BTP CSB 6-4.
On the basis of its review, the staff concludes that the CIS design complies
with the requirements of GDC 1, 2, 4, 16, 54, 55, 56, and 57 and Appendix K to
10 CFR Part 50, as related to containment isolation,.with one exception. The
exception has been designated as COL Action Item 6.2.4-1, which requires COL
applicants to submit information about pipe sizes and distance of isolation
valves from containment.

6.2.5 Containment Combustible Gas Control :

!

The System 80+ combustible gas control design consists of two separate
systems: the containment hydrogen recombiner system (CHRS) and the hydrogen
mitigation system (HMS). The CHRS will prevent hydrogen combustion during and
after a design-basis LOCA by ensuring that the hydrogen concentration in the
containment never reaches 4 percent, its lower flammability limit. The HMS
will keep the containment hydrogen concentration below 10 percent to preclude
detonations during and after a severe accident.,

O Containment Hydroaen Recombiner System
V
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The CHRS consists of two fully redundant 100-percent capacity and independent
loops each with a hydrogen recombiner, piping connecting to the containment
atmosphere, instrumentation, and an electrical power supply. CHRS components
are designed to withstand LOCA containment pressure and temperature in
accordance with the standards for seismic Category I, Safety Class 2 systems
specified in the ASME Boiler and Pressure Vessel Code Section III. These
components are protected from missiles, jet impingement, or pipe ruptures.
The CHRS is also designed in accordance with guidance from Section 4 of
IEEE 279-1971 and the requirements of IEEE 308-1972. The CHRS also include
provisions to remove IRWST sump radiolysis hydrogen and eliminate any possible
hydrogen pockets within the containment volume. Class 1E EDG power is
available in case of a loss-of-offsite power (LOOP). The CHRS has redundant
hydrogen analyzers at the inlet and outlet of the hydrogen recombiner.

The CHRS starts within about 84 hours after a design-basis LOCA. ABB-CE pre-
sented the results of a failure-modes-and-effects analysis of the CHRS. This -

analysis shows that a redundant CHRS train and a redundant hydrogen analyzer
provide sufficient protection from any postulated single failure.

ABB-CE performed a conservative analysis of the maximum hydrogen concentration
present in the containment following a design-basis LOCA. Using the guidance
in RG 1.7 and TID-14844 fission product activity release, ABB-CE calculated
the hydrogen production rate as a function of time after a LOCA. ABB-CE
analyzed core solution radiolysis, sump solution radiolysis, containment
material (i.e., zinc and aluminum) corrosion, core zirconium-water reaction,
and reactor coolant dissolved hydrogen. The results of this calculation are
graphically presented in the CESSAR-DC for both the containment atmosphere and
the IRWST regions with and without the startup of one of the two recombiners
at 84 hours. For both regions, these results show that the CHRS design
maintains a hydrogen concentration below 4 percent within the containment.

The staff reviewed the CHRS for design-basis LOCAs and found that the design
conformed to the regulations and standards in SRP Section 6.2.5. ABB-CE
calculated the design-basis LOCA hydrogen production rate in accordance with
RG 1.7. The CHRS design meets the standards for performance, independence,
redundancy, inspection, and quality as given in GDC 5, 41, 42, and 43.
ABB-CE's analysis of design-basis LOCA containment hydrogen concentration with
conservatively calculated hydrogen production and a single active failure of
the CHRS shows that a startup of the CHRS at 84 hours into the event ensures
that the hydrogen concentration will not reach its 4-percent flammability
limit.

Hydroaen Mitication System

The HMS consists of two independent 100-percent capacity redundant groups of
hydrogen igniters which can be powered from EDGs, the gas turbine, or Class 1E
batteries through a de-ac inverter in case of a LOOP. The HMS is not nuclear
safety grade, but is designed to withstand seismic Category I and other severe
accident environmental conditions. Igniters are positioned within the
containment where local pockets of hydrogen may collect during a severe acci-
dent. Each HMS igniter is an ac glow plug integrated with its own stepdowny
transformer in a watertight enclosure that meets National Electrical Manufac-
turers Association Type 4 specifications.

ABB-CE System 80+ FSER 6-22 June 1994



.- ._. _

,

1
c

,

|
!

. The HMS is manually started from the control room to accommodate the hydrogen fproduced by a reaction of 100 percent of fuel-clad metal with the coolant
s water as defined in 10 CFR 50.34(f). The igniters burn hydrogen without

endangering critical equipment inside the containment and maintain a hydrogen
concentration below 10 percent during a postulated severe accident. The staff

1

further discusses its review of the adequacy of HMS in Section 19.2.3.3.1 of
lthis report,

6.2.6 Containment Leakage Testing
i

ABB-CE committed to containment leakage testing for the System 80+ plant in
'

accordance with Appendix J to 10 CFR Part 50 with the following exceptions:
,

(1) The COL applicant may use the mass point leak rate test method in -

ANSI /ANS 56.8-1987 as an alternative to Type A testing method specified
in ANSI 45.4-1972. t

|

(2) Leaks occurring during the Type A test that could affect the test results -

will not prevent completion of this test if: (a) the leaks are isolated
for the balance of the test; (b) the leaking component had a " pre-
maintenance" local leak rate test whose results, when added to those from
the Type A test, are in conformance with the acceptance criteria of !
Appendix J; or (c) a "postmaintenance" lc, cal leak rate test of the
leaking component (s) is performed and the results, when added to those

.

from the Type A test, conform to the acceptance criteria of Appendix J. !

The first exception is acceptable because the current version of Sec-

O method (mass point method) as an acceptable alternative.
tion III.A.3 of Appendix J to 10 CFR Part 50 includes the ANSI /ANS 56.8-1987-

:

i

The second exception does not conform to the requirements of Appendix J to.
10 CFR Part 50. Section III.A.1.(a) of Appendix J requires that a Type A
test, defined as a test to measure the primary containment overall integrated
leakage rate be terminated if, during this test, potentially excessive leakage
paths are identified which would either interface with satisfactory completion

,

;

of the test or which would result in the Type A tests not meeting the applica- '

ble acceptance criteria of Section III.A.4(b) or III.A.5(b). Sec-
,

tion III.A.l(a) further requires that, after terminating a Type A test due to i
potentially excessive leakage, the leakage-through the potentially excessive !

leakage paths be measured using local leakage testing methods and repairs
and/or adjustments to the affected equipment be made. The Type A test shall-

then be conducted. ABB-CE proposes that, when leakage is found during a >

Type A test, the test not be terminated. Instead, ABB-CE proposes that leaks
be isolated and the Type A test continued. After completion of the modified
Type A test (i.e., a Type A test with the leakage paths isolated), local !
leakage rates of those paths isolated during the modified Type A test will be !
measured before or after the maintenance to those paths. '

ABB-CE proposes that the adjusted "as-found" leakage rate for the Type A test |
be determined by adding the local leakage rates measured before maintenance to t

those previously isolated leakage paths, to the containment integrated leakage '

rate determined in the modified Type A test. This adjusted "as-found" leakageO rate is to be used in determining the scheduling of the periodic Type A tests
,

V in accordance with Section III.A.6 of Appendix J.
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Finally, ABB-CE proposes that the acceptability of the modified Type A test be
determined by calculating the adjusted "as-left" containment overall integ-
rated leakage rate and comparing this to the acceptance criteria of Appen-
dix J. The adjusted "as-left" Type A leakage rate is determined by adding the
local leakage rates measured after any maintenance to those previously
isolated leakage paths, to the leakage rate determined int the modified Type A

| test.
|

The differences between the proposed leak testing and the requirements in
Section III.A l(a) of Appendix J are that: (1) the potentially excessive
leakage paths will be repaired and/or adjusted after completion of the Type A
test rather than before the test; and (2) the Type A test leakage rate is
partially determined by calculation rather than L, direct measurement. With
respect to the first issue, the staff does not identify any significant
difference in the end result (i.e., the "as-left" local leakage rates will be
maintained within an acceptable range). With respect to the second issue, the

,

measured "as-left" local leakage rates will represent a relatively small'
'

correction to the containment overall integrated leakage rate measured in the
modified Type A test. Accordingly, there will be insignificant difference
between the calculated "as-left" containment leakage rate (i.e., a modified
Type A test) and one which would be directly measured in compliance with the
requirements of Section III.A.1.(a).

The staff concludes that the special circumstances described in
10 CFR 50.12(a)(2)(ii) exist in that the regulation need not be applied in
this particular circumstance to achieve the underlying purpose because ABB-CE i

has proposed acceptable alternatives that accomplish the intent of the I

regulation. On this basis, the staff concludes that a partial exemption from f
the requirements of Section III.A.I.(a) of Appendix J is justified.

iIn CESSAR-DC Section 6.2.6 and Table 6.2.4-1, ABB-CE presents information on
the System 80+ containment leakage testing program, including the planned leak
test data for specific CIVs. In CESSAR-DC Table 6.2.4-1, ABB-CE lists those |
CIVs which are vented and drained for the Type A test and those CIVs which are i
sub,$ect to the Type C test, and justifies those CIVs not included in the
Type C test program. ABB-CE presents the following justifications for not
performing CIV Type C tests:

I1. CIVs on piping connected to the secondary side of the steam generator
would leak into the containment because, during a design-basis LOCA, the
secondary side pressure is higher than the primary-side pressure.

2. The water always present in the IRWST seals CIVs on piping connected
directly to the IRWST.

3. The discharge pressure from the safety injection pump effectively seals
against leakage for CIVs on pump discharge (or injection) lines.

4. The system SCS with these CIVs must maintain safe shutdown conditions
that cannot be tested without compromising safety, but that will be
separately water tested as part of the RCS pressure boundary.

On the basis of SRP Section 6.2.6, the staff concluded in the DSER that
justification 2 is acceptable for excluding these CIVs from Type C leak rate
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g testing. However, the staff found in the DSER that justification I was not
acceptable. If steam generator tubes leak, the secondary-side pressure wouldV; not be higher than that on the primary side, and CIVs on the secondary side

;

would be the only isolation barrier for the containment penetration lines. In
addition, the recent issue of the steam generator tube rupture bypass leakage
prompted the concern of the leak testing of those valves. Therefore, the
staff stated in the DSER that these valves should be leak tested with operat-
ing fluid. This was designated as DSER Open Item 6.2.6-1.

After the staff issued the DSER, ABB-CE stated that currently operating plants
do not require that of CIVs on the secondary side of steam generators be leak
tested and that the probability of steam generator tube rupture for the
System 80+ design is lower than the probability for currently operating plants
because of the change of material in the steam generator tubes from Inconel
600 to Inconel 690. Furthermore, both the radiological and environmental l
consequences of the leakage from those valves are bounded by the existing
safety analysis (CESSAR-DC Chapter 15) and equipment qualification program
(CESSAR-DC Chapter 3). To further reduce the risk of containment bypass due '

to steam generator tube rupture events, ABB-CE committed in a letter dated
October 6,1993, to add N-16 radiation monitors to provide early detection of,

| steam generator tube rupture, thereby reducing the probability for containment
bypass from opening of the main steam safety valves during a steam generator
tube rupture event. In addition, ABB-CE stated in the letter that a design
change to the System 80+ component cooling water system would assure continued

f operation of the steam turbine bypass system following a safety injection |

| actuation signal (SIAS). |

U) ABB-CE revised CESSAR-DC Table 3.9-15 to add leak testing of these valves for
gross leakage in inservice leakage testing. In addition, ABB-CE states that i

these valves are subject to the valve inspection programs described in |

CESSAR-DC Section 3.9.6.2. On the basis of these justifications and addition-
' al mitigation measures committed to by ABB-CE, the staff concurs with the

position of not requiring Type C leak testing on those valves; therefore, DSER
Open Item 6.2.6-1 is resolved.'

The staff did not find justifications 3 and 4 acceptable in the DSER because
multiple systems would allow the CIVs on one loop to be tested while the
others are available. The two 100-percent redundant SCS would ensure safe
shutdown with one system operating while the CIVs in the other are being leak
tested. If the safety injection pump fails and the system switches from cold-
leg to hot-leg injection, any leakage from the system safety injection pump
CIVs would pass to the environment. Therefore, in the DSER, the staff
concluded that both the SCS and safety injection pump system CIVs should be
tested for leaks in accordance with Appendix J to 10 CFR Part 50. This was
designated as DSER Open Item 6.2.6-2.

In Amendment U to the CESSAR-DC, ABB-CE rearranged valve elevation so that SIS
valves SI-602, 603, 616, 626, 636, and 646 are approximately 1.2 m (4 ft)
below the minimum IRWST water level and SCS valves SI-600 and 601 are approxi-
mately 0.44 m (1.5 ft) below the minimum water level. The minimum IRWST water
level is at elevation 24.5m (80.5 ft) which is determined by the calculated
minimum IRWST water level following a large LOCA. By using this valve re-,,

(b arrangement, the IRWST will provide a manometer effect to establish a water\

seal at the valves because the containment pressure is exerted on the surface

ABB-CE System 80+ FSER 6-25 June 1994

_________



I

of the IRWST liquid and the SIS forms a closed loop with containment following I

a pipe bresk. ABB-CE states that it complies with the intent of the regula-
tion in 10 CFR Part 50, Appendix J in maintaining water-sealed valves.

The staff has reviewed the proposed alternative. Appendix J to 10 CFR
Part 50, Section III.C.3(b) states that the installed isolation valve seal
water system fluid inventory is sufficient to assure the sealing function for
at least 30 days at a pressure of 1.1 Pa. The proposed design of water-sealed
isolation valves conforms to the requirement of 30-day water inventory but not
on the sealing pressure of 1.1 Pa. However, the staff finds that the closed
loop and the manometer effect provide sufficient water sealing as long as the
integrity of the closed loop and the elevation differential between the valves
the water level are maintained. As a result of the review, the applicant has
committed to provide: (1) periodic pressure testing as described in CESSAR-DC
Sections 3.9.6 and 6.6 to ensure the integrity of the closed loop SIS outside
containment is being maintained; and (2) a pre-operational test as described
in CESSAR-DC Section 14.2 to ensure the existence of the water seal. Based on
the staff review and ABB-CE's commitment to the above periodic and pre-
operational tests, the staff concludes that the special circumstances
described in 10 CFR 50.12(a)(2)(ii) exist in that the regulation need not be
applied in this particular circumstance to achieve the underlying purpose
because ABB-Ce has proposed acceptable alternatives that accomplish the intent
of the regulation. On this basis, the staff concludes that a partial exemp-
tion from the requirements of Section III.C.3(b) is justified because the
alternative water-sealed-valve design accomplishes the objectives of the
regulatory requirement of sealing pressure of 1.1 Pa.

In addition, ABB-CE states that the check valves SI-113, 123, 133, 143 inside
containment are not considered as CIVs, and therefore, are not included in
Type C le% test Mg. However, these check valves are included in the
inservic, testing 'IST) Program as described in CESSAR-DC Section 3.9.6.2. As
discusstd in Section o.2.4 of this report, the staff finds ABB-CE's justifica-
tion frr a single outboard containment isolation valve for each of the SIS
lines to be acceptable. Therefore, excluding these check valves from the
requ'.rement of Type C leak testing is acceptable. Based on the above evalua-
tion, DSER Open Item 6.2.6-2 is resolved.

In accordance with 10 CFR Part 50 (Appendix J Section IV.B) the staff states
in SRP Sections 6.2.3 and 6.2.6 that applicants for dual-containment nuclear
plants or plants with secondary containments must verify that designed leakage
limits are not exceeded. In the DSER, the staff stated that ABB-CE had not
committed to performing any leak rate tests for the annulus region between the,

! primary containment sphere and the secondary containment shield building.
Therefore, the lack of a leak rate test for the System 80+ secondary contain-
ment was not acceptable. This was designated as DSER Open Item 6.2.6-3. In
Amendment Q, ABB-CE committed in CESSAR-DC Section 6.2.6.5 that the inleakage
to the reactor building is checked preoperationally and periodically by a
negative pressure test to verify that the AVS achieves a negative pressure of
-125 Pa (-0.5 in, water gauge) within 110 seconds of actuation and that the
potential bypass leakage would be leak tested in accordance with 10 CFR
Part 50, Appendix J. The sum of the results of potential bypass leak path
tests must be proved to be lower than 0.05 volume percent per day. The staff
finds ABB-CE's commitment acceptable. On this basis, DSER Open Item 6.2.6-3
is resolved.

|
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On the basis of its review, the staff concludes that the System 80+ contain- -

O ment leakage testing program in the CESSAR-DC is acceptable, and complies with
the guidance in SRP Section 6.2.6 and the requirements in Appendix J to 10 CFR
Part 50 and GDC 52, 53, and 54 as related to containment leak testing with the
exceptions identified by ABB-CE that have been found acceptable by the staff.

6.3 Safety In.iection System

The SIS will provide core cooling and additional shutdown capability for
accidents that result in significant depressurization of the RCS. These i

accidents include the failure of the RCS piping up to, and including the -

double-ended break of the largest pipe, breaks in the main steam piping, a
control element assembly ejection accident, and a steam generator tube rupture
event. The staff reviewed the SIS described in CESSAR-DC Section 6.3, for
each of the areas listed in paragraph I, " Areas of Review," of SRP Section 6.3
in accordance with the guidelines provided in the SRP review procedures. The
staff reviewed this system for conformance with the following requirements:

GDC 5 as it relates to SSCs important to safety shall not be shared among*

nuclear power units unless it cc.n be demonstrated that sharing will not
impair their ability to perform their safety functions.

GDC 17 as it relates to the design of the ECCS having sufficient capacity*

and capability to assure that specified acceptable fuel design limits and
the design conditions of the reactor coolant pressure boundary are not
exceeded and that the core is cooled during anticipated operational
occurrences and accident conditions.q
GDC 19 as it relates to the control room design from which actions can be*

taken to operate the nuclear power unit safely under normal conditions
and to maintain it in a safe condition under accident conditions.

,

GDC 20 as it relates to the design of the protection system having i*

functions to initiate automatically the operation of appropriate systems
to assure that specified acceptable fuel design limit are not exceeded as
a result of anticipated operational occurrences.

GDC 35, 36, and 37 as they relate to the ECCS being designed to provide*
,

an abundance of core cooling to transfer heat from the core at a rate so
that fuel and clad damage will not interfere with continued effective ,

core cooling, to permit appropriate periodic inspection of important
components, and to permit appropriate periodic pressure and functional

| testing.

GDC 56 as it relates to the design of containment isolation valves to*

satisfy specific acceptance criteria.

10 CFR 50.46 and Appendix K to 10 CFR Part 50 as they relate to the ECCS-*

being designed so that its cooling performance is in accordance with an -
acceptable evaluation model. .

! . The staff reviewed the system description, piping and instrumentation draw-
L ings, and the responses to the staff requests for additional information '

(RAI-440 series) to verify that the SIS will provide abundant core cooling

,
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during the injection phase, with and without offsite power after a single
'

failure. CESSAR-DC Section 6.3.3 describes the LOCA analyses and compliance
with 10 CFR 50.46, Appendix K to 10 CFR Part 50, and GDC 35. The results of I

the staff's review of these analyses are included in Section 15.3.7 of this I
report.

6.3.1 System Design and Functional Requirements

The SIS consists of active and passive injection systems. The active compo-
nents of the SIS are found in four mechanically separated trains, each
consisting of a safety injection (SI) pump and associated valves. Each SI
pump has its own suction line from the IRWST and its own discharge line to a
DVI nozzle on the reactor vessel. The SI pumps are actuated by a SIAS at
11,000 kPa (1,600 psia) during t LOCA, a steamline break, a steam generator
tube rupture, or a control element assembly ejection event. The passive
components of the SIS are four identical pressurized safety injection tanks
(SITS). The SITS contain borated water covered by nitrogen pressurized to at
least 4,100 kPa (600 psia). When the RCS pressure falls below the tank
pressure, borated water is forced from the SITS into the reactor vessel
through DVI nozzles.

Long term cooling (LTC) for large-break LOCAs is accomplished by manually
opening RCS hot-leg injection valves for SI pumps 3 and 4, and manually
closing the corresponding DVI flowpath valves. The DVI nozzle flowpaths of SI
pumps 1 and 2 will remain open. This configuration with SI pumps 3 and 4
injecting to the hot legs and SI pumps 1 and 2 injecting into the respective
DVI nozzles cools the core for the large-break LOCAs. The SIS is designed so
that one of the hot-leg injection systems and one of the DVI injection systems
remains functional during the worst single failure, which is the failure of
one of two EDGs to start.

The SIS is able to cool the reactor core and supplies additional shutdown
capability. ABB-CE selected the SIS functional parameters so that the
requirements of 10 CFR 50.46 and Appendix K to 10 CFR Part 50 are for a LOCA
with concurrent LOOP and a single-failure event. The staff reviewed ABB-CE's
LOCA analyses, as discussed in Section 15.3.7 of this report. Table 6.2 lists
the SIS equipment for the System 80 and System 80+ designs. The System 80 SIS
has two high-pressure SI pumps and two low-pressure SI pumps; the System 80+
SIS has four high-pressure SI pumps and no low-pressure SI pump. The SIS
injection locations are in the cold legs for the System 80 design. DVI
nozzles on the reactor vessel are used for injection for the System 80+
degign. The SIS injects borated water from the IRWST with capacity of 2.07 x
10 L (545,800 gal); the System 80 refueling water storage tank has a capacity
of 1.90 x 10 L (502,760 gal).

The System 80+ design has two more high-pressure safety injection (HPSI) pumps
and two les:: low-pressure safety injection (LPSI) pumps than the System 80
design. In the response to DSER Open Item 6.3.1-1 regarding the SI flowrate
at the low-pressure range, ABB-CE indicated in a submittal of November 24,
1992, that the addition of two HPSI pumps supplies the required amount of SI
flow delivered at low pressure to compensate for the absence of two LPSI
pumps. The emergency core cooling system (ECCS) design for System 80+ is
consistent with the EPRI ALWR Utility Requirements Document (URD) requirement,
Number 5.4.3.1.2, which states that separate high- and low-head pumps shall
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not be used for ECCS. For System 80+, the analysis in CESSAR-DC Section 6.3.3
(me ) shows that the SIS design can meet the performance acceptance criteria
() specified in 10 CFR 50.46 for the ECCS. In addition, two shutdown cooling

pumps can be manually actuated for injection at low pressure to mitigate
consequences of beyond-design-basis-events. On the basis of the staff
evaluation discussed in Section 15.3.7 of this report for the LOCA analyses
and ABB-CE's guidance to use the SCS in the Functional Recovery Guidelines
(FRG), IC-2 of E0Gs for injection mode to mitigate beyond-design-basis events,
the staff concludes that the SIS design is adequate to address the ECCS
acceptance criteria of 10 CFR 50.46 and the RCS inventory control for accident
mitigation. On this basis, DSER Open Item 6.3.1-1 is resolved.

In the design of the SIS, ABB-CE considered the reliability of the system
(such as the design to conform to seismic Category I requirements) and
redundant subsystems (such as the design to meet single-failure criteria) to
enhance the overall reliability of the SIS.

The SIS will be initiated either manually or automatically on low pressurizer
pressure or high containment pressure. This design feature conforms to the
requirements of GDC 20.

The SIS can be manually actuated, monitored, and controlled from the control
room. This design feature conforms to the requirements of GDC 19. The SIS
will be supplemented by instrumentation which enables the operator to monitor
and control the SIS equipment after a LOCA so that adequate core cooling may
be maintained. The supplemental instrumentation includes the saturation
margin monitor, core exit thermoenuples, and the reactor vessel level monitor-

(m) ing system. The acceptability of the SIS instrumentation and controls is
,

L/ addressed further in Section 7.3 of this report.

During normal plant operation, the SIS lines (RAI Q440.29) are maintained in a
filled condition to minimize the likelihood of water hammer during system
initiation.

Since no SIS components are shared between units, this design feature compiles
with the requirements of GDC 5.

Containment isolation features for all SIS lines, including instrument lines
and compliance with the requirements of GDC 56 and RG 1.11 are discussed in
Section 6.2.4. of this chapter.

6.3.2 System Isolation and Overpressurization Protection Design

The design pressure of each RCS DVI line from the reactor vessel up to and
including a motor-operateo isolation valve outside the containment is equal to
RCS design pressure. Each vessel injection line contains three check valves
in series inside the containment and a remotely actuated motor-operated valve
(MOV) outside the containment. The position of the M0V is indicated in the
control room, and this valve can be operated from the control room.

The design pressure of each RCS hot-leg injection line from the RCS up to and
including a MOV outside the containment is equal to RCS design pressure. Each ibs hot-leg injection line contains two check valves in series inside the contain- IV) ment and an MOV outside the containment. The position of the M0V is indicated
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in the control room, and this valve can be operated from the control room.

The SITS have normally open isolation valves in the discharge lines. These
valves will have power removed from the motor-operator to preclude undetected
closure during normal operation and inadvertent closure during the SIS injec-
tion phase. Each SIT discharge line contains two check valves and a MOV. The
design pressure of the pipe is equal to RCS pressure up to and including the
second check valve. If leakage into the SITS causes coolant level to reach
the setpoints, sensors will activate the SIT high water level and pressure
al arms.

The COL holder will periodically test each valve for leaks as specified in the
requirements for ISI in Section XI of the ASME Code. At least two check
valves are installed in series in the piping between the RCS and low-pressure
systems, the design will require periodic leak testing on the check valves,
and the MOVs in discharge lines have position indications in the control room
and capability to be operated in the control room. Therefore, the staff
concludes that the piping arrangement is consistent with the guidelines for
isolation specified in SRP Section 6.3, Item III.11.

However, the Commission approved an interfacing-systems loss-of-coolant
accident (ISLOCA) position in an NRC letter dated June 26, 1990, "SECY-90-016
Evolutionary Light Water Reactor (LWR) Certification Issues and Their Rela-
tionships to Current Regulatory Requirements," requires that the evolutionary
ALWR designs (including the System 80+) reduce the possibility of a LOCA
outside the containment by designing to the extent practicable all systems and
subsystems connected to the RCS to withstand the full RCS pressure. In
response to DSER Open Item 6.3.2-1, ABB-CE provided its evaluation of various
interfacing systems (including the SIS design) and concluded that the design
of the SIS interfacing with the RCS will be in compliance with the require-
ments specified in SECY-90-016 as discussed for ISLOCA protection. The staff
has reviewed the SIS design for meeting the intersystem LOCA requiremerts.
Based on the staff's evaluation in Chapter 20 of this report on Generic Safety
Issues-105, the staft finds that intersystem LOCA requirements were adequately
addressed by ABB-CE for the SIS design, and the staff concludes that the SIS
design is acceptable. On this basis, DSER Open Item 6.3.2-1 is resolved.

6.3.3 Pump Protection Design Requirements

The System 80+ design contains four independent active SIS trains. Each train
consists of an SI pump and its associated valves. System reliability is
achieved with two electrical divisions, each division supplying power to two
SI pumps, associated valves, and supported systems. At least two trains of
the injection system would still be activated if a single failure occurred in
the power supply system. In CESSAR-DC Table 6.3.2-2, ABB-CE described a
failure modes and effect analysis, which demonstrates that no single active or
passive failure could prevent the SIS from fulfilling its short- and long-term
functions. Since the design has both the onsite electric power supply system
and the offsite electric power supply system, either of which permits the SIS
to function, the SIS design complies with the requirements of GDC 17.

:

The four SI pumps are of sufficient size so that one SI pump, together with
the SITS, provides sufficient injection flow to prevent the core from being
uncovered for small breaks up to at least a 21.59 cm (8.5 in.)-diameter break '
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size (DVI nozzle). During a large-break LOCA, two SI pumps, together with the
(m) SITS, provides the required injection flow to meet functional requirements.
%)

In response to RAI Q440.63, ABB-CE performed an analysis to determine the NPSH
available from the IRWST to the SI pumps. ABB-CE performed this analysis with I
sufficient margin to conforms to the regulatory position stated in RG 1.1. |
ABB-CE committed to verify that the required NPSH for SI pumps is met during
the pump procurement process, and included an item to verify available pump
NPSH in its inspections, tests, and acceptance criteria (ITAACs) program for
the SIS system.

In response to the staff's question (RAI Q440.61) regarding the capability of
the SI pump to operate for an extended period of time, ABB-CE state that the
SI pump design is similar to the design of boiler feed pumps used in fossil
plants. ABB-CE evaluated feedwater pump operating data and indicated that
those pumps could be operated without overhaul for more than 5 years. ABB-CE
also stated that the pump will be inspected, and submitted a recommendation
for parts that should be replaced periodically. The COL applicant holder will
perform the routine ISI defined in the TS to verify that the performance of
the SI pump meets the functional requirements.

To prevent the SI pumps from runout because of low RCS pressure after a large-
break LOCA, the maximum SI flow (RAI Q440.67) is limited to an acceptable
runout value when the SIS is set up during preoperational testing with the RCS
at atmospheric pressure. The main control room (MCR) includes pressure
indicators for the SI lines, flow meters for the SI pump discharge flow, and
the associated alarms. These devices will alert the operator to the possibleg) degradation of SIS pump performance. The instrumentation for monitoring the(V SIS pump performance is operable with and without offsite power.

In response to the staff's festions (RAI Q440.71, 72, and 73) regarding the
SI operation at low-flow conditions as described in NRC Bulletin 88-04, ABB-CE
stated that the arrangement of the SIS mini-flow recirculation lines precludes
pump deadhead operation resulting from pump-to-pump interactions as discussed
in NRC Bulletin 88-04. The only cross-connection in the SIS arrangement ties
two discharge (mini-flow) recirculation lines together downstream of an
orifice and a check valve, creating a flow path to the vented IRWST. This
piping arrangement will not result in the operation of one SI pump to cause
other SI pumps to operate at a flow rate that is lower than the required
minimum for pump protection. ABB-CE also confirmed with information from pump
manufacturers and utilities, that the mini.num recirculation flow previously
established for SI pumps applies to the System 80+ design and is adequate to
protect pumps at low flow conditions. The design minimum SI pump flow ranges

| from 322 to 397 L/ minutes (85 to 105 gpm) (9.7 percent to 12 percent of best
efficiency flow). The staff agrees that the proposed SIS arrangement will'

avoid pump deadhead operation. However, the staff required that ABB-CE
discuss design criteria for the minimum SI recirculation flow, and submit pump;

i operating data or test results demonstrating that the SI pump would be
i operable for an extended time at the proposed flow range. ABB-CE should also
| demonstrate in completing the ITAACs that the mini-flow bypass has adequate
! capability. This was designated as DSER Open Item 6.3.3-1.

g

V) Subsequently, in Amendmer.t V to CESSAR-DC ABB-CE added the following state-(
ments to CESSAR-DC Section 6.3.4.1.1:
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The pump vendor will perform a pump type test to generate data that
verifies the SI pump's ability to operate within the pump design ;

limits at minimum flow for eight hours. Eight hours was selected as {

a representative time for a natural circulation cooldown for which
long term SI pump operation in minimum flow may be required. The
pump type test will be performed with fluid conditions representa-
tive of those during a natural circulation cooldown for the Sys-
tem 80+ design. The pump type test will monitor the normal pump
qualification test parameters and will ensure that the cump bearing
oil equilibrium temperature, pump shaft seal leakage temperature,
and pump bearing housing vibration are within the acceptance crite-
ria as described in CESSAR-DC Section 6.3.4.1.1. The duration of ,

the test is either eight hours or until the bearing oil temperature, l

pump shaft seal leakage temperature, and pump bearing housing
vibration stabilize, whichever is longer. After completion of the
test, the SI pump will be disassembled and the internals inspected
with the conditions of the parts being evaluated for excessive wear
as a result of degradation during the pump test.

It should be noted that ABB-CE also stated in CESSAR-DC Section 3.9.6.1 that
the System 80+ piping system design can accommodate IST at a flow rate at
least as large as the maximum design flow for the pump. In addition, the flow

rate through the minimum recirculation flow path can also be periodically
measured to verify that it is in accordance with the design specification.
The staff finds that the above commitments incorporated into Amendment V to
CESSAR-DC provide a reasonable assurance that the SI pump would be operable
for the required minimum flow operation condition. On this basis, DSER Open
Item 6.3.3-1 is resolved.

6.3.4 Injection Borated Water Source

The borated water to be injected through the SIS is stored in the IRWST inside
the spherical steel containment vessel of the reactor building. In the event
of a LOCA, the reactor coolant will be collected in the HVT, which will spill
the reactor coolant to the IRWST, thus establishing a continuous source of the
coolant for the SIS pumps. This design eliminates the need in conventional
design to switch from the RWST to the containment sump for LTC.

6.3.5 Evaluation of Single Failures

Following the guidelines in SRP Section 6.3, Item II, the staff reviewed the
system description and the piping and instrumentation diagrams to verify that
the design will have sufficient core cooling after a LOCA, with and without
offsite power, if a single failure occurs.

If offsite power is lost, the worst single failure to affect SIS performance
is the failure of one EDG. If one EDG fails, two SI pumps and four SITS are
still available for operation. This is more than enough to maintain the SIS

,

| flow required after a LOCA, as discussed in Section 15.3.7 of this report.
|

|
The staff reviewed the plant's capability for hot-leg injection during the LTC

i to prevent the accumulation of an excessive concentration of boron in the
I reactor vessel. The staff finds that one of the hot-leg injection systems and

one of the DVI injection systems will remain functional during the worst
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single failure. The staff concludes that the design of the injection lines
(c) and pumps includes sufficient redundancy to ensure adequate hot-leg injection.
(/ This design of the hot-leg injection meets the LTC requirements of SRP ;

Section 6.3, Item III.6. The staff documents its evaluation of the LTC l

analysis in Section 15.3.8 of this report.

6.3.6 Design Qualification of the SIS

The SIS is designed to seismic Category I requirements in cortpliance with ;

RG 1.29, " Seismic Design Classification". The structure in which the SIS is I

housed is designed to withstand a safe-shutdown earthquake and other natural l

phenomena as discussed in Chapter 3 of this report. In Chapter 3, the staff
also addresses the SIS protection against missiles and pipe whip inside and
outside the containment.

6.3.7 Testing

In CESSAR-DC, Section 6.3.4, ABB-CE describes the testing requirements for the
SIS. The SIS is designed and will be installed to permit the SIS pumps to be
tested at full-flow conditions with the reactor at power, which is consistent
with the EPRI URD requirements. The COL applicant will perform preoperational
testing of the SIS to verify that the system and components perform according
to design criteria. The COL applicant will periodically test and inspect the
TIS components and subsystems in accordance with the ASME Code, Section XI,
which constitutes compliance with GDC 36, tc ensure the SIS will operate
properly in the event of an accident. The COL applicant will also test such

g SIS components as pumps and automatic valves to confirm acceptable performance
of each active component in the SIS.4

:V
In CESSAR-DC, ABB-CE commits to demonstrate the operability of the SIS by
subjecting all components to preoperational and periodic testing to be
consistent with RG 1.68, "Preoperational and Initial Startup Test Programs for
Water Cooled Power Reactors"; RG 1.79, "Preoperational Testing of Emergency
Core Cooling Systems for Pressurizer Water Reactors"; and GDC 37, " Testing of
Emergency Core Cooling System." SIS testing is COL Action Item 6.3.7-1. #

6.3.8 Conclusions

The SIS includes the piping, valves, pumps, instrumentation, and controls for
transporting heat from the reactor core after a LOCA, including a pipe break,
or safety valve opening in the RCS that could discharge a volume of coolant ,

greater than that to be replaced by the normal makeup system. The staff
reviewed the SIS, including piping and instrumentation diagrams, failure modes
and effects analyses, and design specifications for essential components. The
staff reviewed the CESSAR-DC design criteria and design bases for the SIS and
the manner in which the design conforms to these criteria and bases.

The staff concludes that, the design of the System 80+ SIS is acceptable
because it meets the requirements in GDC 5, 17, 19, 20, 36, and 37, and the
guidelines in SRP Section 6.3. In Section 15.3.7, the staff documents its
evaluation regarding the acceptance criteria of 10 CFR 50.46 and GDC 35.

G
(d ABB-CE has included a preoperational testing program in CESSAR-DC Sec-i

tion 14.2.12.1.22 and an ITAAC program that includes testing to (1) verify
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a.

that the design SI flow and head meet SI pump functional requirements-
I(2) confirm that the required pump NPSH for the SI pumps is available; and (3)

determine the SI runout flow to be used at low-pressure conditions. The staff
reviewed the ITAAC for the SIS and finds that the Design Description and ITAAC
for the SIS system include the appropriate design commitments which are to be

,

verified and, therefore, determines that they are acceptable. On this basis, 1

DSER Confirmatory Item 6.3.8-1 is resolved.

6.4 Control Room Habitability Systems

The staff reviewed the control room habitability systems in accordance with
SRP Section 6.4 to verify that they will conform to the acceptance criteria in
the applicable regulations of 10 CFR Part 50. Specifically, the SRP accep-
tance criteria require the system design to comply with (1) GDC 4, " Environ-
mental and Dynamic Effects Design Bases," regarding accommodating the effects
of and being compatible with postulated accidents, including the effects of
the release of toxic gases; (2) GDC 19, " Control Room," regarding meintaining
the control room in a safe, habitable condition under accident conditions by
providing adequate protection against radiation and toxic gases; (3) Three
Mile Island (TMI) requirement 10 CFR 50.34(f)(2)(xxviii), as it relates to
evaluating potential pathways for radioactivity and radiation that may lead to
control room habitability problems; and (4) TMI Action Plan Item III.D.3.4
(NUREG-0737) requirements as they relate to providing protection against the
effects of release of toxic substances, either on or off the site.

Although the System 80+ design can be used at either single-unit or multiple-
unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence
of all safety-related systems and their support systems will be maintained
between (or among) the individual plants. In the DSER, the staff stated that
should a multiunit site be proposed, the COL applicant must apply for the
evaluation of the units' compliance with the requirements of GDC 5, " Sharing
of Structures, Systems, and Components," with respect to the capability of
shared SSCs to perform their required safety functions. This was designated
as COL Action Item 6.4-1 in the DSER. Upon further review, the staff has
determined that the design described in CESSAR-DC does not share structures,
systems, or components with other nuclear power units. Therefore, the control
room habitability systems comply with the requirements of GDC 5, and COL
Action Item 6.4-1 is not required.

During normal and postulated accident conditions, the systems will provide (1)
controlled environment for personnel comfort and equipment operability, (2)
radiation shielding against airborne radioactivity releases outside the
control building through filtration, (3) protection against toxic releases
surrounding the control building, (4) protection against the effects of high-
energy line ruptures in adjacent plant areas, and (5) fire protection to
ensure that the control room is manned continuously. In CESSAR-DC Chapter 15,
ABB-CE describes the methods to limit the amount of radiation that control
room personnel will be exposed to under accident conditions. Similarly, in
CESSAR-DC Section 9.5.1, ABB-CE describes fire protection methodology, which
the staff evaluated as documented in Section 9.5.1 of this report.

The control room emergency zone (CREZ) consists of the control room, the
reactor operator's office, the control room supervisor's office, the emergency
supplies room, the integrated plant status overview room, and the document
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room. In CESSAR-DC Table 3.2.1, ABB-CE states that the vital instrumentationp1 and equipment rooms (including battery rooms) and the components of the airs

V conditioning system for the MCR (including the air handling units and its
filters, fans, ductwork, water-cooling coils, and heating coils) are Safety
Class 3 and seismic Category I; will meet the quality assurance requirements
of Appendix B to 10 CFR Part 50; and will remain functional after a safe-
shutdown earthquake. Intake and exhaust structures will be protected from
tornado-generated missiles, wind-generated missiles, rain, snow, or trash.

The MCR air conditioning system is a safety related system consisting of an
air conditioning system and emergency filtration system. The system has
sufficient redundancy to ensure operation under emergency conditions, assuming
the single failure of any one component. Redundant safety related components
of the system are physically separated and protected from internally generated
missiles, pipe breaks, and water sprays. The facility has backup power
sources for the safety-related components of the systems. The control room
habitability systems descriptions, design parameters, and figures are provided
in CESSAR-DC Sections 6.4 and 9.4-1; Tables 9.4-1, 9.4-3, 9.4-3A, 9.4-5 and
15A-10; and Figures 9.4-1 and 9.4-2, respectively. In Section 9.4-1, the
staff evaluates the control complex ventilation system. In CESSAR-DC
Table 9.4-3A, ABB-CE details its conformance to the guidance of SRP Table 6.5-
I concerning the minimum instrumentations and controls. In CESSAR-DC
Table 9.4-5, ABB-CE delineates its conformance with the guidance of RG 1.52.

ABB-CE responded to the staff's RAI Q450.3, concerning the outside air supply
for pressurization during emergency mode recirculation through the filter
unit, including specifying the locations of the control room inlets, the

g exhaust vents, and the plant vents; describing the CREZ envelope; and stating
L the rate of system unfiltered in-leakage infiltration. ABB-CE also responded

to the staff's RAI Q410.116, concerning the air intake isolation dampers; air
filtration unit bypass dampers; redundant radiation and toxic gas monitors;
smoke detectors; fresh air intakes protection against the effects of high
winds, rain, snow, ice, and trash; duct testing; hydrogen concentratiun inside
battery rooms; and pre-and post-fiEPA filters. The information is acceptable
as discussed below.

ABB-CE made a commitment to prepare revised information and incorporate it
into the CESSAR-DC as follows:

(1) Revisions to general arrangement drawings (CESSAR-DC Figures 1.2-3 and
1.2-8) to incorporate the physical locations of the control room inlet
and exhaust vents on the nuclear annex building in relation to the
containment structure. This was identified as DSER Confirmatory
Item 6.4-1. !

|

(2) Revisions to general arrangement drawings (CESSAR-DC Figures 1.2-3 and |1.2-11) to incorporate the location of the unit vent. This was identi- ified as DSER Confirmatory Item 6.4-2. |

|

(3) An amendment to the CESSAR-DC to incorporate ABB-CE's responses to RAI
Q450-3 (Section 6.4) and Q410.116 (Section 9.4.1). This was identified

n as DSER Confirmatory Item 6.4-3.,

By CESSAR-DC amendments, ABB-CE stated that the locations of the control room
I
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air intakes and plant unit vent are shown in the general arrangement drawings,
CESSAR-DC Figures 1.2-3 and 1.2-8, and 1.2-3 and 1.2-11 respectively.
Therefore, the above Confirmatory Items 6.4-1 and 6.4-2 are resolved.

Subsequently, ABB-CE incorporated responses to RAIs 450.3 and 410.116 concern-
ing the issues in DSER Confirmatory Item 6.4-3 as follows:

(1) Makeup air of 0.94 m3/sec (2000 cubic ft per minute (cfm)) is provided
from the least contaminated control room air intake to offset the maximum
anticipated outleakage of 0.94 m3/sec (2000 cfm) and to pressurize the
control room to a minimum of 3.2 mm (1/8-in.) water gauge positive
pressure with respect to the adjacent areas.

(2) The plant unit vent and diesel building exhausts are located at least 61
m (200 ft) away from the nearest control room intake (as shown in
CESSAR-DC Figure 3.8-5).

(3) The CREZ volume is 1906 m3 (67,300 fts) and the maximum unfiltered
infiltration rate into the CREZ under accident conditions is 0.005 m3/sec
(10 cfm) (as shown in CESSAR-DC Table 15A-10). CREZ consists of the
control room, reactor operator's office, control room supervisor's
office, emergency supplies room, integrated plant status overview room,
and document room.

(4) The control complex ventilation system has two motor-operated isolation
dampers for the outside air intakes, two pneumatically operated (bypass)
dampers designed to fail closed, and redundant radiation and toxic gas
monitors in each division for the filtration and toxic function. Both
motor operated dampers will not be simultaneously closed on the detection
of radioactive materials at both air intakes. One air intake will remain
open to provide (pressurization) make-up air to balance the exfiltration.
Air intakes are protected against the effects of tornado and wind-
generated missiles, rain, snow, ice or trash. The divisional filtration
unit consists of a post-filter, which is a HEPA, downstream of the carbon
adsorber (as shown in CESSAR-DC Figure 9.4-1).

(5) The system ductwork is leak tested in accordance with ASME N509. The
battery room exhausts maintain the hydrogen concentration in the battery
room below two percent.

,
On this basis, DSER Confirmatory item 6.4-3 is resolved.

|

The air intakes are located on opposite sides of the building but are not
separated by 180 degrees. Each outside air inlet has two isolation dampers,,

| redundant toxic gas and radiation monitors, and a smoke detector. The
emergency filtration system starts automatically if high radiation is detected
at an air intake, or if a SIAS is received. If high radiation is detected at,

I both air intakes, the automatic selection logic compares the radiation levels
! at each air intake and closes the isolation dampers in the air intake which

has the higher reading. Therefore, outside air to pressurize the control room
comes through the comparatively less contaminated inlet automatically. The
pressurization and recirculation modes can also be actuated manually from the
control room.
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During an accident, the system operates in a pressurized mode, drawing inp) 3 30.94 m /sec (2,000 cfm) of outside air which is mixed with 1.89 m /sec;

V (4000 cfm) of air recirculated from the control room prior to being fi]tered
The emergency zone volume is 1,906 m

by the con})rol room filter unit. 3(67,300 ft Tne entire flow rate of 2.83 m /sec (6,000 cfm) passes through.

the filter unit which includes a moisture separator, prefilter, electric
preheater, absolute filter (HEPA), carbon adsorber [ activated carbon depth of
the carbon filter is 51 mm (2 in.)], postfilter (HEPA), ducts and valves, and
a fan as shown in CESSAR-DC Figures 9.4-1 and 9.4-2. The charcoal tray and
screen will be all welded construction to preclude the potential loss of
charcoal from adsorber cells in accordance with IE Bulletin 80-03. All ducts
and equipment housings outside the CREZ are of welded construction. Flanged
connections will be pressure tight and periodically visually examined and
tested to maintain a positive pressure with respect to the adjacent areas so
that any unfiltered inleakages inside CREZ are precluded. The system is

aintain an infiltration rate during pressurized operation of less
designed to p/sec (10 cfm).than 0.005 m No steam piping adjacent to CREZ air intakes or
inside CREZ exists and no other HVAC system ducts other than MCR air-handling
system ducts pass through the CREZ.

In CESSAR-DC, ABB-CE states that the habitability systems will maintain a
continuous pressure in the control room envelope at a value that is positive,
and slightly greater than the pressure outdoors and in surrounding areas. The
staff does not agree with ABB-CE concerning the proposed pressurization of the
CREZ. The design does not conform to the acceptance criterion in SRP Sec-
tion 6.4 regarding the pressurization systems. The SRP requires verification

r that the control room boundary is pressurized to a value of at least 3.2 mm
( (1/8-in.) water gauge greater than the pressure in all surrounding air spaces

while applying makeup air at the design rate. This was identified as DSER
,

| Open Item 6.4-1.
l

Subsequently, ABB-CE stated that the control room boundary pressurization
system will be periodically tested (every 18 months) to verify that the makeup
up air required to maintain a minimum of 3.2 mm (1/8-in.) water gauge pressure
inside the control room boundary with respect to the adjacent arcas does not
exceed 10 percent of the design value. On this basis, DSER Open Item 6.4-1 is
resolved.

The staff assessed the capability of the control room filter unit to limit the
exposure of the control room operator in the event of an accident utilizing
the source terms presented in Chapter 15 of this FSER. In determinating the
impact of radioiodine on the control room operators, the staff calculated an ,

iodineprotectionfactor(IPF)inaccordancewithSRPSection6.4.Basedupon !
0.472 m /sec (10 cfm) of unfiltered inleakage, relative humidity control of

3

the filtered air, a 5 cm (2 in.) bed of charcoal, a H{/ set (4,000 cfm) of
PA filter, 0.944 m /sec

(2000 cfm) of filtered outside makeup air and 1.858 m i

; filtered recirculation flow, the IPFs were approximately 53 for elemental and !
| organic forms of radiciodine and approximately 200 for the particulate form of
'

radiciodine. The staff determined that, because of the dual inlets for the
control room intakes and the automatic selection of the intake with the lowert

| radioactivity level, the control room atmospheric dilution factor (X/Q) value
| could be reduced by an additional factor. However, because the intakes were

[mV} not separated by 180" as recommended by SRP Section 6.4, the X/Q reduction'

factor of 10 could not be applied for the short time periods associated with

|
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an accident. It was only after a 4 day waiting period that the factor of 10
could be applied.

The staff did not independently calculate the control room operator doses;
however, the staff performed an independent assessment of the atmospheric
relative concentrations (X/Qs) for the control room habitability assessment.

In Section 2.3.6 of CESSAR-DC, ABB-CE calculated the on-site accident one hour
y/Q values using a time-based building wake mode. This model was developed by
Ramsdell and was described in Atmospheric Environment. Volume 248, No. 3, pp
377-388,1990, (Ramsdell, J.V., Diffusion in Building Wakes for Ground-Level
Releases). Solely for the purposes of determining the X/Q value associated
with the limiting accident scenario, ABB-CE used a meteorological database
that was characterized as " representative of an 80-90th percentile of U.S.
commercial nuclear power plant sites." The resulting y/Q values were provided
in CESSAR-DC Tables 2.3-2 through 2.3.5.

In conjunction with the X/Q values, ABB-CE used dose conversion factors based
on International Commission on Radiological Protection (ICRP) Publication 2,,

" Report of Committee II on Permissible Dose for Internal Radiation." The
postulated control room doses using the 1990 Ramdsell/ICRP 2 framework were
provided in CESSAR-DC Table 6.4-1 and compared to the dose guidelines in 'SRP
6.4. Source terms for a suite of design basis accident scenarios were

,

determined and the y/Q values were scaled upward to the value necessary to setI

the postulated dose at the SRP 6.4 limiting dose guideline value.

In May 1994, PNL conducted a peer review meeting to assess the Ramsdell Model.
At that meeting the peer group expressed concerns regarding the model's

| treatment of receptors within three building heights of the release point.
The peer review group identified information for close-in distances that could
be utilized to evaluate the performance of the Ramsdell Model. This work is
the near-source dilution model developed by Wilson and Chui. (Wilson, D.J.
and E.H. Chui, Influence of Building Size on Rooftop Dispersion of Exhaust,

'

Gas, Atmosoberic Environment, Volume 28, 1994, accepted for publication).

One objective of the Wilson-Chui Model is to predict a lower-bound minimum
dilution function (maximum y/Qs). the field measurements form the experimen-
tal data used to derive the 1990 Ramsdell Model were used to evaluate the
performance of the Wilson-Chui Model as a predictive tool. The results of
this comparison showed that use of the Wilson-Chui Model resulted in y/Q
values which were greater than the experimental data in every case. For the
purposes of evaluating ABB/CE's use of the 1990 Ramsdell Model, the staff
considered the Wilson-Chui Model results at a performance level whereby it

| would not be exceeded by more than 5 percent of the experimental data.
|

| In conjunction with the 95th percentile Wilson-Chui Model X/Q values, the
staff used dose conversion factors based on ICRP Publication 30, " Limits for
Intakes of Radionuclides by Workers." The staff determined that, using the
Wilson-Chul/ICRP 30 framework, the control room habitability aspects of the
ABB-CE System 80+ design are acceptable. For the ABB-CE System 80+ design, as
long as the linkage exists between the use of the 1990 Ramsdell Model and
ICRP 2, the staff concludes that control room habitability is acceptable.

ABB-CE has submitted a set of design description and ITAAC relating to the
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,m control complex ventilation system. The adequacy and acceptability of the
\(h design description and the ITAAC are evaluated in Section 14.3 of this report.

In CESSAR-DC Table 3.2-4, ABB-CE states that the control areas :tructure will
be protected against the environment including: soil and water pressure on
the substructure; tornado pressure drop; thermal stresses; and pipe and pipe
rupture loads. In CESSAR-DC ABB-CE states that no toxic gases, steam, or
radioactive materials will be piped or stored near the CREZ. ABB-CE also
states that the flood protection measures for seismic Category I SSCs are
designed in accordance with RG 1.102, " Flood Protection for Nuclear Power
Pl ant s . "

Additionally, ABB-CE states that (1) internally generated missiles (outside
the containment) from rotating and pressurized components are not considered
credible as described in CESSAR-DC Section 3.5.1.1, and (2) no high-energy
lines will be near the control room. Therefore, ABB-CE concludes that the
habitability systems will be protected against dynamic effects that may result
from possible failures of such lines. In Sections 3.4.1, 3.5.1.1, 3.5.2, and
3.6.1 of this report, the staff documents its evaluation of the protection
against floods, internally and externally generated missiles, and high- and
moderate-energy pipe breaks. The staff concludes that the control room
habitability systems comply with GDC 4 " Environmental and Dynamic Effects
Design Bases," as it relates to protection of the system against floods,
internally generated missiles and piping failures.

The provision for seismic Category 1, Class 1E chemical instrumentation to
detect toxic releases at air intakes if needed, is included in CESSAR-DC
Section 6.4.2.2. In accordance with TMI Action Plan Item III.D.3.4, a COL(p) applicant referencing the System 80+ design must demonstrate that control room

Ns operators are adequately protected against the effects of the release of toxic
substances, either on or off the site; and that the plant can be safely
operated or shut down under conditions created by any design-basis accident.
The COL applicant must determine the amounts and locations of any possible
sources of toxic substances near the plant using the methods in RGs 1.78,
" Assumptions for Evaluating the Habitability of a Nuclear Power Plant Control
Room During a Postulated Hazardous Chemical Release," and 1.95, " Protection of
Nuclear Power Plant Control Room Operators Against an Accidental Chlorine
Release." The COL applicant must include specific detectors where necessary
to permit automatic isolation of the control room. The protection against
toxic gases to ensure that control room operators are protected against
releases of hazardous material was identified as a COL Action Item 6.4-2 in
the DSER. Subsequently, in CESSAR-DC, ABB-CE states that the COL applicant
shall verify tnat the following site specific requirements are met to ensure
adequacy with the System 80+ standard design (1) perform the toxic chemical
release analysis; (2) prepare detailed operating procedures to cope with the
toxic gas accident; and (3) provide the location and detailed design of the
breathing air storage reservoir. The COL applicant will also develop operat-
ing procedures to cope with the closure of both air intakes due to a high
concentration of smoke. On this basis, COL Action Item 6.4-2 is acceptable.

The COL applicant will need to verify that the as-built design; the operating,
naintenance, and emergency procedures and training; and the performance
characteristics of the control room habitability system are consistent with

(o) the licensing basis documentation. The COL applicant will also need to verify
\d that the TS and surveillance procedures are consistent with the licensir.g
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basis documentation. This verification was identified as a COL Action
Item 6.4-3 in the DSER. Subsequently, in CESSAR-DC, ABB-CE states that the
COL applicant will verify that the control room habitability system is
consistent with the licensing basis documentation for the above requirements.
On this basis, COL Action Item 6.4-3 is acceptable.

Based on the above, the staff concludes that the control room habitability
systems meet the acceptance criteria of SRP Section 6.4 and are, therefore,
acceptable.

6.5 .ontainment Sorav System

The containment spray system (CSS) is a safety-grade system designed to reduce
containment pressure and temperature following a LOCA or MSLB and to remove
fission products from the containment atmosphere during a LOCA. The staff
reviewed the design basis for the fission product removal function of the CSS
to verify that it is consistent with the assumptions made in the accident
evaluations of CESSAR-DC Chapter 15. The acceptance for the fission product
cleanup function of the containment spray system is based on conforming to the
relevant requirements and criteria in SRP Section 6.5.2 as it relates to
determining the fission product removal effectiveness whenever the applicant
claims a containment atmosphere fission product cleanup function for the
systems, and GDC 41 as it relates to containment atmosphere cleanup systems
being designed to control fission product release to the reactor containment
flowing postulated accidents, GDC 42 as it relates to containment atmosphere
cleanup systems being designed to permit appropriate periodic inspections, and
GDC 43 as it relates to containment atmosphere cleanup systems being designed
for appropriate periodic functional testing.

The CSS consists of two 100-percent-capacity redundant and separated trains,
each of which has one pump, one heat exchanger, and associated spray nozzles,
spray headers, piping, valves, and instrumentation and controls. The CSS
pumps start upon receiving a SIAS or containment spray actuation signal and
the spray header isolation valves open upon receiving a containment spray
actuation signal. The CSS pumps are designed to be functionally interchange-
able with the SCS pumps to provide residual heat removal or to provide cooling
of the IRWST. This will allow each pump to provide a back-up when the pumps
are not needed for their requisite function. The CSS pumps and heat
exchangers can be manually aligned to provide LTC of the IRWST during post-
LOCA feed-and-bleed operations when the steam generators are not available to
cool the RCS.

During a LOCA, the CSS draws borated water from the IRWST and sprays to the
containment atmosphere from the upper region of the containment. The sprayed
water will ultimately drain back to the IRWST through the HVT. The HVT is a
227,000 L (60,000 gal) capacity stainless steel-lined tank next to the IRWST
with drainage spillway connections to the IRWST. Both the IRWST and HVT are
reinforced concrete structures with stainless steel liners on the surfaces in
contact with borated water. The sprayed water returns to the IRWST through
the spillways once the HVT water level reaches the spillway. The IRWST is a
continuous water source during short-term injection and long- term cooling
modes of postaccident operation. There is no recirculation spray mode in this
design. The effectiveness of the CSS in removing iodine from the containment
is addressed in Chapter 15 of this report.
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The borated . spray water contains no additive for pH control during the initialp| stage of a LOCA. After the blowdown, coolant from the LOCA accumulates in thei
U HVT and starts to flow into the IRWST causing the water in the IRWST to become

less acidic. The water in the IRWST is brought to a minimum pH of 7 for post-
LOCA iodine retention. Postaccident pH control of the spray water in the
IRWST initially was to be provided by the granular disodium phosphate base
compound which is stored in stainless steel baskets in the HVT. In Amend-
ment R, ABB-CE changed the spray additive chemical from disodium phosphate to
trisodium phosphate dodecahydrate and revised CESSAR-DC Sections 6.5.1.1,
6.5.3.2, 6.5.3.3, 16.8.5, and 16A.8.5, and Figures 6.5.4, 6.5.5, and 6.8.2, to
reflect the change of spray additive. The volume of trisodium phosphate
dodecahydrate required to establish a minimum pH of 7 in the recirculated
containment spray solution was calculated to be 926 cubic feet based on a
maximum allowable boron concentration of 4400 ppm boron. The staff finds that
trisodium phosphate dodecahydrate is a stronger base alkaline than disodium
phosphate. The change will enhance the capability of maintaining the IRWST
water at a pH above 7 and, therefore, is acceptable.

The elevation of the baskets is above the normal operating water level in the
HVT and below the IRWST spillways. During a LOCA, the baskets become immersed
in water and the resulting solution overflows into the IRWST. Therefore, the
spray fluid will become less acidic as the trisodium phosphate dodecahydrate
mixes with the boric acid.

SRP Section 6.5.2, Item II.1.g, states in part, that long-term iodine reten-
tion may be assumed only when the equilibrium sump solution pH, after mixing

p) and dilution with the primary coolant and ECCS injection, is above 7. In the

(d SRP, the staff states that this pH value should be achieved by the onset of
the spray recirculation mode. In response to the staff's concern regarding
the long-term pH of the spray solution after a LOCA, ABB-CE stated that the pH
will be brought to 7, as discussed above. In addition, the containment and
the CSS are designed to withstand the chemical environment imposed by spraying
borated water from the IRWST and any subsequent long-term induced chemical
environments. Therefore, the pH of the spray solution conforms to the SRP
requirement.

Each of the two independent CSS trains has its own spray header and nozzles
located in the upper part of the containment. The spray nozzles (SPRAC0 |
Company Model 1713A) are a non-clogging type and can pass particles up to 8 mm '

(5/16 in.) in diameter while covering 90 percent of the containment area with
a maximum drop fall height of 25 m (83 ft) and an average drop residence time
of 13 seconds. The design mean drop size is 530 microns and the median drop
size is 230 microns. In response to a staff question, ABB-CE submitted a
histogram confirming the size distribution of the spray nozzle droplets as
measured under nozzle design conditions by the manufacturer. However, ABB-CE
did not specify the location of the spray nozzles and, therefore, the staff
could not verify that 90 percent of the containment free volume would be
covered by the sprays. This was designated as DSER Open Item 6.5-1. |

In Amendment N, ABB-CE revised the CESSAR-DC to state that the containment
spray headers and nozzles have been located inside the containment so that
65 percent of the containment free volume is sprayed rather than the previ-n) ously stated value of 90 percent. The spray removal constant for elemental(v iodine was re-evaluated in accordance with SRP Section 6.5.2 (Rev. 2) based on
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the new 65 percent volume spray coverage to yield a new value of 20 lambda per I
i

hour. ABB-CE also made aajor changes in CESSAR-DC Section 6.5 by adding
'
i

additional subsections and revised tables and figures in conformity with the
reanalyses. Subsequently, ABB-CE changed the elemental iodine spray removal
constant to 10 to 13 lambda per hour within 30 to 110 minutes.

The revised CESSAR-DC contains all the pertinent information regarding the
modified header and nozzle arrangement, as well as the new spray removal
constant for elemental iodine. The spray volume is divided into three
regions, Regions I, II, and III, which represent 82 percent of the total
containment free volume. The free volumes not included as part of these
regions are combined together in Region IV as unsprayed volume, which is about
18 percent of the total containment free volume. ABB-CE states that since
about 80 percent of the free volume in each of the regions is actually covered
by spray drops, the effective spray volume of the three sprayed rcgions is
estimated at 65 percent of total containment free volume. Consequently, the
remaining 35 percent of containment free volume is assumed unsprayed. Mixing
between the sprayed and unsprayed volume of the containment was calculated
with a minimum mixing rate as shown in CESSAR Figure 6.5.4. ABB-CE states
that the spray nozzles and headers are oriented to provide maximum effective
coverage of the containment volume.

However, ABB-CE reevaluated the offsite and control room LOCA dose analyses in
CESSAR-DC Chapter 15 using the 82 percent spray coverage and revised the
elemental iodine removal constant in CESSAR-DC Figure 6.5-5. The staff found
that the spray volume used in the CESSAR-DC Chapter 15 calculation was
inconsistent with the effective spray volume of 65 percent stated in CESSAR-DC
Section 6.5.

In a confercnce call, ABB-CE stated that the 82 percent spray volume is the
effective two-control volume containment model value used for elemental iodine
removal constant calculation in the offsite dose and control room LOCA dose
analyses. The staff asked ABB-CE to reevaluate the containment spray capabil-
ity based on 82 percent spray coverage for all cases. Subsequently, ABB-CE
changed the effective spray volume in CESSAR-DC Section 6.5 from 65 percent to
82 percent to be consistent with the Chapter 15 analysis. On this basis, DSER
Open Item 6.5-1 is resolved.

The minimum NPSH of the CSS pumps was calculated to be 6.5 m (21.3 ft) at pump
inlet flow during all phases of an accident based on a low elevation aiid
location of the pumps relative to the IRWST. In calculating the available
NPSH, ABB-CE assumes both safety injection and containment spray pumps will
operate concurrently and does not take credit for water that could be trapped
inside the containment and not available to the IRWST. In the DSER, the staff
stated that there was no comparison between the calculated minimum CSS pump
NPSH of 6.5 m (21.3 ft) and a design NPSH requirement since no specific CSS
pump has been selected for this design. This was designated as DSER Open
item 6.5-2.

ABB-CE states that the NPSH design requirement has been addressed in the
revised CESSAR-DC Section 6.5.3.4 (Amendment N). In CESSAP.-DC Sec-
tion 6.5.3.4, ABB-CE states, in part, that the IRWST is the suction source for
both SI and CSS pumps during short-term injection and long-term cooling modes
of postaccident operation. The minimum available NPSH for the SI and CSS
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pumps was determined on based of the minimum water level in the IRWST during |
accident conditions. The SI and CSS pumps are located in the reactor building

\ subsphere and are placed low cnough below the minimum IRWST water level to :
ensure adequate available NPSH. The minimum IRWST water level elevation was '

determined to be 23 m (75.5 ft). The calculated available NPSH for the CSS
pumps ranges from e 3 m (24 ft) at the design flow rate of 18,900 L/ min (5000 i

gpm) to 6.5 m (21.2 ft) at a pump runout flow of 24,600 L/ min (6,500 gpm). !

This exceeds the CSS pump required NPSH of 6.1 m (20 ft) at runout flow. In ,

addition, the reactor cavity will not be flooded during a LOCA as was assumed
in determining the minimum water level of 23 m (75.5 ft) in the IRWST.
Because of this, an additional volume of water will raise the minimum water !

level in the IRWST by approximately 0.6 m (2 ft), thereby increasing the
,

available NPSH. ABB-CE also addressed the prevention of debris blocking the ;

return water from entering of the IRWST in CESSAR-DC Section 6.8. On the t

basis of this review, the staff finds that there will be enough water in the :

IRWST to cover the minimum CSS pump NPSH. Therefore, DSER Open Item 6.5-2 is
resolved.

'In CESSAR-DC Section 6.5.4, ABB-CE states that the COL applicant will conduct
precoerational tests on the CSS to verify the operability of all pumps,

,

valves, spray headers, spray nozzles, heat exchangers, and instrumentation.
Before operating the plant, the COL applicant will also conduct a series of

,

hydrostatic tests in accordance with the ASME Boiler and Pressure Vessel Code;
this was designated as COL Action Item 6.5-1 in the DSER and is acceptable.

|
The CSS is designed to withstand the impact of floods, pipe breaks, missiles,
pipe whip water hammer, overpressurization, fire, and a LOOP. Each CSS train

O emergency, diesel generator (EDG).has a separate power supply through an independent electrical division and
Physical separation is used throughout the

system to preclude common-mode frilures and enhance fire protection capabili-
ties. CSS pipes are made of austenitic stainless steel, conform to ASME :

Boiler and Pressure Vessel Code, Section III, and are classified as seismic
Category I piping-system. All components of the CSS will be accessible for ;

maintenance, inspection, testing, and manual operation even after a design- :
basis LOCA. All CSS-related equipment not covered by ASME Code Section III |
will also be accessible.

,

To confirm the effectiveness of the CSS, ABB-CE performed CSS failure modes
and effects analysis (FMEA) and presented the results in CESSAR-DC '

Table 6.5-3. The analysis identified 14 different component failures. In 1
most cr.ses, the compensating feature of a parallel redundant containment spray

.

path or train ensures that the spray function will not be degraded by any :
failure. The remaining cases have no effect on the operability of the CSS. *

In CESSAR-DC Appendix 15A, ABB-CE addresses the performance of the CSS in
removing fission products and presented the methed it used to calculate the
radiological consequences of accidents. ABB-CE retalculated the CSS fission
product removal capability during a design-basis LOCA based on the following

tinput to the' analysis: '

fraction of net free containment
i volume being sprayed - 82 percent ,

I
s

5 Transfer rate between sprayed |
:

| i
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and unsprayed regions - volume of unsprayed region per
hour per CESSAR-DC Fig. 6.5-4

Elemental iodine spray
removal constant = 10-13 lambda / hour within 30-

110 minutes, reduced by a factor of
1.26 to a account for mixing with
the sprayed region. (see CESSAR-DC
Fig. 6.5-5)

The staff reviewed this analysis in accordance with SRP Section 6.5.2 and its
referenced standard ANSI /ANS-56.5-1979 and confirmed the use of an elemental
iodine spray removal coefficient of 13 lambda per hour which is within the
limit specified in SRP Section 6.5.2. Heat removal by sprays does not become
dominant until after the first 10 minutes. Therefore, containment mixing is
limited to two unsprayed volumes per hour during the first 10 minutes. The
staff finds that the use of minimum mixing rate during the immediate post-
blowdown period is conservative.

In the CESSAR-DC, ABB-CE credits only the CSS for removing the elemental form
of iodine from the containment atmosphere after a design-basis LOCA. Follow-
ing a design-basis LOCA, any leakage from the containment atmosphere is held
up and processed in the annulus and the reactor building subsphere by the AVS
and subsphere ventilation system (SVS) respectively. The AVS and SVS are ESF
atmosphere cleanup systems and are addressed in Section 6.2.3 and Sec-
tion 9.4.5 of this report.

In CESSAR-DC Section 15.6.5, ABB-CE presents the offsite dose results of the
design-basis LOCA analysis due to containment leakage and annulus ventilation
discharge. The calculated 2-hour thyroid and whole-body doses for the exclu-
sion area radius are 1.83 Sv (183 rem) and 26.7 mSv (2.67 rem), respectively.
These doses are less than the limits in 10 CFR Part 100 of 3 Sv (300 rem)
thyroid and 250 mSv (25 rem) whole body and are, therefore, acceptable.

In the DSER, the staff stated that ABB-CE had not estimated the mean resident
time of soluble volatile and particulate fission products in the containment
building atmosphere after an accident, and had not indicated how long the
continuous spray will last. Acceptance Criterion II.I.a in SRP Section 6.5.2
states, in part, that the operating period of the containment spray system
should not be less than 2 hours in all cases. The staff stated that ABB-CE is
required to verify the CSS postaccident operation period, which should be no
less than 2 hours in all cases. This was designated as DSER Open Item 6.5-3. I

1

In CESSAR-DC ABB-CE states that the containment spray system is designed to l
operate throughout the duration of a DBA, as indicated in CESSAR-DC i

Table 3.118-1, up to 100 days without interruption. Since the operating i

period of the spray is far more than two hours, DSER Open Item 6.5-3 is
resolved.

In Amendment W, ABB-CE revised the CESSAR to add Section 6.5.5. The new
section addresses the emergency containment spray backup system (ECSBS), which
is used to provide containment spray in the event of a beyond design basis i

accident in which both CS pumps and SCS pumps, and/or the IRWST are assumed
not available. The ECSBS provides a T-connection for a temporary water source

ABB-CE System 80+ FSER 6-44 June 1994

,

. - - - - - _ - - - - -



,g outside the Nuclear Annex to supply containment spray after a severe accident-

()i to prevent a catastrophic failure of the containment. The staff's evaluationI

of the ECSBS is provided in Section 19.2.3.3.2.1.3 of this report.

On the basis of its review, the staff concludes that ABB-CE System 80+
containment spray system, as a fission product cleanup system, is acceptable
and complies with the requirements of (1) GDC 41 with respect to the iodine
removal function following a postulated loss-of-coolant accident; (2) GDC 42
with respect to the capability for periodic inspection of the system, and
(3) GDC 43 with respect to the capability for periodic testing of the system.

6.6 Inservice Inspection of Class 2 and 3 Components

The staff has reviewed the ASME Code Class 2 and 3 ISI requirements stated in
the CESSAR-DC to the criteria in SRP 6.6. The areas reviewed included the
components subject to examination, accessibility, examination categories and
methods, inspection intervals, evaluation of examination results, system i

pressure tests, augmented ISI to protect against postulated piping failures,
code exemptions, and relief requests. IST is evaluated separately in Sec- ,

tion 3.9.6 of this report. Open items in the DSER are addressed as follows:

ABB-CE, in Amendment N of the CESSAR-DC, required that Class 2 and 3 compo-
nents requiring inspection will be designed and provided with access to enable
the performance of Section XI inspections on site. On this basis, DSER Open
Item 6.6-1 is resolved.

r ABB-CE, in Amendment N, revised the CESSAR-DC to require that preservice
t inspection (PSI) will comply with Section XI of the same edition as the ASME

Code used for construction and ISI will meet Section XI in effect in accor-
dance with 10 CFR 50.55a(g). On this basis, DSER Open Item 6.6-2 is resolved.

In response to RAI Q252.17, ABB-CE indicates that relief requests will be
submitted to the NRC when Section XI PSI requirements are impractical.
However, because the PSI requirements are established and known at the time
each component is ordered, 10 CFR 50.55a(g) does not have provisions for
relief requests for impractical PSI examination requirements. ABB-CE in
Amendment N to the CESSAR-DC specified that all PSI requirements will be in
accordance with Section XI, of the same edition as the ASME Code used for
construction. On this basis, DSER Open Item 6.6-3 resolved.

The COL applicant has the overall responsibility for performing the PSI and
ISI of Class 2 and 3 components throughout the service life of the plant.
However, the plant should be designed for accomplishment of pre-service and
ISI, and in particular, should reflect the requirements of Appendix VIII to
Section XI of the ASME Code, which ABB-CE has acknowledged.

ABB-CE madified Section 6.6.2 of CESSAR-DC to state that systems and compo-
nents are designed so that design, materials, and geometry do not restrict 1

inspectians required by Section XI of the ASME Code. The basis for requests
for relief is in 10 CFR 50.55a(g)(4). ABB-CE has eliminated the need for
relief onder this paragraph, and accordingly, requests for relief by COL

n applicants because materials, design, or geometry make ISI examinations and

(v) tests impractical should not occur. A review of Palo Verde, Units 1, 2, and
3, history of relief requests in " Commercial Nuclear Power Plant ISI Relief
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Request Data Base Regarding ASME Code Section XI Requirements," prepared by
The Idaho National Engineering Laboratory, showed that no requests for relief
have been granted to date for material or design limitations. Two were
granted for reason of limited access (removal of insulation) which, under the
1989 edition of the Code, would not be an acceptable reason for granting
relief in that this particular edition of the Code requires access be provided
to accomplish PSI and ISI examinations. The staff views the Palo Verde
experience as evidence that ABB-CE has maintained a philosophy of designing
its units so that code-required inspections can be accomplished. On this
basis, DSER Open Item 6.6-4 is resolved.

ASME Section XI indicates that PSI should be conducted with equipment and
techniques equivalent to those that are expected to be used for subsequent
ISI. The PSI provides the baseline information for reference in the subse-
quent ISI. For example, if the ISI of a piping weld is expected to be
performed by ultrasonic techniques, the PSI should also be based on ultrasonic
techniques. ABB-CE in Amendment N to the CESSAR-DC, stated its commitment to
this requirement. On this basis, DSER Open Item 6.6-5 is resolved.

! The ASME has published in Section XI (Division I), Appendix VII, "Qualifica-
tion of Nondestructive Examination Personnel for Ultrasonic Examination," and
Appendix VIII, " Performance Demonstration for Ultrasonic Examination Systems."
The NRC has approved the 1989 Edition of the ASME Code Section XI which
includes Appendix VII. The applicable Code Edition for CESSAR-DC is the
1989 Edition which incorporates Appendix VII. ABB-CE revised the CESSAR-DC
with Amendment N to require that the Section XI requirements are to be
augmented with the requirements in Appendix VIII. On this basis, DSER Open
Item 6.6-6 is resolved.

| ASME Class 1, 2, and 3 carbon and low-alloy-steel piping items that are
susceptible to wall thinning due to the single-phase (water) erosion-corrosion
phenomenon will be subject to examination in accordance with Subsection IWH of
ASME Section XI. Subsection IWH of ASME Section XI has not been incorporated

| in the code at the time of this review. However, ABB-CE in a submittal dated
| December 18, 1997., committed to review Subsection IWH and ensure that the
| System 80+ design PSI and ISI programs comply accordingly. Where the design

will not practically accommodate full adherence to IWH, alternatives will be
proposed in accordance with 10 CFR 50.55a(a)(3). On this basis, DSER Open
Item 6.6-7 is resolved.;

To ensure that no deleterious defects develop during service in ASME Code
Class 2 components, selected welds and weld heat-affected-zones are inspected
before reactor stertup and periodically throughout the life of the plant. In
addition, Code Class 2 and 3 systems receive visual inspections while the
systems are pressurized in order to detect leakage, signs of mechanical or
structural distress, and corrosion.

In CESSAR-DC, ABB-CE states that its inspection program will comply with the
| rules published in 10 CFR 50.55a and Section XI of the ASME Code. The ISI
| program will consist of a preservice inspection plan and an ISI plan.

Examples of Code Class 2 systems are residual heat removal systems, portions
of chemical and volume control systems, and ESFs not part of the Code Class I
systems. Examples of Code Class 3 systems are component cooling water systeins
and portions of redwaste systems. All of these systems transport fluids.
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,

The staff concludes that the ISI program is acceptable and meets the inspec-
tion and pressure testing requirements of GDC 36, 37, 39, 40, 43, 45, and 46 i

V and 10 CFR 50.55a.
v
'

The COL applicant should submit PSI and ISI program plans for staff review and
approval. The COL applicant should verify that its PSI and ISI programs will
incorporate the requirements of Appendices VII and VIII and Subsection IWH of
ASME Code Section XI. This was identified as COL Action Item 6.6-1 in the
DSER and is acceptable. '

6.7 Safety Deoressurization System *

:-

In CESSAR-DC Section 6.7, ABB-CE describes the safety depressurization system !
(SDS), which consists of the reactor coolant gas vent system (RCGVS) and the .

RDS. The SDS performs two functions: venting the RCS and rapidly !

depressurizing the RCS. |

6.7.1 Reactor Coolant Gas Yent System

The RCGVS is a manually operated safety-grade system. It removes nonconden-
sable gases or steam from the pressurizer through a vent line to the reactor
drain tank (RDT) through one or both of the parallel isolation valves. The ;
RCGVS can also remove noncondensable gases or steam from the reactor vessel
upper head through a vent line to the RDT through a flow-restricting orifice iand one or both of _ the parailel isolation valves. The RCGVS isolation valves
are closed during normal reactor operation. During shutdown or transient

i

conditions, the operator will follow operating procedures to manually actuate '

O head or the pressurizer steam space if the operator determines that nonconden-
(open) the RCGVS valves from the MCR in order to vent the reactor vessel upper

sable gases'have collected in the reactor vessel upper head or in the pressur-
izer steam space. The RCGVS will have the capability to be manually actuated, ,

monitored, and controlled from the control room, as required by GDC 19. ,

The parallel isolation valves are powered by a normal ac power source and an
emergency ac power scurce. In CESSAR-DC Table 6.7-3, ABB-CE documents a '

failure modes and effects analysis (FMEA) demonstrating that the RCGVS will
maintain a vent path after a single failure of either of the valves or of the i

power source. This demonstration complies with the requirements of GDC 17 and )
34. |

To satisfy the requirements for natural circulation cooldown specified in SRP, !

BTP RSB 5-1, the RCGVS can remove the steam bubble and depressurize the RCS
for the shutdown cooling mode of operation. This is discussed further in Sec-
tion 5.4.3-1 of this report.

The RCGVS is designed to seismic Category I requirements in compliance with
RG 1.29.

The RCGVS is designed to permit periodic inspection in accordance with
Section XI of the ASME Boiler and Pressure Vessel Codes. This constitutes
compliance with GDC 36.

( In response to the staff's request (RAI Q440.134), ABB-CE committed to include
the RCGVS as a safety-grade system in the System 80+ TS. This commitment is i
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acceptable. This was designated as DSER Confirmatory Item 6.7.1-1.

In CESSAR-DC Section 16.7.17 (Amendment 0), ABB-CE includes a TS with the
1

limiting condition for operation and surveillance requirements (SRs) for the '

RCGVS. The SRs include verification of the flow path, cycling the vent valves ,

from the control room, and verification of correct breaker alignment and power !

sources for valve position indications. The staff reviewed the TS for RCGVS
and found that the TS provides reasonable assurance for the operability of
RCGVS. The staff concludes that the TS is acceptable. On this basis, DSER
Confirmatory Item 6.7.1-1 (regarding the TS for RCGVS) is resolved.

The staff requested that ABB-CE submit emergency procedure guidelines (EPGs)
on the RCGVS. This was designated as DSER Open Item 6.7.1-1. In response,
ABB-CE included RCGVS in the E0Gs for removal of the noncondensable gases from
the reactor vessel head. This instruction is implemented in step 37 of the
excess steam demand event recovery guideline, step 28 of loss of the all
feedwater recovery guideline, step 32 of the steam generator tube rupture
recovery guideline, step 30 of the loss of offsite power recovery guideline,
steps 20 and 55 of the LOCA recovery guideline (LOCARG), and step 37 of HR-3,
step 3 of HR-5 in the FRG. ABB-CE also added instructions in steps 21 and 42
of the LOCARG, step 17 of HR-3 in the FRG for depressurization control by
using the RCGVS. The staff finds the E0G steps adequate for using the RCGVS
for event mitigation. On the basis, DSER Open Item 6.7.1-1 is resolved.

DSER Open Item 6.7.1-2 required ABB-CE to confirm the required flow capacity
of the RCGVS. In response, ABB-CE included a test in the ITAAC for the SDS to
determine the RCS depressurization rate using the pressurizer portion of the
RCGVSfungtion. The test will be performed at normal operating pressure of
1.55 x 10 kPa (2250 psia) to confirm that the depressurization rate is not
less than 6.2 kPa (0.9 psia /sec), which is the rate with the maximum flow rate
passing through the RCGVS valve calculated in the natural circulation cooldown
analysis in CESSAR-DC Appendix SD. An adequate test is included in the SDS
ITAAC and CESSAR-DC Section 6.7.4.1 for verification of the RCGVS flow
capacity. On this basis, DSER Open Item 6.7.1-2 is resolved.

6.7.2 Rapid Depressurization System

The RDS is designed as a manually operated safety-grade system that removes
steam or water from the pressurizer through two isolation valves in each of
two parallel depressurization lines to the IRWST. The RDS is designed to
mitigate the consequences of a beyond-design-basis event such as a total loss
of normal and emergency feedwater (TLOFW) event.

The RDS valves are closed during normal operation. These valves are motor-
operated and fail in the "as is" posttion. The valves are designed to be
operated during a station blackout (SB0). Thus, the Class lE de buses supply
electrical power to the motor operators (through de to ac inverters). The
FMEA documented in CESSAR-DC Table 6.7-3 demonstrates that an RDS bleed path
can be established in the event of a single failure in the mechanical equip-
ment or battery banks with total SBO.

The design-basis event for determining the size of the RDS bleed valves is a
TLOFW event. ABB-CE performed the analysis using a realistic version of the
CEFLASH-4AS(REM) code with assumed best estimate decay heat values. The

|
!
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CEFLASH-4AS(REM) is documented in CEN-420P, "SBLOCA Realistic Evaluationp) Model". The staff determined that use of the realistic version of the>

V CEFLASH-4AS code is acceptable because the RDS is designed to mitigate
accidents beyond the design basis. In the analysis of determination of the
SDS valve size, ABB-CE did not credit letdown, charging, and pressurizer
spray. In the accident scenario, ABB-CE assumed that the initial RCS power
and secondary steam are generated at the rated output. The primary and

3
secondary safpty valves open at lift pressures of 17.2 x 10 kPa (2500 psia)
and 8.27 x 10 kPa (1200 psia), respectively, ar.d the RCPs trip 10 minutes
after the event is initiated. In the DSER, the staff stated that ABB-CE
should justify that a delay time of 10 minutes to trip RCPs is conservative in
calculating the required size for the RDS valves. This was des;;;nated as DSER
Open Item 6.7.2-1.

In response to DSER Open Item 6.7.2-1, ABB-CE provided in a submittal of
November 24, 1992, and CESSAR-DC 6.7.1.2.1.C.2 (Amendment U), a technical
basis for operator action time of 10 minutes. ABB-CE followed the guidance in
ANSI /ANS-51.1-1983, "American National Standard Nuclear Safety Criteria for
the Design of Stationary Pressurized Water Reactor Plants," and considered a
TLOFW event as a plant condition 2 event. According to ANSI /ANS-58.8-1984,
" Time Response Design Criteria for Nuclear Safety Related Operator Actions," a
plant condition 2 event requires at least 10 minutes from a TLOFW initiation
until four RCPs are tripped. The staff has relied on the guidance in
ANSI /ANS-58-1984 for approval of TS changes to the Haddam Neck Plant (an
October 22, 1990 letter from A. Wang (NRC) to E. Mroczka (CYAPC)). Therefore,
the staff concludes that the assumption of operator action time of 10 minutes
to trip four RCPs in sizing the RDS valve is acceptable. On this basis, DSER

(n) Open Item 6.7.2-1 is resolved.
U

ABB-CE analyzed two cases (in the response to RAI Q440.22): (1) a TLOFW event
with one RDS bleed path available, two SI pumps operable, and immediate
operator action to open the RDS bleed path after the primary safety valves
(PSVs) open and (2) a TLOFW event with both RDS bleed paths operable, four SI
pumps operable, and an operator action delay of 30 minutes to open the RDS
paths after the PSVs open. The analysis shows that case 2 ig the worst case,which requires larger RDS bleed valves, each of 1.95 x 10'3 2m (0.021 ft ), to
comply with the acceptance criterion. This criterion requires the minimum
level of mixture water in the reactor coolant to remain two feet above the top
of the core through the transient. Since the calculated size of the valve
depends heavily on the computer codes used for analysis, ABB-CE thus must
confirm the RDS valve capacity in the ITAAC program.

In response to DSER Open Item 6.7.2-2, ABB-CE included an item in the SDS
ITAACs to verify the valve flow capacity. Shop tests measuring the steam flow s
through the RDS valve will be performed. As described in CESSAR-DC Sec-
tion 6.7.4.1 (Amendment T), the CEFLASH-4AS(REM) will be used to model the
performance of the RDS. The computer model of the RDS valves will be initial- i

ized to predict the same steam flow rate as the vendor data from shop testing
of the RDS valves. The code will then be used in simulating a TLOFW event.
To demonstrate the adequacy of the RDS design, the calculated results using j

the CEFLASH-4AS(REM) will show that the reactor vessel water remains 2 feet I

I

o above the top of the core during the TLOFW event, which is the event used for
i determining of the RDS valve sizes. The staff finds that ABB-CE's tests and(d' analysis are adequate for the verification of the RDS valve capacity. On this

|
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basis, DSER Open Item 6.7.2-2 is resolved.

The RDS also performs an important function in mitigating a severe accident.
During a core melt, the system would allow the RCS to be depressurized and .

reduce the possibility of a challenge to the containment, such as from direct j

containment heating.

In response to the staff's question (RAI Q440.19) on the operator delay time
to open RDS valves for severe accidents, ABB-CE proposed allowing the operator
delay time of 1.5 hours to open the RDS valves after the PSV lifts for
accident mitigation. The severe accident for determining the operator delay
time is a total SB0 including the failure of the onsite alternate ac power
source, the complete loss of secondary-side heat removal capability, and no SI
fl ow. ABB-CE used Revision 16 of the computer code, MAAP3.8, to model the
RCS, the steam relief system, and the IRWST. The results demonstrated that a
delay of 1.5 hours by the operator will not violate tpe acceptance criterion
that requires the RCS be depressurized from 17.2 x 10 kPa (2,500 psia) to
1,720 kPa (250 psia) before the reactor vessel fails. ABB-CE has confirmed
that the 1,720 kPa (250 psia) criterion precludes a direct containment heating
challenge. On this basis, DSER Confirmatory Item 6.7.2-1 is resolved (see
Section 19.2.3.3.3 on this report for the staff's evaluation for the resolu-
tion of this confirmatory item).

In response to the staff's RAI Q440.20, ABB-CE stated that equipment procure-
ment specifications will define the expected environmental parameters to
satisfy the requirements for equipment survivability. However, ABB-CE did not
submit specific information. The staff asked ABB-CE to submit a discussion of
the specific environmental parameters (such as temperature, pressure, moisture
and radiation) and to submit the guidance for meeting the equipment surviv-
ability requirements during a severe accident. ABB-CE has submitted an
evaluation and demonstrated that the RDS would be available in responding to
severe accident conditions. On this basis, DSER Open Item 6.7.2-3 is
resolved. The staff's evaluation of the RDS valve operability during a severo
accident is discussed in Section 19.2.3.3.7 of this report.

In response to the staff's request, ABB-CE proposed a TS for a RDS in CESSAR-
DC Section 16.7.18. The TS requires a COL holder to verify every 18 months
that all manual isolation valves to pressure instruments in each vent path are

i in the open position, and to cycle every 18 months the RDS valves in each vent
I path at least one complete cycle from the control room. The TS also requires
I a COL holder to verify every 12 hours that the valve position indication in

the MCR is correct for all RDS valves, and verify every 7 days that the
breaker alignment is correct and the power to the position indication is
avail able. The staff finds that the proposed TS is acceptable to assure the
operability of the RDS valves. On this basis, DSER Confirmatory Item 6.7.1-1

| (regarding the TS for RDS) is resolved.
!

In response to DSER Open Item 6.7.2-4, ABB-CE included the RDS in E0Gs for the
'

feed-and-bleed mode of operation. Since the entry conditions for the feed-
and-bleed operation are specified and the guidelines specified in PC-6 and
HR-4 of the FRG are clearly written, the staff finds that the EOG instructions
provide adequate guidelines for the pressure control and heat removal by using
the RDS. On this basis, DSER Open Item 6.2.7-4 is resolved. The staff's
evaluation of ABB-CE's response to the severe accident mitigation is included

ABB-CE System 80+ FSER 6-50 June 1994

_ _ _ _ _ _



|
I

|

|
|

in Section 19.2.3.3.7 of this report. |
-

6.7.3 Conclusions
'!

The staff has reviewed the SDS description in CESSAR-DC Section 6.7, the >

piping and instrumentation drawings, and the response to the staff's review
questions. The SDS design is acceptable because it meets GDC 17, 19, 34, and s

36 and RG 1.29.
.

6.8 In-Containment Water Storace System >

In CESSAR-DC Section 6.8, ABB-CE presents the design and description of the
1

in-containment water storage system. This system will collect, deliver, and
store water and is the heat sink inside the containment during normal opera- '

tion and accident conditions. It consists of the IRWST, the HVT, the steam
relief system (SRS), and the cavity flooding system (CFS).

The IRWST is the safety-grade source of borated water for the SIS, CSS, CFS,
and refueling operation. The IRWST is the primary heat sink and collector of
any discharge and leakage from the pressurizer safety valve or rapid depressu-
rization valve. SRP Section 5.4.11 includes the guidance for the staff to
review the pressurizer relief tank (PRT) system in current plants. However,
the PRT in current PWR plants is a non-safety-related system. Thus, the staff '

reviews the PRT primarily to ensure that it will operate consistently with -

transient analyses of relatea systems and that failure or malfunction of the
system could not damage affect essential systems or components. The IRWST in
the System 80+ design is the safety-grade source of water after an accident.

} Therefore, the staff reviewed the IRWST using the applicable sections of SRP
J Section 5.4.11, SRP Section 6.2.2, and RG 1.82, " Sumps for Emergency Core

Cooling and Containment Spray Systems." These additional requirements are
derived from the functional requirements of the IRWST design.

The HVT collects and stores water during normal and accident conditions. The
SRS will transport steam or water relieved through the PSVs and rapid
depressurization valves (RDVs) to the IRWST, and dissipates its energy in the
IRWST water. The CFS floods the reactor cavity during a severe accident, and
has been reviewed as part of the severe accident. This evaluation is given in
Section 19.2 of this report. During normal operation, the SCS heat exchangers
can cool the IRWST water. During a LOCA or secondary side pipe break, the
containment spray system heat exchangers cools the IRWST. During the " bleed"
phase of RCS rapid depressurization, the IRWST may be cooled by the SCS or the
containment spray system heat exchangers.

The IRWST is located inside the spherical steel containment vessel. Its ,

boundaries are defined by the available space in the lower regions of the
reinforced-concrete internal structure. The upper concrete dish of the
internal structure is the bottom of the IRWST. The top is the concrete slab. ;

The outer radial wall is the concrete crane wall and the inner radial wall is
the semicircular wall of the HVT and the primary shield wall. The IRWST has :

,

6 3total volume of 2.066 x 10 L (545,800 gal) and 1,676 m3 (59,200 ft ) feet of
1

free space. :
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In Amendment U of CESSAR-DC Section 6.8.2.2, ABB-CE states that overpressure
protection for the IRWST is provided by four pressure relief dampers in the
IRWST cover. These dampers, which are self-actuated by IRWST pressure, are
provided for hydrogen venting during a severe accident and will accommodate
the consequences of a DBA steam release and rapid depressurization valve (RDV)
actuation, assuming no cooling of the IRWST is available. The dampers are
also actuated by a vacuum in the IRWST. These dampers are bi-directional and
spring-loaded. The low-volume containment purge subsystem vents the IRWST
during normal fill of the IRWST.

If one or more PSVs or RDVs actuate, steam or water will flow through the main
discharge lines to distribution headers in the IRWST and into the sparger
heads. High-pressure jets of steam will be injected into the IRWST, where it
will be condensed and mixed with the IRWST water. The IRWST, in this case,
will function similarly to the suppression pool in the boiling-water-reactor
plants. However, in earlier versions of the CESSAR-DC, ABB-CE did not address
the hydrodynamic loads to the IRWST and SRS. In the DSER, the staff stated
that ABB-CE must submit additional information to address this concern. This
was designated as DSER Open Item 6.8-1. In Amendment N of CESSAR-DC, ABB-CE
provided the requested information in Section 6.7.6, " Hydrodynamic Loads on
the Safety Depressurization System (SDS)," and Section 6.8.4, " Hydrodynamic
Loads on the Incontainment Refueling Water Storage Tank." On the basis of its
analyses, ABB-CE concluded that the loads on the SDS piping and IRWST are
within the design capability of piping and supports for safety relief valve
piping and the design capability of the IRWST structural elements. The staff
concurs with this analysis and, on this basis, DSER Open Item 6.8-1 is
resolved.

The in-containment water storage system is Safety Class 2. Therefore, it will
be manufactured, and tested in accordance with the rules of ASME Boiler and
Pressure Vessel Code, Section III.

The piping and instrumentation diagrams for the IRWST include temperature and
level indication, but no pressure indication for the tank. Responding to the
staff's RAI Q440.69, ABB-CE stated that the level instruments that indicate
the IRWST level provide high and low level alarms in the control room. The
diagrams reference instrumentation requirements in CESSAR-DC Section 7.4.1.3,
which ABB-CE had not submitted.

Responding tn Q410.102a, ABB-CE submitted a description of the level, pres-
sure, and temperature indication, a revised drawing without the reference to
Section 7.4.1.3, and a new Section 6.8.3 to define the instrumentation. This

i
completes the information required and, therefore, is acceptable. I

Responding to Q440.69, ABB-CE stated that the IRWST is designed to comply with
SRP Section 6.2.2 and RG 1.82, " Sumps for Emergency Core Cooling and Contain-
ment Spray Systems." The staff concludes that the IRWST design and analysis
comply with the requirements of RG 1.82 and SRP Section 6.2.2 as discussed in
Section 6.2.2.

On the basis of this evaluation, the staff finds the in-containment water
storage system acceptable in meeting the applicable guidance of SRP Sec-,

'

tion 5.4.11, SRP Section 6.2.2, and RG 1.82.
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Table 6.1 Comparison of ABB-CE containment design features
,

O Parameter System 80+ System 80 3400 MWt CE 2700 MWt CE

Power, MWt 3914 3800 3400 2700

Type of 1.75 in. 0.25 in. 0.25 in. 0.25 in.
Containment thick steel thick steel- thick steel- thick steel-
Structure sphere lined pre- lined pre- lined pre-

primary stressed stressed stressed
cont.; 3 ft. post- post- post
thick rein- tensioned 3.5 tensioned tensioned )forced con- to 4.0 ft. 3.75 to 3.00 to '

crete cylin- thick con- 4.3 ft. thick 3.75 ft.
drical sec- crete cylin- concrete cyl- thick con-
ondary cont. der inder crete cylin-

der

Secondary yes no no no
containment

6 6 6Free volume (3 4 x 10 (2 6 x 10 (2 3 x 10 (1 9 x 10'I $ g 3ft ) ft ) ft ) ft )
9.6 x 10' m3 7.4 x 10' m3 6.5 x 10' m3 5.4 x 10' m3 i

3 3 3 3Volume to (869 f /MW) (684 f /MW) (677 f /MW) (704 f /MW)
24.6 m}/MW19.4 m}/MW19.2 m}/MW20.0 m}/MWr ratio

powg/MW)(ft

Internal de- 365.4 kPa 413.7 kPa 413.7 kPa 372.3 kPa
sign pressure (53 psig) (60 psig) (60 psig) (54 psig),

External de- 13.8 kPa 27.6 kPa 34.5 kPa n/a j
sign pressure (-2.0 psig) (-4.0 psig) (-5.0 psig) i

Design (290 *F) (300 *F) (300 *F) (289 *F)temperature 143 *C 149 "C 149 *C 143 *C

Design leak
rate,%/ day;
0-24 hours 0.5 0.1 0.1 0.5

_ 24 hours 0.25 0.1 0.1 0.25>

Calculated 331.7 kPa 341.3 kPa 384.0 kPa 356.5 kPa
peak internal (48.11 psig) (49.5 psig) (55.7 psig) (51.7 psig)
pressure (de- (~10%) (~18%) (~7%) (~4%)sign margin)

Calculated -12.6 kPa -17.93 kPa -18.62 kPa n/apeak external (-1.82 psig) (-2.6 psig) (-2.7 psig)
pressure (de- (~9%) (~35%) (~46%)

_ sign margin)

O
Q
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Table 6.2 Safety injection system equipment comparison

System 80 System 80+

High Pressure Safety Injection Pumps Nos. 2 4

Design Flow -L per min (gpm) 3090 (815) 3090 (815)
Design Head -m (ft) 869 (2,850) 869 (2,850)

Low Pressure Safety Injection Pumps Nos. 2 0

Design Flow -L per min (gpm) 15,900 (4,200) -

Design Head -m (ft) 102 (335) -

Safety Injection Tank Nos. 4 4

Design Pressure-kPa (psig) 4800 (700) 4800 (700)
3 3Water Volume, Normal -m (cft ) 52.6 (1,858) 52.6 (1,858)

Refuel Water Tank 1 1

Minimum Water Volume -L (gal) 1.90x10 (502,760) 2.07x10' (545,806

Safety Injection Discharge Lines cold legs DVI Nozzles on the
Reactor Vessel

O
ABB-CE System 80+ FSER 6-54 June 1994



~

l'%

7 INSTRUMENTATION AND CONTROLS

7.1 Identification of Safety Systems. Review Criteria. and Desiar Processes

Section 7.1 of the ABB-CE Standard Safety Analysis Report for Design Certifi-
cation (CESSAR-DC) describes the instrumentation and control (I&C) systems in
the ABB-CE System 80+ advanced light water reactor (ALWR) design that are
important to safety, and the acceptance criteria and guidelines applicable to
each of these systems. CLSSAR-DC also discusses those I&C systems important
to safety that are identical to the CE System 80 (Palo Verde) design and have
already been reviewed and approved by the Commission.

7.1.1 Identification of Safety-Related Systems

The staff reviewed the ABB-CE choices of I&C systems important to safety to
confirm consistency with the design bases for. safety systems as discussed in
other sections of CESSAR-DC, particularly Chapters 5, 6, 8, 9, 10, and 15.
These I&C systems are summarized in this section. The following sections
describe the results of the NRC's review and evaluation.

The ABB-CE System 80+ plant protection system (PPS) consists of the reactor
protective system (RPS) and the engineered safety features actuation system
(ESFAS). The RPS initiates a reactor trip if the reactor conditions approach

(n) prescribed safety limits. The ESFAS actuates the engineered safety features
(ESF) systems. The RPS is discussed in Section 7.2, and the ESFAS isv
discussed in Section 7.3.

The reactor trip systen (RTS) includes the RPS portion of the PPS, the reactor
trip switchgear system (RTSS), and the components that perform the protective
action either automatically or manually. The RTS initiates a reactor trip
based on various nuclear steam supply system (NSSS) parameters and the
containment pressure.

The ESF systems include the ESFAS and components that perform protective and
mitigative actions after receiving a signal from the ESFAS or the operator.

The ESF systems follow:

containment isolation*

main steam isolation*

safety injection (SI)*

emergency feedwater (EFW)*

containment spray*

safety depressurization*

support*

The actuation logic of each ESF system is similar to the logic for the RDS and
is contained in the engineered safety features component control systemp) (ESF-CCS). The design of this system is described in Section 7.3. The ESFAS,

C
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in the ABB-CE System 80+ differs from the CE System 80 (Palo Verde) design in
that it:

Does not include the recirculation actuation signal because the-

in-containment refueling water storage tank (IRWST) was added.

Includes an emergency feedwater actuation signal (EFAS) initiation logic-

that is not required to automatically detect and isolate a ruptured steam
generator. A cavitating venturi restricts the maximum flow to each steam
generator to protect the EFW pumps from damage caused by excessive
runout, and to allow the operator 30 minutes to regulate or terminate EFW
flow to prevent reactor coolant system (RCS) overcooling, steam generator
overfill, or containment overpressurization.

The systems required for safe shutdown are those systems essential for
pressure and reactivity control, coolant inventory makeup, and residual heat
removal once the reactor has been brought to a subcritical condition. These
systems are organized according to the following shutdown modes: |

(1) Hot shutdown systems are those required for maintenance of the primary
system at or near operating temperature and pressure. They comprise the )
following: |

|
emergency diesel generator (EDG) )*

emergency diesel generator fuel storage and transfer '=

emergency power storage-

emergency onsite power distribution+

safety injection*

emergency feedwater.

atmospheric steam dumpa

safety depressurization-

station service watera

component cooling water*

heating, ventilation, and air conditioning (HVAC)*

The design includes remote shutdown panel (RSP) equipment and systems to
allow emergency shutdown frcm outside the control room.

(2) Cold shutdown systems are those required to cool down and maintain the
primary system at, or near, ambient conditions. These systems consist of

,

all the hot-shutdown systems listed above, and the shutdown cooling
I system (SCS).
|

| These systems are discussed in Section 7.4.

The safety-related display instruments give the operator information
concerning plant operating conditions and information necessary to perform
manual safety functions. Safety-related displays indicate the status of

| plant processes=
'

reactor trip system-

engineered safety features actuation system a=

control element assembly (CEA) position-

postaccident conditions=

|
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ESF systems performance and availability=

critical functions=

The safety-related display information systems are discussed in Section 7.5. .

Other systems required for safety include the interlocks to prevent overpress-
urization of the SCS and to ensure SI availability. These are listed below |

and described in Section 7.6.

shutdown cooling system suction line isolation valve interlocks*

safety injection tank (SIT) isolation valve interlocks-

Control systems-whose functions are not essential for the safety of the plant
are discussed in Section 7.7 and include the following:

,

reactivity controla ,

pressurizer pressure and level controla

megawatt demand setter (MDS)a

feedwater control-

steam bypass controla

reactor power cutback*

boron controla

in-core instrumentation :=

ex-core neutron flux monitoring *
-

boron dilution alarm*

alternate protection*

p process component control*

control and monitoring systems sensed parameters :*

severe-accident. .

7.1.2 Review Criteria
'

The staff performed this review using acceptance criteria in NUREG-0800,
" Standard Review Plan for the Review of Safety Analysis Reports for Nuclear .

Power Plants, LWR Edition," standard review plan (SRP) and 10 CFR Part 52.
The Commission also gave review guidance in staff requirements memoranda (SRM)
dated June 26, 1990, and February 15, 1991, pertaining to SECY-90-016,
" Evolutionary Light Water Reactor Certification Issues and Their Relationship ,

to Current Regulatory Requirements," and SECY-90-377, " Requirements for Design
Certification under 10 CFR Part 52," respectively.

The SRP does not address design certification, or the newer digital technology
implemented in the ABB-CE System 80+ I&C systems. Therefore, as stated in *

SECY-91-292, " Digital Computer Systems for Advanced Light Water Reactors," the
staff developed the necessary acceptance criteria using applicable national
and international standards. The additional acceptance criteria and confor- ,

mance to the SRP are discussed in the applicable sections of this report. {

Many of the standards referenced by ABB-CE are revisions of the standards |
referenced by the NRC staff in the SRP. The staff reviewed these standards to'

determine their applicability to the NRC design review criteria. The

rN standards referenced by ABB-CE envelop the scope of the standards and

D) guidelines used by the staff. Consequently, the staff finds acceptable forf

this design certification the standards referenced by ABB-CE. The staff
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applied the referenced standards as acceptance criteria for the System 80+ I

design.

ABB-CE did not complete the hardware and software design for the System 80+ |

digital I&C systems. Therefore, the staff used the two-part approach given in j

SECY-92-053, "Use of Design Acceptance Criteria During 10 CFR Part 52 Design !
Certification Reviews," to reach its safety finding for design certification. |
In reviewing the I&C systems, the staff began by performing a detailed !

functional review of block diagrams of the I&C system architecture to ensure
ABB-CE appropriately implemented the Commission's requirements for postulated
single failures, common-mode failures (CMFs), signal isolation, and other ;

aspects of the staff's review that are typical for any safety-related I&C
system including analog control systems such as those in current operating
nuclear plants. This review confirmed that the detailed functional require-
ments for the instrumentation and control systems are met.

ABB-CE must obtain NRC approval before changing safety analysis report (SAR)
commitments that affect the technical design of the I&C systems, including the
design process, design implementation, and the NRC staff review as described
in this report. The majority of the SAR material may be revised through a
"50.59-like" process as described in in the rule certifying the design. This
report also specifies those areas that require staff review before being
changed. The areas of the System 80+ I&C design that the staff has determined
must be submitted for review of proposed changes include computer design
(hardware and software), multiplexor design, setpoint methodology,
electromagnetic compatibility, and commercial grade item dedication. These
areas are designated in the final safety evaluation report with the following
statement:

Any changes to this commitment would involve an unreviewed safety
question and, therefore, require NRC review and acceptance prior to
implementation. Any requested changes to this commitment shall
either be specifically described in the COL application or submitted
for license amendment after COL issuance.

In the second part of the staff's approach to reach a certification safety
finding, the staff verifies that the implementation of the digital control
systems meets the system functional requirements. This relies upon a formal
design implementation process with a phased inspection, test, analysis, and
acceptance criteria (ITAAC) program for design development within certain
predefined constraints and limits. .

The System 80+ includes a digital I&C system to perform I&C functions. ABB-CE
used a structured design process to assign functional system (RPS, ESF-CCS,
etc.) requirements to specific computer hardware and software components to
accomplish the various tasks. ABB-CE submitted the implementation plans for
this process, as described in Section 7.1.4.

The design certification material described the design process to be followed
for hardware and software development, design commitments, and ITAAC. The
ITAAC for systems that use computer hardware and software differ from other
system ITAAC in that they include design acceptance criteria (DAC) for the
certified design process as discussed in SECY-92-053. These ITAAC describe
attributes of the process for developing software and attributes of the final
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software product. The staff will audit the compliance with ITAACs at variousp) points during the digital system design process.(V
7.1.3 Diversity and Defense-in-Depth

The System 80+ 1&C systems are microprocessor-based systems that share
processing functions (software) and process equipment (hardware). Therefore,
a hardware design error, a software design error, or a software programming
error may cause redundant equipment to fail. The staff is concerned that the
use of digital computer technology could result in safety-significant CMFs.
CHFs could both defeat the redundancy achieved by the hardware architectural
structure and result in the loss of more than one echelon of defense-in-depth
provided by the I&C system. The two principal factors for defense against
CMFs are quality and diversity. Quality in the design process is addressed in
Section 7.1.4. For the software portion of safety-related I&C systems, the
staff position on defense-in-depth and diversity for ALWRs, as approved by the
Commission in an SRM dated July 21, 1993, in response to SECY-93-087, is as
follows:

(1) ABS-CE shall assess the defense-in-depth and diversity of the proposed
instrumentation and control system to demonstrate that vulnerabilities to
CHFs have been adequately addressed.

(2) In performing the assessment, the vendor or applicant shall analyze each
postulated event that is in the accident analy'is section of the SAR
using best-estimate methods. The vendor or applicant shall demonstrate
adequate diversity within the design for each of these events.

(3) If a postulated CMF could disable a safety function, then a diverse
means, with a documented bases that the diverse means is unlikely to be
subject to the same CHF, shall be required to perform either the same
function or a different function. The diverse or different function may
be performed by a non-safety system if the system is of sufficient
quality to perform the necessary function under the associated event
conditions.

(4) A set of displays and controls located in the main control room (MCR)
shall be provided for system-level actuation and control of critical
safety functions. The displays and controls shall be independent and
diverse from the safety computer system identified in items 1 and 3.

The staff's proposed applicable regulation for digital I&C diversity is as
follows:

Digital instrumentation and control systems provided for the standard design
must irclude:

(1) an assessment of the defense-in-depth and diversity of the
instrumentation and control systems;

(2) a demonstration of adequate defense against common-mode failures; and
./~
/ (3) provisions for independent backup manual controls and displays for
\_- critical safety functions in the control room.
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ABB-CE revised the original I&C system design to incorporate features that are
consistent with the Commission approved position. The revised system design
is discussed in Section 7.2.

7.I.4 Software and Hardware Development

The System 80+ uses microprocessor-based digital equipment to perform the
safety-related and non-safety-related I&C system functions. The safety-grade
classification of the software used in these systems must be consistent with
that of the system hardware. Consequently, the safety-related requirements of
the System 80+ software-based systems must be implemented using high-integrity
software.

To satisfy the requirements for high-integrity software, the software func-
tions of the System 80+ safety system equipment and all other safety-related
software must conform to regulatory requirements and industry standards
governing these activities. This conformance requirement applies to software
designed specifically for the System 80+ and software originally designed for ;

other applications and procured for use in the System 80+ design. The l
non-safety-related software should also be developed using a structured |

'approach similar to that of the safety-related software, but not necessarily
with strict conformance to the criteria required of the safety-related
software.

1

Many of the requirements for safety-related software include aspects that ]involve the complete hardware and software design because software is
integrated into hardware components. ABB-CE need not complete the final
design details of the System 80+ I&C system before the COL is issue. The
rapid changes in this technology dictate that the certified design description
and ITAAC do not prescribe a design and design methodology that would be
obsolete at the time of construction.

The design certification includes a description of the design process. The
ITAAC that address software differ from other system ITAAC in that the
acceptance criteria describe attributes of the process to be used to develop
the software and specific attributes of the final software product.

ABB-CE submitted a software development plan (SDP), NPX80-SQP-0101.0,
"Nuplex 80+ Sof tware Program Manual," which describes the complete software
development process including hardware integration. This plan has been
referenced in the SAR.

The staff reviewed ABB-CE's software development process based on guidance and
criteria in the following standards:

1. American Nuclear Society (ANS) American National Standards Institute
(ANSI)/ Institute of Electrical and Electronics Engineers (IEEE)
Std 7-4.3.2-1993, "IEEE Standard Criteria for Digital Computers in
Safety Systems of Nuclear Power Generating Stations"

2. ANSI /IEEE Std 730-1989, "IEEE Standard for Software Quality Assurance
Plans"

O
ABB-CE System 80+ FSER 7-6 June 1994

_. .__ - __ _



__

I
i

rg 3. ANSI /IEEE Std 828-1983, "lEEE Standard for Software Configuration
( ) Management Plans"
%./

4. ANSI /IEEE Std 1012-1986, "IEEE Standard for Software Verification and
Validation"

5. ANSI /IEEE Std 1042-1987, "IEEE Guide to Software Configuration Manage- <

'

cant"

6. ANSI /IEEE Std 1058.1-1987, "IEEE Standard for Software Project Management
Plans"

7. American Society of Mechanical Engineers (ASME) NQA-2a-1990 Addenda,
Part 2.7, " Quality Assurance Requirements of Computer Software for
Nuclear Facility Applications"

- ABB-CE's SDP consists of a software c.uality assurance (SQA) plan, a software
configuration management (SCM) plan, a software verification and validation
(V&V) plan, and an operations and maintenance (0&M) plan. The elements of a
software management plan are incorporated into the SQA plan, the V&V plan, and
the SCM plan. ABB-CE will prepare the integration plan, installation plan,
and training plan during the remainder of the planning stage. Although the
software safety plan (SSP) was submitted independently of the SDP, the SDP
includes the elements of the SSP.

7.1.4.1 Software Quality Assurance Plan

O The SQA plan describes the software-specific activities that are to be
performed and controlled in addition to the approved quality assurance plan .
(in accordance with 10 CFR Part 50 Appendix B, " Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants") for the total System 80+
design. The SQA plan establishes the criteria under which the other SDPs will
be generated. The staff reviewed the SQA plan using ANSI /IEEE Std 730-1989,
which states that a SQA plan shall include the following sections:

1. purpose
2. reference document
3. management
4. documentation
5.- standards, practices, conventions, and metrics
6. reviews and audits
7. test -

,

8. problem reporting and corrective action '

9. tools, techniques, and methodologies
10. code control
11. media control
12. supplier control
13. records collection, maintenance, and retention
14. training
15, risk management

r-~x The staff reviewed the SQA plan and forwarded comments to ABB-CE for
! resolution. ABB-CE resolved the staff's concerns regarding format and scope

and reissued the SQA plan as part of the SDP. The staff concludes that the
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SQA plan, in conjunction with the SSP, generally conforms to the guidelines of
ANSI /IEEE Std 730-1989 and ASME NQA-2a-1990 addenda Part 2.7 and adequately
addresses the above topics, and is therefore, acceptable.

7.1.4.2 Configuration Management Plan

lhe configuration management plan (CMP) will enable the COL applicant to
identify software products, control and implement changes, and record and
report change implementation status. The staff reviewed ABB-CE's CMP using
the criteria of IEEE 828-1983, which states that software CMPs shall address
the following topics:

1. management organization, responsibilities, interfaces, implementation,
policies, directives, and procedures

2. SCM activities concerning configuration identification, control, status
accounting, audits, and reviews

3. tools, techniques, and methodologies

4. supplier control

5. records collection and retention

ABB-CE's CMP describes the general organizational structure that influences
the configuration of the software during the development and the operation and
maintenance phases and the independence of the elements responsible for system
software configuration management functions from those responsible for
verification and validation activities related to configuration management.
The CMP has requirements for configuration management responsibilities
including configuration identification, software change request, software
change authorization, module and unit release history, baselines, and backups.
The CMP describes the software configuration management activities related to
the software project baselines, the configuration change control authority and
management, methods of access control, and the configuration status control
log maintenance. Based on the above, the staff concludes that the CMP is
acceptable. Systen, specific configuration management plans that reflect the
specific methods of managing the software configurations will be developed as
part of the SQA plan discussed above.

7.1.4.3 Software Verification and Validation Plan

The software V&V plan will enable the COL applicant to evaluate whether
software through its life cycle to ensure that the software system
requirements are accurately translated into the final software product. Each
software module will be verified by an organization that is independent of the
organization that developed the software module. The staff reviewed ABB-CE's
V&V plan using the criteria of IEEE 1012-1986, which states that software V&V
plans shall define the following activities for each phase of the software
life cycle:

1. V&V tasks a
2. methods and criteria for V&V
3. V&V process inputs and outputs
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4. schedules for performing V&V tasks/mb) 5. resources
6. risks and assumptions
7. roles and responsibilities

ABB-CE referenced ANSI /IEEE-ANS-7-4.3.2-1982 as the standard for designing,
verifying, implementing, and validating the software in the safety-related
systems. This standard is endorsed by Regulatory Guide (RG) 1.152, " Criteria
for Programmable Digital Computer System Software in Safety-Related Systems of
Nuclear Power Plants." The staff reviewed ABB-CE's computer system
development process using industry and international standards as review
criteria.

ANSI /IEEE Std 1012-1986 addresses detailed software V&V activities performed
during each phase of the software life cycle. The software lifecycle may be

,

described as follows:

1. concepts [ planning]
2. requirements
3. design
4. implementation
5. test
6. installation and checkout
7. operation and maintenance

These stages are based on generic activities that represent software and
system life cycle processes, and encompass expert opinions, national

( m) standards, and information from ongoing efforts to revise national and
f

v' international standards for computer systems in nuclear power plants.
Figure 7.1 depicts documents and activities from this software development
process.

ABB-CE defines the System 80+ software lifecycle as consisting of the follow-
ing stages:

1. requirements analysis
2. design
3. implementation or coding
4. test
5. installation and checkout
6. operation and maintenance
7. retirement

ABB-CE stated that these computer development stages or phases encompass those
described in industry standards. ABB-CE incorporated the planning stage
(shown in Figure 7.1) into the requirements development stage. The staff
concludes that these stages conform to the encompass the software lifecycle
stages described in ANSI /IEEE Std 1012-1986 and are acceptable for the
development of the safety-related and non-safety-related computer systems.

ABB-CE's V&V plan acceptably addresses each of the above software life cycle

3 phases. The staff concludes that the V&V plan conforms tn those in RG 1.152
J (ANSI /IEEE-ANS-7-4.3.2-1982) and ANSI /IEEE Std 1012-1986 and is acceptable.

.R/
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7.1.4.4 Software Operation and Maintenance Plan

The software operation and maintenance (0&M) plan includes the prot.edures
required to ensure that the digital system will be operated correctly, and the
quality of the software will be maintained. ABB-CE's 0&M plan specifies the
organizational requirements and error-reporting requirements that the COL
holder shall follow during the operation phase and the retirement phase of the
software life cycle. The staff reviewed the 0&M plan to evaluate the pro-
cesses for reporting errors and maintaining the software after ABB-CE releases
the product to the COL holder. ABB-CE committed to maintain the safety-
related systems under the requirements of 10 CFR Part 50 and 10 CFR Part 21.
The staff finds this commitment to be acceptable. The 0&M plan includes
error-reporting requirements and forms to ensure that digital system errors
are reported in a manner that is consistent with the configuration management
guidelines in the CM plan section of the SDP. The staff concludes that the
O&M plan includes the activities necessary to maintain the Nuplex 80+
software, the remove latent errors, to respond to new or revised requirements,
and to adapt the software to changes in operating environment and is
acceptable.

7.1.4.5 Software Management Plan

The software management plan establishes the organization and authority
structure for the design, the procedures to be used, and the relationships
between major activities. The staff reviewed the SDP to evaluate the adequacy
of the software management requirements. The staff concludes that the
management structure in the SDP provides adequate project oversight, control,
reporting, review, and assessment and is acceptable.

7.1.4.6 Software Program Manual

The staff determined that the following topics of the software program manual
(ABB-CE's SDP) cannot be changed without prior NRC approval because these
sections contain basic information relied on by the staff for its safety

determination:

1. Introduction
(a) Purpose
(b) Scope
(c) Overview

2. Software Quality Assurance Plan
(a) Purpose
(b) Management
(c) Documentation
(d) Review Requirements
(e) Problem Reporting and Corrective Action
(f) Code Control

3. Software Verification and Validation Plan
(a) Purpose
(b) Overview of V&V
(c) System Validation Testing
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4. Software Configuration Management Plan j/n\ (a) Introduction |V (b) Management
|
|

5. Software Operation and Maintenance Plan I

(a) Purpose I
|

6. Documentation
(a) General Requirements
(b) functional Requirements Documents
(c) Software Design Requirements
(d) Software Design Description
(e) Software Verification and Validation Documentation
(f) Computer Code Certificate

7. Problem Reporting and Corrective Action
(a) Classification System
(b) Problem Reporting
(c) Corrective Action

The COL applicant must first obtain NRC approval before making any changes to
these topics that would involve an unreviewed safety question, except for
editorial changes and layout, and therefore, will require NRC review and
acceptance prior to implementation. Any requested changes to these commit-
ments shall be specifically described in the COL application or submitted for
license amendment after the COL is issued.

O 7.1.4.7 Software Safety Plan
V

The staff reviewed ABB-CE's SSP, NPX80-IC-QP790-02, "Nuplex 80+ Software
Safety Plan Description," using the guidance in IEEE Draft Standard P1228,
" Software Safety Plans." ABB-CE's SSP addresses the topics described in IEEE
P1228. ABB-CE's SSP addresses the topics presented in IEEE P1228 through
references to the SDP, and references organizational structure and responsi-
bilities, resources, methods of accomplishment, depth of effort, and
integration of system safety with other program engineering and management
activities. The hazards evaluations required by the SSP will be documented in
the V&V documentation. The staff concludes that the SSP generally follows the
guidance in IEEE P1228 and is acceptable.

7.1.4.8 Software Development Process

The process for developing and implementing software complies with the
regulatory requirements and industry standards goverr,ing those activities.
The process meets both the requirements of 10 CFR Part 50 for I&C systems
(50.55a(h) and General Design Criteria (GDC) 1, 2, 4, 13, 19, 20, 21, 22, 23,
24, 25, and 29 in Appendix A to Part 50) and the requirements in the design
certification material. The safety-related SQA program will be implemented by
the vendor and evaluated by the NRC in accord with 10 CFR Part 50
(Appendix B).

ABB-CE's SDP referenced in the SAR describes software development process and
.

fm
h(V audit activities, which include the plans described in the previous sections. !

The staff reviewed ABB-CE's SDP using the standards listed above in !
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Section 7.1.4 and confirmed that the SDP acceptably meets the requirements and
guidelines in the standards that address the planning stage processes shown in
Figure 7.1. The COL applicant will document its actions in the remaining
phases of the software development process. The staff will review these
documents during the ITAAC process audits as the software systems are devel-
oped and implemented.

The computer system development process shown in Figure 7.1 illustrates the
relationship between the implementation of the software-based systems and the
NRC staff's ITAAC audits.

The COL applicant will submit the documents listed in Figure 7.1 for staff
audit through each life cycle stage of the development process. Following
each audit, the NRC staff will issue a report documenting the completion of
that ITAAC stage (inspection, test, and analyses) and list open items that
will require resolution. Significant unresolved items could prevent the NRC -

staff from confirming completion of the ITAAC. Resolution of these items may
result in changes to information in software design documents and materials
that have been the basis for certain ITAAC confirmations made during previous
NRC audits or conformance reviews. These ITAAC may require reconfirmation
af ter the documents and materials are changed.

At each stage of the life cycle, the NRC staff will conduct inspections and
audits to confirm that the design is in accordance with the certified design
description and with the more detailed design commitments made in the previous
stages. At each stage, the COL applicant will submit a description of the
next stage of design in enough detail that the NRC staff can objectively
determine conformance with the certified design requirements when that stage
is con.pleted and submitted for staff audit. The detailed description will
include the accepted industry standards and regulatory requirements that apply
when the software design is started. This phased process will continue until
the COL applicant completes the ITAAC steps for all the safety-related
software.

The certified design description will apply to the System 80+ after the design
is complete, the ITAACs have been completed, and plant operation has started.
Any software changed or added after plant startup must be of the same or
higher quality. It is not possible to predict all sof tware design develop-
ments during the combined lifetime of the design certification and plant
operation. Consequently, the COL holder will use the certified design process
to develop software changes and submit the software to the NRC for review, or
use specific accepted methods not described in CESSAR-DC that will produce
software of the same or higher quality than current design practices. The COL
holder will be required to use an approved software change procedure for the
operation stage of the life cycle.

Any changes to these requirements would involve an unreviewed safety question,
and therefore, will require NRC review and acceptance before implementation.
Any requested changes to these requirements shall either be specifically
described in the COL application or submitted for license amendment after the
COL is issued.

7.1.4.9 Commercial Dedication
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ABB-CE committed to procure commercial, off-the-shelf (C0TS) software through(Oi its commercial dedication program for implementation in the safety-related I&C
V systems. ABB-CE submitted a document describing the commercial dedication

program document to the staff for review (NPX80-QPS-0401.1, " Requirements for
the Supply of Commercial Digital Computer Hardware and Software To Be Used in
Nuplex 80+ Safety Systems"). This document is referenced in ABB-CE's SDP.
ABB-CE will employ commercial equipment used in safety-related applications
through a commercial dedication process that the staff reviewed and found
acceptable in accord with the guidance in Electric Power Research Institute
(EPRI) NP-5652, " Guideline for the Utilization of Commercial Grade Items in
Nuclear Safety Related Application (NCIG-07)."

The commercial-grade computer hardware and software items will be incorporated
in safety-related systems through a process that requires-

!

1. requirements for supplier design control, configuration management,
problem reporting, and change controls

2. reviews of product performance

3. receipt acceptance of the commercial-grade item from the supplier

4. final acceptance, based on equipment qualification and software validation
in the integrated system

These requirements have been placed into the system ITAACs. Any changes to ,

n these commitments would involve an unreviewed safety question and, therefore,

(V require NRC review and acceptance before implementation. Any requested
changes to these commitments shall either be specifically described in the COL |

application or submitted for license amendment after the COL is issued.

The first aspect of commercial dedication is the use of well-developed
operating systems in plant-specific digital systems. ABB-CE states that
proven technology will be employed in the design and development of the
System 80+ I&C systems. ABB-CE's criteria for component service is that the
component has been in service for at least 3,000 operating years and in the
field at least one calendar year. The staff finds this requirement acceptable
based on similar requirements in the EPRI Utility Requirements Document (URD)
for ALWRs. The stated goal, to which both the staff and ABB-CE agrees, is to
use the best available technology without using unproven designs.

The COL applicant need not perform V&V of a COTS operating system as part of
the software design implementation process but must ensure that the operating
system has been developed under strict guidelines and has the quality neces-
sary for a safety system.

The second aspect of commercial dedication is the use of a complete component,
such as a programmable logic controller, for which most of the software was
developed before the decision to use it in a nuclear application. The COL
applicant must verify that the equipment selected is of sufficiently high
quality for use in a safety system. The COL applicant need not repeat the V&V

A activities, but must verify that the original equipment designer followed
I(J equivalent criteria.
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Commercial dedication includes the qualification of the automated tools and
design support software. The I&C system developer must verify that the tools
are accurate. The staff expects the COL applicant to verify the quality of
the tools used in the design.

The staff expressed concern that COTS suppliers inform the COL applicant of
errors discovered in the suppliers' tools or software to the end user in a
manner similar to the 10 CFR Part 21 defect reporting required for safety-
related (Class IE) equipment vendors.

Any changes to the software development commitments for commercial dedication
would involve an unreviewed safety question and, therefore, require NRC review
and acceptance before implementation. Any requested changes to this
commitment shall either be specifically described in the COL application or
submitted for license amendment after the COL is issued.

7.2 Reactor Protective System

7.2.1 Discussion

The PPS consists of the equipment necessary to monitor selected plant condi-
tions and to actuate a reactor trip and ESF components. The two major
subsystems of the PPS are the RPS and the ESFAS. The RPS is described in this
section. The ESFAS is described in Section 7.3.

The RPS will rapidly shut down the reactor when t.ertain plant conditions
approach safety system setpoints. The RPS is segregated into four completely
independent channels consisting of sensors and transmitters, signal condi-
tioning, bistable logic, core protection calculators (CPCs), local coincidence
logic (LCL), and initiating relays. Safety-related, independent sensors in
each channel will be continuously monitored to provide signals that are
processed by the PPS in the following sequence of functions:

1. An auxiliary process cabinet (APC) in each channel receives that
channel's sensor signals and converts the sensor signals to 0-10 V
(analog).

2. The APC transmits the converted analog signals by discrete conductors to
one or both bistable processors and/or the CPC within the same channel.
The bistable processors utilize Programmable Logic Controller (PLC)
technology. The CPC uses 32 bit minicomputer technology.

3. The bistable PLCs first convert the analog input signals to discrete
digital signals and then compare the signals to the appropriate
setpoints. The resulting signal is a binary value: trip or no trip.
The bistable PLCs also transmit the digitized signals to the discrete
indication and alarm system (DIAS) and the data prccessing system (DPS)
by fiber-optic data link for processing and display. In the initial
CESSAR-DC, ABB-CE did not describe the hardware and software design of
the bistable PLCs in sufficient detail (DSER Open Item 7.2.1-1). ABB-CE
later submitted the following discussion.

Two bistable processors in each channel add reliability to each channel
bistable function. Each bistable processor is assigned process
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measurements for comparison based on an analysis of transients in
(o) relation to the mitigating process. When multiple process measurements
(/ are available for monitoring a transient, they are assigned to different

bistable processors. The design integrates various system components,
features, and functions into a microprocessor-based unit that performs
the entire trip function.

As stated above, analog input signals are directed to analog input
modules (AIMS) within the bistable processors, where the signals are
converted from analog form to digital form. The AIMS include self-test
and automatic calibration features to eliminate the need for periodic
calibration of inputs. Calibration of each bistable input is performed
against a precision reference voltage source contained in each module.
This reference voltage source requires an annual calibration or as
required by the manufacturer. Drift between calibrations is detected by
comparing across channels. Common-mode drift is detected within the DPS
by comparing validated values from the DIAS for postaccident monitoring
(DIAS-P) and DIAS for normal monitoring (DIAS-N) systems.

Digitized analog values are automatically reported to the bistable
central processing unit (CPU) during each PLC scan cycle. Within the
bistable CPU, a comparator algorithm determines the pretrip and trip
output states. Each output state is determined by comparing the
digitized process (from the analog-digital (A/D) converter) to the
setpoint (pretrip and trip) from the setpoint algorithm.

S The PPS software is deterministic (i.e., repetitive and non-interrupt
g j driven) to ensure predictable system performance and response under all
v conditions.

Software is divided into two major categories: operating system software
and application software. Operating system software consists of the PLC
processor operating system, input / output (1/0) handling, communications,
and equipment self-test software. Application software is the
implementation-specific code that will be developed during the PPS design
process.

The PLC manufacturer will write the operating system software code, which
will reside in the permanent memory of the PLC processo s. ABB-CE
qualifies the operating system software by auditing the vendor in accor-
dance with ABB-CE's commercial-grade item dedication program. ABB-CE
will validate the software through extensive testing for the intended

i application in accordance with ABB-CE's SDP as discussed in Section 7.1.
After validation, configuration controls will be maintained by ABB-CE for
the operating system software in accordance with ABB-CE's CMP.

Application software code resides in permanent memory in the PLC proces-
sors, and is separate from the PLC operating system software. This code
is written using PLC relay ladder logic language. The individual
application software functions are developed as separate software

! modules. The software modules are divided into trip initiation func-
| tions, automatic application software test functions, and statusem

(V) reporting functions.'
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Each application software module will be verified by an organization
independent of the organization that develops the software modules, in
accordance with the verification requirements described in ABB-CE's SDP.
The purpose of the verification is to ensure that the functional ;

requirements have been correctly implemented in the software modules, j
After testing, the software modules will be integrated and the indepen- |

dent review process and validation process will be repeated for I

integrated system operations. This process is acceptably described in
ABB-CE's SDP, as discussed in Section 7.1.

|

The staff finds ABB-CE's description of the bistable PLCs acceptable
since the hardware design meets the requirements of IEEE Std 279-1971
(10 CFR 50.55a(h)) regarding channel integrity, channel independence, and
redundancy, and the software design process conforms to the requirements
described in Section 7.1. On this basis, DSER Open Item 7.2.1-1 is
resolved.

4. Two control element assembly calculators (CEACs) in the CPCs prevent CEA
misalignments; each monitors one of two redundant, safety-grade CEA
position reed switches through fiber-optic data links. The CEAs are
arranged into control groups that are controlled as subgroups of CEAs.
The subgroups will move together as a control group and will indicate the
same CEA group position. If a CEA position deviates from its subgroup .

position, the CEACs will activate alarms in the DIAS and the DFS, and
transmit penalty factors through fiber-optic data links to the trip logic

calculators (TLCs) in all four CPC channels.

5. The TLC in each CPC channel monitors the position of one CEA in each CEA
subgroup assigned to that channel as a measure of subgroup CEA position.
Deviations between the CEAC's position and the TLC position produces
control actions to mitigate the event, and, if necessary, reduce the
margins-to-trip for low departure from nucleate boiling ratio (DNBR) and
high local power density (LPD).

The TLCs use the most conservative insertion deviation penalty factors
from the two CEACs to generate a CEA motion inhibit (CHI) signal with
one-out-of-two logic for each channel. Each of the four TLC channels
sends a CMI signal to the control element drive mechanism control system
(CEDMCS) to block rod motion and thereby prevent further CEA deviations.
The CEDMCS executes the rod block on coincidence of two-out-of-four CHI
signals from the TLCs.

The integrated actions of the CEACs, TLCs, and CEDMCS generate a CMI for
withdrawal deviations in the same manner as for insertion deviations.
The CEDMCS also prevents withdrawal deviations through its CEA position
monitoring, group interlocks, and a self-generated CMI.

6. While the CMI logic is being executed, the TLCs apply the most conserva-
tive insertion penalty factor to the DNBR and the LPD calculations. If

the results of the calculations indicate a pretrip condition, each TLC
will send a reactor power cutback (RPC) signal to the CEDMCS, which then
actuates gravity insertion of selected CEAs usilg two-out-of-four
actuation logic.
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f The RPC prevents a DNBR or LPD trip. The TLCs use the most conservative
( insertion pei.alty factor in the DNBR and LPD trip algorithms. If the RPC

',

does not result in sufficient thermal margin, a DNBR trip or a LPD trip,x

or both will be generated.

If a CEAC is out of service, the TLCs will use the available CEAC penalty
factors to generate the CMI, RPC, and reactor trip signals. The CEDMCS
also initiates CMI and RPC signals when a CEACs is out of service.

7. The results of the CPC calculations are compared to the corresponding
setpoints for low DNBR and high LPD. The results of the comparisons are
binary values, trip or no trip, which are transmitted to the channel's
LCL PLCs (two per channel).

8. The signals sent to the other channel redundant LCLs are transmitted by
fiber-optic data link to ensure signal isolation. *

9. A channel parameter may be bypassed for testing or maintenance from the
local operator's module in the channel's PPS cabinet or from the PPS
channel operator's module in the MCR. The bypass information is sent by :

tfiber-optic data link to the interface and test processors (ITPs) in the
four PPS channels. The ITP receives the bypass signal from the MCR or
the channel PPS cabinet and receives the bypass status from the other
three channels through iber-optic data link.

10. The LCL PLCs in the fou channels use the bypassed parameter status
information to process the signals from the remaining channels in a '

( two-out-of-four logic for no channels bypassed or a two-out-of-three
logic for one channel bypassed. Once a parameter is bypassed, the
interlock. logic in the LCLs prevents another channel from also bypassing <

that signal. If the same parameter in another channel must be taken out
of service for maintenance, that channel parameter is placed in trip
status, which places the remaining parameter in a one-out-of-two trip
state.

11. Upon detecting a two-out-of-four trip state (or two-out-of-three trip
state when a channel is bypassed), the channel's LCL PLCs send the
resulting trip signals nrough the initiation relays by discrete ,

conductors to the chain l's dedicated undervoltage trip circuit breaker
and shunt trip circuit areaker.

12. The appropriate trip signals also pass through hardwired data link to the
ESF initistion relays, which transmit signals through fiber-optic data
link to each of the ESF LCL PLCs that process the corresponding trip
(e.g., CSAS, SIAS, MSIS).

13. The coincidence sipn11s are used in actuating the RTSS or ESF-CCS.

14 An ITP in each channel of the RPS monitors, tests, and controls the
operational state of the bypasses. The ITP also provides fiber-optically
isolated RPS channel status and test results information to the DPS and
the DIAS.

O
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15. The RPS trips the reactor on the following conditions (the trip processor
is in parentheses):

variable overpower (PLC)*

high logarithmic power leve! (PLC)=

high local power density (CPC).

low departure from nucleate boiling ratio (CPC)-

high pressurizer pressure (PLC).

low pressurizer pressure (PLC)=

low steam generator water level (PLC)=

low steam generator pressure (PLC)=

high containment pressure (PLC)=

high steam generator water level (PLC)a

low reactor coolant flow (CPC).

manual trip (hardwired).

16. The actuation logic for the RPS interfaces with the undervoltage and
shunt trip relays in the RTSS. The CEDMs receive power through the RTSS
in two parallel lines from two independent, full-capacity, motor-
generator (M-G) sets connected in parallel. Each line passes through
two trip circuit breakers in series (each actuated by a separate
initiation circuit), so that, although both sides of the branch lines
must be deenergized to release the CEAs, each side of the line can be
interrupted by two separate means. The reactor trip circuit breakers
trip the reactor if signals from Channel A or Channel C coincide with
those from Channel B or Channel D (two-out-of-four coincidence). When
the trip circuit breakers are tripped open, power is interrupted to the
CEDMs, thereby releasing the CEAs to drop into the reactor core and shut
down the reactor.

An operator can trip the reactor manually by actuating two adjacent
switches in the MCR to interrupt the ac power to the CEDMs. Either of
two independent sets of trip pushbuttons will cause a reactor trip, as
will manual reactor trip switches at the reactor trip switchgear.

17. The non-Class IE alternate protection system (APS) provides separate and
diverse reactor trip and EFW actuation logic. The APS is described in
Section 7.7.

Section 7.1 describes the acceptance criteria and guidelines for the RPS.
Acceptance criteria for the review of the RPS are based on the system design
meeting the relevant requirements of 10 CFR Part 50 and the applicable GDC
listed 10 CFR Part 50 Appendix A.

7.2.2 Conclusions

The RPS includes features that limit reactor fuel, fuel cladding, and coolant
conditions to plant and fuel design limits. The system provides pre-trip
alarms and trip actions that are within CESSAR-DC Chapter 15 analyses assump-
tions. ABB-CE has committed to ensure that instrument inaccuracies, bistable
trip times, CEA travel times, and circuit breaker trip times are considered in
the design of the system. The staff reviewed the ITAAC to verify that the
functional requirements for system response in CESSAR-DC Chapter 15 analyses
are addressed acceptably in order to confirm that these requirements are
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included in the I&C system design. The ITAAC review confirmed that these#m requirements are included, therefore, the staff finds the ITAAC to be
-

) -

k_/ acceptable.
s

The RPS conforms to the design-basis requirements of IEEE 279-1971, " Criteria
for Protection Systems for Nuclear Power Generating Stations"; the system
includes the provisions to sense accident conditions and anticipated opera-
tional occurrences to initiate reactor shutdown consistent with the accident
analysis in CESSAR-DC Chapter 15. Therefore, the RPS satisfies the require-
ments of GDC 20.

The RPS satisfies the protection system requirements for malfunctions of the
.

'

reactivity control system such as accidental withdrawal of control rods.
CESSAR-DC Chapter 15 addresses the capability of the system to ensure that |

fuel design limits are not exceeded for such events. Therefore, the staff
concludes that the RPS satisfies the requirements of GDC 25.

The staff reviewed the postulated responses of the RPS to anticipated opera-
tional occurrences, and concludes that the RPS design satisfies the require-
ments of GDC 29.

The staff reviewed the detailed failure modes and effects analysis (FMEA) in
SAR Table 7.2-5 for the various single failures considered in the design of
the PPS. The FMEA was prepared assuming that one set of the redundant
channels is bypassed. The staff concludes that the RPS will fail into a safe
mode if conditions such as disconnection of the system, loss of energy, or
postulated adverse environmental conditions are experienced. The scope of the
FMEA acceptably addresses the single failure criterion of IEEE 279-1971 and
the requirements of GDC 23.

The wiring in the RPS is grouped so that no single fault or failure, including
either an open or shorted circuit, negates the operation of the RPS. Signals
routed between redundant PPS cabinets and channels pass through fiber-optic
data links. Signal conductors and power leads entering or exiting each
cabinet are protected and routed separately for each channel of each system to i

minimize possible interactions. This design conforms to the criteria of. i

RGs 1.75 and 1.151. i

The RPS conforms to the guidelines of IEEE 384-1981, "IEEE Standard Criteria
for Independence of Class IE Equipment and Circuits," as supplemented by '

RG 1.75, " Physical Independence of Electric Systems," for the protection
system independence. The RPS satisfies the requirements of IEEE 279-1971 for ;

system independence, and satisfies the requirements of GDC 22.

ABB-CE assessed the defense-in-depth and diversity of the System 80+ I&C
design, including the PPS, to address system vulnerabilities to single
software errors in redundant channels and CMFs.

As stated in SECY-93-087, the staff position regarding I&C diversity for the
ALWR design certification is that ABB-CE shall assess the defense-in-depth and ;

diversity of the I&C system to demonstrate that vulnerabilities to CMFs have
q been adequately addressed. In performing these best-estimate assessments, ;

ABB-CE shall analyze each postulated CHF for ead event that is evaluated in |
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the accident analysis sections of the SAR. ABB-CE shall demonstrate adequate
diversity within the design for each of these events.

If a postulated CMF could disable a safety function, then a diverse means
shall be provided to perform either the same function or a different function
that provides adequate protection. A set of displays and controls in the MCR
enables operators to manually actuate systems performing critical safety
functions and monitoring of parameters that support the safety functions.

In addressing the staff position regarding I&C diversity, ABB-CE performed a
CMF analysis to evaluate the effect of failures on safety system performance.
ABB-CE assumed that the CMF would simultaneously fail the reactor protection
system and the ESFAS.

ABB-CE's CMF analysis included CESSAR-DC design basis events except for large-
break loss-of-coolant accidents (LBLOCAs) and main steam line breaks (MSLBs)
inside containment. ABB-CE excluded these events because the leak detection
systems would detect flawed piping before large failures occurred. In the
analysis, ABB-CE assumed nominal plant conditions at the initiation of each
event, and credited best estimate responses for diverse reactor trip, EFW
actuation, and for the normal control systems. ABB-CE concluded that the
System 80+ plant would be brought into safe cold shutdown conditions. The CHF
analysis took credit for operator actions within 15-30 minutes of the event
initiation.

To monitor the status of essential safety parameters, the DIAS-P displays and
processors is hardwired directly from the APCS, except for the core exit
temperatures, the reactor vessel level, and the subcooling margin monitor
(SMM), which are obtained from the postaccident monitoring instrumentation
(PAMI) computer. Figure 7.2 depicts this configuration. The DIAS-P and the
back-up ESF systems include a set of displays and controls that are indepen-
dent and diverse from safety-grade computer systems.

The design includes back-up controls dedicated for manually and independently
actuating ESF systems through a dedicated link that bypasses all data links,
network communications, and all computers with large software applications.
Switches on the main control panel (MCP) in the MCR enable operators to '

actuate two trains of SI and one train each of containment spray, EFW, closure
of mainsteam isolation valves, closure of containment air purge valves, and
closure of a letdown isolation valve. Figure 7.3 is a schematic of this
configuration.

A control signal from each switch is directed to loop controllers (LCs) at the
lowest level in the digital control path. The LCs are programmable logic
controllers that send signals to switchgear in mutor control centers and
electrical distribution panels that control plan components. Under normal
conditions, the LCs provide signals to plant components in response to digital
signals received through the communication network. The dedicated manual
signals actuate plant components by overriding the input data received from
the network interface.

This override feature is reliable because the software in the LCs typically
requires less than 6 kilobytes of memory and is completely deterministic
(i.e., repetitive and non-interrupt driven). ABB-CE committed to test the LCs
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that have the override logic to ensure that a CMF of the protection system

G associated ESF functions.
software will not prevent the dedicated signals from actuating their

The staff reviewed this design using the criteria described in the SRM dated
July P1,1993. The staff concludes that this functional design is acceptable
since ABB-CE assessed and demonstrated adequate defense-in-depth and diversity
of the I&C system and provided a set of displays and controls in the MCR for
manual, system-level actuation of critical safety functions and monitoring of
parameters that support the safety functions. On this basis, DSER Open
Item 7.2.2.2-1 is resolved.

The staff concludes that the I&C design for System 80+ addresses the staff
position on the I&C diversity issue.

The staff reviewed the CMF analysis and found that leak detection capabilities
are credited in the analysis in order to exclude two accident scenarios,
LBLOCAs and MSLBs inside containment. ABB-CE demonstrated that, through the
use of its leak detection capabilities, the plant could be brought into cold
shutdown before a large rupture. Credit for the leak detection capability in
the analysis limits loss-of-coolant accidents (LOCAs) to breaks in 12-inch
branch piping, and MSLBs to breaks only outside containment. Thus, diverse
automatic safety injection system (SIS) actuation, which may be required in
LBLOCAs and MSLBs inside containment, is not needed. This approach deviates
from the staff's initial position that the analysis account for the full
spectrum of breaks and locations for pipe break events identified in the

9 accident analysis sections of CESSAR-DC.

The staff determined that credit for leak detection capability is acceptable
for the CMF analysis addressing the I&C diversity issue because: (1) LBLOCAs
and MSLBs inside containment in combination with a CMF in the 1&C system are
highly unlikely, and (2) the I&C equipment possesses sufficient diversity and
simplicity including manual controls for reactor trip and actuation of
emergency core cooling system (ECCS) and containment isolation in the MCR, and
has a full complement of diverse instruments consistent with RG 1.97.

The staff finds the CMF analysis acceptable in addressing the events identi-
fied in the accident analysis section of CESSAR-DC because the CHF analysis
demonstrates that, with credit for operator actions within 15-30 minutes of
the event, the analytical results do not violate best estimate acceptance
criteria of fuel performance, radiological limits specified in related
sections of CFR and SRP. Further, to enhance defense-in-depth, the staff
requested that ABB-CE evaluate the LBLOCA and MSLB inside containment events
to determine the time available for the operator to respond to these events.
The staff reviewed ABB-CE's analysis of the operator action times assumed in
the CMF analysis, and found ABB-CE's analyses to be acceptable. Therefore,
the staff concludes that the CMF analysis acceptably addresses the adequacy of
the I&C diversity, meets the positions for defense against common-mode failure
approved by the Commission in an SRM dated July 23, 1993, in response to |

SECY-93-087 and the staff's proposed applicable regulations (see Section 7.1.3
'

above).

9 The RPS conforms to the guidelines for applying the single-failure criterion
'

in IEEE 379-1977, "lEEE Standard Application of the Single Failure Criterion
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to Nuclear Power Generating Station Class lE Systems," as augmented by |
RG 1.53, " Application of the Single f ailure Criterion to Nuclear Power Plant .

Protection Systems."

The systems that protect the plant are designed in accordance with ABB-CE's
quality assurance program described in the Quality Assurance Program Topical
Report CENPD-210 (Rev. 7), which has been found acceptable by the NRC for
generic use for all ABB-CE supplied components.

The staff reviewed the software development process as described in Sec-
tion 7.1.

ABB-CE will qualify the RPS as seismic Category I by performing tests and
analyses to determine that the equipment, when located in the plant as
proposed, will perform its functions during and after one safe-shutdown
earthquake (SSE) preceded by a number of design-basis earthquakes. The tested
equipment will be the same design, orientation, foundation, and importance as
the installed equipment. ABB-CE committed to comply with IEEE 344-1987, "IEEE
Recommended Practices for Seismic Qualification of Class lE Equipment for
Nuclear Power Generating Stations." ABB-CE's commitment is acceptable. The
staff will review the use of ITAAC to verify the seismic qualification meets
the requirements of IEEE 344-1987.

ABB-CE will qualify electrical equipment in accord with the program outlined
in CENPL-255-A (Rev. 3), " Qualification of Combustion Engineering Class IE
Instrumentation." In September 1983, the staff reviewed and accepted this
methodology, as conforming to IEEE 323-1974, "IEEE Standard for Qualifying
Class lE Equipment for Nuc. lear Power Generating Stations," and Category 1 of
NUREG-0588, " Interim Staff Position on Environmental Qualification of Safety-
Related Electrical Equipment." All safety-related equipment in the RPS is
qualified as Class lE for its .'ormal and design-basis environments. ABB-CE's
qualification guidelines for T&C equipment, NPX80-IC-QC790-00, discusses
qualification of I&C equipment in mild environments. It addresses seismic,
environmental, life expectancy, electromagnetic interference, surge-withstand
capability, and fault isolation, and references applicable standards and RGs
in the SRP, ANSI C37.90a-1974 (IEEE 472-1974), " Guide for Surge Withstand
Capability (SWC) Tests," and MIL-STD-461C, 1986, " Electromagnetic Emission and
Susceptibility Requirements for the Control of Electromagnetic Interference "
The equipment designer can use these standards in establishing specific
qualification plans and procedures. The commitments made by ABB-CE are
acceptable pending verification of the design by corresponding ITAAC. The
placing of NPX80-IC-QC790-00 in the public docket was designated DSER
Confirmatory Item 7.2.2.4-1. ABB-CE submitted the above-referenced document
in a letter to the NRC dated November 24, 1992, " Closure of System 30+ " Draft
Safety Evaluation Report Issues," LD-92-Il5. This resolves DSER Confirmatory
Item 7.2.2.4-1. Any changes to these equipment qualification commitments
would involve an unreviewed safety question and, therefore, require NRC review
and acceptance before being implemented. Any requested changes to these
commitments shall either be specifically described in the COL application or
submitted for license amendment after the COL is issued.

The RPS equipment in the control room and other control building areas (mild
'

environments) is designed and qualified to remain functional over the range of
conditions supported by the HVAC systems.

|
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HVAC are provided for each building or room and are designed for the specific
functional requirements of that individual building or room. The control

! \ building ventilation and air conditioning systems are designed to maintain the
environment in the control room envelope and balance of control building |within acceptable limits for the operation of unit controls, for maintenance

|
i and testing of the controls as required, and for uninterrupted safe occupancy

of the control building area during post-accident shutdown. These systems are
designed in accordance with the requirements of GDC 2, 4, 5, 19, and 60.
Refer to Chapter 9 for the staff's discussion of the adequacy of the Sys-
tem 80+ HVAC.

The control building consists of the MCR, the technical support center (TSC),
the computer room, the electric switchgear rooms, offices, and mechanical
support equipment areas.

Instruments for the air conditioning systems provide controls and indications
of the temperature and radioactivity levels of the areas sensed. Early-
warning ionization-type smoke detectors are located in the supply, return, and
outside air ductwork serving the control room area ventilation system.

Equipment in harsh containment environments will be qualified (as required) in
accordance with the requirements of IEEE 323-1974, RG 1.89 (Rev. 1), " Environ-
mental Qualification of Certain Electric Equipment Important to Safety for
Nuclear Power Plants," and IEEE 344-1975, "IEEE Recommended Practices for
Seismic Qualification of Class IE Equipment for Nuclear Power Generating
Stations." The harsh environment includes temperatures from 43 *C (110 *F) to
204 *C (400 *F), a saturated /superhepted steam /gir mixture, radiation totalp) 6integrated doses (TIDs) up to 4 x 10 Gy (4 x 10 rad) gamma and 2 x 10 Gy,

(_/ (2 x 10 rad) beta, and 4,400 ppm boric acid followed by a Ph of 7.0-8.5 afters

4 hours using disodium phosphate. ABB-CE states that no new harsh environment
equipment will be required for the ABB-CE 80+ design beyond that which has !
been previously qualified for the System 80 design. No digital equipment, |

such as remote field multiplexers (RFMs), will be located in the harsh j

environment. Since the portion of the sensor channels that will be subjected '

to the harsh environment consists of sensors and wire leads, this commitment
is acceptable. An environmental qualification ITAAC will verify that ABB-CE |

meets this commitment.
|

The staff reviewed the identification of the RPS systems and components
} designed to survive the effects of earthquakes, other natural phenomena, |

abnormal environments, and missiles. The staff concludes that ABB-CE has .

lidentified those systems and components consistent witt he design bases for
those systems. The identification of these systems satissies this aspect of
GDC 2 and 4.

,

The COL applicant will type test components, verify acceptable separation of
sensors and channels, and confirm qualification of the cabling by the site
operator to ensure the channels maintain their functional capability under. :

applicable extremes of environment, power supplied, malfunction, and fault
conditions. Sensor data shared by Class 1E and non-Class 1E systems is
isolated by fiber-optic data links. The staff concludes that the loss of a
single channel will not prevent the protective action of the RPS.
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Sensors are connected so that blockage or failure of any one connection does
not prevent protective system action. The process transducers in the contain-
ment are rated for the intended service. ABB-CE committed to qualify
components that must operate during or after an accident for the most limiting
environment for the period of time for which they must maintain their func- |

tional capability. The results of the type tests will be used to verify this
requirement. This commitment satisfies the equipment qualification
requirement of IEEE 279-1971 in that type test data or reasonable engineering
extrapolation based on test data shall be available to verify that protection I

!system equipment shall meet, on a continuing basis, the performance
requirements determined to be necessary for achieving the system requirements I

and is acceptable. :

The routing of Class lE and associated cabling and sensing lines from the
sensors should meet the guidelines of RGs 1.75 and 1.151. The System 80+ SAR
states that the cabling and sensing lines are arranged to minimize the
possibility of a CMF. This commitment requires that the cabling for the four
safety channels be routed separately; however, the cables of different safety
functions within the same channel may be routed together. This commitment to
RG 1.75 is acceptable.

ABB-CE did not describe in the original CESSER-DC the means by which the
system design meets the guidelines of RG 1.151. This was designated DSER Open
Item 7.2.2.6-1. In a later submittal, ABB-CE stated that all safety-related
sensing lines are protected from adverse environmental conditions. An IRWST,
for example, eliminates the concern of measuring this safety-related tank
level out of doors. Sensing lines for redundant channels of instruments do
not share common reference legs or lines that could lead to a common cause
failure of an instrumented parameter. The staff finds acceptable the means by
which ABB-CE addresses RG 1.151, since the design of instrument sensing lines
conforms to the guidance in RG 1.151. Since the design provides for
protecting the sensing lines from adverse environmental conditions DSER Open
Item 7.2.2.6-1 is resolved. Sensing lines in the station service water system
(SSWS) pump structure are the responsibility of the COL applicant and,
therefore, conformance to RG 1.151 for sensing lines in this structure is
considered to be included in the interface requirements for the SSWS pump
structure.

ABB-CE commits that low-energy signal cables will be routed separately from
all power cables. Safety-related sensors will also be separated. The
separation of safety-related cables requires that the cables be routed in
separate cable trays. Associated circuit cabling from redundant channels is
considered the same as Class lE cabling. These commitments satisfy the
criteria of IEEE 279-1971.

Cabling for redundant channels of safety-related circuits will be installed so
that a single credible event cannot cause multiple channel malfunctions or
interactions between channels. This commitment satisfies the criteria of
IEEE 279-1971, Section 4.6, and is acceptable.

Non-Class IE instrument circuits and cables (low level) that could be near
Class IE or associated circuits and cables are treated as associated circuits
unless analyses or tests demonstrate that credible failures cannot adversely
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affect Class lE circuits. The staff concurs with this commitment, and will
audit the results of the analyses or tests in the performance of ITAACs..

Each channel is independent of the redundant channels. The sensors are
separated, cabling is routed separately, and each channel is located in a
separate cabinet, in different fire zones. The outputs from these redundant
channels are to be isolated to meet the guidelines of RG 1.75 so that a single
failure will not impair the system function. This commitment is acceptable.

Outputs from the redundant channels to non-safety-related areas are isolated
by fiber-optic data links. Outputs from the components of the RPS to the
control boards are isolated. The signals transmitted in the RPS to the DIAS,
DPS, and control systems are isolated by fiber-optic data links. This
commitment satisfies the isolation criteria of RG 1.75.

The staff concludes that the RPS design complies with IEEE 384-1981, "IEEE
Standard Criteria for Independence of Class lE Equipment and Circuits," and
RG 1.75, " Physical Independence of Electric Systems."

Sensors shared by the protection systems and process control systems are
isolated by fiber-optic links. The process control systems are isolated from
the protection systems through the sensor cabling pathway. Portions of the
protection channel used for both protection and control are classified as part
of the protection system up to and including the isolation device that
interfaces with the control system.

Each signal is validated to ensure that a single random failure will notp) affect the protective actions of the RPS, and the use of sensor signalg

validation logic reduces interaction between control systems and protectionv
systems. The signal is validated in the DIAS and the DPS, which use the
signals transmitted from the PPS through fiber-optic data links. The fiber-
optic isolation ensures that malfunctions in the DIAS or DPS cannot affect the
PPS. The signal is validated by comparing the signals from the four PPS
channels with the average value of the signals. Deviations of individual
signals from the average signal cause an alarm to be annunciated in the
control room. The " failed" channel is automatically removed from the valida-
tion logic and tagged as " bad." The remaining signals are then used to
generate a new average, and the comparison is repeated. The staff finds that
this design adequately addresses single random failures.

The staff concludes that the RPS satisfies the requirements of IEEE 279-1971
and GDC 24 for interactions between control and protection systems.

The variables for neutron flux, temperatures, and pressures in the RPS are
measured directly. Level information is derived from heated junction
thermocouples (HJTCs) and differential pressure measurements. Flow
information is derived from measured differential pressure, reactor coolant
pump (RCP) speed, and coolant temperature. These processes satisfy the
requirement of IEEE 279-1971 to derive, to the extent feasible and practical,
protection system inputs from signals that are direct measures of the desired
variable.
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RPS sensors are checked by comparison between channels. Each channel has a
known relationship with the other channels of the same parameter. Cross-
channel comparison is an acceptable method of checking sensor operability.

The RPS design complies with IEEE 338-1977, " Periodic Testing of Nuclear Power
Generating Station Class lE Power and Protection Systems," and RG 1.22,
" Periodic Testing of Protection System Actuator Functions." A complete
channel can be tested without affecting system operability by placing the
channel in bypass. Overlap in channel tests is adequately provided in the
design. The sensors can be compared to similar sensors or channels that
measure related information. Channel testing functions are performed continu-
ously without lifting leads or installing jumpers.

The RPS conforms to the requirements of IEEE 279-1971 for system reliability
and testability, and satisfies the requirements of GDC 21.

Individual channels may be bypassed, with a two-out-of-three logic on the
remaining channels, which maintains the coincidence of two channels required
for trip. This meets the single-failure criterion. The staff finds this
design feature acceptable. The technical specifications (TS) will incorporate
the appropriate operability requirements.

Six operating bypasses allow the operators to operate the plant without
causing a RPS actuation: the DNBR/LPD trip bypass, low pressurizer-pressure
bypass, high-logarithmic power level bypass, TLC DNBR CEA withdrawal prohibit
(CWP) and LPD CWP bypass, the TLC RPC bypass, and the TLC CMI bypass. The
operating bypasses are automatically removed when the permissive conditions
are not met. The circuitry and devices which function to remove these
inhibits are designed in accordance with IEEE Std 279-1971. Therefore, the
design of these operating bypasses satisfy the criteria of IEEE 279-1971 on
operating bypasses.

The remote operator modules in the MCR and RPS, and by the DPS indicate test
or bypass conditions and allow for the removal of any channel from service.
ABB-CE's design commitment satisfies the criterion of IEEE 279-1971.

Key-locked doors control access to trip channel bypasses from the PPS cabi-
nets. The control room operators control trip channel bypasses from the MCR.
Bypassing a channel actuates an alarm to indicate the channel being bypassed.
The channels being bypassed are indicated on the PPS cabinet and at the
operator module. The operating bypasses have visible and audible alarms, and
have features that provide a permissive range at which they can be operated.
The bypassed and inoperable status indications conform to the guidelines of
RG 1.47, " Bypassed and Inoperable Status Indication for Nuclear Power Plant
Safety Systems." When the permissive range is exceeded, the bypass is
automatically removed. These design criteria meet the requirements of
IEEE 279-1971 and are acceptable.

The setpoints for low-pressurizer pressure and low-steam-generator-pressure
trips are manually reduced for the controlled reduction of pressurizer
pressure and steam generator pressure during plant cooldowns. Operators
initiate the setpoints from the main control board for each channel, one
pushbutton for the pressurizer pressure, and one pushbutton for both steam
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generator pressures within one channel. This prevents the setpoint from,m
l i decreasing below the actual pressure by more than a predetermined amount.
d The variable low-water-level setpoint for each steam generator automatically

tracks reactor power between a minimum low-power value and a maximum full-
power value during plant activities. The variable setpoint is designed with a
maximum ceiling and minimum floor values so that a sufficient water inventory
is available after a reactor trip.

A variable-overpower trip setpoint tracks the actual reactor power between a
minimum value and a high value when the reactor power changes at a
slower-than-predetermined rate. The variable-overpower trip setpoint
increases or decreases at a predetermined maximum rate. If the actual power
increases faster than the increasing trip setpoint, the reactor will trip.

The low-reactor-coolant-flow trip setpoint automatically tracks below the
input variables by a fixed margin for all decreasing inputs with a rate less
than a predetermined rate limit. The setpoint automatically increases as the
input variable increases, independent of rate. The setpoint decreases at a
fixed rate for all decreasing input variable changes greater than the rate
limit.

This design satisfies the criteria of IEEE 279-1971 on multiple setpoints
which requires that where it is necessary to change to a more restrictive
setpoint to provide adequate protection for a particular mode of operating
conditions, the design shall provide positive means for assuring that the more
restrictive setpoint is used and that the devices used to prevent improper usen

( ) of less restrictive setpoints shall be considered as a part of the protection
\_/ system.

The system is designed to ensure that protective action (reactor trip) is
completed once initiated. Operator action is required to clear a trip and
return to operation. Protective action is initiated when the trip breakers
open, and is completed when the CEAs completely insert. This design satisfies
the requirement of IEEE 279-1971 for completion of protective action once it
is initiated.

A manual reactor trip can be performed by depressing two sets of pushbuttons
in the MCR or by remotely tripping the reactor from the RTSS, or from the RSP.
This design satisfies the requirement of IEEE 279-1971 for manual initiation
of protective action at the system level.

Keys or built-in features control setpoints, changes to CPC constants,
calibration, and test point adjustments. Access to these items is indicated
to the operator. The site operator controls access by key locks, administra-
tive procedures, and other means to limit access. This design satisfies the
criteria of IEEE 279-1971.

Indications are provided for all protective actions, including identification
of channel trips. The breaker status and current indication is available to
the operator. This design satisfies the criteria of IEEE 279-1971.

(VA) The operator has the means to monitor all trip system inputs, outputs, and
calculations. The specific displays are provided by the DIAS and the DPS.
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The display modules are located in the MCR and at the RSP. This design
satisfies the criteria of IEEE 279-1971.

'

A defective input channel is indicated by observing the system status lights
or by testing. Components are repaired or replaced by placing the affected
channel in bypass. This design satisfies the criteria of IEEE 279-1971.

All equipment, including panels, modules, and cables for the trip system are
color coded according to channel. Physical identification enables plant
personnel to recognize that PPS cabinets, RTSS, and their cabling are safety
related. The labeling scheme satisfies the criteria of IEEE 279-1971.

CESSAR-DC Section 7.2.2.3.2 lists RPS equipment design criteria. In ABB-CE's
original submittal, these criteria did not address reactor trip breaker tamper
resistance. The staff believed that, when in service, reactor trip breaker
trip attachments could be jammed without racking out the breaker and thus
without causing a trip or alarm. EPRI's URD Chapter 10 Section 8.3.4.3
specifies consideration of features in the design of reactor trip breakers or
their enclosures which make it difficult to tamper with the breaker in a
manner that would prevent the breaker from tripping. Although conformance to
the URD requirements is not mandatory, the Commission has asked for informa-
tion on an applicant's reasons for deviations from the URD. The staff
concluded that ABB-CE should address this URD requirement. Tamper resistance
of reactor trip breaker enclosures was an open item that required resolution
for the staff to complete its review (DSER Open Item 7.2.2.23-1).

By Amendment J, ABB-CE added CESSAR-DC Section 8 to Appendix 13A, "Instru-
mentation and Control Features for Sabotage Resistance." This section
describes the sabotage resistance. The PPS includes the reactor trip breakers
in rooms to which access is controlled. Within each room, cabinets that
contain safety-related equipment are locked and annunciate an alarm in the
control room when entered. ABB-CE stated that the reactor trip switchgear
cabinets are designed such that access to the internals of the reactor trip
breaker is not possible without racking out the breaker, and that a reactor
trip circuit breaker cannot be racked out without causing the breaker to trip.
This design precludes interference with the reactor trip function by attempts
to jam the reactor trip circuit breaker. DSER Open Item 7.2.2.23-1 is
resolved.

SAR Section 7.2.1.1 did not classify the RPS as a vital system. The staff
considers the RPS a vital system; therefore, as required by 10 CFR 73.55(c), |
access to all RPS components required to trip the reactor should require
passage through two barriers. Not classifying the RPS as a vital system was I
designated DSER Open Item 7.2.2.23-2. In a submittal dated April 30, 1992', I

ABB-CE amended CESSAR-DC Section 7.2.1.1 to designate the RPS as a vital )
'

system. On this basis, DSER Open item 7.2.2.23-2 is resolved.

In Section 7.1, the staff concluded that ABB-CE adequately chose the
guidelines applicable to the RPS. The staff reviewed the RPS design and !

concludes that the RPS and associated systems conform to the requirement and !
guidelines applicable to these systems.

The staff based its conclusions on the requirements of IEEE 279-1971 and
supporting standards and regulatory guidelines for the RPS. The RPS satisfies
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f- s the requirement of 10 CFR 50.55a(h) for IEEE 279-1971. The staff, therefore,

(v) concludes that the RPS satisfies the requirements of GDC 24.

The design of the RPS is acceptable and meets the requirements of GDC 2, 4,
20, 21. 22, 23, 24, 25, and 29 and 10 CFR 50.55a(h).

The staff concludes that the RPS will function as required and meets the
safety criteria of the applicable sections of the Code of Federal Reaulations.

The staff also reviewed the PPS for quality and diversity and concludes that
ABB-CE specified the appropriate quality requirements and adequate defense-in-
depth and diversity for postulated CMFs. The staff determined that changes to
commitments for the PPS hardware and SDP and its implementation and quality
standards, and the equipment qualification program and standards would involve
an unreviewed safety question and, therefore, require NRC review and
acceptance before being implemented. Any requested changes to these
commitments shall either be specifically described in the COL application or
submitted for license amendment after COL issuance.

The staff also concluded that performing audits in stages while implementing
the ITAAC discussed in Section 7.1 is an important aspect in the final
acceptance of the PPS.

7.3 Enaineered Safety Features Actuation System

7.3.1 Discussion

(A'- ')The ESFAS actuates plant systems to terminate or mitigate plant transient
conditions after a plant upset. The ESFAS consists of the electrical and
mechanical components for generating the signals that actuate the ESF systems,
and that send the signals to the processors and equipment in each system in
the ESF-CCS.

The bistable trip functions and coincidence logic in the PPS and component
control logic (CCL) in the ESF-CCS generate the required component actuation
signals. The control circuitry for the components generates the necessary
signals to control the ESF-CCS. The ESFAS generates the following signals:

containment isolation actuation signal (CIAS)*

containment spray actuation signal (CSA5)*

main steam isolation signal (MSIS)*

safety injection actuation signal (SIAS)*

emergency feedwater actuation signal (EFAS)*

LCL in the PPS consists of full two-out-of-four coincidence logic which sends
actuation signals to the ESFAS initiation relays, which connect with the
ESF-CCS selective two-out-of-four logic. These actuation signals generate the
PPS permissive signals for automatic ESF component operations. Each signal in
the actuation logic also sets a latch when the two-out-of-four coincidence is
attained to ensure that the signal is not automatically reset once it has been
initiated. This feature is acceptable.

p
; The ESF-CCS consists of four independent divisions (A, B, C, and D), except
\~~ for the CIAS and the MSIS, each of which consists of two independent divisions

1
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(A and B). Each division has primary and standby processors. The primary
processor controls the functions of the ESF-CCS. The standby processor tracks
the primary processor. If the primary processor fails, a redundancy control-
ler automatically transfers control to the secondary processor if the standby
processor is available. This design meets the requirements for independence,
redundancy, and reliability.

Each division consists of a Division Gateway and Group Controllers (Al through
An). Each segment contains redundant PLC processors, local and remote
multiplexers, and the necessary communications linkages. The Division Gateway
supports the master transfers switch and the operator's module interfaces, the
intersystem communication data links, and a maintenance and test panel. Each

,

Group Controller supports component control and data acquisition interfaces
and related component control switches process controllers.

Local and remote multiplexing is incorporated in the ESF-CCS to reduce plant
wiring requirements. Remote multiplexers are located in the MCPS, the RSP,
and the remote multiplexer cabinets near plant components and instrumentation.
Fiber-optic cable provides isolation where it is required to meet the channel
independence criteria of IEEE 279-1971, IEEE 603-1980, "IEEE Standard Criteria
for Safety Systems for Nuclear Power Generating Stations," and IEEE 384-1977,
"lEEE Standard Criteria for Independence of Class IE Equipment and Circuits."
This design for independence by physical divisional separation and electrical
isolation via fiber-optics is acceptable.

Local and remote multiplexing .:an enhance data communications capabilities,.

although multiplexers can make the system more vulnerable to common-mode
multiplexer failures. ABB-CE has adequately addressed multiplexer
vulnerabilities by (1) evaluating high-quality multiplexers that meet the
requirements of industrial standards, (2) assessing vulnerabilities to CMFs,
and (3) ensuring adequate defense-in-depth by considering the use of hardwired
essential systems controls that bypass the multiplexer networks. Section 7.1
discusses CMFs and defense-in-depth. ABB-CE will procure the safety-related
.nultiplexers through a commercial dedication process that has been reviewed by
the staff and has been found to be acceptable as discussed in Section 7.1.
The evaluation of high quality multiplexers was designated DSER Open
Item 7.3.1-1.

Commercial-grade computer hardware and software will be used in the safety-
related systems through a process that requires:

1. requirements for supplier design control, configuration management,
problem reporting, and change cuntrols

2. review of product performance

3. receipt acceptance of the commercial-grade item from the supplier

4. final acceptance, based on equipment qualification and software validation ,

in the integrated system )
i

The process that has these requirements has been placed into the system |
ITAACs. As discussed in Section 7.1, the details of this commercial
dedication process is documented in the ABB-CE document NPXB0-QPS-040.1 that
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the staff reviewed and found acceptable. Any changes to details to the above |s
commitments in the document would involve an unreviewed safety question and, l

therefore, require NRC review and acceptance before being implemented. Any i

requested changes to these commitments shall either be specifically described
in the COL application or submitted for license amendment after the COL is
issued.

The staff finds ABB-CE's commitment to implement a commercial dedication
process as part of the ESF-CCS ITAAC to be acceptable, and DSER Open
Item 7.3.1-1 is resolved.

The data communications networks are multidrop networks. They use active
redundant cabling to maintain multipleur interface operability should a
single cable become inoperable. Communications with each ESF-CCS division are
controlled by an intradivision communication network (ICN), which includes
redundant cables to maintain intersegment communications should a single cable
become inoperable. Hardware failures are annunciated to minimize the time
required to repair or replace the defective module. This redundancy is
acceptable because it enhances hardware reliability.

For component control, each neasurement channel is separated from the other
three measurement channels to physically and electrically separate the signals
to the ESF control logic. Cabling is separated within the cabinets, and
signals to non-Class lE systems are fiber-optically isolated. Each channel is ;

supplied from a separate 120-V vital ac distribution bus. The independence
and isolation are acceptable.

ABB-CE committed to develop system software in accordance with RG 1.152 (which
endorses ANSI IEEE/ANS-7-4.3.2). The staff verified the adequacy of the;

software development process while reviewing the ITAAC and certain attributesi

of the process are contained in the ITAAC. Software issues are discussed in
Section 7.1. Any changes to these commitments would involve an unreviewed
safety question and, therefore, require NRC review and acceptance before being
implemented. Any requested changes to these commitments shall either be
specifically described in the COL application or submitted for license
amendment after the COL is issued.

The ESF-CCS includes system-level selective two-out-of-four logic for ESF
_

actuations, Group Control Logic (GCL), Component Control Logic (CCL), !

selective group test (SGT) logic, and diesel loading sequencer (DLS) logic.

The GCL controls groups of components. _ESF functions are assigned to
individual subgroup segments within each ESF-CCS division. For example, the
SIS and the emergency feedwater system (EFWS) for steam generator 1 (EFW-1)
are assigned to ESF-CCS subgroup segment 1, the containment spray system (CSS)
and EFW-2 are assigned to subgroup segment 2. Functional assignment limits

,

the effect of a single segment failure to ESF functions in a division. This
segmentation is acceptable since segmentation limits the effect of single
multiplexer or module failure to selected ESF functions in the division.

Functional assignments are further segmented within each ESF-CCS subgroup
segment. For example, SIS and EFW-1 components and instruments for SIAS andpI EFAS-1 are assigned to separate input modules within a multiplexer to limit 1id the effect of a single multiplexer or module failure to selected ESF functions

,

1

l
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within a division. ESF system interfaces are also confined within subgroup
segments to minimize reliance on the ICN for ESF operability. For example,
SIAS initiation signals and SIS component and instrument interfaces are
confined to subgroup segment 1. Failure of the ICN, therefore, would not

affect SIS operation. The staff finds the independence and redundancy to be
acceptable.

CCL monitors the various digital input signals (e.g., manual on-off demands,
interlocks, and automatic subgroup control signals from the MCPS) and produces
digital output signals to control the required components through power level
interface devices. This logic also generates digital signals for status
indication.

Operators perform control functions from the MCPS or the RSP. Automatic and
manual component control and status indication is provided in the MCR and at
the RSP. The backlighted switches and controls are linked to the ESF-CCS
through remote multiplexers located in the MCPS. The MCR includes a remote
ESF-CCS operators module for backup in the event of a switch or multiplexer
failure. This panel enables the operator to control components by selecting
items from a menu on a qualified video display unit. This design satisfies
the requirement of IEEE 279-1971 to provide information pertinent to the
status of protection system components. Section 7.1 discusses issues
concerning the implementation of the software.

The RSP can be used to control the plant to achieve hot-standby conditions
when the MCR cannot be used. The RSP control devices are linked to the
ESF-CCS through multiplexers in the RSP. A remote ESF-CCS operators module
can serve as a backup if a control switch or multiplexer fails. This remote
operator's module can also control all ESF-CCS components necessary to achieve
cold shutdown. Fiber-optic cable is used to prevent a fault from propagating

| to the ESF-CCS from the MCR or the RSP. This design provides the necessary
isolation and is acceptable.

As a defense-in-depth measure, local control switches (LCS) are independent
from the ESF-CCS for components essential to hot shutdown. Only manual
control (i.e., ON/0FF, START /STOP, OPEN/CLOSE) is provided through these
switches. The LCSs are field wired for direct control of components or
motor-control-center component actuators, and are located near the actuated
components in such field locations as the motor control centers. The LCS may
also be used for test and maintenance. This design satisfies IEEE 279-1971.
Additional diversity requirements are described in Section 7.1.

Process controllers are supported where required from ESF-CCS subgroup seg-
ments to enable the operator to control continuous process control functions
(such as valve modulation and auto / manual mode selection). This design
satisfies the criteria of IEEE 279-1971 for manual initiation.

|

| Each ESF-CCS equipment cabinet includes a maintenance and test panel. The

| operator observes this panel for ESF-CCS equipment status and uses it for
| ESF-CCS maintenance, testing, and diagnosis. Each panel includes a master ;

i transfer switch (MTS) for transferring control from the MCR to the RSP. Each I

component is preprogrammed to remain in its current state or go to a predeter- )
mined safe state when the MTS is actuated. The staff accepted ABB-CE's ,

commitment in the DSER to install redundant MTSs near the MCR exits and at the
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RSP. This was a confirmatory item. The SAR did not include sufficient design
fm) information for the staff to determine the adequacy of the MTS design. The

U lack of detailed information of the MTSs was designated DSER Open
item 7.3.1-2. AGB-CE submitted a more detailed design description in response
to this open item. The staff reviewed the MTS design as discussed in
Section 7.4.6.

Setpoint values are administratively controlled and automatically monitcred
continuously. The fixed setpoints are adjusted at the PPS cabinet. Access
for setpoint adjustment is limited by keylock with the access annunciated by
the DIAS. The setpoints may be displayed at the PPS cabinet and through the
DPS cathode ray tube (CRT) displays in the MCR.

The components of each ESFAS are segregated into functional groups, such as a
valve group and a pump group. The operator in the MCR performs ESFAS selec-
tive group testing. This testing overlaps the PPS automatic testing of the
ESF-CCS selective two-out-of-four coincidence logic and includes complete
testing of the ESFAS through to the actuation of the group components.
Testing is conducted one group at a time, thus preventing the undesired actua-
tion of an entire ESF system during testing. Since this testing causes
components in a group to actuate, an ESFAS signal from the PPS will not be
impeded and the ESF systerr. will be fully actuated regardless of the testing
process. The ESF system is designed to be tested without lifting leads or
inserting jumpers. This testing capability satisfies the criteria of
IEEE 279-1971 that require that capability shall be provided for testing and
calibrating channels and the devices.

7.3.2 Component Actuators
'

The ESF-CCS controls five types of components:

solenoid-operated valves=

motor-operated valves=

contactor-operated components.

circuit breaker-operated components.

modulating componentsa

The ESF-CCS executes the control logic necessary to energize solenoids upon
detecting the appropriate state (open or closed) to which the solenoid
corresponds. The solenoid operator receives a position status signal for
status indication and interlocking with other components. The control logic
senses the state of the output relay and the continuity monitoring circuit for
the output. A digital output module in the RFM sends the relay signal to
energize the solenoid.

Modulating valves with solenoid operators have electropneumatic modulators to
allow continuous valve positioning. This operator uses three types of
signals: a solenoid-energized signal, an analog position signal, and a
control signal.

Motor-eperated valves receive position status, control signals, and a signal
p to determine when the opening and closing coils are deenergized.

h'
V
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Contactor-operated components monitor position status, a control signal,
output status, and continuity to indicate contactor status, contactor discrep-
ancies, and inoperable components for the operators. The component inoperable
signal prevents latches from being reset in the control logic, and informs the
operator of the inoperable status.

Circuit breakers control most loads requiring voltage greater than 480-V ac.
Electrical fault protection interfaces and rack-out or test position inter-
locks are wired outside the ESF-CCS. Components operated by circuit breaker
receive a position status signal linked to a digital input module in the RFM,
a control signal indicating the state of the output relays and the continuity
circuits for each output, a signal from the overcurrent relay to provide fault
indication, and a signal from control power monitoring contacts for closing
and trip circuits. These signals are logically combined to indicate circuit
breaker status, discrepancies, and inoperable components.

Modulating components include electropneumatically-actuated and
electrohydraulically-actuated components (pumps or valves) that require only
analog signal inputs for continuous control. Pilot solenoids do not send
discrete state controls. Valve status signals report whether the valve is
fully opened or fully closed, and the analog position of the valve, where
required. Pump signals relay the on/off status and, where applicable, the
turbine speed of the pump driver. The signals connect with the RFM for the
component.

Actuation signals generated by the selective two-out-of-four logic in the
ESF-CCS actuate groups of ESF system components required by the ESFAS
function. These components include solenoid-operated valves, motor-operated
valves, and the motors of pumps. Valves and pumps for a particular ESFAS ,

function are grouped within an ESF-CCS division in such a way that the
required component groups are actuated by the appropriate logic. The ESFAS is
linked within the CCL for each component. The application of thermal overload
protection devices in Class lE motor-operated valve circuits is in compliance
with RG 1.106 in that these devices are not used in safety-related motor-
operated valve circuits and are used to provide alarm functions.

7.3.3 Diesel Loading Sequencer

The diesel generators (DG) are the emergency backup source of power. These
generators mest be sequentially loaded to meet large power demands. The
emergency equipment and systems are loaded in groups to avoid instantaneous
overloading of the DGs. The equipment is energized as quickly as possible to
minimize overall plant disturbar:ces. .

The diesel loading sequencer (DLS) is designed assuming plant accidents occur
before, during, or any time after a loss of offsite power (LOOP) or a
blackout. The ESF equipment required for a design-basis accident (DBA) is
energized within a predetermined time after an accident has occurred to
maintain the plant within its design limits. The equipment required to be
loaded depends upon the accident scenario. Several load groups of equipment ;

may be required if multiple ESF systems are needed to mitigate an accident.

The load sequencing is automatically varied to accommodate different loading !
requirements. If, during a load sequencing operation, an ESF system is ;

1
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actuated, the load sequencer interrupts the loading of a nonessential load and

( ) starts loading the appropriate ESF load group. If an accident does not occur
v/ during the load sequencing, the nonessential loads are loaded without unneces-

sary delays.

The load sequencer is fully testable during online plant operations.

The load sequencer initiation logic monitors various plant electrical buses to
determine abnormal power conditions. Upon detecting a condition that indi-
cates a requirement for the emergency DG, a loss-of-power signal sets all
sequencer output latches. This sends load shed trip signals to the necassary
plant equipment. A DG automatic start signal is also transmitted to the DG
upon loss of power, SIAS, CIAS, or EFAS. When the DG is ready to accept the
first load group, a DG circuit breaker close signal is transmitted to connect
the DG to the plant bus. After the circuit breaker is closed successfully,

the equipment loading sequence begins.

The basis of the loading sequence logic is an eight-step counter. Additional
steps are added, as necessary, to control the sequencing for all nonaccident
equipment. When the DG breaker is closed, the counter advances, one step at a
time, at equal intervals. The interval is a clock pulse adjusted for discrete
digital increments. At each step of the counter, one sequencer output latch
is reset, thereby removing the load shed signal from that load group and
reenergizing the required plant equipment. During nonaccident plant
conditions, the counter will advance, uninterrupted, to reset the eight output
latches, thereby reenergizing the eight nonaccident load groups,

o
l(d Three priority load groups handle plant ESF equipment, with additional load

groups added, as necessary. The priority interrupt logic continuously
monitors ESF actuation signals from the PPS. If an ESF is actuated, the clock
pulse from the load sequence logic is redirected from the step counter to
reset the sequencer output latch for the appropriate priority load group. The
required ESF load group is energized, interrupting the nonaccident loading
sequence. Once a Class IE division load group is energized, that group is not
shed upon the occurrence of an accident.

The nonaccident loading sequence may be interrupted if multiple ESF actuations
occur at different times. A priority between ESF load groups is established
so that if two or three ESF actuations occur during any one clock cycle, the
ESF load groups will be sequenced in successive steps and in the established
priority order. After the ESF load groups are loaded, the nonaccident
sequence resumes.

ABB-CE's initial description of the DLS did not state whether the DLS is based
on a relay, a PLC, or a minicomputer system. ABB-CE did not give sufficient
details on the DLS location; inputs such as for loss of voltage, degraded bus
voltage, or A/D conversion; and number of DLSs. Consequently, the staff could
not verify whether the DLS hardware and software is implemented acceptably.
This was designated as DSER Open item 7.3.3-1.

ABB-CE subsequently stated that the DLS is a PLC-based system. The inputs
from the division buses are received in discrete or digital form. The DLS(q monitors voltage from the division 4.16 kilovolt bus, ESF signals, EDG voltage<

d and frequency, the status of EDG breakers, and the status of bus load
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breakers. The undervoltage relays monitor the buses for an undervoltage or a |

degraded voltage condition, which could result from a loss or degradation of i

offsite power or onsite power. When an undervoltage condition occurs, the DLS
initiates an automatic start of the EDGs and initiates load shed signals to
all large loads. These loads are described in Section 7.3.1.1.2.3(A), (B),
and Section 8.3.1.1.4.6 of the CESSAR-DC. Based on the information provided
in the SAR, DSER Open Item 7.3.3-1 is resolved.

The inputs used by the DLS from the PPS are the ESFAS: SIAS, CSAS, and EFAS I
and 2. The ESFAS inputs are used in the priority interrupt logic to sequence
accident-related loads, and to initiate an automatic start of the EDG. When
an ESFAS occurs with no undervoltage condition, the DG is started as a standby
source of power. Since no power is lost, the normal (nonaccident) loads are
not shed and; therefore, only the accident loads need to be sequenced onto the
bus. Because bus power was not interrupted, sequencing of these loads begins
in. mediately, before the DG attains normal operating parameters.

The software and hardware implementation of the DLS is within the scope of the
ESF-CCS ITAAC discussed in Section 7.3.1. The staff reviewed ABB-CE's
computer system development process as discussed in Section 7.1. Any changes
to these design features would involve an unreviewed safety question and,
therefore, require NRC review and acceptance before being imple'iented. Any
requested changes to these commitments shall either be specifically described
in the COL application or submitted for license amendment after the COL is
issued.

7.3.4 Bypasses

The System 80+ design has two types of bypasses: bistable trip channel
bypasses and operating bypasses.

The PPS includes a bistable trip channel bypass for maintenance and testing.

The operating bypass for low pressurizer pressure permits an orderly startup
and shutdown of the plant and allows system tests at low pressure. This
manually actuated bypass cannot be initiated if the pressurizer pressure
exceeds 400 psia, and is automatically removed if the pressure exceeds
500 psia. This bypass disables the low pressurizer pressure trip from SIAS
and CIAS.

Auxiliary and supporting systems for the safety-related I&C system cause a
system-level bypass indication when these systems are bypassed or deliberately
made inoperable. A bypass indication is provided for the safety-related
system affected by the bypass. This indication of bypassed systems satisfies
the IEEE 279-1971 requirement of continuous indication in the control room if
the protective action of some part of the system has been bypassed or
deliberately rendered inoperative for any purpose.

The bistable trip channel interlocks for ESFAS, located in the PPS, prevent
the operator from bypassing more than one trip channel or a trip parameter at
a time. Different trip parameters may be bypassed simultaneously, either in
the same channel, or in different channels. If a complete channel is disabled
such as loss of a vital power supply, the operator will manually bypass all
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trip bistables for that channel, thereby rendering that channel bypassed. '

This is a manual action from the operator's control panel.

The operators receive the bypass status-on displays in the control room, and
through displays on the DPS. This satisfies the guidance in RG 1.47 as an
acceptable method for implementing the requirements of Section 4.13 of
IEEE Std 279-1971 and Criterion XIV of Appendix B to 10 CFR Part 50 with '

respect to indicating the bypass or inoperable status of portions of the
protection system, and auxiliary or supporting systems that my be operable for
the protection system or the system it actuates to perform their safety-
related functions.

During PPS testing, interlocks prevent disabling of more than one redundant
protection function at a time and prevent maintenance personnel from inadver-
tently causing unwarranted ESFAS signals. The bypasses satisfy IEEE 279-1971.

7.3.5 Redundancy

Circuits in the four PPS channels initiate four independent channels for each .

parameter from the process sensor. Four redundant ESF-CCS divisions operate ,

four (or two) completely redundant ESF trains. Redundant components of the !

engineered safety system are assigned to redundant ESF-CCS divisions to
maintain the desired level of design redundancy.

Redundant flow paths in the system design ensure cooling capability under ,

single-failure conditions. These flow paths are assigned to different
divisions of the ESF-CCS to maintain flow availability under single-failures

j conditions within an ESF-CCS division.

A redundant flow path may contain two valves in series to preclude spurious .

flow initiation upon single failures. Each valve is assigned to an ;

independent ESF-CCS division so that a single failure within a division will !

not cause spurious flow. Spurious flow is prevented while independent i

redundant ESF flow paths are maintained by assigning selected components in
ESF system trains A and B to ESF-CCS divisions C and D, respectively. The .

redundancy of the systems satisfies IEEE 279-1971.

7.3.6 Diversity

Section 7.2 presents the staff's position on diversity in systems that depend !
on software for safety functions.

ABB-CE performed a CMF analysis of the ESF-CCS to verify sufficient defense- ;

in-depth and diversity in the design for vulnerability to common-mode and ,

software errors. The staff evaluated the adequacy and results of the CMF
analysis, as discussed in Sections 7.1 and 7.2. ,

The non-safety-related APS gives the operator diverse capability to actuate |
and control the EFWS through the APS alternate feedwater actuation system
(AFAS). The APS operates with the ESF-CCS by sending isolated AFAS signals to
the CCL of the EFWSs. Section 7.7 discusses the APS. ;

The non-safety-related process-CCS includes diverse equipment for controlling
critical plant parameters and is available through the video display units in

,
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the MCR and the RPS, and at the LCSs throughout the plant near the equipment
actuators. The process-CCS is controlled with diverse software and hardware
equipment. Section 7.7 discusses the process-CCS. j

7.3.7 Testing

The design provides for periodic testing of the ESFAS to cover the trip |
'

actions from the sensor through the actuated device. The system testing does
not interfere with the operation or protective functions of the ESF-CCS. The
staff reviewed the sensors through the actuated equipment, including the
capabilities for LCL tests, initiation logic tests, actuating logic tests,
SGTs, bypass tests, and response time tests. The staff's acceptance of system
testing is subject to the staff's acceptance of the TS. This was designated
DSER Open item 7.3.7-1. Staff acceptance of the TS is discussed in
Chapter 16.

During reactor operation, the DIAS and the DPS continuously monitor the
sensors to detect sensor failures or degraded sensor signals. Section 7.2
includes additional details regarding sensor signal validation and bistable
trip testing. The DPS performs additional testing of the bistable functions
for the process control setpoints and alarms.

The DPS continuously monitors setpoints and activates alarms upon finding
excessive setpoint deviation between redundant channels. While testing
selected groups, operators periodically verify PPS bistable trip accuracy and
interlock performance by manually varying the digital interlocking parameter
from the operators module in the MCR. Analog-to-digital conversion accuracy
is also periodically verified at the operator's module during sensor testing.
The overlap of testing enables operators to verify PPS bistable trip accuracy
and interlock performance.

The PPS test function automatically tests the initiation logic for each
engineered safety system to determine its ability to generate an initiation
signal. Testing begins by interrogating the status of the input signals to
the logic and the state of the output. The test function compares the value
of the output signal with the value of the input signal. Discrepancies are
annunciated and a message is provided to the operator to describe the error.
If there is no discrepancy, the testing function continues. Based upon the
known inputs, the testing function will generate combinations of input signals
and monitor the outputs of the logic for correctness. The testing function
cannot change a genuine coircidence signal.

Testing is performed one channel at a time to avoid inadvertently actuating
equipment with the testing function. This testing is done with the ESFAS
initiation relay testing.

The ESF-CCS actuation logic is a selective two-out-of-four circuit controlled
by signals from the initiation relays from the four PPS channels. These
channels may be tested automatically. The testing process is similar to that
described above. Before the automatic test function applies any signals to
the system, the logic determines the status of the initiation circuit outputs
then determines the expected output. If there is a discrepancy, the logic a
actuates an annunciator, and sends more detailed information to the operator
upon demand. If the outputs are correct, the testing system sends an
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initiation signal to the ESF actuation train (s). The test system then

O monitors the feedback signals from the trains to confirm proper operation. If

a fault is detected, it is annunciated, and a message is sent on demand.

The initiation relay test is only performed in one PPS channel at a time. An
interlock in the PPS channels ensures that only one channel at a time can be
tested. If a channel has tripped, the testing function will not test an
opposite channel, which would cause an inadvertent actuation.

A delay circuit in each channel eliminates spurious signals. A channel will
not be actuated unless the actuation signal lasts for a period longer than the
delay. This delay enables the ESF-CCS actuation logic to receive brief test
signals from the PPS, process the signals, and return them to the PPS for
detection of an initiation signal failure or the loss of an actuation signal
to a subgroup of equipment. The PPS sequentially generates short-duration
signals for each ESFAS actuation signal (A, B, C, then D). A channel trip
requires simultaneous actuation of (A or C) and (B or D); consequently, the
testing logic cannot cause an inadvertent actuation of an ESFAS channel.

The PPS processes the returned signal to detect both the presence of a valid
actuation signal and the absence of invalid actuation signals. Invalid
responses are detected as they occur. When an actuation channel is manually
actuated at the ESF-CCS, a discrepancy between the PPS initiation signals and
the state of the actuation channel is automatically detected.

The operator in the MCR manually tests selected ESFAS groups. This testing
overlaps the PPS automatic testing of the ESF-CCS selective two-out-of-four

[o' logic and includes complete testing of the ESFAS through to the actuation of
-

- the components in the selected group. The operator tests one group of ESF
components at a time, thereby preventing a complete (and undesired) actuation
of an ESF system. Since this testing causes ESF components to actuate, an
ESFAS signal from the PPS will not be impeded, and the ESF will proceed to
full actuation.

The diesel load sequencer may be tested while the DLS is on line. During
normal operation, all output control signals are disabled, allowing all logic
functions to be tested without disturbing plant equipment. The outputs become
enabled automatically when a valid initiation signal is received.
Consequently, testing may be conducted without impeding load sequencer
operation in the event of a station black-oct condition. There are three
distinct test phases: automatic testing, input testing, and load shed
testing.

ABB-CE's testing processes satisfy the requirements of IEEE 279-1971 for
providing the capability for testing and calibrating channels and devices used
to derive the final system output from the various channel signals.

7.3.8 Vital Instrument Power Supply

Chapter 8 discusses the vital instrument power supply design.

7.3.9 Actuated Systems

O
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The ESF systems are maintained in a standby n, ode during normal plant opera-
tions. The ESFAS generates actuation signals to ensure that the ESF-CCS
performs the required protective actions. In CESSAR-DC Section 7.3.1.1.10,
ABB-CE briefly described the I&Cs of each ESF system. The staff reviewed the
ESF system actuations for the design-basis events and the monitored parameters
required for ESF systems actuations.

7.3.9.1 Containment Isolation System

The containment isolation system enables the CIAS to isolate fluid systems
that pass through containment penetrations so that any radioactivity released
into the containment after a DBA will be confined within the containment. A
high containment pressure signal or a low pressurizer pressure signal sends a
CIAS and sends a SIAS.

Valves that must be isolated following a CIAS are installed with either air-
operated controllers or motor-operated controllers. Air-operated valves fail
to the position of greater safety upon loss of instrument air. Motor-operated
valves are powered from the emergency power sources. Valves are located to
protect against missiles and environmental concerns, such as radiation and
pipe whip. Dual valves, with one valve inside the containment and one valve
outside the containment, is used for all isolating valves. Lines that must
remain in service following an accident have at least one remote manual valve.

7.3.9.2 Containment Spray System

The CSS is a safety-grade system designed to reduce containment pressure and
temperature caused by a MSLB inside the containment or LOCA inside the
containment and to remove iodine from the containment atmosphere following a
LOCA. Iodine removal is required so that, in the event of containment
leakage, activity at the site boundary will be reduced.

The IRWST supplies spray water to the CSS, which consists of two independent
trains (one containment spray pump, one containment spray heat exchanger, one
independent spray header, and associated valves and instrumentation per
train).
The containment spray pumps start upon receipt of a SIAS or CSAS, which is
actuated by high containment pressure or low pressurizer pressure. The pumps
discharge through the containment spray heat exchangers and the spray header
isolation valves to their respective spray nozzle headers located in the upper
regions of the containment. Spray flow to the spray headers is not provided
until a CSAS automatically opens the containment spray header isolation
valves. The CSAS is actuated by a high-high containment pressure signal.

The CSS can receive power from the emergency power source (the emergency DGs),
the plant turbine generator (the onsite source), and the plant startup power
source (offsite power). Power connections are through a minimum of two
independent buses. Each CSS train is powered from an independent bus.

The independent trains A and B are physically separate to ensure a single
failure will not disable both trains. This includes the power systems for the
1&C systems. Associated circuits from redundant channels are either
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separated, provided with isolation devices, or shown to be not affected by a
single failure. Routing accounts for pipe whip and postulated ruptures.

The environmental control system for each independent train is powered by the
emergency power source for that train through power a minimum of two
independent buses. The CSS instruments have two independent vital instrument
power sources.

Provisions are made for the detection, containment, and isolation of the
maximum expected leakage from a moderate energy pipe rupture in one train.
The process instruments in the control room assist in the operator controlling
conditions after a LOCA.

The CSS I&C equipment is environmentally qualified for LOCA conditions in the
containment. These conditions are 177 "C (350 *F) for 10 minutes, 149 'C
(300*F)forthefollowing16 hours,520kPa(60psig)forlphours,a i7saturated and superheated mixture of steam and air, 3.5 x 10 Gy (3.5 x 10

6 8rad) gamma and 2.0 x 10 Gy (2.0 x 10 rad) beta llD over 60 years (plus
LOCA), and 4400 ppm boric acid spray with a ph 7.0-8.5 after 4 hours using-

disodium phosphate. These parameters are acceptable for environmental
qualification in accord with the requireraents of 10 CFR 50.49 as discussed in
Section 3.11.

7.3.9.3 Main Steam Isolation System

The main steam isolation system w'ill isolate the steamline piping and the main
feedwater piping in a steam generator after a steam generator tube rupture, a

9 main steamline break, or a main feedwater system upset. Initiation of a MSIS
closes all valves in the associated main steamline piping up to and including
the main steam isolation valve (MSIV), except for the main steamline safety
valves, the atmospheric dump valves (ADVs), the EFW steam turbine admission
valves, and the EFW control valves. An MSIS is initiated upon receipt of a
high-containment-pressure signal, a low-steam-generator-pressure signal, or a
high-steam-generator-water-level signal .

7.3.9.3.1 Main Steam Isolation Valves

The MSIVs will isolate the main steam lines outside the containment after a
main steamline break. The MSIV in each main steam line is remotely operated
and can remain tightly closed under the main steamline pressure, temperature,
and flow resulting from the transient conditions of a pipe break in either
direction of the valves. The MSIV will fail closed on loss of power and loss
of instrument air, and will automatically close upon receiving an MSIS. There
are four MSIVs, one in each of the two steam lines for each steam generator.

The bypass valve around one of the MSIVs on each steam generator allows the
main steam lines to be warmed downstream of the MSIVs before opening the
MSIVs. The bypass valves also close automatically upon receipt of an MSIS.
The MSIV bypass valve control circuits are designed so that no single
electrical failure results in a spurious opening of the valve. No single
failure of the control circuits will prevent the MSIV bypass valves from
closing.
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The MSIVs are controlled by a separate system independent of the protection
system. An operator control is provided locally, in the MCR, and at the RSP.
This control allows the operator to manually open and close the MSIVs and test
the MSIV operation (from the MCR oi.ly). The control includes open/close
indication lights.

Each MSIV has two physically separate and electrically independent closure
solenoids to provide a redundant means of valve operation. The MSIS is sent
to each solenoid. An electrical or mechanical malfunction of one solenoid
will not prevent the MSIV from closing.

The available air supply for the valve pneumatic operators is clean, dry, oil-
free, and delivered at the point of use under system full-flow conditions at a
pressure of 580 kPa (70 psig) to 825 kPa (105 psig). The pneumatic lines and
fittings are designed for a pressure of 1140 kPa (150 psig). An air reservoir
for each MSIV prevents accidental closure if the normal air supply inadver-
tently fails.

During initial startup and periods of unit shutdown, the tripping mechanisms
for the MSIVs will be tested for proper operation in accordance with the TS.
The valves will be periodically tested for leakage and freedom of movement
during plant operation in accordance with ASME Section XI.

7.3.9.3.2 Main feedwater Isolation Valves

The redundant main feedwater isolation valves (MFIVs) meet the single-failure
criteria. These valves isolate all steam generator interconnecting lines to
preclude coolant from blowing down the lines to both steam generators after a
pipe rupture in one steam generator. The MFIVs will stop all forward
feedwater flow within 5 seconds after receipt of an MSIS, even if a single
failure occurs. The MFIVs are capable of being in-service tested. The MFIVs
are remotely operated and capable of maintaining a leak rate of less than
1000 cc/hr (0.004 gpm) under the main feedwater line pressure, temperature and
flow conditions of a postulated pipe break in either direction of the valves.
Each MFIV actuator is physically and electrically independent of the other
actuator so that failure of one actuator will not cause the other to fail.

7.3.9.4 Safety Injection System

The SIS provides an emergency source of coolant to the RCS if normal coolant
inventory is lost. The actuation system consists of redundant trains A, B, C,
and D and will start the SIS upon receiving an SIAS indicating low RCS
pressure or high containment pressure. The SI will begin automatically if the
SIS receives appropriate signals from four independent pressurizer pressure
sensors and four independent containment pressure sensors. The SIS uses a
local two-out-of-four coincidence logic for each parameter. An SIAS may also
be manually initiated from the control room. During startup and shutdown
operations, the pressurizer low-pressure setpoint may vary to allow the system
pressure to be decreased without actuating the SIS.

The I&C system for each train is physically and electrically separate and
independent. The SIS can sustain the loss of an entire train and still
provide the required protective actions. The SIS I&C is designed to operate
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em under all plant conditions. The SIS can be remotely controlled from the MCR,
( i the RSP, and the local control stations.
\

The SIS consists of redundant active and passive coolant injection systems.
The active portion of the SIS consists of four mechanically separated trains,
each consisting of a SI pump and associated valves. Each pump has its own
connecting line to the IRWST, and its own discharge line to a direct vessel
injection nozzle on the reactor vessel. The passive portion of the SIS
consists of four identical pressurized SITS.

The SIS will also inject highly borated water into the reactor vessel to
mitigate accidents other than LOCAs. SI will be initiated in the event of a
steam generator tube rupture, steamline break, or a CEA ejection event. The
borated water injected by the SIS provides inventory and reactivity control
for these events. The SIS is also an alternate means of decay heat removal
for those events that are beyond the licensing design basis in which the steam
generators are not available (loss of normal heat sink). The SIS and the
safety depressurization system (SDS) (Section 7.4) perform feed-and-bleed
cooling of the RCS.

The electric power required for the SIS controls and instruments is supplied
through two Class lE ac buses. The EDGs are an alternate source of power.

Where required to ensure proper system alignment, the open or closed position
of remotely actuated valves is administratively controlled in the control
room. The control room operators control the status of all valves (except the
check valves) in the S1 flow path that are not required to operate uponp) initiation of the SIS to ensure these valves are maintained in the appropriate:

C SI position during plant operation. The open or closed position of the SIT
isolation valves is indicated in the MCR.

7.3.9.5 Emergency Feedwater System

The EFWS supplies emergency cooling water to the steam generators to ensure
the capability to remove decay heat from the RCS after a loss of main
feedwater or other event that requires the removal of heat from the primary
coolant system through the steam generators. This includes the loss of
offsite ac power.

The EFWS mechanical components are configured into two separate trains aligned
to feed their respective steam generators. Each train consists of a
100-percent-capacity motor-driven pump subtrain, a 100-percent-capacity steam
turbine-driven pun.p subtrain, an EFW storage tank, associated instrumentation,
controls, piping and valves, and a cavitating venturi.

Each EFW pump is capable of supplying feedwater to both steam generators
during plant cooldowns to shutdown conditions. While the EFW trains are
normally dedicated to each steam generator, EFW pump discharge crossover
piping allows feeding both steam generators from a single train. The
crossover piping isolation valves are normally iocked closed, but may be
opened manually.

The steam-driven EFW pump speed can be controlled from the MCR, the RSP, andb manually at the governor. The turbine may be stepped by tripping the trip and
i

i
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throttle (stop) valve from the MCR or the RSP. The turbine is tripped

| automatically for turbine overspeed protection by an electrical trip at,

115 percent of rated speed, and by a mechanical trip at 125 percent of rated
speed. The electrical trip may be reset from the control room or the remote
shutdown station. The mechanical trip can be reset only at the valve.

Tne instruments, controls, and valve operators essential to the operation of
the EFWS are powered by battery-backed Class lE power. The batteries are
capable of supplying power to the steam-driven EFWS pump subtrains for
8 hours. The motor-driven pump subtrains can be powered using the alternate
ac (AAC) source of standby power for extended station blackout periods.

The EFWS actuation logic and Class lE power sources are composed of redundant
.

trains A, B, C, and D. The I&Cs of each train are physically and electrically

| separate and independent. The EFWS can sustain the loss of an entire train
and still provide the required protective actions. The EFWS I&Cs are designed |

I
|| to operate under all plant conditions.

The EFWS is initiated either manually, automatically by an EFAS from either
steam generator (EFAS-1 for steam generator 1, EFAS-2 for steam generator 2),
or by the APS AFAS. The APS is discussed in Section 7.7. An EFAS is

! generated by a low-steam-generator-level signal to actuate EFWS or a high-
| high-steam-generator-water-level signal to close the feed valves. The EFWS
I can be controlled from either the control room or the RSP. Some portions of l

Ithe EFWSs also can be manually controlled from local stations at the individ-
ual components. The EFWS uses a four-channel control scheme to preclude

! inadvertent actuation in the event of a single failure. The four-channel
design includes the initiation logic, actuation logic, and the power supplies.

On a low steam generator level, the EFAS signal for that steam generator
starts the dedicated motor-driven and steam-driven EFW pumps and opens the EFW

| isolation valves and flow control valves, causing the system to operate at
full-fl ow. EFW does not start to flow into the steam generator until the

| steam generator level reaches its low-level setpoint. The actuation signal
,

that opens the valves clears automatically when the steam generator level
reaches its normal operation setpoint. When the actuation signal clears, the
valves remain in their open position; however, the operator can manually
control the flow rate. Otherwise, full flow continues. If the steam genera-
tor level again decreases to the low-level setpoint, the EFAS signal reac-
tuates, causing resumption of full-flow system actuation.

| To prevent the steam generator from being overfilled, the ESF-CCS includes a
high-steam-generator-level interlock to automatically close the isolation
valves. This interlock is active only when the EFAS actuation is not active
(i.e., bafore the steam generator level decreases to the low-level actuation:

setpoint, or after the steam generator level has been recovered to its normal
operating setpoint). This interlock also protects against steam' generator
overfill caused by erroneous operation of the EFWS by the operator or the APS.

The EFWS piping and associated structural supports and restraints will be
designed so that a ruptured EFW line or a closed isolation valve will not
reduce the capability of the ESFAS or PPS.

!
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p Non-safety-related portions of the I&C system are designed so that any failure

V) will not degrade of any safety-related equipment function. The EFW flow rate,rt
pump discharge pressure, pump suction pressure, and pump turbine inlet
pressure are displayed in the MCR and at the RSP.-

The EFW design satisfies the requirements of IEEE Standard 279-1971
(10 CFR 50.55a(h)), and the requirements of 10 CFR 50.34(f)(2)(xii). j

7.3.9.6 Containment Hydrogen Recombiner System

The containment hydrogen recombiner system (CHRS) consists of two independent, ,

'full-capacity, parallel loops that include suction points within the
containment to eliminate stagnant pockets of air where hydrogen could

,

accumulate. Recombiner inlet connections in the IRWST remove hydrogen
produced by radiolysis in the IRWST. The hydrogen concentration sensors i

satisfy the Category I guidelines of RG 1.97, and the requirements of TMI i

Action Item II.F.1, as required by 10 CFR 50.34(f)(2)(xvii)(c). '

In tne event of a LOOP, the CHRS will receive Class lE power from the EDGs.

Access and shielding are provided to the areas where the portable hydrogen
reconibiner and control panel skids are to be placed and areas where coupling
operations are required. The CHRS design is discussed in Section 6.2.

Redundant hydrogen analyzers monitor the perfonnance of the recombiners by
measuring the hydrogen concentration of the incoming gas from the containment
and the recombiner discharge. The hydrogen analyzers are independent of the

O concentration throughout the accident.
hydrogen recombiners and are permanently installed to monitor hydrogen

,

Hydrogen monitors are discussed in '

Section 7.5. .

The CHRS prevents the concentration of hydrogen in the containment from |
reaching flammability limits after a design-basis LOCA. The CHRS is designed
to be manually initiated upon indication of high hydrogen concentration. The i

DPS monitors hydrogen concentration and sends the information to the operators *

in the MCR and at the RSP for viewing on the DPS CRT displays. ABB-CE did not
state in the DSER whether hydrogen concentration is provided as a Class IE !

alarm. The staff initially determined that this system should be Class IE as
required in IEEE 279-1971 (DSER Open Item 7.3.9.6-1). Emergency procedures
require the hydrogen recombiners to be connected and activated within 84 hours
of a LOCA, which is before reaching the high hydrogen concentration setpoint .

for design basis events. The hydrogen recombiners then operate continuously. *

Since the operator is not required to operate the hydrogen recombiners after ;
they are actuated (e.g., upon detecting a high hydrogen concentration) no
operator action is required to perform this safety function after the
recombiners have been actuated. Consequently, the staff concludes that the
alarm on high containment hydrogen is not required to be a Class IE alarm. '

This closes DSER Open Item 7.3.9.6-1.

7.3.10 Conclusions

At the time that the DSER was completed, the staff lacked sufficient design '

information to conclude that the ESFAS and ESF-CCS met the relevant require- ;

ments of GDC 2, 4, 20 through 24, 34, 35, 38, and 41 and IEEE 279-1971 (as

;
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required by 10 CFR 50.55(h)). The staff noted that a significant portion of
the system design is software-based, and could not be reviewed. Subsequently,

|the staff evaluated software aspects of the system design as part of ABB-CE's
ITAAC submittal. The staff verified that other portions of the ESFAS and ,

ESF-CCS design meet the relevant criteria based on the following. !

The staff reviewed the ESFAS and ESF-CCS for conformance to the applicable
regulatory guidelines in Section 7 of NUREG-0800 (SRP) and found reasonable
assurance that the systems will conform to the applicable guidelines.

The staff also determined which systems and components of the ESFAS and
ESF-CCS are designed to survive the effects of earthquakes, other natural
phenomena, abnormal environments, and missiles. ABB-CE designed these systems
consistent with the design bases for these systems. Sections 3.10 and 3.11
describe the qualification programs to demonstrate the capability of these
systems and components to survive these events. ABB-CE chose these systems
and components in a manner that satisfies this aspect of GDC 2 and 4.

The ESFAS design commitments conform to the design-bases requirements of
IEEE 279-1971, and the systems include provisions to sense accident conditions
and anticipated operational occurrences, and will cause the appropriate
ESF-CCS and essential supporting systems to operate consistent with the
accident analyses in CESSAR-DC Chapter 15. Therefore, the ESFAS satisfies the
requirements of GDC 20.

The ESFAS conforms to the guidelines for periodic testing in RG 1.22 and
IEEE 338-1977 (as supplemented by RG 1.118). The bypassed and inoperable
status indications conform to the guidelines of RG 1.47. The ESFAS conforms
to the guidelines and application of the single-failure criterion in
IEEE 379-1972 (as supplemented by RG 1.53). In performing the FMEA, ABB-CE
considered the removal from service of any component or channel. Therefore,
the staff concludes that the system satisfies the testability and the single-
failure criteria of IEEE 279-1971 and GDC 21. Consequently, the issue of
GDC 21 in the areas of high functional reliability of the system and single
failures in software, which was designated DSER Open Item 7.3.10-1, is
resolved.

The staff concludes that the ESFAS design conforms to the guidelines in
IEEE 384-1981 (as supplemented by RG 1.75) for the protection system indepen-
dence. The design commitments for the digital system comply with the require-
ments of IEEE 289-1971 and satisfy the requirements of GDC 22.

The staff concludes that the ESFAS is designed with proper consideration of
safe failure states or other acceptable states for conditions such as discon-
nection of the system, loss of energy, or where a postulated adverse environ-
ment is experienced. Consequently, the staff concludes that the ESFAS
satisfies the requirements of GDC 23.

The staff reviewed the design of the ESFAS and plant operating control
systems, found that no portion of the EFAS is used for both protective and
control functions and signals sent from EFAS to other systems are isolated
through fiber-optic cables for signal transmission. Therefore, the staff
concludes that the ESFAS satisfies the requirements of IEEE 279-1971 with
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regard to ccntrol and protection system interactions. The staff concludes ,

that the ESFAS satisfies the requirements of GDC 24. ;'

j'
.

iThe staff concludes that the ESFAS design satisfies the requirements of 10 CFR
50.55(h) and IEEE 279-1971. j

The staff evaluated the ESF-CCS for conformance to the requirements.for .

testability, operability with both onsite power and offsite power, and single |
failures consistent with the GDC applicable to these systems. The staff !
concludes that the ESF component control systems are independent and satisfy -;

the single-failure criterion and, therefore, meet the relevant requirements of i

\|
GDC 34, 35, 38, and 41.

The staff reviewed the dependence of the ESFAS and ESF-CCS on the availability ,

cf the essential auxiliary supporting systems and concludes that the designs
of the ESFAS and ESF-CCS are compatible with the functional performance .

requirements of the supporting systems. The staff, therefore, concludes that |
the interfaces between the design of the ESFAS and ESF-CCS and the design of i
the essential auxiliary supporting systems are acceptable. '

;

All portions of the ESFAS and ESF-CCS designs are acceptable. The detailed I

design of the digital I&C system is controlled by the Software Program Manual
and verified by the relevant ITAAC (Section 7.1). ABB-CE resolved the
possibility of CMF in digital systems and acceptable diversity in' digital
systems. The staff reviewed ABB-CE's diversity analysis, and found the *

analysis to be acceptable. i

:

ABB-CE addressed multiplexer vulnerabilities by (1) evaluating high-quality ,

multiplexers that meet the requirements of industrial standards, (2) assessing
| vulnerabilities to CMFs, and (3) ensuring adequate defense-in-depth by 1

considering the use of hardwired essential systems controls that bypass the '

multiplexer networks. The staff reviewed ABB-CE's commercial grade item ;

dedication processes and found the processes to be acceptable.
.

ABB-CE included sufficient details on the location, inputs (loss of voltage, ;

degraded bus voltage, and A/D conversion), and number of DLSs for the DLS. ;

Consequently, the staff found the DLS hardware and software acceptable.

The staff evaluated the quality and diversity of the EFAS and concludes that
ABB-CE specified the appropriate quality requirements, and included adequate
defense-in-depth and diversity for postulated CMFs. The staff determined that
an unresolved safety question would result from any changes to commitments for ,

(1) the ESFAS hardware and SDP and its implementation and quality standards, 3
!(2) the commercial-grade dedication process for processors and multi lexers,e

and (3) the program and standards for equipment qualification. Therefore, any !

change to these issues requires NRC review and acceptance before being
implemented. Any requested changes to these commitments shall either be :

specifically described in the COL applicatbn or submitted for license
amendment after the COL is issued.

7.4 Systems Reauired for Safe Shutdown

7.4.1 Discussion
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The I&C systems required to place and maintain the reactor in a safe-shutdown
condition also frequently support normal plant operations and, therefore,
cannot be exclusively associated with the safe-shutdown function. Safe-
shutdown conditions are those conditions in which the reactor cannot achieve
criticality in violation of the TS, and under which there is an adequate Nat
sink so that design and safety limits are not exceeded.

The I&C for these systems are included in the ESF-CCS, and the process-CCS.

Only safety-grade systems may be credited for achieving safe-shutdown
conditions. These systems must be suitably diverse and redundant so that the
systems can perform their functions assuming a single failure. These systems
must be operable from the MCR with either onsite or offsite power. Finally,
the systems must be capable of bringing the reactor to cold-shutdown condi-
tions within a reasonable period of time after a limiting single failure.

The acceptance criteria for the review of the systems required for safe
shutdown follow:

GDC 2, " Design Bases for Protection Against Natural Phenomena"-

GDC 4, " Environmental and Missile Design Bases"-

GDC 13, "I&C"=

GDC 19, " Control Room"=

GDC 34, " Residual Heat Removal"-

GDC 35, " Emergency Core Cooling"*

GDC 38, " Containment Heat Removal"-

The RGs that support the above requirements follow:

RG 1.53, " Application of the Single Failure Criterion to Nuclear Power-

Plant Protection Systems" (IEEE 379-1972)

RG 1.62, " Manual Initiation of Protection Actions"*

RG 1.75, " Physical Independence of Electric Systems" (IEEE 384-1974)*

RG 1.105, " Instrument Spans and Setpoints" (ISA 67.04-1982)*

RG 1.118, " Periodic Testing of Electric Power and Protection Systems"=

(IEEE 338-1977)

7.4.2 Emergency Feedwater System

The EFWS does not operate uniquely during shutdown operations. The staff
reviewed the EFWS as described in Section 7.3.

7.4.3 Atmospheric Dump System

The atmospheric dump system removes decay heat from the primary coolant system
through the steam generators when the main condenser is not available or the
MSIVs are closed. The decay heat is removed by venting steam to the
atmosphere through safety-related modulating ADVs on each of the four main
steam lines outside the containment building and upstream of the MSIVs. The
ADVs are of a size to allow a controlled plant cooldown in the event of a main
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| steamline isolation, concurrent with a loss of normal ac power and a single
active failure of the remaining ADVs.

ABB-CE states that the ADVs are electric motor-operated valves that are
manually operated from the MCR or the RSP. The valves are designed to close
on a loss of ac electrical power or a loss of the control signal, however, the
motive power that closes the valves was not described and was designated DSER
Open item 7.4.3-1. In Amendment N to CESSAR-DC, ABB-CE stated that the valves
are designed with a return spring, which causes the valve to close on a loss
of motive power or a loss of the control signal. The use of this passive
device to ensure ADV closure is acceptable since it causes the valve to fail
into a safe state. On this basis, DSER Open Item 7.4.3-1 is resolved.

The ADVs may be positioned using a jog circuit. If offsite power is lost, the
ADVs are powered from the DGs. To meet single-failure criteria for a main
steamline break, the set of ADVs on each generator are powered from different
DGs. If the DGs are not available, the ADVs may also be powered from the gas
turbine generator (the alternate power source), or from the Class lE batteries
through inverters, with each ADV powered from a separate channel.

|

The normally open isolation valve upstream of each ADV is locked open from the
MCR and can be remotely and manually positioned from the MCR and from the RSP.
The design includes valve position indication (both analog position and
open/ closed indication lights) in the MCR and at the RSP.

DSER Open item 7.4.3-2 required clarification of the location of handwheels
for operating the ADVs. A3B-CE stated that each ADV may be remotely operated

O from the MCR or RSP, and includes accessible handwheels for local operation
after a loss of the normal power supply. This resolves DSER Open Item 7.4.3-2
regarding the location of the handwheels. The ADVs and operators are designed
to meet the requirements of IEEE 279-1971, IEEE 603-1980, and IEEE 308-1980
for the need to design against single failures. The staff finds the ADV
control design to be acceptable.

7.4.4 Shutdown Cooling System

The SCS reduces the RCS temperature after shutdown from the hot-shutdown
operating temperature to the refueling temperature, and maintains this
temperature during refueling. The SCS also cools the RCS coolant after a
small-break LOCA, steam and feedwater line breaks, and steam generator tube
ruptures, and during startup to maintain flow through the core before the RCPs
are started. The SCS also protects against low-temperature overpressure
conditions.

The SCS consists of two independent divisions, with Class IE power sources for
their actuated equipment. The SCS isolation valve interlocks are actuated
through the ESF-CCS so that a single failure will not prevent actuation or
cause inadvertent actuation of the SCS. The safety-related components of this
system can receive power from normal offsite power sources and from physically
and electrically independent and redundant emergency power sources.

l The SCS is controlled with dedicated redundant instruments that enable
operators to monitor the RCS cooldown rate and snutdown cooling flow rate from

| the MCR, RSP, and local control stations.
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The failure position of each valve on loss of actuating signal or power supply
is selected to ensure safe operation. Valve position is indicated in the MCR.
A momentary pushbutton, with appropriate status control on the MCP, a manual
override handwheel, or both, ensure safe plant operation.

In the earlier versions of the CESSAR-DC, ABB-CE stated that an interlock
prevents the suction isolation valves from opening when the RCS pressure
exceeds the SCS design pressure. Alarms annunciate when the SCS suction
isolation valves are not fully open (concurrent with low RCS temperature) to
protect against low-temperature overpressure events. Additionally, if the
isolation valves are open and the RCS pressure exceeds the setpoint, an alarm
in the MCR will annunciate this condition. In the DSER, the staff stated that

if this alarm is required for the operator to isohte the SCS to prevent over-
pressurizing the SCS, then the alarm must be Class 1E. The low-temperature
overpressure protection (LTOP) arming alarm must also be Class lE if automatic
arming does not occur. These issues were designated DSER Open Item 7.4.4-1.
ABB-CE later stated that each SCS train includes relief valves downstream of
the isolation valve. Either valve has sufficient setpoint and flow capacity
to prevent the RCS pressure from exceeding the LT0p criteria for the
worst-case overpressure transient during low-temperature operation. Each
separate division of the ESF-CCS (A, B, C, and D) provides control,
indication, and alarm initiation for each of the four valves. Therefore,
since each of the two relief valves provides full capacity for this protective
function, both the system and the I&C equipment have full redundancy for this
success path. The SCS will withstand such pressure transients. ABB-CE
concludes that a Class lE alarm is not required because the overpressure
protection automatically provided by the relief valves eliminates the need for
the operator to act for this protective function.

ABB-CE stated that plant procedures will specify the opening of the SCS relief
(isolation) valves, to ensure RCS overpressure protection for all temperatures
below the LTOP temperature. These temperature displays are Class IE. These
displays are part of the minimum set of displays relied on by the operator, as
stated in Chapter 18. Section 3.4.11 of the TS includes surveillance
requirements to verify that the isolation valves are open.

Because of the SCS relief valves and the Class lE temperature displays as
discussed above, the staff concludes that the SCS LTOP alarms are not required
to be Class lE. The COL applicant will verify all relevant controls and
displays in the ITAAC. DSER Open item 7.4.4-1 is resolved.

In a request for additional information (RAI) Q500.11, the staff asked ABB-CE
to discuss measures proposed for protection against bypass of the SCS suction
line valve interlocks and manipulation of the valves by a single knowledgeable
insider at the valve motor control centers. In its letter dated September 28,
1989, ABB-CE explained the design measures that will inherently protect
against setpoint manipulation and explained that the security access control
system will protect the motor control centers.

Although, as noted in CESSAR-DC Appendix 13A, this is not as great a concern
for System 80+ because the SCS system piping has a nominal rating of 6200 kPa
(900 psia), ABB-CE committed to amend CESSAR-DC Section 7.6.1.1.1 and Appen-
dix 13A, Sections 7 and 8 to reflect that response. This was designated DSER
Confirmatory Item 7.4.4-1. ABB-CE amended the CESSAR-DC to reflect the design
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and to discuss the features of the system that address sabotage. The features
f
i of the design that address sabotage are discussed in Chapter 13. The features

of the design that address the I&C aspects, such as the fail-safe features and
the design against single failure, are acceptable since they meet the
requirements of IEEE Std 279 and GDC 23.

7.4.5 Safety Injection System

The SIS provides highly borated cooling water to the RCS to achieve cold-
shutdown conditions upon receipt of a SIAS. During the hot-shutdown and cold-
shutdown phases of operation, the SIS may be used to add boron to the reactor
coolant if the chemical and volume control system (CVCS) is not available.

A SIAS initiates operation of the. SIS in the event of low RCS pressure
(derived from four independent pressurizer pressure sensors) or high
containment pressure (derived from four independent containment pressure;

sensors). These parameters indicate the occurrence of a loss-of-coolant
accident. A trip from any two of the four sensors will initiate an SIAS. An
SIAS also may be manually initiated from the MCR or from the ESF-CCS equipment
cabinets. The SIAS is described in Section 7.3.

The SIS components actuate in the following sequence to aid in achieving cold
shutdown:

,

,

1. the SIS pumps and SIS pump discharge valves are operated in coordination |

|to adjust and maintain the correct pressurizer water level

O 2. the boron concentration is periodically sampled and adjusted to compensate
for the temperature decrease and other variables until the shutdown
concentration is achieved i

The pressurizer level is automatically controlled during normal operation by
the pressurizer level control system discussed in Section 7.7. Section 7.3 i

discusses the operation of the SIS for RCS inventory control. Boric acid is
injected to ensure that there is,a sufficient shutdown margin as the RCS is

.

cooled down. Section 7.7 discusses the boron dilution alarm logic (BDAL),
which detects inadvertent boron dilution events while the plant is in Modes 3
through 6. Control board process indicators and status instruments enable the

ioperator to evaluate system performance and manually control system operation.
Section 7.3 discusses the interlocks, sequencing, bypassing, redundancy,
diversity, and power supplies.

In addition to the controls and indications in the MCR, there are controls
outside the control room at the RSP and in the equipment rooms for bringing
the reactor to hot standby, maintaining the unit in a safe condition during
the hot shutdown, and achieving cold shutdown. The RSP enables the operator
to control SIS pumps 3 and 4, the SIS header 3 and 4 valves, pressurizer
reactor coolant gas vent (RCGV) valves, the EFWS and ADVs, and the pressurizer
sprays and heaters, and'gives indications of the systems status. The SIS
satisfies the criteria in IEEE 279-1971 as discussed in Section 7.3.9.4. The

display of the pressurizer RCGV position satisfies the requirements of
10 CFR 50.34(f)(2)(xi) of providing direct indication of relief valve position
in the control room.(
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7.4.6 Emergency Shutdown from Outside the Control Room 1

The System 80+ design includes a RSP outside the MCR to facilitate plant
shutdown if the MCR must be abandoned. The RSP provides the operators with
the capability to bring the plant to hot-standby conditions, maintain the
plant in hot shutdown, and achieve cold-shutdown conditions. The instruments j
in the RSP are listed in the corresponding systems sections of this report.

The RSP gives the operator a minimum of two isolated, redundant channels of
safety-related instruments and controls necessary to achieve and maintain hot
standby conditions in the reactor (subtritical at operating pressure and
temperature), and to achieve cold shutdown of the reactor through the use of
suitable procedures. The staff reviewed the RSP instrumentation and controls
and concludes that the RSP design is acceptable since the instrumentation and
controls at the RSP meet GDC 19.

The MCR and RSP are physically separate, with separate ventilation systems,
multiple communications systems, and lighted access between the RSP and the
MCR. The design includes signal isolation and disabling of all main controls
and the transfer of all hot-standby controls to the RSP. The RSP control
systems are fiber optically isolated from the MCR. The staff concludes that
this is'olation is acceptable since it enables the equipment at the RSP to
operate without interaction, independent of the equipment in the main control
room.

The RSP controls are activated by MTSs on the ESF equipment cabinets in the
ESF equipment room, and at the exits from the MCR. This was designated DSER
Confirma?.ory Item 7.8.8-1.

There was insufficient design information in CESSAR-DC for the staff to
determine the adequacy of the MTS design. The lack of detailed MTS
information was designated DSER Open Item 7.3.1-2. ABB-CE submitted
additional information to close this open item in Amendment N.

One transfer switch for each division of ESF-CCS (four divisions) and each
division of the process-CCS (two divisions) is at each exit from the MCR and
in the corresponding division equipment rooms. Actuation of the six switches
transfers control of the four ESF-CCS divisions and the two process-CCS
divisions from the MCR to the RSP. The control is performed through a
software-based microprocessor, which deactivates the MCP as a control
interface and activates the RSP control interface. The use of software for
effecting the control transfer is acceptable. The staff reviewed the computer
development process, including software issues, and the acceptance of
computer-based system is described in Section 7.1. The staff will audit
ABB-CE's software development process and associated ITAAC to confirm the
proper implementation of the MTS. Any changes to these commitments would
involve an unreviewed safety question and, therefore, will require NRC review
and acceptance before being implemented. Any requested changes to these
commitments shall either be specifically described in the COL application or
submitted for license amendment after COL issuance.

Transfer initiated by these switches cannot be reversed to the MCPS except
through controls at the maintenance and test panels for each division of the
ESF-CCS and process-CCS in the equipment rooms for each channel. The staff !
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finds acceptable this method of isolation and independence since it enablesp) the equipment at the RSP to operate without interaction, independent of the(
(/ equipment in the main control room.

The DIAS and DPS at both the MCP and the RSP display the status of a control
transfer. Each system provides an alarm for each division in which the
transfer logic has transferred control to the RSP. The component controls
within each division also report component group transfer status to the DIAS
and DPS. Illuminated pushbuttons and control displays at the manual control
interface that have lost control capability due to the transfer will indicate
the transfer by not responding. The staff finds acceptable the method of
alerting the operators that the transfer has been performed since it meets the
IEEE Std 279 requirement of providing the operator with information pertinent
to the status of systems required for safe shutdown.

The fiber-optic transfer switches and cables maintain isolation between the
ESF-CCS divisions and between the process-CCS divisions. No direct electrical
connection exists between the switches and the ESF-CCS, the process-CCS, or
the MCP. The fiber-optic switches and cables are an acceptable method of
isolation since they meet the IEEE Std 279 requirement of preventing credible
failures at their output from affecting the minimum performance requirements
of the associated safety systems.

Figure 7.4 shows the transfer switches for one division of the ESF-CCS. The
transfer logic for each division receives signals from three locations: MCR
exit 1, MCR exit 2, and the maintenance and test panel for the division. The
logic transfers the human-machine control interface for the ESF-CCS componentsp) controlled by the ESF-CCS for the division. A bridge between the data(

V networks in the ESF-CCS and PPS channel for the division transmits the
transfer signal to effect the transfer of the interface for manually sending
the PPS channel signals for ESF actuation. The interface for manual initia-
tion of reactor trip is not transferred; manual reactor trip can be performed
from either the MCP or the RCP at any time. The staff finds this design
acceptable since it meets GDC 19.

Figure 7.5 shows the transfer switches for one division of the process-CCS.
The process-CCS MTS functions in the same manner as the ESF-CCS MTS, and is
acceptable since it meets GDC 19.

Since the automatic actuation signals are not deactivated by the MTS, testing
may be performed by actuating the MTS switch for a division without deactivat-
ing the automatic actuation features of the division. That is, only the
capability for manual control is transferred. The staff finds the test
provisions of the MTS design acceptable.

The staff concludes that the I&C system design at the RSP and the interfaces
at the MCR satisfies the criteria for channel integrity, channel independence i

and single failure of IEEE 279-1971. On this basis, Confirmatory Item 7.8.8-1
and DSER Open Item 7.3.1-2 are resolved. Chapter 3 addresses conformance to 1

lGDC 19.
i

7.4.7 Safety Depressurization System(
\
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The SDS allows the operator to vent non-condensible gases from the reactor j

vessel upper head and the pressurizer upper head, rapidly reduce the RCS ;

pressure in response to selected severe accident scenarios, slowly |

depressurize the RCS when the pressurizer main spray and auxillary spray i

systems are not available, and remove decay heat through feed-and-bleed j

operations. |

The SDS consists of vent lines from the reactor vessel upper head and the I

pressurizer upper head. These lines contain redundant RCGV valves that !

discharge to the reactor drain tank, and redundant pressurizer bleed valves |

that discharge to the IRWST.

The RCGV valves and bleed valves are designed to be operable following a loss
of normal ac power. The valve operators receive power from two independent
power trains and can be powered from the EDGs and the alternate power source.
The RCGV valves may be opened from the MCR and the RSP.

The valve trains are designed so that a single active failure cannot prevent
the establishment of a vent path between the reactor vessel upper head and the
pressurizer upper head and cannot prevent isolation of the pressurizer upper
head from the reactor vessel upper head. The RCGV valves fail closed. The
bleed valves fail in the existing position.

The rapid depressurization (bleed valve) flow paths are manually controlled
from the MCR and remote shutdown room (RSR) to allow primary pressure to be
reduced below the initiation pressure of the SCS. Operators can remotely
control the flow by modulating the bleed valves, but only during a beyond-
design-basis event. The valve positions displayed in the MCR and at the RSP
satisfy the requirements of 10 CFR 50.34(f)(2)(xi) for providing direct
indication of relief valve position in the control room.

Two Class lE ac buses supply the electrical power required for the RCGV valve
and bleed valve control. The controls can also receive power from the EDGs
and the alternate power source.

The staff concludes that the SDS meets the requirements of IEEE 279-1971, and
is designed in accordance with RGs 1.75 on physical independence of electric
systems and 1.47 on bypass and inoperable status indication.

7.4.8 Station Service Water System

The SSWS transfers heat released from plant systems components and structures
to the ultimate heat sink (VHS). The SSWS receives water from the UHS to cool
the water in the closed component cooling water system (CCWS), which cools the
essential and nonessential reactor auxiliary loads.

Each of the four identical station service water pumps, grouped two in a
division, can provide 100 percent of the required flow for conditions after a
LOCA. During normal operation, only one pump per division is required to be
operating. The second pump in each division automatically starts on a sensed
low pump discharge pressure, which indicates the operating pump has failed.

The pump motors receive power from their associated 4160-V Class lE auxiliary
power system. If offsite power is lost, the pumps are stopped and restarted
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in accordance with the emergency DG load sequencing. The control to start and

[m) stop each pump is in a separate channel. When a station LOOP occurs, the ,

'

'v emergency load centers can power only one SSW pump in each division. The
operator can add a second divisional pump if enough loads have been removed
frnm the emergency load center.

Both divisions and all four station service water pumps are started by either
a manual start signal by a control room operator or a low station service !

water pump discharge pressure signal. A manual start or stop signal from the l
'control room overrides the automatic mode. Manual start and stop controls for

each SSWS division permit the operator to remove a division from operation
after automatic operation actuation, if that division is not required. The
only components actuated manually by the control room operator are the station
service water pumps, the strainer backwash system, and the isolation valves
for the SSWS component cooling water heat exchanger. Valves (except check
valves) in the supply lines from the pumps and in the return lines to the UHS
are either locked open or locked closed depending on plant status and require-
ments.

After an ESFAS, the operating SSWS pumps continue running using normal power.
If one division is operating, a LOOP coincident with an ESFAS will cause the
operating SSW pumps to shut down and then be sequenced onto the EDGs. If two
pumps in one of the divisions are operating before this event, the DG
sequencers will load only one SSW pump for each division. Operators retain
manual control of the SSW pumps during emergency conditions.

The SSW instruments allow the system to operate automatically by remoteO)(O control, and give continuous indication of system parameters (UHS water
temperature, station service water pump flow rate, UHS water level) locally,

j in the MCR, and in the RSR. Process indications and alarms enable the
operator to evaluate the SSWS performance and to detect malfunctions. Sensors
monitor the discharge pressure of the station service water pump and actuate
alarms upon detecting an abnormally low or abnormally high pressure. The UHS
water levels and temperatures are monitored to detect a low or high level, or
a high-temperature condition. The SSW discharge temperature from the CCWS
heat exchangers is monitored (with an alarm to the control room) to detect
reduced water flow to the heat exchanger or an abnormal heat supply into the
heat exchanger from the CCWS.

Differential flow between the station service water pump discharge (total for
each division) and component cooling water heat exchanger discharge (total for

I each division) is indicated to reveal leakage. A high differential flow
| alarm indicates a significant line break. A radiation monitor in each
I division detects leakage of radioactive component cooling water into the SSWS.
,

The staff reviewed the I&C in the MCR, RSP, and the local control stations.
The instrumentation, controls, and alarms are acceptable for determining SSWS
status per GDC 19, and satisfy the criteria of IEEE 279-1971.

7.4.9 Component Cooling Water System

The CCWS is an intermediate cooling water system between the RCS and the SSWS.
(qL} The CCWS transfers the heat from the RCS closed system to the UHS, which is|

the source of the SSWS cooling water.

|
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The CCWS supplies cooling water to the RCPs, letdown heat exchanger, SCS heat
exchanger, core spray system heat exchanger, sample coolers, nonessential
chillers, and other nonessential reactor auxiliary cooling loads.

The CCWS instrumentation and controls enable the operator to control the
system from the MCR, RSP, and at local stations.

The CCWS provides discharge pressure indications for the sump pumps, CCWS
pumps, heat exchangers, and chemical addition tank vents and discharge lines.
Plant personnel can perform maintenance and tests at test points throughout
the CCWS. CCWS controls will automatically start the corresponding redundant
CCWS pump in each division on low CCWS pump differential pressure and will
open the containment spray heat exchanger isolation valve on CCWS pump high
differential pressure.

The CCWS sends temperature indications to the MCR and RSP for the CCWS heat
exchanger inlets and outlets. The CCWS controls allow the operator to bypass
the CCWS heet exchangers to maintain the required minimum temperature at the
heat exchanger outlet. The operator may also regulate CCWS temperature by
controlling the letdown heat exchanger outlet temperature and charging pump
mini-flow heat exchanger control valves.

The CCWS sends indications of outlet flows from the CCWS heat exchangers and
CCWS pump discharge flows to the MCR and the RSR. Flow indications are
provided at local test points to facilitate system maintenance.

The MCR and RSP include level indications for CCWS surge tank, sump, heat
exchanger structure sump, and component cooling chemical addition tank. The
CCWS sump pumps automatically start on high sump level, and automatically stop
on low level.

Radiation monitors downstream of the CCWS pumps alert the operators when
radioactivity levels exceed a preset level above background. The CCWS radia-
tion levels are indicated in the MCR and the RSR.

The staff reviewed the I&C in the MCR, the RSP, and the local control
stations. The instrumentation, controls, and alarms are acceptable for
determining CCWS status per GDC 19, and satisfy the criteria of IEEE 279-1971.

7.4.10 Onsite Power Systems

The staff reviewed the onsite power system as presented in Chapter 8.

Two independent, 100-percent-capacity DGs provide emergency power to start and
supply the essential loads to shut the plant down safely and to maintain the
plant in a safe condition following a loss of offsite power. Load sequencing
is a part of the ESF-CCS, and is described in Section 7.3.

The DGs are started automatically upon receiving an ESFAS or SIAS indicating
an undervoltage (resulting from a LOOP on the associated 416-V ESF bus).

The unit design includes two redundant 4,160-V Class 1E buses, four redundant
480-V Class lE buses, and four redundant 120-V Class IE auxiliary power buses.
One system can be taken out of service for testing during reactor operation.
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i

n The breaker racks can be moved to the test position while the system is
r tested. The MCR displays continuous indication of the unavailability of the

racked-out system. The Class IE auxiliary power system allows for
inspections, testing, and maintenance without affecting the operation of the ,

'unit. This complies with GDC 18 and RG 1.22.

The protective relays will be tested periodically in a testing facility that '

meets the GDC 18 criterion and RG 1.22. Relay sensors such as current trans-
formers will be tested before initial installation and unit operation, and
periodically thereafter. These protective devices are in service during
normal operation. The preoperational tests for the protective relaying system
must verify the continuity of the system and the condition of all the compo-
nents. The methods to accomplish these tests follow:

Test all relays and other momentary duty-type operating devices for the-

protective relaying of the onsite power system to determine individual
performance characteristics, and to verify that design settings can be
repeated under various simulated conditions. The intent of these tests is <

to show design integrity.
'

Test all relay sensors, such as current and potential transformers, for*

correct and reliable output.

Inspect all interconnecting wires and cables for proper installation and*

connections.

O
Test all protective relaying systems under necessary simulated conditions
to verify correct operation in preferred, alternate, and abnormal modes. -

Inspection, maintenance, and testing of the Class IE de systems will be
performed periodically in accordance with RG 1.22. The periodic testing
program will be scheduled so as to not interfere with plant operations.

A bypassed or deliberately induced inoperable status will be indicated
automatically for Class IE power systems required for safety. This commitment
satisfies RG 1.47 on bypass and operable status indication.

The routing of IE and associated electrical cabling and sensing lines from the
sensors is designed to meet the guidelines of RGs 1.51 and 1.75. The cabling
is routed to minimize the possibility of CMFs. The cabling for the four
safety channels is routed separately; however, the cables of various functions

| within the same division may be routed together. Low-energy signal cables are
I routed separately from othcr power cables. Safety-related redundant sensors
! are separated. The separation of safety-related cables requires that the

cables be routed in separate cable trays. Associated circuit cabling from
redundant channels is handled the same as Class IE cabling.

Cabling for redundant channels of safety-related circuits is installed so that
| a single failure will not cause multiple channel malfunctions or interactions
| between channels.

,

r Other instrumentation circuits and cables that may be near Class IE or .

I associated circuits and cables are treated as associated circuits unless
analyses or tests demonstrate that credible failures of the cabling cannot
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adversely affect Class lE circuits. Non-Class lE channels X and Y I&C
circuits and cables are rotJ.ed separately from each other.

The TS specify periodic testing requirements of the electric power and
protection systems. Chapter 16 discusses the TS. This resolved DSER Open
Item 7.4.10-1 (TS had not been submitted for review when the DSER was issued
and, therefore, the entire TS review was an open item. The I&C portion of it
was designated Open Item 7.4.10-1).

,

The staff review of onsite power system is discussed in Section 8.3.

7.4.11 Conclusions

The staff reviewed the systems required for safe shutdown, including the
instruments, initiating circuitry, logic elements, interlocks, redundancy
features, and actuated devices that perform the I&C functions that remove
residual heat from the core, containment, and other vital components and
systems, and prevent the reactor from returning to criticality.

The systems required for safe shutdown are acceptable and meet the relevant
requirements of GDC 2, 4, 13, 19, 34, 35, and 38. This conclusion is based
upon the following:

1. The staff confirmed that these systems conform to the applicable RGs and
industry codes and standards.

2. The staff confirmed ABB-CE's choice of systems and components required for
safe shutdown that are designed to survive the effects of earthquakes,
other natural phenomena, abnormal environments, and missiles. The systems
and components chosen satisfy this aspect of GDC 2 and 4.

3. The staff reviewed the shutdown I&C systems and concludes that they are
sufficient to maintain the variables and systems that can affect the
fission process, integrity of the core, reactor coolant pressure boundary,
and containment and its associated systems within the prescribed operating
ranges during plant shutdown operations. The systems required for safe
shutdown satisfy the requirements of GDC 13. j

4. The instruments and controls in the control room will allow actions to be
taken to maintain the plant in a safe condition during shutdown, including
a shutdown after an accident. The RSP equipment is appropriately located
outside the control room and can promptly bring the reactor to hot
shutdown. This equipment includes I&C to maintain the unit in a safe I

condition during hot shutdown of the reactor, and enables the operators to |
bring the reactor to cold shutdown by using suitable procedures.
Therefore, the systems required for safe shutdown outside the MCR satisfy
the requirements of GDC 19.

5. In its review of the systems required for safe shutdown the staff included
the dependence of these systems on the availability of essential auxiliary |
supporting systems. The essential auxiliary supporting systems are
compatible with the functional performance requirements of the I&C
systems. Therefore, the safe-shutdown systems and the essential auxiliary
supporting systems will work together in an acceptable manner.
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6. In reviewing the 1&C systems required for safe shutdown, the staff
evaluated the conformance of the requirements for testability, operability |

d with onsite and offsite electrical power, and single failures consistent I

with the GDC for safe-shutdown systems. These systems can be tested and
can operate with either onsite or offsite electrical power sources. The
controls for redundant safe-shutdown systems will be independent and will

,

satisfy the requirements of the single-failure criterion and, therefore, !
will meet the relevant requirements of GDC 34, 35, and 38. '

7.5 Information Systems Important to Safety

7.5.1 Discussion

The staff reviewed the safety-related instruments available to the operator
for monitoring plant systems conditions and for performing iaanual actions
important to plant safety.

The System 80+ control room is designed to provide safety-related and non-
safety-related information and control capabilities that the operator can use
for both normal operations and accident mitigation. The design objective is
to minimize the operator's transition from normal plant operations into
accident recovery operations. The information systems also include data
validation to ensure the operator is presented with unambiguous indications of
the plant state.

Plant state information is presented to the operator in the following
n information display systems:

(1) Intearated Process Status Overview Panel

The integrated process status overview panel (IPS0) is a large panel that
depicts a cursory overview of the state of major plant systems and safety
functions. The IPS0 is located at the front of the control room.

(2) Discrete Indication and Alarm System

Discrete indicators display validated safety and non-safety plant process
parameters. The DIAS also generates and presents the alarm states in an
integrated manner through alarm indications, message displays, and DPS video
displays.

(3) Data Processina System

The DPS acquires and validates plant data and presents the resulting infor-
mation using a hierarchical format on video display pages.

(4) Component Control and System Operator Module Displays

The MCP incorporates displays of on or off, open er closed status from other
I&C system operator modules and plant components.

p Section 7.7 describes the IPSO, DIAS, and DPS in the System 80+ design. )
! |
t 7.5.2 System Description
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7.5.2.1 Safety-Related Plant Process Display Instruments

The process instruments in SAR Tables 7.5-1 through 7.5-3 give plant status
information to the operator in the control room. The staff reviewed this
information against RG 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants To Assess Plant and Environs Conditions During and Following an
Accident." The information presented in the three tables cited above conforms
to the guidelines presented in RG 1.97; however, ABB-CE did not discuss Type A
variables in the SAR prior to issuance of the DSER. This was designated DSER
Open Item 7.5.2.1-1.

RG 1.97 defines Type A variables as those variables that provide the primary
information required to permit the control room operator to take specific
manually controlled actions for which no automatic control is provided and
that are required for safety systems to accomplish their safety functions for
design-basis events. ABB-CE later stated it did not list Class lE alarms or
Type A variables because the System 80+ performs all protective functions
using automatic or passive responses, without the need for operator action to
accomplish the protective function. SAR Chapter 18 lists the minimum set of
displays and alarms required by the emergency procedure guidelines. The staff
finds acceptable ABB-CE's selection of indications for monitoring postaccident
conditions. The list of these variables satisfies the requirements of
10 CFR 50.34(f)(2)(xvii) (TMI Action Item II.F.1) and 10 CFR 50.34(f)(2)(xix)
(TMI Action Item II.F.3). This resolves Open Item 7.5.2.1-1.

The staff reviewed the safety-related process display instruments and the ESF
system parameters and found sufficient redundancy and adequate ranges for
these instruments. The ranges given in the SAR are typical ranges. ABB-CE
stated that the actual ranges will be based on the equipment to be procured at
each site. Therefore, ABB-CE indicated that the COL applicant should make
appropriate adjustments for the actual components. ABB-CE revised the
CESSAR-DC tables to state that the Indicated Range column in CESSAR-DC
Table 7.5-1 would be relabeled to state that the values in this column are the
Minimum Indicated Range. The staff reviewed these ranges against Table 3 of
RG 1.97 and found them acceptable. This resolves DSER Open Item 7.5.2.1-2.
These ranges satisfy the requirements of 10 CFR 50.34(f)(2)(xix) (TMI Action
Item II.F.3).

Alternate information for startup, operation, and shutdown is displayed at the
RSP and local stations outside the control room to allow the reactor to be
shut down and maintained in a safe condition if the control room becomes
uninhabitable. The staff accepted this information as discussed in
Section 7.4.

7.5.2.2 Reactor Trip System Monitoring
)

Even though the RTS is automatic and does not require operation action (except
for a manual trip capability), the operator in the control room receives
information to confirm that a reactor trip has taken place and to confirm

'

whether a limiting safety system setting has been reached. This information
consists of indications of

a
process parameters that indicate reactor trip*

trip, pre-trip, and bypass lights-
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audible and visual alarms=

p) CEA " dropped rod" information(V trip switchgear circuit-breaker position
-

-

Operating bypass is indicated on the remote modules located in the MCR, as
described in Section 7.1. Individual trip channel bypass is locally indicated
at the PPS and on the remote modules in the MCR. The DIAS and DPS display CEA
rod position, dropped rod, audible and visual alarms, and trip switchgear
circuit-breaker position. These indications satisfy the requirements of
10 CFR 50.34(f)(2)(xix) to provide instrumentation adequate for monitoring
plant conditions following an accident that includes core damage.

7.5.2.3 Engineered Safety Features Monitoring

The ESFAS continuously monitors the system input parameters, using actuation
logic to initiate the ESF systems when these parameters reach their trip
setpoints. After actuation, the ESF systems continue to function for up to
30 minutes without requiring operator action. Operator action may then be
required to start other systems such as the SCS.

The operator in the control room receives information from the DPS to monitor
the ESF and related systems after an event. This information consists of
valve position indication, pump operating status, tank level indications, flow
indications, indications of the process parameters that actuata ESF systems,
and ESF system performance displays. Four remote modules indicate the
pretrip, trip, bypass, and operating bypass condit %n for each of the
associated actuation system input signals. The bypass of an individual trip

(Vf g) channel is indicated at the PPS cabinet and the modules in the MCR. The valve
position indications satisfy the requirements of 10 CFR 50.34(f)(2)(xi) to
provide direct indication of relief and safety valve position in the control
room, and 10 CFR 50.34(f)(2)(xix) to provide in.trumentation adequate for
monitoring plant conditions following an accident that includes core damage.

7.5.2.4 Control Element Assembly Position Indication

The pulse , w. ting CEA position indication system and the reed-switch CEA
position-inoication system are two diverse, independent CEA position-
indication systems that give CEA position information to the operator.

The CEDMCS receives automatic CEA motion demand signals from the
reactor-regulating system (RRS) or manual motion signals from the CEDMCS
operator's module and converts these signals to de pulses that are transmitted
to the control element drive mechanism (CEDM) coils to cause CEA motion. The
CEDMCS counts these pulses to infer the CEA position by electronically
monitoring the mechanical actions within each CEDM to determinc when a CEDM
has raised or lowered the CEA. Section 7.7 discusses the pulse-counting
system.

A series of magnetically actuated reed-switch position transmitters (RSPTs) in
the reed-switch CEA position-indication system send signals representing CEA
position. Two independent reed-switch assemblies monitor e v.h CEA. The RSPTs

o send an analog position-indication signal and three physically separate
( discrete reed-switch position signals. The analog position-indication system

includes a series of magnetically actuated reed switches spaced at 3.8-cms
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(1.5-in.) intervals along the RSPT assembly with precision resistors between I

the switches. These switches form a voltage divider network. The RSPT is !
adjacent to the CEA extension shaft and actuating magnet. The analog output
signal is proportional to the CEA position within the reactor core.

The three separate discrete position signals are contact closure signals from ]
the three separately located reed switches. These signals are an upper
electrical limit (UEL), a lower electrical limit (LEL), and a drop rod contact I

(DRC). The three discrete CEA position reed switches (UEL, LEL, DRC) give |
contact closure signals to the CEDMCS for use with the CEA positions in '

controlling the CEA and displaying position on the main control board.

The RSPTs send analog reed-switch position signals to the CPC (as discussed in
Section 7.2). CEA position information passes to the CPCs directly and the
CEACs. The CEACs display the position of each regulating rod, part-strength
rod, and shutdown rod upon operator demand ir, a bar chart format on Channels B
and C CPC operators modules at the main control board. The operator can also
address any analog position signal for display on the CPC operator's module.

The CEACs send CEA deviation information to the CPCs and a CEA deviation
al a rm. The deviation alarm is generated whenever the difference between the
highest and lowest CEA positions in a subgroup exceeds a predetermined
allowable deviation. The CPC uses the CEA deviation information in
determining power distribution for the low DNBR and high LPD trip functions.
Pre-trip alarms are initiated if the DNBR or LPD trip limits are approached.
A pre-trip alarm indication appears on the PPS operator's control panel (both
local and remote) and is displayed on the DIAS.

The DPS includes a validated CEA position CRT display, based on the RSPT and
CEDMCS pulse-counting CEA position information. The validation logic identi-
fies and alarms discrepancies between these two position-indication signals.
These indications satisfy the requirements of 10 CFR 50.34(f)(2)(xix) to
provide instrumentation adequate for monitoring plant conditions following an
accident that includes core damage.

7.5.2.5 Postaccident Monitoring
i

The PAMI allows the operator to assess the state of the plant during and after |

an accident. Most of these indications monitor instruments, equipment, or j

systems that respond automatically for the design basis event.
'

The MCR integrates the safety parameter display system (SPDS) with PAMI as
follows

l

1. Seismically qualified DIAS-P processors and displays are dedicated to
continuously monitor and display RG 1.97 Category 1 parameters. These
displays are located in the MCR safety-monitoring panel.

I2. Seismically qualified DIAS-N displays are integrated into the MCR panels
for normal operations and display RG 1.97 Category 1, 2, and 3 parameters.
These displays enable the operator to select various PAMI channels, and
are isolated from the DIAS-P displays.
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n 3. The DPS CRT displays all RG 1.97 variables in a manner that is isolated
( from the DIAS-P and DIAS-N. The DPS provides integrated displays for
v monitoring critical safety functions, inadequate core cooling (ICC), and

other safety-related plant parameters. The DPS also stores, retrieves,

and trends historical data. The DPS design includes isolated data links
to the onsite TSC and emergency operations facility (E0F) to enable the
operator to monitor plant conditions.

The list of preess parameters and the corresponding ranges conform to Table 3
of RG I.97.

7.5.2.6 Automatic Bypass Indication on a System Level

Section 7.1 describes automatic bypass indication on c system level.

7.5.2.7 Inadequate Core Cooling Monitoring Instrumentation

The ICC monitoring system detects the beginning of and recovery from a loss of
core-cooling capability. The sensor inputs for the ICC parameters are
signal-conditioned by the two-channel PAMI processors and transmitted to the
DIAS and DPS for primary display and trending. The instrument sensors that ,

monitor ICC progression are:

resistance temperature detectors (RTDs) in the coolant loops=

pressurizer pressure sensors*

G
reactor vessel level monitors using the heated ,iunction thermocouples*

core exit thermocouples (CETs)=

The signals from the RTDs in the hot legs and cold legs, the maximum tempera-
ture of the top three unheated thermocouples in the HJTCs, and the minimum
pressure from the pressure sensors in the pressurizer are combined in the
saturation margin monitors to indicate a loss of subcooling, the occurrence of
saturation conditions, and the achievement of subcooling following core
recovery.

The reactor vessel level monitors inform the operator of the reactor vessel
liquid inventory above the fuel alignment plate, and the progression of core
recovery after a core-uncovering event. The HJTC probe assemblies consist of
discrete HJTC sensors at different levels ranging from the top of the fuel
alignment plate to the reactor vessel upper head. The ICC monitoring system
includes two probe assemblies, each consisting of eight HJTC sensors, a
separator tube, a seal plug, and electrical connectors. The eight HJTC
sensurs are electrically independent. The output signals are sent to the DIAS
and DPS. DIAS-P generates an alarm signal when any of the HJTCs detects the
absence of liquid at any HJTC probe.

The CETs monitor water temperature at the exit of the core. This measurement
,

indicates the amount of core heatup during an ICC event. The CET signals are '

processed by the PAMI processors to produce a representative core exitp) temperature. This temperature will be either the maximum valid core exit
i3V temperature or a statistically derived value representing 95 percent of the !

|
ABB-CE System 80+ FSER 7-63 June 1994 |

1

4

- _ . _ _ _ _ _ _ .



temperature distribution. The DIAS and DPS process the output signal for |

displays and alarms. DIAS-P generates an alarm when any of the CET
temperatures reaches a value that indicates the probability of ICC. -

The display of the ICC information is described in Sections 7.5.2.7.1,
7.5.2.7.2, and 7.5.2.7.3.

7.5.2.7.1 DIAS Channel P

DIAS-P processing equipment provides continuous display of the SMM sensors,
,

the HJTC sensors, CETs, and all RG 1.97 Category 1 variables on the safety |
monitoring panel in the MCR. These displays are seismically qualified and ;

provide dedicated, validated indication of each ICC-sensed parameter. If the 1

variable cannot be validated by the DIAS algorithm, the condition will be
alarmed, and the operator can then select any input channel. Nevertheless, i

either a validated or individual channel is presented at all times. I

DIAS-P also generates an alarm signal when (1) any of the HJTCs detects the -

absence of liquid or (2) any of the CET temperatures reaches a value that
indicates the probability of ICC. The alarm signal is transmitted to the DPS
for display.

7.5.2.7.2 DIAS Channel N

The ICC-sensed parameters are also available on DIAS-N displays on the
applicable plant system section of the MCPS. These displays are seismically
qualified and present validated information.

The DIAS-N processing equiptrent validates signals from the saturation margin
sensors before determining the temperature saturation margin. The SMM is then
calculated from the minimum pressure input. The temperature subcooled or
superheated margin is based on the difference between the saturation
temperature and the sensor temperature input.

Three saturation margins are displayed: RCS saturation margin, upper head
saturation margin, and CET saturation margin. The RCS saturation margin is
based on the difference between the saturation temperature and the maximum
temperature from the RTDs in the hot and cold legs. The upper head saturation
margin is based on the difference between the saturation temperature and the
unheated junction thermocouple (UHJTC) temperature (based on the maximum of
the top three UHJTCs). The CET saturation margin is based on the difference
between the saturation temperature and the representative core exit tempera-
ture calculated from the CETs.

DIAS-N alarms when the temperature saturation margin reaches a secpoint of
11 *C (20 "F) subcooling [T -ll *C (20 'F)] for RCS or upper-head saturationg
margin. To avoid spurious indications, CET saturation is not alarmed.

7.5.2.7.3 Data Processing System Inadequate Core Cooling Displays

The ICC parameters are incorporated into the displays and alarm logic of the
DPS critical function-monitoring (CFM) computer program.

l
i
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The critical safety functions are directly monitored by a set of algorithms
!p) that process the measured plant variables to determine the status of the
C/ plant's safety function control. If any of the critical functions exceed

their setpoints, the DPS generates a CFM alarm. This critical function alarm
logic incorporates signals from tne ICC instruments.

The DPS ICC detection displays present an ICC summary page as part of the core
heat removal control critical function, supported by more detailed display
pages for each of the ICC variable categories.

The summary page includes the maximum of the RCS and upper head saturation
margins, the reactor vessel level above the core, and representative core exit
temperatures.

The DPS sends the operators additional information through the DPS CRTs in a
more comprehensive manner than can be produced by the DIAS-P and DIAS-N
processors. All DPS displays are consistent with the DIAS displays.

.-

Saturation margin, HJTC, CET, and ICC are presented in enhanced displays in
lower pages of the DPS, which the operator can access from the CRT touch
screens.

Section 7.7 describes the validation of this information.

The ICC indications satisfy the requirements of 10 CFR 50.34(f)(2)(xviii) to
provide instruments that provide in the control room an unambiguous indication
of inadequate core cooling.

b 7.5.3 Conclusions

The staff reviewed the information systems important to safety to determine
their conformance to the acceptance criteria presented in Section 7.5 of the
SRP. The following acceptance criteria and guidelines apply to the
information systems important to safety:

GDC 2, " Design Basis for Protection Against Natural Phenomena"*

GDC 4, " Environmental and Missile Design Basis"-

GDC 13, " Instrumentation and Control"=

GDC 19, " Control Room"=

GDC 2 and 4 are applicable to variables that are classified as Category I and
Category 2 in RG 1.97.

The staff used the following guidelines to evaluate the conformance of the
system design to the four GDC:

RG 1.47, " Bypassed and Inoperable Status Indication for Nuclear Power.

Plant Safety Systems"

RG 1.75, " Physical Independence of Electric Systems"*

RG 1.97, " Instrumentation for Light-Water-Cooled Nuclear Power Plants To=

Assess Plant and Environs Conditions During and Following an Accident"
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RG 1.105, " Instrument Setpoints for Safety-Related Systems"
|

=

Position 5 of RG 1.151, " Instrument Sensing Lines".

1

RG 1.152, " Criteria for Programmable Digital Computer System Software in i.

|Safety-Related Systems of Nuclear Power Plants"

NUREG-0696, " Functional Criteria for Emergency Response Facilities".

The information systems important to safety display information on the status
of the plant to allow the operator to perform manual safety actions when
recessary. The staff reviewed tables of system variables and component . states
to be indicated, and descriptive information about the information systems.
The staff also reviewed the acceptance criteria and guidelines listed above.
The staff concludes that the information systems important to safety meet the
requirements of GDC 2, 4, 13, and 19.

The staff reviewed the choices for systems and components of the information
systems that are designed to survive the effects of earthquakes, other natural
phenomena, abnormal environments, and missiles. The displays for Category I
variables (which include the PAMI parameters) are the DPS, DIAS-N, and DIAS-P.
Class IE qualification includes the entire instrument channel up to the
channel isolation device. Class lE signals are isolated either before
transmission to or within qualified I/O sections of the DIAS and DPS. The
DIAS displays and processing units are not Class 1E, but are seismically
qualified. The DPS also presents Category 1 variables, although it is
designed as a non-safety-related system with no functional seismic
qualification. Qualification of Category 2 variables is the same as for
Category 1 variables, except that display devices not used for Category 1
variables are not seismically qualified.

The DIAS and DPS equipment in the control room and other control building
areas are designed and qualified to remain functional after exposures to a
temperature range between 23 *C (73 "F) and 30 *C (85 *F)s at atmospheric
pressure,3 relative humidity from 23 percent to 100 percent, gamma exposures to
10 Gy (10 rad), and no exposure to chemical sprays. The temperatures reflect
equipment cabinet or panel ambient conditions. An additional 10 "C (18 "F) is
added to normal and abnormal temperatures to account for the increased '

temperature of subassemblies mounted inside cabinets and panels. The environ-
ment in the control building areas is maintained by Class 1E redundant HVAC
systems powered from independent Class lE power sources. The staff initially
contended that the DPS and DIAS digital equipment should be qualified for a
maximum temperature of 49 *C (120 "F) based on operating experience. This was
designated as Open Item 7.5.3-1. ABB-CE stated that the DPS equipment is
designed for 40 *C (104*F), and the DIAS equipment is designed for 55 *C
(132 *F). Since the DPS is not part of the safety-related equipment, the
lower qualification temperature for the DPS is acceptable. The staff finds
acceptable the qualification temperature of the DIAS equipment since it meets
the equipment qualification requirement of IEEE Std 279.

ABB-CE did not include sufficient information in the initial CESSAR-DC
regarding the monitoring of environmental conditions (e.g., temperature,
moisture, humidity, chemical pollutants) and conditions having the potential
for functional degradation (e.g., pipe breaks, fires, loss of ventilation,
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p\ spurious operation of fire protection systems) within the equipment. Operat-
ing experience shows that such monitors are necessary to alert plant personnel(d when equipment is operating in an environment beyond its design limits. This
was designated DSER Open Item 7.5.3-2.

ABB-CE later stated that each outside air intake location is monitored for the
presence of radioactivity, toxic gases (e.g., chlorine), and products of
combustion. The outside air intake is automatically isclated upon indication
of radiation, chlorine, or smoke in the air intake. If both air intakes
close, the operator can override the intake monitors, and by inspection of the
control room indications, select the least contaminated intake.

Instruments for the air conditioning systems indicate the temperature,
chlorine, and radicactivity levels. Early warning ionization-type smoke
detectors in the supply, return, and outside ductwork serve the control room
ventilation system.

Each cabinet containing DIAS and DPS computer equipment has a temperature
switch and associated alarm in the MCR to alert the operator if the
temperature within the cabinet reaches the upper limit specified for the
environment in that location.

Redundant, isolated divisions of safety-related equipment ensure that, in the
event of a fire, actuation of the fire suppression system will not affect more
than one division of safety-related equipment. Consequently, the effect of
fire suppression system water on the electronic components will be isolated
and will not hinder operation of the safety systems.p)

t
V The staff finds acceptable the means by which ABB-CE has addressed

environmental monitoring requirements for the DIAS and DPS since the
associated alarms alert plant personnel when the equipment is operating in an
environment beyond its design limits. This resolves DSER Open Item 7.5.3-2.
The HVAC design is acceptable and discussed in Chapter 9.

ABB-CE committed to qualify equipment in harsh containment environments in
accordance with the criteria of IEEE 323-1974, "IEEE Standard for Qualifying
Class IE Equipment for Nuclear Power Generating Stations"; RG 1.89,
Revision 1, " Environmental Qualification of Certain Electric Equipment
Important to Safety for Nuclear Power Plants"; and IEEE 344-1975, "IEEE
Recommended Practices for Seismic Qualification of Class IE Equipment for
Nuclear Power Generating Stations." The harsh environment is defined as
includingtemperaturesfrom43*C(110'F)to204*C(400'F);agaturatedand
superheatedmixtureofsteamandair,radiationTIDsupto4x10 Gy (4 x610 rad) gamma and 3.5 x 10 Gy (3.5 x 10s rad) beta, and 4,400 ppm boric acid
followed by a pH of 7.0-8.5 after 4 hours using trisodium phosphate
dodecahydrate. ABB-CE stated that no new harsh environment equipment will be
required for the System 80+ design beyond that previously qualified for the
System 80 design. This qualification conforms to the requirements of GDC 2
and 4.

The information systems important to safety conform to the guidelines for
instruments to access plant conditions during and after an accident, as stated

( in ANSI /ANS-4.5-1980, " Criteria for Accident Monitoring Functions in Light-
Water-Cooled Reactors," as supplemented by RG 1.97.
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The design includes redundancy for both the instrument channels supplying the i
signal and for the displays in the control room for Category 1 variables.
Instrument channels are electrically independent and physically separated from
each other and from non-safety-related equipment by qualified isolation
devices. The DIAS-P and DIAS-N displays give credited redundancy for the
display of Category 1 variables. These displays are electrically independent
and physically separated. The DPS also presents each Category 1 variable to j
avoid TS limitations for conditions when a DIAS channel is out of service. '

The DPS is physically separated and independent of both DIAS channels.
Independent Class lE power busses supply power for each redundant Category 1
sensor instrument channel, up to and including the channel isolation devices.
The DIAS-P proceming units and displays are powered from the isolated
Class IE, battery-backed, C and D instrument buses. The DPS is powered from
non-safety-related, battery-backed computer buses. The Category 2 variables
are displayed on DIAS-N and DPS with power supplies from the non-safety-
related instrument buses and computer bus, respectively. Both are battery
backed. The instrument channels are powered from the X or Y instrument bus.
The redundant information systems conform to the guidelines for the physical
independence of electrical systems in RG 1.75.

The ranges of the Category 1 indicators conforms to the ranges specified in
RG 1.97. Where the required range of the monitoring instruments results in a
loss of sensitivity during normal operating conditions, ABB-CE will install a
separate instrument channel. The sensor instrument spans and setpoints
conform to the guidelines of RG 1.105.

The staff reviewed the systems for which a bypassed or inoperable status is
'

indicated in the control room. The list of systems includes all of the ESF
component control systems and their environmental controls. The staff finds
that the bypass indications will give the operators timely information and
status so the operators can mitigate the effects of unexpected system
unavailabilities. The bypass indications satisfy the guidelines in RG 1.47.

The staff finds that the information systems important to safety conform to
the requirements of GDC 13 for monitoring systems and variables over their
anticipated ranges for normal operation, for anticipated operational occur-
rences, and accident conditions. Further, conformance to GDC 13 and the
applicable guidelines satisfies the requirements of GDC 19 for information
systems in the control room from which actions can be taken to operate the
unit safely under normal conditions and to maintain it in a safe condition
under accident conditions.

7.6 Interlock Systems Important to Safety

The staff reviewed interlock systems important to safety that operate to
reduce the probability of occurrence of specific events or to maintain safety
systems in a state to ensure their availability in an accident. These systems
include interlock systems to prevent overpressurization of low-pressure
systems (e.g., the SCS) when these systems are connected to high-pressure
systems (e.g., the RCS), interlocks to prevent overpressure of the RCS during
low-temperature operation of the reactor vessel, valve interlocks to ensure
the availability of the SITS, interlocks to isolate safety-related systems
from non-safety-related systems, and interlocks to preclude inadvertent

ABB-CE System 80+ FSER 7-68 June 1994

_. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

connections between redundant or diverse safety systems where such connections
exist for testing or maintenance.

The staff reviewed these systems and confirmed that such design considerations
as redundancy, independence, single f ailures, qualification, bypasses, status
indication, and testing are consistent with the design bases of these systems
and commensurate with the importance of the safety functions to be performed.

The concerns discussed in Sections 7.1, 7.2, and 7.3 apply to the digital
computer systems used in interlock systems.

7.6.1 Shutdown Cooling System Suction Line Valve Interlocks

The SCS is a low-temperature, low-pressure system that removes decay heat from
the RCS. The steam generators cool the RCS to approximately 177 *C (350 *F)
and 3,103 kPa (450 psia). Below these values, the SCS cools the RCS to
refueling temperatures and maintains these conditions for extended periods.

Redundant, motor-driven, interlocked isolation valves on each suction line
prevent overpressurization by preventing the suction line isolation valves F

from being opened if RCS pressure has not decreased below an acceptable value. L
The pressurizer pressure safety-related instruments are used to display RCS (pressure conditions.

The SCS interlocks are redundant so that any single failure will not cause a
suction line and heat exchanger to be subjected to pressures greater than
design pressure. The interlock cannot be overridden so that operator action
cannot inadvertently subject the SCS to RCS pressures. No single failure can
prevent the operator from aligning the valves on at least one suction line for
shutdown cooling after the RCS pressure requirements are satisfied.

Redundant relief valves on the suction lines prevent or mitigate overpressuri-
zation from pressure transients. These transients can be caused by inadver-
tent starting of SI pumps, charging pumps, inadvertent energization of the
pressurizer backup heaters, or a combination of these. The relief valves on
each suction line are set to ensure the system pressure remains below the
design limit of the SCS. The SCS relief valve positions are displayed in the
MCR and at the RSR. These indications satisfy the requirements of 10 CFR
50.34(f)(2)(xi) to provide direct indication of relief valve position.

Interlocks and valves will be tested in accordance with GDC 1 and 21, and
RGs 1.22 and 1.68, and the appropriate sections of IEEE 279-1971, 336-1985,
338-1977, and 603-1980.

The method for identifying power and signal cables and cable trays dedicated
to the instrument, control, and electrical equipment for the isolation valves
will conform to RG 1.75.

The instrumentation, control, and electrical equipment associated with the
interlocks will be seismically and environmentally qualified to operate under
all required design-basis events in accordance with the seismic and
environmental design commitments in SAR Sections 3.10 and 3.11.

|
- 7.6.2 Safety Injection Tank Isolation Valve Interlocks
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The SIS will inject borated water into the RCS upon receiving an SIAS and will
supply long-term cooling in conjunction with other systems after an accident.
The SITS inject borated water into the RCS if system pressure decreases below |

the SIT internal pressure. During normal operation, the motor-operated
isolation valve on each tank is open with power removed from its motor circuit
to eliminate the possibility of spurious closure. As the RCS pressure is i
reduced during plant shutdown, the low pressurizer pressure trip setpoint is
reduced to avoid inadvertent initiation of SI, the SITS are depressurized to a

1

value below the SCS design pressure, and the valves have their power restored |
and are closed. I

The SIT interlocks prevent the SITS from inadvertently pressurizing the SCS
while maintaining the SITS available in case of a LOCA. The isolation valves
are manually closed when RCS pressure decreases below 3,391 kPa (475 psig) so
that the SITS cannot overpressurize the SCS while the SITS are maintained at
some pressure above atmospheric. As RCS pressure increases, the SIT isolation
valves will automatically reopen at 4,259 Kpa (600 psig) to ensure that SITS
are available for injection during plant startup. If the isolation valves are
closed and an SIAS is received, the isolation valves will automatically open.
The SIAS overrides the interlock or any manual signal.

7.6.3 DIAS-N and Data Processing System Alarms

The DIAS-N and DPS include alarms for certain operational occurrences for
which no specific automatic actuation of a safety system is required. Both of
these systems include alarms but DIAS-N activates priority 1 tiles for both
systems. Alarms alert the operator to keep the plant operating within TS
limits and prevent equipment damage.

The DIAS-N and DPS alarms receive validated signals. The operator cannot
bypass these alarm systems and must acknowledge the audible alarms for each
channel individually.

7.6.4 Conclusions

The interlock systems important to safety are acceptable and meet the relevant
requirements of GDC 2 and 4. The basis for the staff's conclusion is
described below.

1. The staff reviewed of the interlock systems important to safety that
prevent overpressurization of the SCS when it is connected to the RCS.
The staff position for this interlock system is Branch Technical Position
(BTP) ICSB-3, " Isolation of Low Pressure Systems from the High Pressure
Reactor Coolant System." The staff concludes that the design of this
system satisfies the staff's guidelines on interlocks to prevent
overpressurization of low pressure systems.

2. The staff reviewed the interlock that prevents overpressurization of the
primary coolant system during low-temperature operation. The staff's
position for this interlock system is BTP RSB 5-2, "0verpressurization
Protection of Pressurized Water Reactors While Operating at Low i

Temperatures." The staff concludes that the design of this system satis- '

fies the staff's guidelines on interlocks to prevent overpressure of the '

primary coolant system during low temperature operation.
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- 3. The staff reviewed the interlock for the SIT-isolation valves. The
staff's position for interlock systems is in BTP ICSB-4, " Requirements for

d Motor Operated Valves in the [ Emergency Core Cooling System] ECCS Accumu-
lator Lines " The staff concludes that the design of these interlocks
satisfies the staff's guidelines on valve interlocks to assure the
availability of the safety injection tanks.

The staff concludes that the design bases are consistent with the plant safety
analyses and the systems' importance to safety. Further, the staff concludes
that the design for those systems is adequate to ensure that the systems meet
the functional performance requirements for single failures, redundancy,
independence, qualification, and testability.

7.7 Control Systems Not Reauired for Safety

7.7.1 Discussion

The staff reviewed I&C systems for normal operation that do not perform safety
functions after anticipated operational occurrences or accidents but control
those plant processes that affect plant safety. The control systems reviewed
are:

reactivity control systems=

pressurizer pressure control system (PPCS)a

pressurizer level control system=

megawatt demand setter=

feedwater control system (FWCS)-

steam bypass control system (SBCS)=

reactor power cutback system% =

boron control systema

in-core instrumentation system=

ex-core neutron flux monitoring systema

boron dilution alarm system=

alternate protection system=

process component control system*

cavity flooding system (CFS)-

hydrogen mitigation system (HMS)=

reduced RCS inventory instrumentation=

SGTR detection instrumentation=

advanced control complex (ACC)=

discrete indication and alarm system=

integrated process status overview=

nuclear steam supply system integrity monitoring system=

data processing system=

The acceptance criteria for the review of these systems are GDC 13, "I&C,"'and
GDC 19, " Control Room." These I&C systet s use digital technology to meet the
design requirements and, hence, the staff's concerns and positions in
Sections 7.1, 7.2, and 7.3 apply also to these systems.-

7.7.1.1 Reactivity Control Systems

Reactivity control systems are implemented in the power control system (PCS).O Reactivity is controlled by adjusting the CEAs for rapid reactivity changes
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and by adjusting the boric acid concentration for slow reactivity changes.
The RRS automatically adjusts reactor power and reactor coolant temperature to
follow turbine load transients within established limits. The RRS receives a
turbine load index signal and reactor coolant temperature signals. These
signals are processed to produce a temperature error signal that is then
biased by the power range neutron flux to generate a compensated temperature
error signal. The CEA rate program uses the temperature error signal to
determine CEA position adjustments, which are used by the CEDMCS to adjust CEA
positions. The operator may also control the CEDMCS manually from the CEDM
operator's module in the MCR.

If the measured average temperature is significantly higher than the reference |
temperature setpoint calculated from the turbine load index signal, an )automatic withdrawal prohibit signal is generated that prohibits the outward '

movement of the CEAs.
l

. The CEDMCS monitors CEA positions by counting the number of pulses within each
| CEDM as the CEDM is raised or lowered. The pulse-counting CEA position signal
' for each CEA is reset to zero whenever the rod drop contact in the reed-switch

housing is closed. This CEA position information appears as a digital display
among the control board displays.

| The CEDMCS sends position information signals to the DPS for the DPS CEA
monitoring displays and alarms and sends sigrals to the core operating limit
supervisory system (COLSS).

The CEDMCS receives a CWP interlock from the PPS based on high pressurizer
| pressure or a CPC pre-trip signal. This interlock stops the withdrawal of all
'

CEAs. The operator can override the CWP at the CEDMCS operator's module on
the MCP.

The CEDMCS receives four CMI interlocks, one from each of the CPCs. The
interlocks use a two-out-of-four configuration to stop CEA motion in both
directions. These interlocks are initiated when a CEA deviation is detected
by either of the two CEACs. The operator can override the interlocks
individually.

The CWP and CMI interlocks are linked to the PPS by a fiber-optic data link to
ensure separation and independence.

During plant startup and shutdown, and in all cases where the reactor power is
below a preset value, the CEAs must be manually controlled. Manual control
may be assumed at any other time.

A reactor trip causes the reactor trip switchgear to remove the input motive
power from the CEDMCS, releasing all CEAs and allowing gravity to insert them
into the core. CEDMCS is thus not required for plant protection.

7.7.1.2 Pressurizer Pressure Control System

The process-CCS includes the PPCS, which controls pressurizer heaters and
j spray valves to maintain the RCS pressure within specified limits. The

pressurizer supplies a water and steam surge volume to minimize pressure
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variations resulting from density changes in the coolant caused by RCS |
!temperature changes.

A proportional controller uses a pressurizer pressure signal to control the
proportional heaters. The heaters increase the pressure by generating
additional steam from the liquid volume in the pressurizer. If the pressure
continues to decrease, the backup heaters are automatically energized. If the

pressurizer pressure reaches a high setpoint, the heaters.are deenergized to
ensure the heaters will not further increase pressure. If the pressurizer
level decreases to a low-level setpoint, the heaters are deenergized to
prevent damage to the heaters. The heaters can also be manually controlled.

The pressurizer pressure signal is also used to control the pressurizer spray
valves. The spray valves connect two of the cold legs to the upper head of
the pressurizer. The cold-leg water temperature is less than the temperature
of the steam in the upper head of the pressurizer. Consequently, the cooler
water will condense the steam in the pressurizer upper head, and thereby lower
the pressurizer pressure. The spray valves can also be manually controlled.

7.7.1.3 Pressurizer Level Control System

The process-CCS includes the pressurizer level control system (PLCS), which ,

minimizes changes in the RCS inventory by using the charging pumps, the
charging flow control valves, and the letdown control valves in the CVCS.

During normal operations, the pressurizer level is programmed as a function of
the RCS average temperature to minimize the demands for charging flow and

O to its minimum preset value.
letdown flow. If the level is tco high, the PLCS throttles the charging flow

If the level is too low, the PLCS increases the

charging flow above the letdown flow, thereby increasing the RCS liquid
inventory.

The auto-manual control allows the operator to control level manually by
controlling the net charging flow rate by moving the charging and letdown flow
control valves.

7.7.1.4 Megawatt Demand Setter (MDS)

The PCS includes a MDS, which automatically coordinates turbine generator
control with specific plant parameters to prevent exceeding NSSS limits-
affected by load transients. The operator can perform this supervisory
function through the turbine control system (TCS) or, if load is set remotely,
manually or automatically through the MDS.

The MDS accepts increases and decreases in power load demands from either the
automatic dispatch system or from the local MDS panel. The MDS functions
similarly to the systems in Arkansas Nuclear One, Unit 2, and Waterford
Unit 3. Power demand is compared with various operating limits including
those from the PPS and the COLSS algorithms in the DPS. If the demanded load
rate of change exceeds the unit operating limits, an override limit is
generated to bring the turbine loading to a level that is consistent with the
operating limits.w
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The MDS calculates overrides based on NSSS trip, balance-of-plant (B0P), and
COLS$ limits. As a limit is approached, the maximum rate of load increase is
reduced to zero, thereby allowing the unit to smoothly attain the power
allowed by the unit limiting condition. If an operating limit is exceeded,
the MDS will generate a minimum negative rate, and thereby force a load
decrease.

Turbine limiting conditions are monitored and used to initiate MDS actions to
ensure consistency with TCS operation. These actions include taking the MDS
completely out of service for such major upsets as a turbine trip, since fast
turbine control actions are required to maintain grid stability during grid
frequency disturbances.

7.7.1.5 Feedwater Control System

Feedwater control functions are implementec a process-CCS. During plant
startup and shutdown, a constant-speed startup .eedwater pump supplies
feedwater flow to the steam generators through feedwater bypass control
valves, which are manually controlled to regulate steam generator water level.

The FWCS dedicated to each steam generator automatically controls the steam
generator downcomer water level during power operations ?en 5 percent and
100 percent. Steam generator level is controlled durin h following
conditions if all other control systems are operating i,, __.omatic mode:

steady-state operations=

1-percent-per-minute turbine load increases between 5-percent and-

15-percent NSSS power and 5-percent-per-minute turbine load increases
between 15-percer,t and 100-percent NSSS power

10-percent turbine load steps between 15-percent 100-percent NSSS.

power

loss of one of three operating feedwater pumps=

load rejections of any magnitude*

Below 15-percent NSSS power, the FWCS dynamically compensates for the steam
generator level signal by sending a flow demand signal to a downcomer valve |

program where a downcomer feedwater valve demand signal is generated. The
signal, or a manual signal from the operator, is passed to the downcomer i
valve. The signal controls the valve position. When the FWCS is in this
control mode, the economizer control valve is closed and the pump speed i

setpoint is set to near its minimum value.

As NSSS power increases above 15 percent, the downcomer valve closes and the !
economizer valve opens to regulate the feedwater flow into the steam genera- |tor. The steam generator level signal is compensated by the difference -

between the total feedwater flow rate and the total steam flow rate. The
resulting signal is subtracted from the level setpoint signal and sent through
a woportional plus integral (PI) controller to produce a total feedwater
t en nd signal . This signal produces an economizer valve demand signal. The
em ator can also control this signal manually.
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The signal is also used to produce a feed-forward demand signal for the

[mv}
feedwater pumps. The pump program generates a pump speed setpoint signal
which is passed to one of the feedwater pumps. The operator can also control
this signal manually.

The main feedwater system has three 50 percent capacity motor-driven main
feedwater pumps normally operating. The FWCS is designed to automatically
control steam generator level during a loss of one of three operating
feedwater pumps (excluding the startup feedwater pump).

The main feedwater system isolation valves (MFIVs) will close within 5 seconds
after receipt of a MSIS, even if the effects of a single failure are imposed.
The MSIS is actuated on high containment pressure, high steam generator level,
low steam generator pressure, or by manual actuation. The high steam
generator level trip feature addresses Unresolved Safety Issue A-47, " Safety
Implications of Control Systems."

7.7.1.6 Steam Bypass Control System

The SBCS is implemented in the process-CCS. The SBCS controls the positioning
of the turbine bypass valves through which steam is bypassed around the
turbine into the condenser. The SBCS increases unit availability by using the
turbine bypass capacity to remove excess thermal energy after turbine load
rejections by selecting turbine bypass control valves and controlling the
release of steam. This avoids unnecessary reactor trips and prevents the
opening of the pressurizer or secondary system safety valves.

(A) The reactor power cutback system (RPCS), which is implemented in the PCS,
'v operates with the SBCS to reduce the required capacity of the turbine bypass

valves. The SBCS maintains an even load on the reactor as the turbine is
brought up to load. When the reactor is heating up or cooling down the SBCS
removes excess NSSS energy and controls the rate of RCS temperature changes.

The valves can be automatically or manually modulated to control the flow of
the steam through the valve, and can be quickly opened to prevent rapid NSSS
pressure surges caused by heat sink rejections, and can be rapidly closed when
the condenser pressure exceeds a set pressure.

7.7.1.7 Reactor Power Cutback System

The RRS, PPCS, PLCS, MDS, FWCS, and SBCS work together to control minor
changes in power and flow expected during normal NSSS operation. However, the
PCS includes the RPCS to maintain the NSSS within the control band ranges
during certain large plant transients such i.s a large turbine load rejection,
turbine trip, or loss of one of three online main feedwater pumps. Under
these conditions, the NSSS can be maintained within the control band ranges by
reducing NSSS power more rapidly than by a normal high-speed CEA insertion.
Rapidly reducing NSSS power will also increase the thermal margin to
accommodate inward CEA deviations (including rod drops) without a reactor
trip.

The RPCS accommodates certain imbalances by dropping one or more preselected
(n) groups of full-strength CEAs into the core to reduce power incrementally. The
v RPCS also sends control signals to the turbine to rebalance the turbine and
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reactor powers, and to restore steam generator water level and pressure to
control values.

The RPCS receives signals indicating loss of any operating feedwater pump (two
signals for each pump), two cutback demand signals from the SBCS, and four
cutback demand signals from the CPCs (one signal from each CPC). A two-out-
of-two logic actuates the system for load rejections or loss of a feedwater
pump. A two-out-of-four logic actuates the system for CEA deviations to be
consistent with the two-out-of-four trip initiations from the CPCs and the
PPS. The CEDMCS two out of four logic for the CPC cutback demand may be
converted to two out of three during CPC maintenance. An operator may also
actuate the system manually.

005 CEA logic selects a predetermined pattern of CEA groups for the RPCS upon
receiving signals for NSSS power, CEA positions, and coolant temperatures.
The logic informs the RPCS of the CEA groups selected for dropping during a !

RPC. If the DPS CEA selection logic is inoperable, the RPCS control logic
switches to the manual select mode, in which the operator at the RPCS console
selects the CEA groups to be dropped. j

!
RPCS actuation initiates the dropping of the preselected pattern of CEAs. The '

CEDMCS prevents the RPCS from dropping CEA groups that are not intended to
drop for a RPC. Other groups of rods are inserted either automatically by the
RRS or manually by the operator as necessary. The actuation logic also
temporarily changes plant control to a turbine follow mode by rapidly reducing
turbine power to 60-percent power and further reducing power if necessary to
balance turbine power with reactor power.

'

7.7.1.8 Boron Control System

The process-CCS gives the operator information for regulating and monitoring
boron concentration in the reactcr coolant. The CVCS enables the operator to
control the dilution and addition of boron. Boric acid stored in the volume
control tanks can be added to the reactor coolant.

To assist the operator in maintaining the proper boric acid concentration in
the RCS, indications of boron in parts per million (ppm) are available on a
DIAS discrete indicator and the DPS displays. The operator can also use the
DPS to observe trends of the concentration. These signals are supplied by the
boronometer. Additional discrete indicators and CRT displays indicate reactor
makeup water flow and boric acid makeup flow, which can be used to determine
whether boron is being added or diluted.

7.7.1.9 In-Core Instrumentation System

The 305 in-core self-powered rhodium neutron flux instruments monitor the core
power distribution locations during operation. The design includes no
traversing in-core probes. These detectors are distributed so that the axial
power shape and the radial power shape can be readily determined. The signals
from the detectors are sent to the DPS for monitoring and display. The DPS
compensates for background radiation, beta-decay delay, and rhodium depletion
using digital signal-pracessing routines.
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The in-core instrumentation system determines the gross power distribution in(p the core for various operating conditions and sends the DPS data for
s

V estimating fuel burnup in each fuel assembly and for evaluating thermal
margins in the core.

The in-core detectors can send azimuthal and axial power distribution
information for calibrating the ex-core detectors. The safety-related ex-core
neutron flux monitoring system indicates the flux power and axial distribution
for the RPS.

7.7.1.10 Ex-Core Neutron Flux Monitoring System

The ex-core neutron flux monitoring system includes neutron detectors located
around the core and signal-conditioning equipment located in the control room
area.

Ex-core detector channels give the operator source level neutron flux
information during extended shutdown periods, initial reactor startup,
startups after extended shutdown periods, and following reactor refueling
operations. Each channel consists of two sections having multiple BF3

proportional counters; a preamplifier outside the reactor shield; and a
signal-processing drawer containing power supplies, a logarithmic amplifier,
and test circuitry. High-voltage power to the proportional counters is
terminated when the neutron flux is several decades above the source level to
extend the detector life. These channels send information for display and
audio count-rate but do not perform control or protective functions. Ex-core
detector channels also send the RRS flux information in the 1-percent tof

( 125-percent power operating range for automatic turbine load-following
A operations.

7.7.1.11 Boron Dilution Alarm System

The concentration of soluble boronin the RCS affects the control of reactivity
in the reactor core. The BDAL receives signals from the ex-core detectors to
detect boron dilution events while the reactor is in Modes 3 to 6. The DIAS
and DPS monitor the BDAL to ensure detection and alarming of the event.

The alarm setpoint is periodically automatically lowered to a fixed amount
above the current neutron flux signal. The alarm setpoint will only follow
decreasing or steady flux levels, not an increasing signal. The DIAS and DPS
CRTs display the current neutron flux indication and alarm setpoint. A reset
capability enables the operator to acknowledge the alarm and initialize the
system.

7.7.1.12 Alternate Protection System

APS functions are implemented as part of the process-CCS. The APS augments
the RPS to address 10 CFR 50.62 requirements for reducing the risk of
anticipated transients without scram (ATWS) and the use of ATWS mitigating
systems actuation circuitry (AMSAC).

A The APS design includes an alternate reactor trip signal (ARTS) and AFAS that
) are separate and diverse from the PPS. The ARTS equipment is a diverse means
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to decrease the possibility of an ATWS, and the AFAS provides added assurance
that a source of safety-related feedwater will be available following an ATWS.

The ARTS will initiate a reactor trip when the pressurizer pressure exceeds a
nominal setpoint of 16.7 MPa (2420 psia). Turbine-trip signals can also
initiate ARTS if the RPCS is not available. The ARTS circuitry is diverse
from that of the RPS. The ARTS design uses a two out of two logic to open the
CEDM motor generator output contactors, thus removing motive power to the
RTSS, thereby causing the CEAs to drop into the core.

The AFAS will initiate EFW when the level in either steam generator decreases
below 23.4 percent of the 0-1016 cm (0-400 in.) steam generator wide-range
level. The EFW components are actuated by sending isolated AFAS signals to
the CCL in the ESF-CCS.

The DIAS receives the ARTS and AFAS trip status, pressurizer pressure, and
steam generator 1 and 2 level parameters for display. The DPS receives the
same data as provided to DIAS.

The APS design requirements in 10 CFR 50.62, " Requirements for Reduction of
Risk From ATWS for Light-Water-Cooled Nuclear Power Plants," state that each
pressurized-water reactor must have equipment, from the sensor output to the
final actuation device, that is diverse from the RTS, to automatically
initiate the auxiliary (or emergency) feedwater system and initiate a turbine
trip under ATWS conditions. This equipment must perform its function in a
reliable manner and be independent (from sensor output to the final actuation
device) from the RTS. In its original submittal, ABB-CE stated that the EFW
actuation circuit design uses the CCL module in the ESF-CCS to satisfy the
ATWS rule. ABB-CE did not include sufficient information for the staff to
verify that this module is diverse from those in the RTS (DSER Open
Item 7.7.1.12-1).

ABB-CE clarified the iswe regarding the diversity of the EFW actuation
circuitry by stating that the protective system actuation of the EFWS uses
circuitry in the PPS and a component control module in the process-CCS. The
process-CCS is diverse and independent from the PPS and the ESF-CCS.
Initiation signals generated independently by the two systems are logically
combined in hardware downstream of the two systems, using " hardwired OR"
circuits, so that either systei can actuate the EFWS. This hardware is
located at the final actuation devices of the EFWS (i.e., the switchgear
controlling the EFWS pumps and valves). Isolation is provided at the
process-CCS signal to the " hardwired or" to maintain electrical isolation from
the ESF-CCS. This clarification regarding diversity between the EFWS
actuation modules in the PPS and the process-CCS resolved DSER Open
Item 7.7.1.12-1.

In the original submittal, the staff could not confirm a diverse turbine trip
capability. ABB-CE did not submit a detailed design of a diverse turbine trip
capability in the ATWS actuation circuits (DSER Open Item 7.7.1.12-2). ABB-CE
later stated the APS uses equipment from the sensor output to the final
actuated device that is diverse from the RTS to automatically initiate a
turbine trip under ATWS conditions. The AMSAC turbine trips are initiated by
undervoltage relays in the CEDMCS. Since this trip function is not part of
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p the PPS, the diverse turbine trip capability requirement in 10 CFR 50.62(c) is l

tb' satisfied. This resolves DSER Open item 7.7.1.12-2. !
!

In 10 CFR 50.62, each pressurized-water reactor (PWR) designed by Combustion
Engineering or Babcock and Wilcox must have a diverse scram system from sensor
output to interruption of power to the control rods. This scram system must 1

perform its function in a reliable manner and be independent of the RTS (from
sensor output to interruption of power to the control rods). The System 80+
ARTS is consistent with these requirements.

7.7.1.13 Process Component Control System (Process-CCS)

The process-CCS controls non-safety-related pumps, valves, heaters, and fans
and other components and sends process variables and CCS status information to
the DIAS and DPS for plant monitoring.

The system permits component assignments to independent non-Class IE subgroup
segments to minimize the plant impact caused by component or system-level
failures. Standard CCL and I/O links allow for the various types of
components to be controlled, as described in Section 7.3. The design includes
SCL to supervise subgroups of components and to generate system status
information for the DIAS and DPS. The design also includes master transfer
capability with isolation to disable all MCR controls and enable component
controls for the RSR.

The process-CCS Group Controllers include a sequencer to automatically start
and load the AAC source with essential non-safety loads during LOOP events

(Qj coincident with a loss of non-safety onsite power. When an EDG is out of
U_ service, this sequencer is blocked, permitting the ESF-CCS sequencer to

automatically load selected Class IE division loads.

The process-CCS accommodates both local and remote distribution of I/O
multiplexers. The system architecture uses multiple redundant CCL processors
with redundant internal data communications.

Both the ESF-CCS (described in Section 7.3) and the process-CCS are
microprocessor-based systems with programmable logic for their unique
component control applications. Diversity between the two designs is achieved
through the use of diverse microprocessors, software, and communication
networks to offer a defense-in-depth approach for ensuring maximum avail-
ability of normal and emergency systems. The staff concludes that this level
of diversity is acceptable since the likelihood of potential common-mode or
common-case failures of both the systems that can lead to the loss of the
required function is small. Section 7.2 contains the staff review and
acceptance of System 80+ I&C diversity.

7.7.1.14 Parameters Sensed by Control and Monitoring Systems

A control system may use redundant independent Class IE sensors from each
channel of the protection system. For each sensed parameter, the control
system monitors all four redundant instrument channels through fiber-optic
links to ensure electrical independence. Signal validation logic in the(q control and monitoring systems detects bypassed or failed sensors, therebyV; ensuring that these signals do not cause erroneous control actions. The
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' validation logic also selects the sensed value to be used in the control

system.

To ensure correct performance of the validation logic, it will be designed in
accord with the same quality assurance program as for Class IE systems. The

logic will be implemented within the respective control systems. The fiber-
optic links transmitting signals from the Class lE protection channels to the
control systems ensure that no electrical failures can adversely propagate
from the control systems to the protection system. This isolation logic
ensures that an electrical fault on any single sensor will not cause the
signal validation logic to fail. The sensors are qualified to operate in
adverse seismic and environmental conditions. Since the sensors are not
affected by such conditions, the protection system will not be impaired.

To ensure that no undetected failures exist within the signal validation
logic, three levels of testing are performed:

1. The hardware in which the logic is implemented is continuously tested to
detect electronic component failures.

2. The validation logic continuously transmits the controlling signal to the
DPS from the control system while the raw sensor data is transmitted to
the DPS from the protection system. The DPS calculates its own valid
signal and continuously compares it to the valid signal from the control
system. Unacceptable deviations are alarmed.

3. Sensor signals to the control system may be manually disturbed to verify
that the logic correctly discriminates the bad data.

7.7.1.15 Cavity Flooding System

The CFS directs flow from the IRWST to flood the reactor cavity during a
severe accident. The CFS is controlled manually from the control room. CFS

controls and instruments include independent indications powered from vital
power buses A and B, and independent controllers powered from the
corresponding vital power buses.

7.7.1.16 Hydrogen Mitigation System

The HMS allows adiabatic, controlled burning of hydrogen at low concentrations
during degraded-core accident conditions. HMS ignitors in separate channels
are manually actuated from the control room. HMS controls and instrumentation
are discussed in Section 6.2.5. Electrical power distribution is discussed in
Section 8.3. !

7.7.1.17 Advanced Control Complex ;

1

The Nuplex 80+ ACC design integrates I&C systems for the NSSS and B0P systems. |
The ACC comprises the MCR, computer room, RSR, the TSC and visitors gallery, j

the I&C equipment rooms, CEDMCS and non-lE power and equipment rooms, and
IE power and equipment rooms.

a l

The ACC is designed with consideration of exposure to fires that could result i

in damage and require MCR personnel evacuation. Redundant channels of
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Class lE equipment are located in different equipment rooms that have separate
/ and independent power supplies, HVAC, and 3-hour fire barriers. Master

transfer and isolation of controls and indications are provided for equipment
in the MCR and the RSR. The two control rooms are electrically isolated from
each other so that a fault in one room cannot propagate to the other room.

The ACC Class IE equipment is seismically qualified as seismic Category I, in
accordance with IEEE 344-1987, "IEEE Recommended Practice for Seismic Qualifi-
cation of Class IE Equipment for Nuclear Power Generating Stations." The
equipment is to be qualified for Environmental Category J conditions of
23-26*C(73-78'F)continuoustemperatureatatmosphericprespurewith
relative humidity of 20 to 60 percent continuous and 10 Gy (10 rad) gamma
integrated dose. Environmental Category J encompasses normal and DBA
conditions for the control room. The environmental qualification for other
control building areas is to be 29 *C (85 'F) continuous temperature at
atmospheric ppessure with relative humidity of 20 to 100 percent continuous
and 10 Gy (10 rad) gamma integrated dose.

In the original submittal, ABB-CE had not given the staff sufficient
information to evaluate provisions for monitoring the environmental conditions
(e.g., temperature, moisture, humidity, chemical pollutants) and conditions
that could cause functional degradation (e.g., pipe breaks, fires, loss of
ventilation, spurious operation of fire protection systems) within the
equipment. Operating experience indicates that such monitors are necessary
for alerting plant personnel to equipment operating in an environment beyond
its design limits. This was designated DSER Open Item 7.7.1.17-1.

) ABB-CE later stated that the HVAC and fire protection systems monitor the
/ environmental space around the equipment cabinets. The HVAC system and the

fire protection systems are discussed in Sections 9.4 and 9.5, respectively.
DSER Open Item 7.7.1.17-1 has been resolved as part of the staff's acceptance
of the HVAC design.

The MCPS are compact workstations that integrate miniature backlit component
control switches, process controllers, discrete indicators, alarm tiles,
message windows, and video display units (CRT, plasma, and electro-luminescent
displays) so that both safety-related and non-safety-related display devices
are routinely used by the operator.

The MCPS maintain structural integrity so that no control room missile hazards
result as a consequence of a seismic event. Any safety-related Class 1E
components mounted in the panels are seismically qualified to perform their
safety functions.

All NSSS and B0P instruments, controls, and alarms link to the DIAS, DPS, or
CCS for routing to the control panels; except for operators' modules dedicated
to specific plant components (e.g., PPS, TCS, CEDMCS).

To minimize the possibility of damage to multiple channels within the MCPS or
RSPs, the panels employ low-energy circuits (less than 50 V) to the maximum
extent possible, fire-retardant materials and smoke detectors, and
electrically independent channels of circuits.
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If multiple redundant channels are damaged, the MCR circuits are fault
isolated from the electronic components with which they interface. All MCP
and RSP circuits are passive. Momentary contacts are used for all switches
with the memory of control panel commands retained only in the electronic
circuits in the I&C equipment rooms. The MCR, RSP, and the I&C equipment
rooms are located in separate fire zones.

Control to the RSR is transferred in two steps. If a fire is detected within
an MCR panel section, power is removed from the affected panel section by
activating disconnect switches for each channel located within the MCR. This
transfer removes power from the affected panel components, preventing the
transfer of erroneous operator commands to the system electronic circuits in
the I&C equipment rooms. Control is then transferred to the RSR by activating
control transfer switches for each channel located at the exits of the MCR or
in the I&C equipment rooms.

The DPS includes links with the TSC, EOF, and nuclear data link as needed to
conform to NUREG-0696, " Functional criteria for Emergency Response
Facilities."

7.7.1.18 Discrete Indication and Alarm System

The DIAS displays and alarms include signal validation, automatic ranging,
alarm filtering, alarm prioritization, pattern recognition, and other features
to enhance the man-machine interface. The DIAS receives analog and digital
signals from both safety-related and non-safety-related systems, analyzes the
data, and presents the information to the operator on discrete indicators,
alarm tiles, and message windows located on the MCPS. The DIAS and DPS
integrate alarm and process status information in the panel displays. DIAS
supports continuous plant operation if the DPS becomes unavailable.

The DIAS is a segmented, distributed architecture. The system consists of a
DIAS-P segment for display of postaccident RG 1.97 variables and DIAS
channels N1 through N7 for the remaining parameters. Each segment consists of
I/O data links and multiplexers, CPUs, and display and alarm devices.

The segmented DIAS includes independent hardware and fault resistance. The
DIAS-P is physically independent from the remaining DIAS-N segments and the
DPS, so that a single failure will not cause a loss of more than one of the
three display methods (DIAS-P, DIAS-N, DPS). The redundant I/0 data links and
CPUs in each segment allow for transfer to the backup CPU without interrupting
the information being displayed on the control panel devices.

Fiber-optic data links provide isolation between the redundant safety-related |

channel I/O and DIAS CPUs, and between the DIAS CPUs, the MCP I/O multi- ;
'

plexers, and the RSP I/O multiplexers.

The data from both safety-related and non-safety-related sources is scanned at
a rate that accommodates the requirements for alarm checking, signal conver-
sion, and signal validation. The DIAS receives signals from the ESF-CCS, the
process-CCS, the PCS, the RTSS, ex-core and in-core nuclear instrumentation,
the CPCs, the NSSS integrity monitoring system, the PPS, electrical systems
components, HJTCs and CETs, and the motor-generator sets.
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g Input data, calculated values, or parameters for another DIAS segment are
available through a data network that interconnects each of the DIAS-N'

( segments. This permits sharing of all available plant data needed for the
signal validation and individual alarm logic algorithms. To maintain
independence, the DIAS-P is not part of this data network.

Redundant CPUs and data links permit on line maintenance, testing, and repair
without affecting the amount and quality of information displayed for the
operator. If the redundant CPUs and data links in the segment fail, the

ldiverse and independent DPS will control its alarms and displays with its own
data.

The DIAS CPUs use dynamic complementary metal-oxide semiconductor random
access memory so that the software for all tasks resides in memory and does
not depend upon mechanical rotating storage devices to function. The vital
instrument power buses connect to backup batteries to prevent loss of memory
caused by power interruptions and to automatically restart the system without
operator intervention. .

Power is distribute to each segment so that a loss of one division of Class IE
vital instrument bus power will affect only one of the redundant CPUs,
associated I/O multiplexers, or a set of control panel displays.

The DIAS processors for each segment control discrete indicators on the main
and remote shutdown control panels. The discrete indicators are flat-panel
display devices with touch screen controls, and allow the operator to access

p additional information that is normally not presented on the upper-level
displays.

DIAS processors control the discrete indicators for each segment. The DIAS
processor receives signals from safety-related and non-safety-related instru-
ment channels and performs a validation and range selection process, which
includes comparing the signal to those from the postaccident monitoring
channel (s) . The DIAS processor sends the output signal to the appropriate
discrete indicator device. Selected parameters are displayed continuously
with alternate parameters available for display if selected at the discrete
indicator.

Each discrete indicator has a CRT access selector to retrieve appropriate
menus for related detailed data on CRT displays. The discrete indicator sends
the menu selection to the DPS through the DIAS-DPS data link, which transmits
all validated parameter values from the DIAS to the DPS for display on the
CRTs. The DPS independently performs the validation algorithm and
periodically checks its results against the DIAS results. If the DPS finds a
discrepancy in the validated parameter, it actuates a discrepancy alarm. The
failure of an individual discrete indicator does not affect the DIAS CPU,
which will continue validating data and transmitting validated data to the DPS
and IPS0 for display.

If the DIAS logic cannot validate a parameter, it informs the operator by
means of a discrete indicator, so that the parameter of choice can be se.lected

p and displayed. If DIAS-N parameter validation is inconsistent with the DPS
validation, the operator will use the DIAS-P display for monitoring and if
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necessary, based on the DIAS-P indications, take appropriate safety actions |
'

with the hardwired control switches.

The DIAS-P and various DIAS-N segments each a ntain duplicates of the
algorithms for monitoring ICC. These same algorithms are also duplicated in
various DIAS-N segments. The DIAS-P indicators will continuously display
alphanumeric values for all RG 1.97 Category 1 parameters. The parameters
selected by ABB-CE for monitoring postaccident conditions conform in type and
range with those recommended in RG 1.97.

Individual DIAS segments are designed so that a failure of one segment's
processor or a communications link will not affect any other segment's alarms.
Although additional failures may result in the degradation of one (or more)
segment's displays, the DPS CRT display and printer log will continue to
independently alert the operator to alarms and alarm discrepancies and display
descriptive alarm information.

Class 1E instrument channels are seismically and environmentally qualified up
to and including the channel isolation device (fiber-optic modems) so that the
instrument channel is not degraded. This is consistent with guidance in
Table 1 of RG 1.97.

The DIAS displays and CPUs are designed as non-Class 1E to meet the require-
ments for control room and electronic equipment room ambient temperature,
pressure, and humidity [29 *C (85 'F), 20- to 100-percent humidity at atmo-
spheric pressure]. All DIAS displays and CPUs are seismically qualified for
physical and functional integrity to ensure information will be available in
the control room.

The DIAS does not perform a safety function since it only monitors and
displays data; however, it is designed in accordance with a quality program
commensurate with the intended use of the equipment. All DIAS I/O equipment
is qualified to avoid generating faults that would degrade Class 1E signals
from Channels A, B, C, and D. The qualified Class IE fiber-optic data links
maintain isolation.

7.7.1.19 Integrated Process Status Overview

The integrated process status overview (IPS0) displays DPS and DIAS-N informa-
tion at a single location that the operators and supervisory personnel require
for quickly assessing overall plant status. The IPS0 is a large top-level DPS
CRT display above the master control console in the MCR. The display indi-
cates Priority 1 alarms calculated by the various DIAS-N segments, deviations
from control setpoints, key parameter values, and system operational status
and nonoperational availability in a schematic representation. The IPS0
displays the major heat transport path systems and systems that are required
to support the major heat transport process, either power or safety related.
These systems include those that must be monitored for availability according
to RG 1.47.

The IPS0 is a redundant system powered by battery-backed non-vital instrument
buses. If the IPS0 fails, the operator can monitor the DIAS display to assess
plant conditions.

;
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The IPS0 will maintain physical integrity during seismic events.
' 7.7.1.20 NSSS Integrity Monitoring System

The NSSS integrity monitoring system detects selected conditions that indicate
a deterioration or that could lead to a deterioration of the RCS pressure
boundary. The system consists of the internals vibration monitoring system
(IVMS), the acoustic leak monitoring system (ALMS), and the loose parts
monitoring system (LPMS).

The IVMS supplies data from which changes in the motion of the reactor
internals can be detected. The IVMS also supplies data that can be used to j

diagnose the reasons for these changes. The IVMS uses time variations in the
neutron flux measured by the ex-core neutron detectors, which are caused by
changes in the neutron path lengths caused by motion of the reactor internals.

The ALMS detects leaks at specific locations or within specific components in
the primary system. The ALMS is designed to meet relevant guidance of
RG 1.45, " Reactor Coolant Pressure Boundary Leakage Detection Systems." The
ALMS provides one method of determining the position (closed or not closed) of
the pressurizer safety valves as defined by RG 1.97. The ALMS uses piezoelec-
tric accelerometers attached to the components for which the leak is to be
detected. Leakage of a fluid results in turbulent fluctuations in pressure,
sending stress waves through the component, which are detected by the acceler-
ometers. Signal conditioning results in an indication of a possible leak at
that component.

A

iV) The LPMS detects loose parts within the primary pressure boundary and supplies
diagnostic information to assist in determining (1) the nature of the loose|
part (fixed or free), (2) the location of the loose part, and (3) the charac-i

teristics of the loose part (size, mass, velocity). The system is designed to
meet the guidance of RG 1.133, " Loose Part Detection Program for the Primary
System of Light-Water-Cooled Reactors."

The LPMS uses accelerometers attached to the components for which the loose
part is to be detected. The impact of a loose part on the boundary surface of
a system sends a series of waves through this boundary, which are detected by
the accelerometers. Signal conditioning results in an indication of the size,
mass, velocity, and location of the part.

7.7.1.21 Data Processing System

The DPS is a computer-based system that gives the operator plant status
information from plant sensors, other I&C systems, and self-contained algo-
rithms in application programs. The DPS provides this information on a real-
time basis and as historical data (such as for trends).

The DPS acquires data through data links from the other plant systems;
validates sensed parameters; executes NSSS application programs and B0P
performance calculations; monitors plant safety and general status; presents
safety parameter status, and calculation results for CRT display in the

o control room, TSC, and E0F; maintains logs; and determines alarm conditions.
I i
V

i
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The DPS comprises host processors, intelligent display processors, CRTs, and
other support devices. The host processors use software applications to
process the received data and transmit computed results to the intelligent i

display system. The intelligent display system processes the data for display
on the CRTs, and processes operator requests made on the CRT touch screens.

Through host processor, peripheral redundancy, and a distributed design, the )
DPS accommodates the failure of any single hardware element so that no single
failure within the DPS will disable any of the DPS functions. DPS data links
acquire plant process data from other plant systems and transmit it to the
host processors. The data links between the host processor and plant I&C
systems are fiber-optic for isolation.

Each host processor has a system console for the programmer and consists of a
dual CPU. One CPU is dedicated to 1/0 and demand tasks, the other CPU is
dedicated to periodic tasks.

|

High-speed line printers record information for the programmer, control room
operating staff, TSC, and E0F.

The DPS control room operator primarily uses touch screen color CRT work-
stations and other touch panel devices, such as annunciator tiles.

All applications are programmed using structured programming rules and tech-
r,i:;ues . The software comprises modular, structured programs. DPS online
operation minimizes reliance on any electromechanical peripherals. All major
applications are memory resident and are structured to allow continued
execution in the event of a disk, printer, or magnetic tape failure. ABB-CE
states that these critical function monitor software modules are verified and
validated in accordance with Nuclear Safety Analysis Center 39, " Verification
and Validation for Safety Parameter Display Systems." ABB-CE responded to the
staff's RAI on software V&V (DSER Open Item 7.7.1.21-1) by submitting a SDP.
The staff's acceptance of the SDP, as discussed in Section 7.1.4, resolved
DSER Open Item 7.7.1.21-1.

The DPS NSSS application programs give the operator information and alarms to
assist in maintaining the plant within specified limits and to evaluate the
performance of the reactor core. These applications are:

core operating limit supervisory system=

CEA position monitoring-

CEA PDIL/PPDIL monitoring*

CEA out-of-sequence monitoring=

CEA deviation monitoring*

CEA trip program-

CEA reassignment.

CEA exposure accumulationa

in-core detector processinga

xenon reactivity prediction*

reactivity balance=

CPC deviation monitoring.

CEAC deviation monitoring*

PPS deviation monitoring.

critical function monitoring.
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time-dependent variables processing--

reactor power cutback CEA selection.

d data snapshot collection programa

historical data storage and retrievala

sequence of events j-

ESF computer-aided test program ;=
!

The DPS contains the following application programs for evaluating B0P
performance: 4

feedwater heater performance calculations.

condensate pump performance calculationsa

steam generator performance calculationsa

unit generation calculationsa

turbine performance calculationsa ,

moisture separator reheater performance calculations*

The DPS contains the CFM application program, which includes the critical
plant power production function and safety functions. The DPS integrates
crucial power production monitoring with TMI Action Plan requirements for ICC
monitoring and SPDSs. The algorithm also monitors the success path for safety ~

>system critical functions.

The CFM application program displays the status of the following critical
functions:

core reactivity control*

core heat removale
,

' reactor coolant system inventory control*

reactor coolant system pressure control=

reactor coolant system heat removal control :-

containment environment control*

containment isolation control.

radiological emission controla

steam and feed systems controla

vital auxiliary systems control-

electric generation control !*

ultimate heat rejection control.

-.

The success path monitoring (SPM) program continuously monitors the status and
performance of the plant systems and components to determine their ability to
satisfy the first eight of the critical safety functions listed above.

The SPM program displays the success path status for each critical safety ,

function and initiates alarms when they become bypassed or inoperable.

7.7.2 Conclusions

The plant control systems and equipment will be highly reliable during steady- ,

state operation and anticipated transient conditions. The reactor protection I

system FMEA discussed in Section 7.2 encompasses the failure modes of these
control systems and demonstrates that these systems are not required for. j

O continue functioning after an accident.
safety. The safety analyses in SAR Chapter 15 do not require these systems to :

!

|
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The staff reviewed the control systems used for normal operation that are not
relied upon to perform safety functions but that control plant processes
having a significant effect on plant safety. These control systems include
the reactivity control systems and the control systems for the primary and
secondary coolant systems.

The functional design of the control systems is acceptable and meets the
relevant requirements of GDC 13 and 19. This conclusion is based on the
staff's review of the plant transient response to normal load changes and
anticipated operational occurrences such as reactor trip, turbine trip, and
upsets in the feedwater and SBCSs. The control system functional designs can
maintain system variables within operating limits. This meets the requirement
of GDC 13.

ABB-CE stated that the APS uses equipment from the sensor output to the final
actuated device that is diverse from the RTS to automatically initiate a
turbine trip under ATWS conditions. The AMSAC turbine trips are initiated in
undervoltage relays of the CEDMCS. Since this trip function is not part of
the PPS, the diverse turbine trip capability requirement in 10 CFR 50.62(c) is
satisfied.

The staff reviewed features of the control systems for both manual and
automatic control of the process systems to maintain plant variables within
prescribed operating limits. The control systems permit actions to operate
the plant safely during normal operation, including anticipated operational
occurrences; therefore, the control system functional designs satisfy the
requirements for normal plant operation in GDC 19, " Control Room."

The conclusion of the analysis of anticipated operational occurrences and
accidents as presented in SAR Chapter 15 have been used to confirm that plant
safety is not dependent upon the response of the control systems. The staff
confirmed that failure of the systems themselves or as a consequence of
supporting systems failures, such as power sources, does not result in plant
conditions more severe than those bounded by the analysis of anticipated
operational occurrences.

The staff confirmed that the effect of anticipated operational occurrences and
accidents does not result in control system failures that would cause plant
conditions more severe than those bounded by the analysis of the events, and
the staff finds that the control system functional designs are not relied upon
to ensure plant safety.

The staff finds that the EFW actuation circuit design uses CCL modules that
are diverse from the ESF-CCS to satisfy the ATWS rule (10 CFR 50.62). The
staff finds that the ARTS is designed to perform its function independent of
the RTS. In a subsequent submittal, ABB-CE corrected the design drawing,
thereby resolving DSER Open items 7.7.1.12-1 and 7.7.1.12-2.

ABB-CE gave the staff sufficient information to verify that the design
includes appropriate provisions for monitoring the environmental conditions
(e.g., temperature, moisture, humidity, chemical pollutants) and conditions
such as pipe breaks, fires, loss of ventilation, and spurious operation of
fire protection systems that could degrade funct.ional capability of the
equipment. Operating experience indicates that such monitors are necessary to
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alert plant personnel when the equipment is operating in an environment beyond ,

its design limits.

The reliable functioning of the PPS and the non-safety-related systems depends
upon the reliable operation of the multiplexers in the diverse digital
networks. ABB-CE addressed multiplexer vulnerabilities by (1) evaluating
high-quality multiplexers that meet the requirements of industrial standards,
(2) assessing vulnerabilities to CMFs, and (3) using hardwired essential
systems controls that bypass the multiplexer networks.

In the original submittal, ABB-CE stated that the DPS provides non Class IE
redundancy for the DIAS. ABB-CE did not describe the data communications
network protocols to be used for the diverse data communication networks.
ABB-CE is considering using ArcNet for the DIAS network, and EtherNet for the
DPS network. EtherNet local area networks are vulnerable to failure when the
data rate on the network approaches the network limit. If the DIAS network
fails, increased traffic on the DPS network may cause a complete loss of
indications and alarms. The staff required that ABB-CE address the perfor-
mance criteria and the testing methodologies for the data network designs.
ABB-CE must ensure that the data networks can perform reliably during high-
traffic periods of operation. These issues were designated DSER Open
Item 7.7.3-1.

ABB-CE later stated that the DIAS network communicates data from the data
acquisition processors to the display devices at a constant rate. All of the
data from the data acquisition nodes is communicated all of the time and
always at the same frequency. A change in plant state will change the values
communicated for some parameters, but will not change the number of parameter(' values communicated in a communication cycle. The arrangement of information
on a display screen is stored in the display device, and therefore, does not
need to be communicated over the network when the display selection is
changed. Thus, a change in plant state or operator activity at the display
devices does not change the data communication load on the DIAS network.

5

The DIAS is designed in such a way that the desired data communication uses
only 50 percent of the capacity of the network. The capacity is determined by
analysis and confirmed by test. Since the communication load is constant, and
well within the network capacity, adequate response time performance can be
assured. Performance will be tested to ensure that actual communication loads
are within bounds, such that actual response time performance satisfies the
design criteria.

The principal communication load on the DPS network is data sent for updating
dynamic parameters on display screens. The arrangement of information on a
display screen is stored in the display device, and therefore, does not need
to be communicated over the network when the display selection is changed.
When a display is selected, the display device communicates its data needs to
the data acquisition processors. The data acquisition processors then send
updated values for the requested parameters with every communication cycle,
whether or not the parameter values have changed. Thus, the network communi-
cation load does not depend on the plant condition, since the same number of
parameters is communicated every cycle. The network load depends upon the
total number of different parameters which the data acquisition processors are,

\ called upon to put on the network to update the active displays. The DPS is
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designed to provide a 1-second update of dynamic data under worst case loads,
based on the maximum number of display devices and the most demanding resul-
tant total for different dynamic parameters to be updated.

The capability to provide for historical data trends on the DPS may call for
large data file transfers from one or more of the data acquisition processors.
A test will be performed to verify the network response time meets the update
criteria for the worst-case file transfer scenarios during maximum data
communication loads.

The DIAS and DPS data networks are electrically separated, independent, and
diverse from each other. Since the DPS normally provides displays for the
complete plant data base, which includes a redundant display of DIAS informa-
tion, a failure of the DIAS would not increase the communication load of the
DPS network. _

The staff finds ABB-CE's description and the design of the data networks
acceptable because the design of the diverse data systems reduces the likeli-
hood of loss of both systems at the same time. This resolves DSER Open
Item 7.7.3-1 regarding network protocols, performance and testing methodolo-
gies.

O

O
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designed to provide a 1-second update of dynamic data under worst case loads,pi based on the maximum number of display devices and the most demanding resul-
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The capability to provide for historical data trends on the DPS may call for
large data file transfers from one or more of the data acquisition processors.
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The DIAS and DPS data networks are electrically separated, independent, and |
diverse from each other. Sinue the DPS normally provides displays for the 1

complete plant data base, which includes a redundant display of DIAS informa-
tion, a failure of the DIAS would not increase the communication load of the j

DPS network. {

The staff finds ABB-CE's description and the design of the data networks
acceptable because the design of the diverse data systems reduces the likeli-
hood of loss of both systems at the same time. This resolves DSER Open
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8 ELECTRIC POWER SYSTEMS I

8.1 Introduction

In Section 8.1, Table 8-1 of the Standard Review Plan (SRP) (Revision 3,
July 1983), the staff states the primary acceptance criteria for evaluating
the adequacy of a nuclear power plant's electric power systems. Among these
acceptance criteria and guidelines are the applicable general design criteria
(GDC) and guidelines of branch technical positions (BTPs), regulatory guides
(RGs), and staff reports. The staff issued RG 1.153, " Criteria for Power,
Instrumentation, and Control Portions of Safety Systems," and RG 1.155,
" Station Blackout," after it issued Revision 3 to the SRP, and the staff used
the guidelines from these regulatory guides as the bases for evaluating the
adequacy of the System 80+ electric power system design. In addition, the
staff proposed applicable regulations for electrical distribution, as follows:

(1) at least one offsite circuit to each redundant safety division supplied
directly from one of the offsite power sources with no intervening non-
safety buses in such manner that the offsite source can power the safety
buses upon failure of any non-safety bus.

(2) an alternate power source that is provided to a sufficient string of
n non-safety loads so that forced circulation could be maintained, and the

(V) operator has available a complement of non-safety equipment that would
most facilitate the ability to bring the plant to a stable shutdown
condition, following a loss of the normal power supply and plant trip.

The staff has determined that conformance to the applicable GDC and guidelines
cited above is a sufficient basis for accepting the electric power systems for
the System 80+ design.

ABB-CE referenced more recent versions of the Institute of Electrical and
Electronics Engineers (IEEE) standards that have not been endorsed by the
Commission. In the draft safety evaluation report (DSER) of Srr:tember 1992,
the staff stated that if it had not formally endorsed the newer version of an
IEEE standard being referenced by ABB-CE, the differences between the newer
version and the version endorsed by the Commission must be identified,
justified, and approved for use on the System 80+ design to m ure that design
criteria used are as conservative as those in the standards currently approved
by the staff. Industry codes and standards is an NRC policy issue
(SECY-91-078, Section II.B of Enclosure 1 to SECY-93-087).

In SECY-91-078, the staff recommended that the Commission approve the posi-
tion, consistent with past practice, that it will review both evolutionary and ,

passive plant design applications using the latest codes and standards that i
'the NRC has endorsed. The staff will review unapproved revisions to codes and

standards on a case-by-case basis. In its August 15, 1991, staff requirements
p memorandum (SRii), the Commission approved the staff's position. This was

designated as DSER Open Item 8.1-1.
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In a subsequent submittal, ABB-CE described differences between staff-approved
IEEE standards and the current version of those IEEE standards which have not i

1been endorsed by an NRC regulatory guide. However, for some IEEE standards,
ABB-CE did not clarify which version of an IEEE standard that the System 80+
design complies with. In a meeting held on February 9, 1993, the staff asked
ABB-CE to specify the changes between the old and current version of IEEE
standards that are deemed applicable for the System 80+ design. By letter
dated June 11, 1993, ABB-CE submitted that information. The staff reviewed
this information and concludes that ABB-CE has noted the differences between
the old and updated IEEE standards which the NRC has not formally endorsed,
has justified the differences, and has addressed the specific requirements of
those standards that are committed for the design. The design criteria of the
updated IEEE standards are as conservative as those standards formally
endorsed by the staff. On this basis, DSER Open Item 8.1-1 is resolved. The
requirements of the NRC policy issue on industry codes and standards are
satisfied.

In the sections that follow, the staff presents its evaluation of the Sys-
tem 80+ offsite electric power system design, the onsite electric power system,

design, and the manner in which these designs satisfy the acceptance criteria1

cited above.

8.2 Offsite Power System

The offsite power system is the preferred source of power for the System 80+
design. This system comprises the grid, transmission lines, transformers,
switchgear components, and associated control systems that supply electric
power to safety-related equipment and other equipment. The electrical grid
supplies energy for the offsite power system. The basis for the design of the
offsite power system (assuming that the onsite power systems are not avail-
able) is to supply sufficient capacity and capability to ensure that the
specified acceptable fuel dssign limits and design conditions of the reactor
coolant pressure boundary will not be exceeded and to ensure that core
cooling, containment integrity, and other vital functions will be maintained
in the event of postulated accidents. The staff's objective is to determine
that the design of the offsite power system satisfies the requirements of
GDC 17, " Electric Power Systems," and GDC 18, " Inspection and Testing of
Electric Power System," and that the system will perform its design functions
during normal plant operations, anticipated operational occurrences, and
accident conditions.

| 8.2.1 Offsite Power System Outside the System 80+ Scope of Supply
|

Two separate and independent transmission lines from the transmission system
terminate in the two different switchyards (preferred switchyard Interface I
and preferred switchyard Interface II). Separate and independent overhead

| lines will connect the main and reserve auxiliary transformers of the Sys-
| tem 80+ design to the switchyards. The portion of the two separate and

independent circuits from the utility grid system to the high terminal of the
main transformers and reserve transformers is not within the scope of the Sys-

| tem 80+ design. GDC 17 requires that electric power from the transmission
j network to the on-site distribution system be supplied by two physically
| independent circuits and GDC 18 requires that electric power systems important
j to safety be designed to permit appropriate periodic inspection and testing to
1
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satisfy these requirements, ABB-CE noted the following requirements for

O offsite transmission lines for combined license (COL) applicants who reference
the System 80+ design:

(1) The design shall include at least two separate and physically independent
circuits from the transmission network, each capable of supplying the
plant's necessary safety loads and other equipment.

(2) The grid that supplies offsite power shall remain stable for (a) a sudden
loss of the largest single supply to the grid (b) a sudden loss of the
largest load or a major load center, and (c) the outage of the most
critical transmission line, including the sudden loss of all lines on a
common right-of-way, the sudden loss of a substation, and the delayed
clearing of a three-phase fault at any point on the system because a
breaker failed to open.

|
'(3) The COL applicant shall analyze the stability of the grid. This analysis

shall demonstrate that the 13.8-kilovolt (kV) non-safety buses do not
subject the reactor coolant pumps (RCPs) to sustained frequency decays in
excess of 3 Hertz per second (Hz/sec).

(4) To satisfy the flow conditions for the reactor coolant system (RCS)
assumed in the CESSAR-DC Chapter 15 safety analyses, there shall be at |

'least a 3-second time delay between a turbine trip and the loss of
offsite power (LOOP).

p In the DSER, the staff requested that ABB-CE add to the CESSAR-DC the follow-

(v) ing requirements regarding Item 1 (above) for that portion of the offsite
power circuits that are outside the scope of design certification:

(a) The two designated offsite power transmission lines shall be physically
separate and independent. The COL applicant should design and route

I these lines to minimize, to the extent practical, the likelihood of their
simultaneous failure under postulated accidents. No other lines should'

cross above these two circuits. The COL applicant should route these
circuits to ensure that no single event, such as a tower falling or a
line breaking, can simultaneously affect both circuits in such a way that
neither can be returned to service in time to prevent fuel design limits

; or design conditions of the reactor coolant pressure boundary from being
exceeded.

(b) The two designated offsite power circuits shall terminate at two switch-
yards that are physically separate and electrically independent to the
extent practicable. The COL applicant should specify which source (imme-
diate or alternate) shall be available from the low-voltage switching
station.

(c) The physical design of the switchyards should minimize the probability of
a single equipment failure causing the simultaneous or sequential loss of
both offsite power circuits.

(d) The COL applicant shall connect the above transmission lines to the main(nV) transformer and reserve auxiliary transformer by separate and inde-
pendent overhead lines. The COL applicant shall route these lines and

ABB-CE System 80+ FSER 8-3 June 1994
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their associated instrumentation and control circuits in such a way that
a single event would not cause the simultaneous or sequential loss of
both offsite power circuits.

(e) The COL applicant shall design the switchyard components to permit
periodic inspection and testing in accordance with GOC 18. The design
shall include the capability to periodically test the operability and
functional performance of the components of the systems under conditions
as close to the design function as practicable.

(f) Each switchyard shall have two redundant and independent 125-V dc power
systems to supply 125-V de power for all relaying, control, and monitor-|

|
ing equipment in the switchyards.

(g) The breakers for each switchyard shall have redundant and independent ~

trip circuits powered from two independent 125-V de power sources.

| Two independent protective relaying schemes shall protect each switch-(h)
yard.

These eight issues were designated as DSER Open Item 8.2.1-1.

In Amendment L, ABB-CE revised CESSAR-DC Sections 8.2.1.2, 8.2.1.3, 8.2.1.6
and 8.2.2.1 to include these requirements for that portion of the offsite
power systems that is outside the System 80+ scope of design certification.
The staff concludes that the inclusion of the above requirements will minimize
to the extent practical the likelihood of simultaneous failure of the two
designated offsite sources under operating, postulated accident, and post-
ulated environmental conditions. These provisions satisfy the independence
requirements of GDC 17, and are acceptable. On this basis, DSER Open
item 8.2.1-1 is resolved.

By letter dated July 29, 1991, the staff informed ABB-CE that the grid
stability criteria for the offsite power system, as discussed in Item 2
(above), did not include the loss of the largest single supply to the grid to
ensure that loss does not result in the loss of grid stability and the
availability of offsite power to the plant. By letter dated December 20,
1991, ABB-CE revised CESSAR-DC Section 8.2.1.6 to include this requirement.
This is consistent with SRP Section 8.2.III.l.f and is acceptable.

For Item 3 (above), ABB-CE took credit for the RCP coastdown and, therefore,
the COL applicant will be required to demonstrate that the effects of electri-
cal grid disturbances on its grid are such that the limiting underfrequency
decay rate of 3 Hz/sec is not exceeded. In Amendment Q, ABB-CE included this
as an interface requirement.

For item 4 (above)., ABB-CE assumed a time delay of 3 seconds between a turbine
trip and the LOOP for (1) feedwater line break, (2) RCP locked rotor,
(3) steam generator tube rupture, (4) inadvertent opening of the steam
generator atmospheric dump valve, and (5) chemical and volume control system
pressure level control system malfunction with a LOOP event. Previously, the
accident analysis for the System 80 designs assumed a 3-second time delay for
a steam generator tube rupture and RCP locked rotor events. ABB-CE proposed a
3-second time delay between a turbine trip and a LOOP for all these events.

ABB-CE System 80+ FSER 8-4 June 1994
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The assumption of a time delay between a turbine trip and the LOOP was based *

on technical data that were derived from actual power grids.

On March 31, 1982, the applicant for CE System 80 sent the technical data on
actual power grids to the NRC. ABB-CE used the information from this report
to calculate the frequency response of the grid over time to a loss of a
1300-MW System 80 plant and applied the generating deficiencies caused by the
loss of this plant to a model of the frequency response of the Florida
electrical system to determine time to LOOP. The Florida peninsula was
considered to have more power system disturbances than any other area of the
United States.

In this analysis, ABB-CE modeled the loss of a System 80 plant by assuming
that the grid lost 10 percent of its generating capacity when the turbine
tripped. ABB-CE assumed that the plant lost offsite power instantly at a grid
frequency of 57.6 Hz for all System 80 plants. The staff was concerned that
the analysis may be outdated and may not represent current grid conditions and
design philosophy.

The staff has always required that the time of LOOP should be assumed conser-
vatively. Traditionally, for all accident analyses with a LOOP, the offsite
power has been conservatively assumed to be lost simultaneously with the
occurrence of the accident or event. In the DSER, the staff stated that

ABB-CE was not being conservative in this respect. Therefore, the staff

required that a 3-second time delay not be assumed between turbine trip caused
by reactor trip and LOOP for all the above events, especially in the design of

p advanced reactors which are expected to offer enhanced safety margins for
public health and safety. This was designated as DSER Open Item 8.2.1-2.

In a subsequent submittal, ABB-CE informed the staff that in order to satisfy
RCP flow conditions assumed in CESSAR-DC Chapter 15, " Accident Analyses," a
3-second time delay between turbine trip and subsequent LOOP event will no
longer be assumed in the System 80+ accident analysis. In Amendment Q, ABB-CE
revised CESSAR-DC Section 8.2.2.1 to remove reference to a 3-second time delay
between turbine trip and LOOP. Consequently, a 3-second time delay between
turbine trip and LOOP is no longer assumed for accident analyses. On this
basis, DSER Open Item 8.2.1-2 is resolved.

8.2.2 Offsite Power System Within the System 80+ Scope of Supply

The offsite power system for the System 80+ design includes the set of
electrical circuits and associated equipment that will be used to interconnect
the offsite transmission system, the main generator of the plant, and the
onsite electric power distribution systems. It includes the main trans-
formers, the unit auxiliary and reserve transformers, and the isolated phase
buses, with their associated auxiliary systems, protection relays, and instru-
mentation and control.

The immediate offsite power circuit for the System 80+ design will be either
(1) the main generator circuit in the backfeed direction from the transmission
network through the main stepup transformer to the unit auxiliary transformers

m or (2) a direct feed from the reserve auxiliary transformers. The COL
,} applicant may select the immediate offsite power source, as needed according
L to the reliability of switchyard sources. This aspect of the design is
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discussed in detail in Section 8.3.1 below. If the COL applicant selects the
backfeed circuit as an immediate offsite source, this circuit will be the
normal source of power for all plant loads (Class lE, non-safety-related, and
permanent non-safety-related) during all modes of operation. To initiate this
backfeed, a low-voltage generator circuit breaker must disconnect from the
generator. The generator circuit breaker is on the isolated phase bus between
the main generator and the connection point of the unit main and unit auxil-
iary transformers. The generator circuit breaker will meet the guidelines of
Appendix A to SRP Section 8.2. It will have the capability to interrupt the
system's maximum fault carrent. Verification testing will include, as a
minimum, all tests outlined in Section B.2 of Appendix A to SRP Section 8.2.
An alternate offsite power circuit from the two dedicated reserve auxiliary
transformers will be a second source of offsite power to the Class IE loads,
some non-safety-related loads, and permanent non-safety-related loads when the
immediate offsite power circuit is unavailable.

If a direct feed from the reserve auxiliary transformers is an immediate
offsite power source, then the backfeed circuit will be an alternate offsite
power source.

Before and during startup of the nuclear unit, the power from the transmission
system will be supplied through the main transformers and the unit auxiliary
transformers by disconnecting the generator circuit brenker. After the unit
generator attains rated speed, the unit generator will be connected to the
system by closing the generator circuit breaker.

ABB-CE stated that a will maintain at least 15 meters (m) (50 feet (ft))
between the two unit auxiliary transformers and between the unit auxiliary
transformer and the main transformer. The reserve auxiliary transformers will
be located on the opposite side of the plant. A minimum distance of 137m
(450 ft) will be maintained between the reserve auxiliary transformers and the
unit auxiliary transformers.

1
- In the DSER, the staff stated that such separation between the immediate and

alternate offsite power circuit transformers will minimize to the extent
practicable the likelihood of simultaneous failure of both immediate and
alternate offsite power circuits and was acceptable. However, since the
routing of the circuits from these transformers to the onsite distribution
system was not addressed, the staff needed the following additional informa-
tion from ABB-CE:

(1) the routing of the power circuits from the reserve auxiliary transformers
and unit auxiliary transformers to the input terminals of the Class IE
buses, and the associated instrumentation and control circuits, to
minimize to the extent practicable the likelihood of simultaneous failure
of both normal and alternate offsite power circuits under operating and
postulated accident and environmental conditions

(2) the source of control power for each of the offsite power circuits that
feeds the redundant Class IE buses

These issues were designated as DSER Open Item 8.2.2-1.

Subsequently, in Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.1.1.5,
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A to specify routing of the power, control, and instrumentation circuits from
f the reserve auxiliary transformers and unit auxiliary transformers. The

physical separation and electrical independence between these circuits is
achieved in the following manner. The normal and alternate offsite circuits
are routed from the switchyards to their respective transformers by overhead
lines. The unit auxiliary transformers are separated from each other and from
the reserve auxiliary transformers and from the main transformer by a minimum
of 15m (50 ft). The isolated phase duct bank or cables or both located
outside the turbine, control, and reactor buildings, that are affiliated with
the normal offsite power circuits, are separated by a minimum of 15m (50 ft)
from the reserve auxiliary transformers. Likewise, the cables located outside
the turbine, control and reactor buildings that are affiliated with the
alternate offsite circuit are separated by a minimum of 15m (50 ft) from the
unit auxiliary and the main transformers. ,

Once cables enter the plant, separation of normal and alternate offsite power
circuits within the nuclear annex, turbine, control and reactor buildings is
maintained by fire-rated floors and walls, except within the switchgear room
where they are routed on opposite sides of the room and are connected to the
switchgear lineup on the opposite ends.

The instrumentation and control cables that are affiliated with the normal
offsite circuits are routed in solid, metal raceways corresponding to the load
group of their power source. Similarly, the instrumentation and control
cables that are affiliated with the alternate offsite circuit are routed in
dedicated raceways. The alternate offsite power circuit instrumentation and
control cables do not share raceways with any other cables. The separation- ~

between normal and alternate offsite power instrumentation and control cablesg

are the same as the separation between normal and alternate offsite power%

cables (i.e., floors, walls, or 50 ft of physical separation) except (1) at
the switchgear, where they are routed to opposite ends of the medium voltage
switchgear, and (2) inside the main control room (MCR), where they are

~
,

separated by routing the circuits in separate raceways.

There are no electrical interconnections between the normal and alternate
offsite power, instrumentation and control circuits except where the power
circuits connect to common Class IE and non-Class lE switchgear lineups. At
the common switchgear, one open and one closed circuit breaker maintain
electrical independence. These breakers are interlocked so that the closed
breaker must be opened before the open breaker can be closed.

|

Similarly, the main generator and main generator circuit breaker power
'

circuits are separated from the reserve auxiliary transformer power feeders by
a minimum of 15m (50 ft), or by fire-rated walls or floors. Outside the MCR,
the main generator and generator circuit-breaker instrumentation and control
circuits are separated from the reserve auxiliary transformer's instrumen- i

tation and control circuits by a minimum of 15m (50 ft), or by walls or
fl oors . Within the MCR, the main generator and generator circuit-breaker !

control and instrumentation circuits are separated from the reserve auxiliary
transformer control and instrumentation circuits by routing the circuits in
separate raceways.

On this basis, the provisions for separating the normal and alternate offsite
power circuits and isolating the instrumentation and control cables will
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minimize to the extent feasible the likelihood of simultaneous failure of both
normal and alternate offsite power circuits under operating, postulated
accident, and ' postulated environmental conditions. Therefore, the indepen-
dence requirements of GDC 17 are satisfied and the provisions are acceptable.

With regard to the source of control power for each of the offsite power
circuit breakers that feeds the redundant Class IE buses, ABB-CE stated that
it will come from the redundant Class IE batteries. This satisfies the
independence requirements of GDC 17 and is acceptable.

On this basis, ABB-CE's approach to DSER Open Item 8.2.2-1 is acceptable and
DSER Open Item 8.2.2-1 is resolved.

The applicant will design each unit auxiliary transformer to have sufficient
capacity and capability to power one division of Class IE, non-safety-
related, and permanent non-safety-related loads. Each reserve auxiliary -

transformer will be designed to have sufficient capacity and capability to
power one division of Class IE and permanent non-Class IE loads. In addition,

each reserve auxiliary transformer will have the capacity to power one RCP and
its auxiliaries.

Although the staff stated in the DSER that this design af the unit auxiliary
and reserve auxiliary transformers was acceptable, AP,B-CE had to submit addi-
tional information on sizing of these transformers to verify that adequate
capacity will exist for the given loads. This was designated as OSER Open
Item 8.2.2-2.

ABB-CE submitted additional information on sizing of unit auxiliary and
reserve auxiliary transformers. The two reserve auxiliary transformers are
sized to supply, within their self-cooled rating, the most conservative power
requirements of its associated Class lE buses (switchgear, load centers, and
motor control centers (MCC)), the most conservative power requirements of its
associated permanent non-safety bus (switchgear, load centers, and MCCs), and
power requirements of at least one RCP and its support systems. Additional
margins of 33-1/3 percent and 66-2/3 percent are gained by such auxiliary
cooling as forced air (FA)/ forced oil (F0)/ forced oil and air (F0A) to allow
for future load growth. Likewise, the unit auxiliary transformers are sized
to supply within their self-cooled rating the most conservative requirements
of its two 13.8-kV non-safety buses, one 4.16-kV bus and its associated load
centers and MCCs, one 4.16-kV permanent non-safety bus and two 4.16-kV
Class lE buses with their associated load centers and MCCs. Additional
margins of 33-1/3 percent and 66-2/3 percent are gained by such auxiliary
cooling as FA/F0/F0A to allow for future load growth.

In Amendment Q, ABB-CE revised CESSAR-DC Sections 8.1.3.B.5 and 6 to include
the additional information. On this basis, the staff concludes that the unit
auxiliary and reserve auxiliary transformers will have sufficient capacity and
capability to ensure that (1) specified acceptable fuel design limits and
design conditions of the reactor coolant pressure boundary will not be
exceeded as a result of anticipated operational occurrences and (2) the core
will be cooled, and containment integrity and other vital functions will be
maintained in the event of postulated accidents. Therefore, the normal and
alternate offsite power transformers will satisfy the capacity and capability
requirements of GDC 17 and are acceptable. On this basis, DSER Open
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/ Item 8.2.2-2 is resolved.

In CESSAR-DC Section 8.2.1.4, ABB-CE states that all systems, equipment, and ;

components associated with the immediate and alternate offsite power circuits '

have the capability of being tested during plant operation. However, in the
DSER, the staff asked ABB-CE to include the following information to ensure ;

that the requirements of GDC 18 with regard to testing and inspection of
electric power systems important to safety are satisfied:

(1) List the components of the offsite power system that can be tested during i
power operation and describe the rationale for components that are not
tested during power operation.

(2) Describe the process for testing the functional capability and for !
calibrating the instrumentation, control, and protection systems associ- !

ated with the normal and alternate circuits of the offsite power system. |
i

(3) Describe the process and frequency of periodically verifying that the
alternate offsite power circuit is energized and is connected to the
appropriate Class IE distribution to ensure its availability.

This was designated as DSER Open Item 8.2.2-3.

In Amendment Q, the ABB-CE revised CESSAR-DC Section 8.2.1.4 to include
systems, equipment, and components associated with the offsite power circuits 1

that will not be tested during power operation and gave the rationale for |
components that are not tested during power operation. All systems, equip-

'

ment, and components associated with the immediate and alternate offsite power j
circuits, testing of the generator breaker and transfer of power from normal
to alternate offsite power source will be tested during startup and shutdown
and not during power operation. The instrumentation, control, and protection ,

systems associated with the normal and alternate' offsite circuits will be
periodically calibrated to perform their required function during power t

operation. The switchyard systems and components will be periodically tested j
and inspected during shutdown. 1

Detailed test procedures will be developed for testing the functional capabil- |
#ity and for calibrating the instrumentation, control, and protection systems

of the immediate and alternate circuits of the offsite power systems. The
design of high- and medium-voltage bus ducts gives ready access for regularly '

inspecting, cleaning, and tightening terminals, and for regularly inspecting ,

and cleaning insulators.

Breaker alignment and indicated power availability for each of the required
offsite power circuits will be verified once every 7 days to ensure that the !

normal and alternate offsite power circuits are energized and connected to the i
appropriate Class IE bus. ;

The test and inspection intervals for systems, equipment, and components of
the offsite power systems will be established and maintained in accordance '

'with the guidelines of IEEE 338-1977, Section 6.5.

On this basis, the testability requirements for systems, equipment, and
components associated with immediate and alternate offsite power systems in
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the System 80+ design will ensure that electrical systems and components
important to safety are designed to permit appropriate periodic inspection and '

testing. This satisfies the periodic testing and inspection requirements of
GDC 18 and is acceptable. On this basis, DSER Open item 8.2.2-3 is resolved.

8.2.3 Grounding

The CESSAR-DC did not address the system design and performance requirements
for the plant grounding systems and surge protection systems. By letter dated
July 29, 1991, the staff requested a discussion of lightning protection for
the main, unit auxiliary, and reserve auxiliary transformers.

By letter dated June 14, 1992, ABB-CE stated that the COL applicant will
protect the main, unit auxiliary, and reserve auxiliary transformers from
lightning. ABB-CE also stated that the lightning protection for dry-type
transformers will be considered in the final design.

In the DSER, the staff stated that this response was inadequate and required
ABB-CE to address the following Electric Power Research Institute (EPRI)
guidelines regarding plant grounding and lightning protection:

(1) The plant grounding grid, consisting of bare copper cables, shall limit
the step and touch potentials to safe values under all fault conditions.

(2) The grounding system shall have bare copper risers for all electrical
underground ducts and equipment, and for connections to the grounding
systems within buildings.

(3) The design and analysis of the grounding system shall follow the proce-
dures and recommendations of the latest revision of IEEE 665.

(4) Each building shall have grounding systems connected to the plant
grounding grid. As a minimum, every other steel column of the building
perimeter will be connected directly to the grounding grid.

(5) The main generator shall be grounded with a neutral grounding device
having an impedance that shall limit the maximum phase current under
short circuit conditions to a value not greater than that for a three-
phase fault at its terminals.

(6) Suitable grounding device (s) shall ensure proper grounding of the
isophase buses when the gencrator is disconnected from the isophase
buses.

1

(7) The onsite medium voltage ac distribution system shall be resistance
grounded at the neutral point of the low-voltage windings of the unit
auxiliary and reserve transformers.

|

(8) The neutral point of the generator windings of the onsite standby power
| supply units, Class IE and non-Class IE, shall be grounded through
| distribution-type transformers and loading resistors sized for continu-
| ous operation with a ground fault.
.

(9) The neutral point of the low-vcitage ac distribution systems shall be

. ABB-CE System 80+ FSER 8-10 June 1994
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!

.

either solidly or impedance grounded, as necessary to properly coordi-
) nate ground fault protection. ;

(10) The dc systems shall be ungrounded.
!

(11) Each major piece of equipment, metal structure, or metallic tank shall r

have two ground connections diagonally opposite each other. ;

(12) The ground bus of all switchgear assemblies, MCCs, and control cabinets
shall be connected to the plant ground grid through at least two

,

parallel paths. :

(13) One bare copper cable shall be installed with each underground electri- !
cal duct run, and all metallic hardware in each personnel hatch shall be ,

connected to this cable. ;
:

(14) Plant instrumentation shall be grounded through separate radial ground-
,

ing systems, consisting of isolated instrumentation ground buses and
insulated cables. The instrumentation grounding systems shall be !
connected to the plant grounding grid at one point only and shall be 1

insulated from all other grounding circuits. .

(15) The plant analog and digital instrumentation systems shall have separate i

instrumentation grounding systems. :

i

(16) All major plant structures, including the containment enclosure build- ,

ing, shall be protected from lightning. The lightning protection shallO be in accordance with the National Fire Protection Association's
Lightning Protection Code, NFPA-78, and the Nuclear Energy Property|

Insurance Association's Basic Fire Protection for Nuclear Power Plants. ;

(17) Each phase of all tie lines connecting the plant electrical systems :

to the' switching station (s) and offsite transmission system shall be ;

protected by lightning arresters. These arresters will be connected to
the high voltage terminals of the main stepup and reserve transformers. .

(18) Plant instrumentation and monitoring equipment located outdoors or
connected to outdoor cables shall have built-in surge-suppression
devices to protect the equipment from lightning-induced surges.

.

:

These issues were designated as DSER Open item 8.2.3-1.
,

In Amendment Q, ABB-CE added Section 8.3.1.1.9 to the CESSAR-DC, " Grounding i

and Lightning Protection Criteria." This new section addresses compliance |with all the EPRI guidelines regarding plant grounding and lightning protec-
tion with the exception of Item 15 (above). For this item, ABB-CE stated that
separate ground buses for digital- and analog instrumentation system are not
necessary or practical because many vendor-supplied systems contain both
analog and digital components in the same cabinets and they do not supply ,

separate ground buses for these components. Further, separate buses would '

require a significant amount of cabling and more congested cabinets. Also, :

IEEE 1050-1989, "IEEE Guide for Instrumentation and Control Equipment |O Grounding in Generating Stations," does not require separate ground buses for I

analog and' digital systems. This justification is acceptable. Further, the
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inclusion of each of the EPRI plant grPJnding guidelines With the exception of
Item 15 will ensure that plant structures, systems, and equipment will be
appropriately grounded and protected ftom lightning. Therefore, this design
is consistent with the protection and independence requirements of GDC 17 and
is acceptable. On this basis, DSER Open Item 8.2.3-1 is resolved.

8.3 Onsite Power Systems

8.3.1 Onsite Class IE AC Power System

The onsite Class lE ac power system includes those standby power sources,
distribution systems, and vital supporting systems that supply power to
Class lE equipment. The safety function of the at onsite power system is to
provide capacity and capability sufficient to ensure that the structures,
systems, and components important to safety perform as intended. The staff's
objective is to determine whether the ac onsite power system has the required
redundancy, meets the single-failure criterion, is testable, and has the
capacity, capability, and reliability to supply power to all required safety
loads, in accordance with GDC 2, 4, 17, and 18.

The onsite Clasr IE ac power system consists of two redundant and independent
4.16-kV enginewed safety feature (ESF) distribution systems, each with their
480-V load centers and MCCs,120-V ac vital power system, and the emergency ac
power supplies. Each of the two 4.16-kV safety buses consists of two buses (A
and C for Division I and B and D for Division II). In the original design,
the immediate offsite power source for the 4.16-kV ESF buses was back-fed
through the main stepup transformer to the unit auxiliary transformers by
opening the generator breaker to disconnect the generator from the transmis-
sion network. The alternate offsite power source to the 4.16-kV ESF buses was
through two reserve auxiliary transformers, each having a dual winding
secondary, one winding of which fed one 4.16-kV safety bus through its
associated permanent non-Class IE bus, and the other winding fed two of the
13.8-kV non-safety buses. The reserve auxiliary transformer primary winding
was connected directly to the low-power switchyard (preferred switchyard
interface II).
By letter dated July 29, 1991, the staff informed ABB-CE that feeding the
safety buses from the offsite power sources through non-safety buses was not
the most reliable configuration. In this configuration, the safety loads are
subjected to transients caused by the non-Class 1E loads and add additional
failure points between the offsite power sources and safety loads. To
overcome these shortcomings, the staff recommended energizing the safety buses
directly from the two reserve auxiliary transformers. The staff also recom-
mended retaining the supply from the unit auxiliary transformer through the
permanent non-safety buses to the safety buses as a manually switched alter-
nate power supply. Powering safety buses directly from offsite power source
is an NRC policy issue (SECY-91-078, Section II.B of Enclosure I to
SECY-93-087).

In SECY-91-078, the staff recommended that the Commission approve the staff
position that an evolutionary plant design should include at least one offsite
circuit to each redundant safety division supplied directly from one of the
offsite power sources with no intervening non-safety buses in such a manner
that the offsite source can power the safety buses upon a failure of any
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q non-safety bus, in its August 15, 1991, SRM, the Commission approved the
staff's position.

By letter dated December 20, 1991, ABB-CE revised its design to add a direct
feed from the reserve auxiliary transformers to each of the Class lE buses.
ABB-CE retained a manual feed from the permanent non-safety buses to the
safety buses. This satisfies the requirements of this policy issue and the
staff's proposed applicable regulation and is acceptable.

ABB-CE later advised the staff that it would allow the COL applicant to choose
whether to normally feed the safety buses from the reserve auxiliary trans-
formers cr through permanent non-safety buses. The COL applicant would make
the choice after considering the specific needs at the site, including the
voltage and reliability of the switchyard source. If the circuits from the
reserve auxiliary transformers are not selected as the normal offsite power
source to the redundat Class IE buses, these connections to the redundant
Class IE buses will be alternate offsite power feeds. The COL applicant would

,

manually connect a safety bus to its alternate power supply circuit. !

Although the staff preferred to have safety buses normally fed directly from !
the offsite source, the staff also recognized that this design feature must be
viewed in the context of the overall design of the electrical system design,
and that some of the design concepts and objectives, such as the three-tier '

concept and the objective to simplify the design, affect the choices. In the
DSER, the staff concluded that either operating mode satisfied the require- '!

ments of GDC 17, regarding two physically independent circuits from the +

transmission network to the onsite distribution system and, therefore, either
could be acceptable. However, the COL applicant needed to specify normal and ,

alternate modes selected when it specifies the design requirements for offsite
power systems. This was designated as COL Action Item 8.3.1-1.

Subsequently, in Amendment Q, ABB-CE added a new section, CESSAR-DC Sec- :
tion 8.1.4.5, " COL Action Items," to address COL action items. Item A of this
section requires the COL applicant to specify the immediate and alternate .

sources of offsite power for the 4.16-kV Class 1E buses based on its site i

reliability analysis of normal and alternate offsite power sources. This ;

satisfies the staff's requirement and is acceptable. ;

i

The Class IE onsite power systems have sufficient capacity and capability to i

mitigate the effects of an accident assuming LOOP. The two divisions of the
Class IE onsite power and distribution systems are independent. In accordance ,

with the guidance of RG 1.6, the loads and sources will not be transferred i

between redundant safety buses. |
i

The redundant Class IE onsite power systems in the System 80+ design will be
'

located in seismic Category I structures. The Class IE switchgear, load ,

centers, MCCs, and the emergency diesel generators (EDGs) of redundant load
groups will be located in separate rooms of seismic Category I buildings that- 2

protect against the effects of natural phenomena and missiles. This condition ;

satisfies the requirements of GDC 2, " Design Bases for Protection Against j
Natural Phenomena," which requires that Class 1E systeins, equipment, and
components be designed to withstand the effects of natural phenomena without
loss of capability to perform their safety functions. The Class IE systems
have been designated to be seismically and environmentally qualified to'
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withstand the environmental conditions associated with normal operation and
postulated accidents. This satisfies the requirement of GDC 4, " Environmental !
and Dynamic Effects of Design Bases," which requires that Class lE systems, |
equipment, and components be designed to accommodate the effects of and to be
compatible with the environmental conditions associated with normal operation,
maintenance, testing and postulated accidents.

In CESSAR-DC Section 8.3.1.1.7, ABB-CE requires that all the Class lE 4.16-kV
safety division breakers be equipped with redundant trip coils and with two i

Isources of control power, one for each redundant circuit. By letter dated
July 29, 1991, the staff requested that ABB-CE list the sources of control
power supply for these breakers, including the separation criteria.

By letter dated January 14, 1992, ABB-CE responded that having redundant trip
coils for Class lE 4.16-kV safety-related circuit breakers increases the
reliability of the 4.16-kV breaker trip function. One of the power sources
would be from the Division I battery and the other would be from the associ-
ated channel battery of the same division. ABB-CE stated that since these two
batteries are in the same division separation between the two trip coil
circuits is not required. In the DSER, the staff stated that one coil could
be powered from a channel of a different color and, in that case, separation
would be required. Therefore, the staff required that ABB-CE clarify this
design to the staff. This was designated as DSER Open Item 8.3.1-1.

In Amendment Q, ABB-CE clarified the power sources for the redundant trip
coils for Class lE 4.16-kV safety-related circuit breakers. The power source
for the Division I Class lE 4.16-kV circuit-breaker redundant trip coils is
from the Division I battery and the Channel A battery, which do not require
separation (both are red). Likewise, the power sources for the Division 11
Class lE circuit breaker redundant trip coils are from the Division 11 battery
and the Channel B battery, which do not require separation (both are green).

1 Since the control power supply of the redundant trip coils for Class lE
4.16-kV circuit breakers are from the same division batteries, no separation
would be required. This resolves the staff's concern and is acceptable. On

this basis, DSER Open Item 8.3.1-1 is resolved.

8.3.1.1 Non-Class IE AC Power Systems

The onsite power distribution system for the System 80+ design is arranged in
three tiers. The first tier of systems consists of the distribution systems
feeding non-safety-related loads required exclusively for unit operation.
These systems can be fed from the main generator and from the offsite power
system, through a backfeed configuration, when the main generator is unavail-
able. These systems can also be fed through the reserve auxiliary transformer
to power a large load on these buses.

The second tier consists of the distribution systems supplying power to
|

permanent non-safety-related loads that are generally required to remain
operational at all times. These loads are normally fed from the same source'

| that feeds the first-tier loads, but they can also be fed from a second
independent offsite source or a combustion turbine generator (CTG) if their
normal power source is unavailable.

I The third tier consists of the distribution systems feeding the Class lE loads
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i

as discussed in Section 8.3.1 herein. I
IThe non-Class lE ac power system consists of the unit main turbine generator,

associated isolated phase bus, the generator circuit breaker, four single- '

ph m unit main transformers (one spare), two 50-percent-capacity unit
auxiliary transformers, and one 50-percent-capacity unit auxiliary transformer ,

installed as a spare. Each unit auxiliary transformer has enough capacity to i

power one set of non-safety-related loads, permanent non-safety-related loads, i
;

and Class 1E loads.
#The 13.8-kV normal auxiliary power system (first tier) consists of four

(x1, x2, yl, and y2) non-safety switchgears. Two auxiliary transformers, each ,

with dual low-voltage 13.8-kV/4.16-kV secondary windings, supply the four
13.8-kV switchgears. One low-voltage winding of each transformer in this *

arrangement normally supplies two 13.8-kV switchgears (xl and x2 from unit _ .

auxiliary transformer "x," and y1 and y2 from unit auxiliary transformer "y"), i

and the other winding feeds 4.16-kV non-safety and permanent non-safety buses. i
'The 13.8-kV switchgear supplies power to such large motors as the RCP motors '

and condensate water pump motors. If the switchgears lose their normal power,
selected loads (at least two RCPs) on the 13.8-kV buses can be' fed manually

ifrom the reserve auxiliary transformers (one RCP from each reserve auxiliary
transformer), which are connected to preferred switchyard interface II. The ,

design permits manual start and operation of a large load connected to these
'

ibuses, such as an RCP or a condensate pump to bus x1 or x2 and bus y1 or y2,
if the normal supply is lost or unavailable. Alternate source of power for
non-safety-related loads is an NRC policy issue (SECY-91-078, Section II.B of :

*

Enclosure 1 to SECY-93-087).
i

In SECY-91-078, the staff recommended that the Commission approve the staff's >

position that an evolutionary plant design should include an alternate power
source to the non-safety-related loads, unless it can be demonstrated that the
design margins will result in transients for a loss of non-safety power event !

that are no more severe than those associated with the turbine-trip-only event i

in current existing plant designs. In its August 15,'1991 SRM, the Commission.
approved the staff's position. The staff, in its safety evaluation report i

#

(SER) for the EPRI Evolutionary Utility Requirements Document (URD) clarified
the intent of this position: ...an alternate power source be provided to a"

sufficient string of non-safety loads so that forced circulation could be

non-safety equipment that would most facilitate his ability to bring the plant -|maintained, and the operator would have available to him the complement of

to a stable shutdown condition, following a loss of the normal power supply ,

and plant trip." i
,

The System 80+ design satisfies the NRC policy as stated in SECY-91-078 and
Section II.B of Enclosure 1 to SECY-93-087 and the staff's proposed applicable ;

regulation and is, therefore, acceptable. !
h

The 4.16-kV normal auxiliary power system (second tier) consists of four r

switchgear groups. The first switchgear group, designated non-safety "x," is !

connected to unit auxiliary transformer "x" to power large loads such as the i

turbine building cooling water system pumps. The second switchgear, desig- '

nated non-safety "y", is connected to unit auxiliary transformer "y" to power !

similar non-safety-related loads.
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The third switchgear group, designated permanent non-safety "x," powers loads I
that must remain operational at all times because of their specific functions. I
Its normal source of power is unit auxiliary transformer "x." If this

switchgear loses its normal source, it will be automatically transferred to
the reserve auxiliary transformer. If the power is lost from both the unit i

auxiliary transformer and the reserve auxiliary transformer, selected perma- |

nent non-safety-related loads will be automatically transferred to a CTG, a
standby non-safety power source. This CTG is also used as the alternate ac
(AAC) source for station blackout (SBO).

The fourth switchgear group, also designated permanent non-safety "y," is
normally connected to unit auxiliary transformer "y." If the normal source
for this switchaear is lost, this switchgear will also automatically transfer
to the reserve transformer. If power is lost from both the unit auxiliary
transformer and the reserve transformer, selected permanent non-safety-related
loads will be automatically transferred to the CTG.

8.3.1.2 Alternate AC Source

The AAC is a non-safety-related CTG provided to cope with a LOOP or an SB0
scenario. The AAC source is of sufficient size to accommodate either of the
following loading conditions:

(1) both sets of "x" and "y" permanent non-safety-related loads or

(2) one set of permanent non-safety-related loads and one set of a safety
division's loads as indicated below:

(a) permanent non-safety "x" and Division I only or

(b) permanent non-safety "y" and Division II only

Although these requirements specify the divisions that the AAC source is
required to supply, ABB-CE did not specify which scenarios apply to these
requirements and, therefore, which complement of loads it must supply within
those divisions. By letter dated July 29, 1991, the staff recommended that,
as a minimum, the AAC source be specified to power, the worst-case shutdown
(to cold shutdown) or accident loads (whichever is greater) within the
complement of divisions specified above. The staff also recommended that the
AAC source should have the capability to power those loads with some margin
for load growth, when operating within its continuous rating.

By letter dated January 14, 1992, ABB-CE agreed to require that the AAC source
be capable of powering the worst-case shutdown or design-basis accident loads
to cold shutdown conditions when operating within its continuous ra. ting, as
recommended by the staff. ABB-CE will compensate for the growth of the load
by adding a margin of 10 percent to the continuous rating of the AAC source.

The AAC source is designed to start automatically within two minutes from the
beginning of a LOOP event. The CTG is available for loading if either of the
4.16-kV permanent non-safety buses becomes de-energized. A sequencer similar
to that used for Class lE buses automatically sequences the loading of the "x"
or "y" permanent non-safety-related loads or of both. Sufficient physical and
electrical separation is maintained between the AAC source circuits and the
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>O
offsite power circuits so that a failure in one system will not affect the
operation of the other circuit. A non-safety battery powers the instrumen-
tation and controls necessary to start and run the CTG, In the DSER, the

'

staff concluded that this design conformed with RG 1.155 which recommends that
'

the AAC source should be available in less than 1 hour after the onset of SB0
and that there should be a minimum potential for common cause failure with the
offsite or the Class lE EDGs and was acceptable. However, ABB-CE needed to

,

address how the power, control, and instrumentation circuits associated with i
'

the AAC source were routed to ensure adequate physical and electrical separa-
tion exists between Class lE circuits and circuits associated with the AAC
source. This was designated as DSER Open Item 8.3.1.2-1.

In Amendment Q, ABB-CE submitted the needed information. The AAC source is
located in a separate area inside the plant protected area in a self-contained
enclosure. The "x" and "y" circuits are routed in the turbine building in a ;

dedicated raceway (conduit /ductline/ cable tray). Physical separation between
these circuits is provided so that a single failure will not affect both
circuits. Once in the turbine building, the AAC circuits are routed directly
to the two permanent non-safety switchgears ("x" and "y"). The permanent non-
safety switchgears are located in the turbine building which contains only ,

non-Class 1E circuits. There are no Class IE cables in this area. The CTG
and the offsite power circuits are separated as follows: The circuits
associated with the CTG and offsite power circuits are routed on different
floors within the turbine building to the permanent non-safety buses with the
"x" and "y" circuits separated by routing in different areas or on opposite
walls to maintain separation. These circuits enter common switchgear from the
opposite ends, thus maintaining separation. There are no electrical intercon- r

! nections between the' normal offsite and alternate offsite, power, control, and
instrumentation circuits except where the power circuits connect to common
Class IE and non-Class lE switchgear lineups. At the common switchgear, one
closed and one open circuit breaker maintain electrical independence. The |

circuit breakers are interlocked so that the closed breaker must be opened
before the open breaker can be closed. Similarly, the power, instrumentation,
and control circuits of the AAC source are electrically independent from that
of the normal and alternate offsite power circuits.

These provisions for separation and electrical independence of circuits
associated with normal and alternate offsite power systems and the CTG
minimize to the extent feasible the likelihood of their simultaneous failure
under operating and postulated accident and environmental conditions. This -

satisfies the recommendations of RG 1.155 with regard to having a minimum
potential for common cause failure of the offsite and the AAC sources and is
acceptable. On the basis, DSER Open Item 8.3.1.2-1 is resolved. .

8.3.1.3 Use of the AAC Source To Satisfy Technical Specification Requirements

In CESSAR-DC Section 8.3.1.1.2.1, ABB-CE states that, if an EDG is out of
service or has failed, the AAC source can be aligned to supply emergency power :
to either Class lE bus. By letter dated July 29, 1991, the staff informed

' ABB-CE that although the AAC power source may have the capability to supply ,

.one division of safety loads, the staff has not yet determined to what extent,
if any, the AAC source could be used to satisfy technical specification (TS)
requirements to supply emergency power to either Class IE bus if a EDG is out
of service.or has failed.
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By letter dated December 20, 1991, ABB-CE responded that, although it states
in CESSAR-DC Section 8.3.1.1.2.1 that the CTG is provided to help cope with
the effects of LOOP and SB0 scenarios, the AAC source is not included in the
proposed TS in CESSAR-DC Chapter 16. It should be noted that the staff will
permit the use of the CTG as a surrogate for a EDG under reduced inventory
conditions. This has been evaluated as part of the shutdown risk evaluation
as documented in Chapter 19 of this report and through the evaluation of the
System 80+ technical specifications.

Subsequently, ABB-CE proposed that the AAC source be used to satisfy TS
requirements when a EDG is out of service at power. The staff has evaluated
this aspect of the design as part of its review of the TS described in
Chapter 16 of this report.

8.3.1.4 Emergency Onsite Power Sources (Diesel Generators)

Two EDG units supply onsite Class lE emergency power. Both units are automat-
ically started by either a safety injection actuation signal (SIAS) or a
4.16-kV Class 1E bus undervcitage signal. Each EDG is connected to its
respective safety buses (A and C for Division I and B and D for Division II)
through two normally open breakers. There is one EDG for each division. Each
EDG with its auxiliaries is located in a separate seismic Category I room.
The EDGs have sufficient capacity to operate the safety loads needed to
maintain the plant in a safe condition if a loss-of-coolant accident (LOCA)
occurs concurrently with a LOOP. ABB-CE also provided a capacity margin of
10 percent in calculating the size of the EDGs to accommodate the load growth
expected to occur over the life of the plant.

However, in determining the size of the EDG, ABB-CE did not apply conservative
estimates of the load power factors of individual loads. This was designated
as DSER Open Item 8.3.1.4-1.

In Position C.I.2 of RG 1.9, the staff recommends that, if the designer does
not have fully substantiated performance characteristics for such mechanical
equipment as pumps, it should calculate the electric motor drive ratings using
conservative estimates of these characteristics, such as pump runout condi-
tions and motor efficiencies of 90 percent or less and power factors of 85
percent or less. In determining the rating of the EDG for the System 80+
design, ABB-CE used a power factor of 90 percent, instead of 85 percent as
recommended by the guide.

In the DSER, the staff required that ABB-CE reevaluate the size of the EDGs
using a power factor of 85 percent for individual loads, as recommended by the
guide.

Subsequently, ABB-CE agreed to use a power factor of 0.85 rather than 0.90 for
calculating the motor drive ratings for such mechanical equipment as pumps,
which gives higher equivalent kilovolt-ampere (kva) in sizing the EDGs.
Likewise, in order to size the engine, the loads listed in kva will be
converted to an equivalent Kilowatt (kW) by multiplying by a power factor of
0.90. This also gives a higher equivalent kW and, therefore, a more conserva-
tive Kw for engine sizing. On this basis, the size of the diesel engines and
generators for the System 80+ design is consistent with RG 1.9, Position C.1.2
and is acceptable. On this basis, DSER Open Item 8.3.1.4-1 is resolved.
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,m Each EDG is designed to attain the rated voltage and frequency within

( )) 20 seconds and to be ready to sequence loads after receiving a start signal to
A. meet the response times assumed in the accident analysis. During the loading

sequence the frequency and voltage are maintained at 95 percent and 75 percent
of nominal, respectively. This is consistent with RG 1.9, Position C.I.4
which recommends that the diesel generator design should be such that no time '

during the loading sequence should the frequency decrease to less than |
95 percent of nominal nor the voltage decrease to less than 75 percent of |
nominal, and is acceptable. ]

l
In the DSER, the staff required ABB-CE to submit the dynamic analysis of i

loading time intervals between various load groups for the staff to review. !
This was designated as DSER Open Item 8.3.1.4-2.

In CESSAR-DC Table 8.3.1-2, ABB-CE states the EDG sequencing loading time
interval between various load groups. By letter dated July 29, 1991, the
staff expressed concern that the loading time interval of 2.5 seconds is not
sufficient for the first three groups of loads. In general, large induction
motors can achieve rated speed in less than 5 seconds when powered by EDG
units of adequate size. However, these motors may not be able to achieve
rated speed in 2.5 seconds. Therefore, the staff was concerned that any
setpoint drift in the sequencer which reduces this short interval could cause
overlapping of the other group loads and could prevent the EDG from recovering
frequency and voltage within the guidelines of RG 1.9.

By letter dated January 14, 1991, ABB-CE stated that it performed a EDG
dynamic analysis using data for an existing EDG and loads equivalent to thosep/ listed in the System 80+ design. ABB-CE verified that a similar EDG willg

V function properly under the assigned loads intervals and that the frequency
never dropped below 95 percent and the generator voltage never dropped below
75 percent of the nominal.

Subsequently, ABB-CE described a dynamic analysis for an existing nuclear
station's diesel generators. The 1 cad sequencer for the System 80+ design
utilizes solid-state relays which are not subject to drift characteristics of
older load sequencer types. Regarding the relatively short interval of
2.5 seconds between the starting of large motors, ABB-CE informed the staff
that the EDG load sequencers at existing plants have similar clusters of large
motor loads at the beginning of their load sequence with 1-second separation.
These EDGs have successfully performed within the parameter requirements of
RG 1.9, both for dynamic analysis and in actual test situations. Therefore,
the 2.5-second loading time interval between load groups will not cause
overlapping of the affected load groups which could prevent the EDG from
recovering frequency and voltage within the guidelines of RG 1.9. Having
reviewed the simulated transient analysis of the EDG loading for Division I
and Division II of the System 80+ design, the staff concludes that the
information submitted by ABB-CE demonstrates that the voltage and frequency
can be recovered within the guidelines of RG 1.9. On this basis, DSER Open
Item 8.3.1.4-2 is resolved.

The staff has taken the position that (1) the EDG protective trips shall be
bypassed when the EDG is required for a design-basis event if the operator has

(Jn) sufficient time to react appropriately to an abnormal condition of the EDG
k unit and (2) the protective trips shall be in force during EDG periodic

s
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testing. EDG overspeed and generator differential trips are the only |

exceptions allowed to this position. In retaining any other trips, ABB-CE
must use coincident logic to avoid spurious trips. The System 80+ design
includes these two trips and the low-low lube oil pressure and generator
voltage-controlled overcurrent, using two or more independent measurements
with coincident logic under emergency operation. The design of the bypass
circuitry is consistent with IEEE 603-1980 and RG 1.9. All protective trips

that would normally trip the EDG are alarmed in the MCR, even if they are
bypassed during an accident condition. The COL applicant will provide for
testing the status and operability of the bypass circuits. This is designated
as COL Action Item 8.1.4.5.H. The trip bypass function can only be reset
manually. This is consistent with RG 1.9, Position C.l.8, which recommends
that the diesel generator protective relay bypass system design should include
the capability for testing the status and operability of the bypass circuitry,
for alarming in the control roo:n for abnormal values of all bypass parameters,
and for resetting the trip bypass function manually and is acceptable.

In the original CESS AR-DC, the staff interpreted that each safety division has
two load sequencers. ABB-CE indicates that one load sequencer is used when an
engineered safety features actuation system (ESFAS) is generated and offsite
power is the source of power to an emergency bus. A separate load sequencer
is used when an ESFAS is generated and a EDG is powering the emergency buses
configured in a redundant pair. The load sequencer for the EDG continuously
monitors the Class lE 4.16-kV Division I and Division 11 buses for an under-
voltage condition. If these buses receive insufficient voltage, the safety
logic will start the EDG, begin shedding loads, and begin powering the loop
loads. The load sequencer for the EDG assumes that a LOCA occurs prior to,
concurrent with, or any time after the
LOOP. In the DSER, the staff concluded that this design meets the intent of
RG 1.9 and was acceptable. However, the staff needed additional information
on the following topics to complete its review in this area: (1) the ration-
ale for using a load sequencer when offsite power was available, (2) the
separation between the two load sequencers, and (3) their mode of operation,
This was designated as DSER Open Item 8.3.1.4-3.

In Amendment Q, ABB-CE made it clear to the staff that each safety division
has only one load sequencer. Thus, there are not separate sequencers for
sequencing loads when offsite power is available and when onsite power is
available. A load sequencer is used when offsite power is available, to
prevent a large voltage dip when all required Class IE loads are started by an
accident signal. Without the load sequencer, oversized transformers are
required to lessen the voltage dip; this is not good engineering practice.
However, when the offsite power is available, the load sequence used is an
accelerated sequence, which allows the voltage to return to 95 percent t:efore ;

sequencing the next load group. The key difference between the two sequences 1

is that when normal offsite power is available there is no load shed. ;

The sequencer is a part of the ESF component control system (CCS) and is
located in the same control cabinet as the ESF-CCS. The ESF-CCS controls all
in-plant power paths for both the onsite and offsite sources. Each ESF-CCS I

has redundant internal processors and also redundant data highways that !

connect to the individual processors at the loads. One of the ESF-CCS's two
internal processors runs the sequencing program while the other remains in a |
standby condition. If one processor fails, the other takes over control of i
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ABB-CE stated j

O
the load sequencing from the point where the first left off.
that there are no credible electrical faults that can leave both processors '

for a single division's sequencer unable to perform their function. Each of
the two division ESF-CCS load sequencers is located in a physically separated

_ ;

Category I structure, thus satisfying the independence requirements of GDC 17 !

which requires that the Class IE systems have sufficient independence and
redundancy to perform their safety functions assuming a single failure. ,

it is a typical practice to sequence loads when offsite power is available and ,

to use a single sequencer for both offsite and onsite power systems. If a - '

:single sequencer is used for sequencing loads when offsite or onsite power is
available, the staff has required assurance that there is no credible common- '

mnds failures in the sequencer design that could render both onsite and ,

offsite power sources unavailable. The System 80+ design satisfies this r,taff
requirement by providing redundant internal processors that run the sequencing ;

program. This design is acceptable. On this basis, DSER Open Item 8.3.1.4-3- ,

'
is resolved.

By letter dated July 29, 1991, the staff expressed concern that during
surveillance testing when EDGs are manually synchronized to the offsite power ;

source, an operator could accidentally attempt to close the EDG breaker either
too late or too early, which could damage the EDG because the EDG would be out
of phase with the offsite power source. The staff stated that including a
synchronizing check relay would prevent the operator from closing the EDG
breaker when the two sources are out of phase.

By letter dated January 14, 1992, ABB-CE responded that it will include a
synchronizing check relay which will limit the operator in synchronizing the |

,

EDG during surveillance testing. This relay allows closing the EDG breaker ;

only when the phase angle difference between the EDG and offsite power system ;
is within an acceptable range and the voltage difference between the EDG and

'

offsite power system is within acceptable limits. This design satisfies the !

staff's concern and is acceptable.

Normally, during periodic testing of a EDG, the EDG is paralleled with the '

offsite power system. If offsite power is lost during such a test, the EDG i

would probably attempt to power the bus and the offsite power system through
the closed offsite power feeder breaker. In this case, the EDG breaker will

,

trip on overcurrent and, in some designs, the diesel generator breaker will t

lock out for this condition. By letter dated July 29, 1991, the staff
required that the EDG breaker not be locked out for such overload conditions.
This will ensure that the EDG will continue to be available.

!By letter dated January 14, 1992, ABB-CE committed to delete locking out of
the EDG breaker on initiation of generator voltage-controlled overcurrent
relay from the list of trips which lock out the EDG breaker to comply with the ,

staff's position. In the DSER, the staff concluded that ABB-CE must revise
the CESSAR-DC to delete this design feature. This was designated as Confirma-
tory item 8.3.1.4-1. j

in Amendment Q, ABB-CE made it clear to the staff that it will retain the
p protective trip described above, i.e., the EDG breaker will be locked out on

initiation of generator voltage-controlled overcurrent relay (51VC) during an
accident. However, in order to satisfy the staff's concern, ABB-CE stated
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that during periodic testing, the EDG will be available for a LOCA, even if a
51VC relay is actuated. The 51VC relays are provided for protection against
faults external to the generator (i.e., the 4,160-V bus). These relays are
coordinated with the 4,160-V feeder breakers so that the feeder breakers will
clear downstream faults before the relay actuates. Keeping the overcurrent
relays in service during a LOCA allows the generator to be disconnected from
an external fault, preventing damage to the EDG, and keeping the EDG available
for later use by the operator.

The EDG circuit breakers are designed to trip during an accident as well as
during periodic testing upon activation of the overcurrent relays (51VC).
During an accident condition, the initiation of two or more independent
measurements with coincident logic relay activates a lockout relay which trips
the EDG breaker. This lockout relay must be manually re-set. However, during
testing, any one relay will trip the EDG breaker via a test lockout relay.
This lockout relay is electrically resettable by an ESF signal so that the EDG
continues to be available if it is needed for an accident condition. This
satisfies the staff's concern and is acceptable. On this basis, Confirmatory

| Item 8.3.1.4-1 is resolved.
|
'

The design includes local and MCR alarms for each EDG. ABB-CE stated that it
will determine the number of MCR alarms and the words to be placed on the
alarm windows for each EDG annunciator after the NRC certifies the System 80+
design. This aspect of the design will be verified as part of the verifica-
tion and validation effort of the MCR design.

In the CESSAR-DC, ABB-CE also describes conditions that can render the EDG
units incapable of responding to an automatic emergency start signal. These
alarms are not activated by any other alarm signals. The staff reviewed this
information and concludes that each condition that can render a EDG unit
incapable of responding to an automatic emergency start is alarmed in the MCR.
This aspect of the design conforms with RG 1.47 with regard to providing
bypass and inoperable status indication for engineered safety feature systems
and is acceptable.

8.3.1.5 Testing

In the System 80+ design, the COL applicant will test and inspect Class lE as
well as non-Class lE electrical distribution systems and components in
accordance with a periodic testing program. The COL applicant will periodi-
cally test the generator power circuit breaker. The 13.8-kV and 4.16-kV
circuit breakers and associated equipment can be tested in service where,

I testing does not interfere with the operation of the unit. These breakers can
be " racked out" to a test position and tested without energizing the circuits.

The testing of the 480-V circuit breakers includes injecting the primary
current, individually checking each component (such as charging motors, shunt
trip coils, draw out devices, heaters, air filters, wiring and connectors),
and testing the resistance of contacts.

The COL applicant will also routinely test transfers to the various power
sources to verify that these systems can operate properly.

The COL applicant will periodically test each protective relay under simulated
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conditions to verify correct operation. The COL applicant will test relayp\ sensors such as the current transformers and potential transformers before
(d installing them and will test them periodically thereafter.

The COL applicant will periodically test the EDGs in conformance with RG 1.108
and NRC Generic Letter 84-15, " Proposed Staff Actions To Improve and Maintain
Diesel Generator Reliability."

In the DSER, the staff required ABB-CE to specify COL action items for all
periodic testing commitments that were not covered by technical specifi- J

ications. This was designated as Confirmatory Item 8.3.1.5-1.

in Amendment Q, ABB-CE added a new CESSAR-DC Section 8.1.4.5 on COL action
items. Item B of this section requires a COL applicant to specify all items
with periodic testing commitments not covered by the technical specification.
This satisfies the staff's requirement and is acceptable. On this basis,
Confirmatory Item 8.3.1.5-1 is resolved.

8.3.1.6 Identification of Class lE Electrical Systems

In the CESSAR-DC, ABB-CE lists the criteria for identifying electrical
equipment needed to preserve the independence of redundant equipment. All
cables, raceways, and equipment are identified according to the particular
safety division train or channel with which they are associated. Each
Class IE cable and raceway is identified by a color code according to its
separation group. Each piece of equipment will have affixed a nameplate of an !

p appropriate color background.
\

Each Class IE cable is marked with the appropriate color code at intervals not !
'to exceed 1.5m (5 ft) and is also identified by tags affixed at both ends and

bearing the appropriate cable number. Class lE cable trays and major pieces
of equipment also have color-coded tags.

Ali cable trays, conduits, and wireways containing Class lE cables are color
coded for ease of identification. These raceways are marked at each end, at
all entrances and exits to rooms, and at intervals not to exceed 4.5m (15 ft).

By letter dated July 29, 1991, the staff requested information on the marking
of cables inside of cabinets and panels.

By letter dated January 14, 1992, ABB-CE responded that the COL applicant need
not place color codes on component wires of a cable inside a cabinet or panel
because each safety-related cabinet and panel will contain components for only

) one channel. This would imply that no cabinets or panels in the System 80+
' design contain redundant cables. In the DSER, the staff concluded that ABB-CE

should clarify this aspect of the design or list the criteria for identifying
redundant Class IE cables inside cabinets and panels. ABB-CE should also list
the criteria for identifying associated circuits in the System 80+ design.
This was designated as DSER Open item 8.3.1.6-1.,

l
In Amendment L, ABB-CE revised CESSAR-DC Section 8.3.1.3 to make it clear to

o the staff that each safety-related cabinet and/or panel contains circuits and

I )\ components of only one channel. In control panels where cables from more than
( one channel enter a panel section, appropriate color coding is maintained for
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that cabling. In addition, ABB-CE submitted its criteria for identifying
associated circuits. The method of identifying associated circuits is in
conformance with IEEE 384-1981 and RG 1.75 and readily distinguishes between
redundant Class lE systems, and between Class lE and non-Class 1E systems.
This method is consistent with Position C.ll in RG 1.75 and the recommenda-
tions of IEEE 384-1981, and is acceptable. On this basis, DSER Open
Item 8.3.1.6-1 is resolved.

8.3.1.7 Physical Separation of Redundant Class IE Systems

ABB-CE documented that the redundant Class lE circuits are separated consis-
tent with the guidance of RG 1.75 and recommendations of IEEE 384-1981. The
NRC staff had not reviewed the differences between the 1974 and 1981 versions
of IEEE 384. Thus, to complete its review, the staff needed ABB-CE to note
and justify each difference between the 1974 and 1981 versions of the standard

~

for use on the System 80+ design. (See Section 8.1 of this report.)

In CESSAR-DC Section 8.3.1.4, ABB-CE indicates that the Class IE redundant
' circuits and equipment are separated by independent design, distance, or a

t,arri er. The COL applicant will consider hazards in the various areas of the
plant in which Class 1E systems are located and will analyze these areas for
pipe whips, missiles, and other hazards. Separation or barriers are provided
so that damage from hazards does not preclude the performance of a required
safety function. The staff lacked sufficient information to determine the
amount of separation between the Class IE circuits and the high-energy piping.
In particular, ABB-CE did not state the minimum design objective separation
between mutually redundant divisions in areas where redundant circuits are
exposed to missile hazards or common hazards, such as flood, pipe whip, or
fire. In the DSER, the staff stated that it will need more information to
complete its review in this area. This was designated as DSER Open
Item 8.3.1.7-1.

In general plant areas of the System 80+ design, cable trays for redundant
circuits are separated by a minimum of 0.9m (3 ft) horizontally and 1.5m
(5 ft) vertically. Similarly, the Class lE circuits are separated from non-
Class 1E circuits by a minimum of 0.9m (3 ft) horizontally and 1.5m (5 ft)
vertically. In the areas in which circuits are limited to instrumentation and
control functions and those power supply circuits serving the equipment
located within the area (non-hazardous area), the separation between the
redundant circuits and between Class IE circuits and non-Class 1E circuits are
at a minimum of 0.3m (1 ft) horizontally and 0.9m (3 ft) vertically. Where
the plant arrangement precludes maintaining the minimum distance, the circuits
requiring separation are run in the enclosed raceways, or barriers are
installed between circuits. ABB-CE stated that the COL applicant may use
cable enclosed in interlocked armor as a barrier to ensure separation between
channels. However, using this type of barrier is inconsistent with RG 1.75,
Position C.2, and has not been justified. Therefore, in the DSER, the staff
required ABB-CE to revise the CESSAR-DC to comply with the staff's position or
justify the design. This was designated as DSER Open Item 8.3.1.7-2.

ABB-CE stated that the minimum distance between the enclosed raceways is
2.54 centimeters (cm) (1-in.). The minimum distance between a conduit and an
open raceway is 0.3m (1 ft) horizontally and 0.9m (3 ft) vertically in the
non-hazardous areas and 0.9m (3 ft) horizontally and 1.5m (5 ft) vertically in
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the other areas.]
By letter dated July 29, 1991, the staff asked ABB-CE to submit the criteria
it used to separate associated circuits from non-Class IE and other redundant
circuits. In the DSER, the staff stated that it needed this information to
complete its review in this area. This was designated as DSER Open
Item 8.3.1.7-3.

!ABB-CE stated that a 0.15m (6-in.) physical separation is maintained between
cables of different separation groups inside the control boards. If ABB-CE
cannot maintain this separation, it will install barriers between redundant
Class IE wiring.

Electrical penetration assemblies of different Class IE divisions are physi-
cally separated and electrically isolated to maintain the independence of *

Class lE circuits. ABB-CE will establish this separation and isolation by *

locating the redundant penetrations in four quadrants, around the circum- r

ference of the containment, each enclosed in a penetration room. The minimum
distance between penetrations containing Class lE circuits or associated
circuits and non-Class lE circuits is 0.9m (3 ft) horizontally and 1.5m (5 ft)
vertically.

.

k

In the DSER, the staff concluded that the physical independence and separation
of Class IE electrical systems for the System 80+ design was in conformance
with the recommendations of IEEE 384-1974, as endorsed by RG 1.75 and accept-
able contingent on the resolution of the items discussed above.

In Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.4.5.2 to include its
minimum separation criteria between (1) mutually redundant Class IE divisions '

and between Class 1E circuits and non-Class IE circuits which are exposed to
missile hazards or common hazards, such as flood, pipe whip, or fire, and
(2) associated circuits and non-Class IE and Class 1E circuits. This cri- ,

terion follows: The areas through which Class IE and associated circuits are
routed and in which equipment is located will be reviewed for the existence of -

potential hazards. These areas are classified as non-hazard areas, limited-
hazard areas, and hazard areas as defined in IEEE 384-1981.

,

For non-hazard areas, the minimum separation distance between associated
circuits and non-Class IE and other. redundant circuits is 0.3m (l.ft) between i

Jtrays separated horizontally and 0.9m (3 ft) between trays separated verti-
cally, where horizontal separation is measured from the side rail of one tray
to the side rail of the adjacent tray, and vertical separation is measured
from the bottom of the top tray to the top of the side rail of the tray.

For limited-hazard areas, the minimum separation distance between associated-
circuits and non-Class 1E and other redundant circuits is 0.9m (3 ft) between
trays separated horizontally and 1.5m (5 ft) between trays separated verti-
cally. When the plant arrangements preclude maintaining the minimum separa-
tion distance between associated circuits and non-Class IE and other redundant
circuits, these circuits run in enclosed raceways, or barriers are installed
between circuits. The minimum distance between these enclosed raceways is 1

2.5 cm (1 in.). j

For hazard areas, those areas of the plant subject to pipe failure hazards,
I
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missile hazards, or fire hazards, no Class IE or associated circuit cables or
raceways are routed through the area, except for those cables which terminate
at devices or loads within the area. For those cables that must enter the
area, the minimum distance between non-Class lE cable trays and Class IE or
associated circuit cable trays is 0.9m (3 ft) between trays separated horizon-
tally and 1.5m (5 ft) between trays separated vertically. The minimum
distances could be increased upon consideration of the cable proximity to hot
pipes and upon consideration of the associated hot pipe analysis. Where plant
arrangements preclude maintaining this minimum distance, the circuits requir-
ing separation shall be run in enclosed raceways or barriers shall be
installed between these circuits. The minimum distance between these enclosed
raceways is 2.5 cm (1-in.). Such separation criteria are consistent with
IEEE 384-1981 and is acceptable.

With regard to the use of interlocking armor-enclosed cable as a barrier to -

ensure channel separation, ABB-CE stated that the interlocking armor-enclosed
cables are not used as barriers in the System 80+ design. This is consistent
with the guidance of RG 1.75, Position C.2, and is acceptable.

On this basis, DSER Open Items 8.3.1.7.1, 8.3.1.7.2, and 8.3.1.7.3 are
resolved.

8.3.1.8 Non-Class IE Loads on Emergency Power Sources

The NRC presently allows licensees to connect non-Class lE loads to the
Class lE EDGs that supply emergency power to required safety loads. However,
the licensee must show that connecting the non-Class lE loads will not degrade
the Class IE system. ABB-CE indicated that the following non-Class lE loads;
the pressurizer hcaters, emergency lighting, RCP seal injection pump, and RCP
seal injection pump room ventilation fan are connected to the onsite Class lE
buses. These loads are within the continuous rating of the EDGs. ABB-CE
included two breakers in series coordinated with the system bus feed breakers
to isolate these loads from the safety buses.

By letter dated July 29, 1991, the staff asked ABB-CE to submit ABB-CE's
criteria for isolation devices used to isolate non-Class IE loads from
Class lE loads. By letter dated January 14, 1992, ABB-CE listed the isolation
devices that are used to isolate non-Class lE loads from Class lE buses. On
this list were control switches, current transformers, and circuit breakers.
Although these isolation devices have been approved by IEEE 384-1981, as
acceptable isolation devices, the NRC has not endorsed the 1981 version of
this standard. Therefore, in the DSER, the staff required ABB-CE to justify
the use of these devices as isolation devices on the System 80+ design. This
was designated as DSER Open Item 8.3.1.8-1.

In a subsequent submittal, ABB-CE stated that the System 80+ design does not
use current transformers as isolation devices. In addition, it was stated
that if the COL applicant uses them as isolation devices, they will be
qualified per IEEE 384-1981. Circuit breakers and control switches are used
as isolation devices. The circuit breakers and control switches used as
isolation devices are automatically tripped on an accident signal or they are
administratively locked open. The staff contended that since only a few
circuits (pressurizer heaters, emergency lighting, RCP seal injection pump and
RCP pump room ventilation fan) have been identified as non-Class 1E circuits
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that need to be isolated from the Class IE circuits (these circuits are
isolated from the Class lE circuits by two breakers in series), the other

C isolation devices should not be listed in the CESSAR-DC.

In Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.4.5.1 to delete the
list of isolation devices that ABB-CE intended to use to isolate non-Class IE
loads from Class lE buses. However, ABB-CE has elected to keep the following
options: (1) the circuit breakers may be used as isolation devices if they
are automatically tripped by an accident signal generated within the same

|
division and (2) if any other device is used, its capability to perform its

|
isolation function will be demonstrated by a qualification test. The qualifi-

' cation test considers the levels and duration of the fault current on the non-
Class lE side. On this basis, the staff concludes that these options for
isolating non-Class IE systems from the safety systems are consistent with the
recommendations of RG 1.75 and acceptable subject to the following: }

To limit powering of non-Class lE loads from Class IE systems, the staff|

determined that a commitment was required in the design description (Certified
Design Material) of electrical systems that states that non-Class 1E circuits
connected to Class IE systems shall be limited to circuits of the pressurizer
heaters, emergency lighting, RCP seal injection pump, and RCP seal injection 1

pump room ventilation fan. A similar commitment was made with respect to
non-Class IE loads on the Class lE 120-V ac power system (see Section 8.3.2 of J

this report).

ABB-CE included such design commitments in the design description of electri-
|

cal systems in the certified design material. On this basis, DSER Open Item
8.3.1.8-1 is resolved.'

,

U
In RG 1.75, Position C.1, the NRC prohibits the use of interrupting devices
actuated only by fault current as acceptable devices for isolating non-
Class lE circuits from Class 1E circuits or associated circuits. A circuit
breaker can be considered as an isolation device if it is automatically

{ tripped by an accident signal. The staff has also allowed two circuit
! breakers in series for equipment that must be powered from Class 1E buses. In
| this case, however, the circuits associated with these loads must be routed as '

I associated circuits to maintain adequate physical separation of these circuits
from non-Class IE or redundant Class IE circuits.

| In the DSER, the staff concluded that placing two circuit breakers in series
was an acceptable method for isolating pressurizer heaters, emergency light-
ing, RCP Seal injection and RCP Seal injection pump room ventilation fan
circuits from the safety buses, if the circuits downstream of the isolation
devices were treated as associated circuits. Therefore, ABB-CE had to affirm
that the circuits for the pressurizer heaters and emergency lighting will be
treated as associated circuits downstream of the isolation devices. This was
designated as DSER Open Item 8.3.1.8-2.

In Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.1.2.2 to clarify to the
staff that the circuits for the pressurizer heaters, emergency lighting, RCP
Seal injection pump and RCP Seal injection pump ventilation fan are treated as

f- associated circuits downstream of the isolation devices in accordance with
| IEEE 384-1981. This satisfies the staff's requirement and is acceptable. On
\ this basis, DSER Open Item 8.3.1.8-2 is resolved.
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8.3.1.9 Cable Derating and Cable Tray Fill

By letter dated July 29, 1991, the staff asked ABB-CE to submit additional
information on the criteria for cable derating and cable tray fill for the
System 80+ design. By letter dated January 14, 1992, ABB-CE submitted the
following criteria for cable derating and cable tray fill.

For the System 80+ design, ABB-CE calculates the maximum ampacities for all
power cables by multiplying the appropriate cable manufacturer's cable
ampacity rating by 0.7. This produces a 30-percent margin between the rated
full load capacity of each power cable and the full load applications. In
accordance with Insulated Power Cable Engineering Association (IPCEA)
P-46-426, this derating factor applies for 40 *C (104 "F) areas. However, the
derating factor for areas warmer than 40 *C (104 "F) is not given. In
accordance with IPCEA, the ampacities of cables located in 50 "C (122 *F)
areas are derated by a factor of 0.63. In the DSER, the staff stated that

,

| ABB-CE must submit additional information on derating factors for cable
ampacities in areas other than 40 *C (102 *F). This was designated as DSER
Open item 8.3.1.9-1.

In Amendment 0, ABB-CE stated that the EDG room is subject to the highest
ambient temperature within the System 80+ design at a maximum of 50 *C
(122 "F). Using highest ambient temperature of the EDG room, ABB-CE calcu-
lated the maximum ambient temperature where the 70-percent derating of cables
remains adequate. The calculation was performed using Equation 5 in Part ID
of the IPCEA standard. The maximum ambient temperature where the 70-percent
derating of cables remains adequate was calculated to be 53.36 *C (128 'F).
This shows that the 70-percent derating of cables exceeds the IPCEA required
derating for temperature throughout the System 80+ design. The 70-percent
cable derating factor, based on the maximum temperature of 50 *C (122 *F),
covers all areas in the System 80+ design. This satisfies the staff's concern
and is acceptable. On this basis, DSER Open Item 8.3.1.9-1 is resolved.

|

The cable tray fill criterion for trays containing power cable is as follows.
Only a single layer of power cables is routed in any tray, and a separation
of one-quarter the diameter of the larger cable is maintained between adjacent
power cables within a tray. This criterion is in accordance with
IPCEA P-46-426 and is acceptable.

ABB-CE stated that the cable tray fill criterion for trays containing instru-
.

mentation and control cables does not exceed the usable cross-sectional areaI

of the tray. This criterion is inconsistent with the recommendations of IPCEA
P-46-426. This standard specifies a 40-percent cable fill criterion based on

I the cross-sectional area or a 50-percent fill based on diameter-squared area,
which is equivalent to a 39-percent fill. In the DSER, the staff stated thati

i ABB-CE must revise its cable tray fill criterion for instrumentation and
control cables to be consistent with the requirements of IPCEA P-46-426. This
was designated as DSER Open Item 8.3.1.9-2.

In a subsequent submittal, ABB-CE stated that the System 80+ cable tray
criteria for instrumentation and control cables was stated incorrectly. InI

Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.5.2 to clarify to the
staff that the cable fill criteria for those trays containing instrumentation
and control cables is that the cross-sectional area of these cables will not
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fm exceed 50 percent of the cross-sectional area of the tray. ABB-CE stated that
t i the criterion is in conformance with IEEE 690-1984, "lEEE Standard for the
O Design and Installation of Cable Systems for Class IE Circuits in Nuclear

Power Generating Stations." This standard recommends a 40-percent to
50-percent fill based on cross-sectional area for instrumentation and control
cables. The National Electric Code Section 318-9 (b), also allows for
50-percent fill for cable tray containing instrumentation or control cables.
On the basis of the recommendations of these two standards, a 50-percent cable
tray fill criterion for instrumentation and control cables is adequate and
acceptable. On this basis, DSER Open Item 8.3.1.9-2 is resolved.

8.3.1.10 Criteria for Essential Safety Feature Motors

ABB-CE applied the following design criteria to the ESF pump motors. The
criterion for motor size is that the motor will develop sufficient horsepower
to accelerate its load under all limiting conditions (maximum expected flow
and pressure) in the required time without exceeding the temperature rise
rating of the motor. The motors are designed for across-the-line st m ing.
ESF motors, except motor-operated valve (MOV) motors, shall accelerate their
loads within the required time with a starting voltage as low as 75 percent of
the rated motor voltage. However, MOV motors shall be capable of accelerating
with a starting voltage as low as 80 percent. In the DSER, the staff con-

cluded that ABB-CE needed to address how MOV motors will start when the
voltage at the 4.lf-kV buses was allowed to drop to 75 percent of the nominal
when powered from EDGs. This was designated as DSER Open Item 8.3.1.10-1.

In Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.1.8 to clarify that the
(n) voltages at the load centers and MCCs which feed MOV motors will always be
v above 80 percent of the nominal voltage. This is accomplished as follows.

Nominal voltage at the load centers and MCCs which feed MOV motors is 480 V.
The nominal voltage for the motors is less than for the buses that feed them.
Motors fed from the load centers and MCCs have a nominal voltage of 460 V.
These are standard voltages for motors for National Electrical Manufacturers
Association MG-1, " Motors and Generators." Providing motors with these
standard voltages accounts for expected voltage drops in the feeders to the
motors.

For the System 80+ design, MOV motors receive power early in the diesel
generator loading sequence (at 0.5 seconds for Safety Bus A or B and 4.5 sec-
onds for Safety Bus C or D) prior to load groups with large motors. For the
dynamic loading analysis performed for existing nuclear station diesel
generators, the lowest voltage dip at these points of the sequence is approxi-
mately 94 percent of nominal, or 3,910 V. Thus, the resultant voltage dips at
the terminals of the MOV motors will remain well above 80 percent of their
nominal voltage of 460 V throughout the sequencing. This corresponds to
voltage at the MOV motor terminals to be well above 80 percent of the motor
nominal voltage of 460 V.

ABB-CE has stated that voltage studies will be performed for the onsite
distribution system by the COL applicant in conformance with Section 3 of BTP
PBB-1. This position requires that the voltage levels at the safety-related
buses should be optimized for the expected maximum and minimum 'oad condi-/q tions. These studies will be verified by test in accordance with Section 4 ofJV BTP (PSB)-1 which requires that the analytical techniques and assumptions used
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in the voltage analyses performed on the onsite distribution system must be
verified by actual measurement. The verification of the analyses by test will
demonstrate that the voltage at the terminals of the MOV motors will remain
above 80 percent of the nominal voltage throughout out the sequencing. This
is acceptable. On this basis, DSER Open item 8.3.1.10-1 is resolved.

8.3.1.11 Thermal Overload Protection Bypass

MOVs with thermal overload protection devices for the valve motors are
typically used in safety systems and their auxiliary supporting systems.
Operating experience shows that indiscriminate application of thermal overload
protection devices to the motor associated with these valves could result in
needless hindrance to successful completion of safety functions. In Posi-
tion C.1 of RG 1.106, the staff recommends bypassing thermal overload relays
during accident conditions. In Position C.2, the staff recommends properly
selecting the setpoints for the thermal overloads in a manner that precludes
spurious trips.

| As originally proposed for the System 80+ design, the thermal overload
| protection devices on the MOVs were to be bypassed during accident conditions
I and in force during plant operations. Alarms in the MCR inform the operator

of the thermal overload status through the data processing system. This
conformed to the guidance of RG 1.106, Position C.lb, and was acceptable.
However, the CESSAR-DC did not contain sufficient information on the capa-
bility for pcriodically testing the bypass circuitry. In the DSER, the staff
required ABB-CE to submit additional information on the testing of the thermal
overload bypass devices. This was designated as DSER Open Item 8.3.1.11-1.

In a subsequent submittal, ABB-CE informed the staff that the thermal over-
loads are not used to automatically protect Class IE M0V motors. Although
thermal overloads are provided in all phases of the MOV motors, thermal
overloads send signals which are used only to indicate alarm and status tc inc
operator via the data processing system displays. Since these thermal
overloads do not automatically trip the MOVs under any operating conditions,
bypass devices are not used. In Amendment Q, ABB-CE revised CESSAR-DC
Section 8.3.1.1.3.2 to delete reference to the periodic testing of the bypass
devices since they are not used in System 80+ design. Thus, the design of the
thermal overloads used for MOV motors is in conformance with the intent of
RG 1.106 with regard to hindering successful completion of safety functions
and is acceptable. On this basis, DSER Open Item 8.3.1.11-1 is resolved.

8.3.1.12 Power Lockout to Motor-0perated Valves

The staff asked ABB-CE to submit the following information on safety-related
manually controlled electric valves:

(1) a list of all valves that require power lockout in order to meet the
single-failure criterion in the fluid system

| (2) a description of (a) the design feature for locking out power to these

i valves, (b) the method for restoring electrical power to the valves from
the MCR if the valves need to be repositioned at a later time, and
(c) the manner in which the valve position indication satisfies the
single-failure criterion.
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*p ABB-CE addressed Item I stating that during design certification, it cannot
supply a comprehensive list of all System 80+ manually controlled, electric-bj ally operated valves for which BTP Instrumentation and Control Branch
(1C5B)-18 (PSB) may apply. In the DSER, the staff stated that ABB-CE did not
supply sufficient information (for Items 2a, b, and c) for the staff to
evaluate the design feature for locking out power to these valves. Therefore,
the staff needed additional information to complete its review of both items.
This was designated as DSER Open Item 8.3.1.12-1.

In Amendment Q, ABB-CE added a new CESSAR-DC Section 8.3.1.2.11, " Compliance
With BTP ICSB-18 (PSB)," to supply the information. ABB-CE has stated that
for the System 80+ design BTP ICSB-18 (PSB) applies only to safety injection
tank (SIT) discharge isolation MOVs, SIT vent solenoid valves, and the RCP
seal injection high-pressure (HP) seal cooler isolation valves. BTP-18
applies to no other valves. The power lockout to these valves is achieved as
follows.

For the SIT discharge and the RCP seal injection HP seal cooler isolation
valves, the electrical motive power is removed by racking out the breaker at
the MCC. For the SIT vent solenoid valve, the electrical power is removed by
removing fuses at the ESF-CCS loop controller enclosure. Administrative
procedures and local locks preclude unauthorized re-energization of these
components. The electrical pover is restored by racking back in the MOV
breaker at the MCC and reinstalling the solenoid valve fuses at the ESF-CCS
loop controller enclosures.

( for the SIT discharge valves, redundant valve position indication is provided
t in the MCR using redundant and diverse sets of open/close position limit
' switches (one set on the valve stem and one set on its motor gearbox). The

RCP seal injection HP seal cooler isolation valves are non-safety-related and
are not classified as " active valves." For these valves, redundant valve
position status is provided in the MCR via the process CCS and data processing
system display devices. For the solenoid valves, a single set of valve stem
limit switches for open/close position is provided due to physical valve
design limitations. Redundancy and diversity are achieved by tank pressure
instrumentation. Inadvertent opening of the SIT solenoid vent valve will
quickly depressurize the SIT, causing an alarm in the MCR.

The methods of power lockout, and the valve position indication are designed
in accordance with BTP ICSB-18 with regard to application of the single
failure criterion to manually-controlled electrically-operated valves and are,
therefore, acceptable. On this basis, DSER Open Item 8.3.1.12-1 is resolved.

8.3.1.13 Containment Electrical Penetrations

GDC 50 0F 10 CFR Part 50, Appendix A, requires that the reactor containment|

structure, including penetrations, be designed so that the containment
structure can, without exceeding the design leakage rate. accommodate the
calculated pressure, temperature, and other environmental conditions resulting

f from any loss-of-coolant accident.
I

O To meet the applicable requirements of GDC 50, the recommendations of
IEEE 317-1982, and the guidance of RG 1.63, the containment electrical

|
penetration assemblies is designed to withstand, without any loss of mechani-
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cal integrity, all possible short-circuit conditions, including the maximum
available fault current and time conditions that could occur given single
random f ailure of a circuit overload protection device. The circuit overload
protection system should conform to the criteria of IEEE 603-1980, for testing
and independence.

All electrical circuits for the System 80+ design which pass through contain-
ment penetration assemblies have primary and backup protective devices, unless
the maximum fault current available in the circuit is less than the continuous
rating of the penetration assembly. ABB-CE indicated that the resistance
temperature detectors, thermocouples, transducers, and annunciator circuits
have maximum currents below the continuous rating of the penetration assembly.
The staff considers this to mean that these circuits will not have redundant
protective devices. To accept this design, the staff will need information on
the qualification tests performed to demonstrate that these current-limiting
devices would limit the maximum current available to less than the continuous

-

current rating of the penetration assembly. Control transformers or other
devices that could lose their fault current-limiting capacity under fault or
overload conditions may not be used as current-limiting devices.

ABB-CE stated that the primary and secondary protective devices for circuits
passing through containment penetration assemblies are coordinated to ensure
that the circuit is interrupted before it reaches the maximum time-current
capability of the penetration assembly. The primary and secondary protection
devices are consistent with the requirements of IEEE 603-1980 for independence
and testing.

Having evaluated these criteria, the staff concludes that the System 80+
design provides independent primary and backup fault protection for each
penetration conductor (unless the maximum overcurrent of the circuits does not
exceed the continuous rating of the containment electrical penetration
assembly) to preclude a single failure from impairing the integrity of the
containment electrical penetration. This is consistent with the guidance of
RG 1.63 and IEEE 317-1982 and is acceptable.

,

By letter dated July 29, 1991, the staff asked ABB-CE to submit coordinated
fault-current-versus-time curves for each type of cable that penetrates the
primary containment. The curves for each cable must show the relationship
between the capability of the electrical penetration to carry fault current
and the protection provided by the primary overcurrent protective device.

By letter dated January 14, 1992, ABB-CE stated that to provide such curves
for each type of cable that passes through containment penetration, it would
need as-procured information, which is beyond the scope of design certifica-
tion. ABB-CE will perform a preliminary fault current study for all buses
under bounding conditions to ensure that all buses and interrupting devices
are specified to have adequate capabilities to withstand and interrupt faults.
The COL applicant will perform a final fault current study upon determining
the actual transformer, cable, and bus impedances.

In the DSER, the staff concluded that ABB-CE should submit appropriate
inspections, tests, analyses, and acceptance criteria (ITAACs) for the
containment electrical penetrations design for the System 80+ design. This |

was designated as DSER Open Item 8.3.1.13-1.
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g DSER Open item 8.3.1.13-1 was related to the design description and the ITAACs
for the containment electrical penetration design. The adequacy and accept-
ability of the System 80+ design description and ITAACs are evaluated'in |
Chapter 14 of this report. On that basis, DSER Open Item 8.3.1.13-1 is
resolved. i

8.3.1.14 Adequacy of Station Electric Distribution System Voltages !

Events at the Millstone Nuclear Power Station have shown that sustained low- F

grid voltage conditions can adversely affect the Class IE ' loads when the
Class IE buses are connected to of" site power. The low-voltage conditions
will not be detected by the loss-cf-voltage-pickup setting, which is generally
in the range of 0.7 per unit volt age or less. Therefore, the staff required
that in addition to the undervoltage scheme to detect LOOP at the Class lE
buses, a second level of undervoltage (degraded) protection with time delay to
protect the Class lE equipment should also be provided.

:

In the System 80+ design, ABB-CE includes, in addition to the undervoltage
relays for each safety bus (A, B, C, D) and each permanent non-safety bus
(X, Y), a second level of undervoltage protection for Class lE and permanent
non-safety buses. These schemes are designed in accordance with the recommen-
dations of IEEE 741-1986 and BTP PSB-1. The COL applicant will select two
separate time delays for the second level of undervoltage protection. A
sustained loss of voltsge on either of the safety buses will cause the
affected safety buses to isolate themselves from the offsite source and to
start the divisional EDG. Since each EDG feeds two safety buses for the

O
division (A and C for Division I, B, and D for Division II), it was not clear
if the sustained undervoltage on any bus will start the EDG. In CESSAR-DC
Section 8.3.1.1.6, ABB-CE indicated that the undervoltage protection schemes
use coincident logic of 2-out-of-3 to avoid spurious trips of the offsite ;

power sources. ABB-CE did not indicate how three relays are distributed among
the two buses for each division. In the DSER, the staff stated that to fully
understand this design, the ' staff needed additional information in the
following areas:

(1) the number of undervoltage relays and second level of undervoltage relays
provided for each safety bus and the coincident logic provided for these
relays :

(2) the number of undervoltage relays and second level of undervoltage relays
provided for each permanent non-safety bus and the coincident logic
provided for these relays

(3) the relay setpoints for both the schemes and the associated time delays

(4) the voltage studies performed on the Class IE onsite power distribution
system.

This was designated as DSER Open Item 8.3.1.14-1.

In. Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.1.1.6 to include the
additional information. Class IE divisions and permanent non-safety buses
have separate bus voltage monitoring and protection schemes for degraded
voltage and loss of voltage conditions, respectively. These schemes are

.
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designed in conformance with the recommendations of IEEE 741-1986 and BTP
PSB-1. These protection schemes are designed as follows:

There are a total of three first-level undervoltage relays to detect loss of
voltage and three second-level undervoltage relays to detect degraded voltage
on each of the four safety buses. The first level of undervoltage relays
comprises definite time relays with built-in time delays of approximately
10 cycles to ride out power system transients. The initiation of any two out
of the three first-level undervoltage relays within a single switchgear starts
the diesel generator and, if voltage has not returned by the time the EDG is
up to speed and voltage, (1) the main bus feeder breakers for both Class lE
switchgears in the division are tripped, (2) loads are shed, (3) EDG output
breakers close on both of the division's niiichgear (each of the division's
Class lE switchgear group's EDG has a breaker (a third breaker at the genera-,

i tor itself is normally closed and used for maintenance purposes), and
(4) sequencing of safety loads begins.

The initiation of any two of the second-level instantaneous undervoltage
relays within a single switchgear * arts a timer to establish existence of a
sustained undervoltcge. This timcc will be set to allow the largest motor to
accelerate before initiating an alar.n in the MCR. The subsequent occurrence
of an ESF signal immediately separates the Class lE switchgear from the
offsite power system. If no ESF signal is present and the operator has not
restored voltages after a second time delay, the Class 1E switchgear is
immediately separated from the offsite power system. The second time delay is
of such a limited duration that the permanently connected Class 1E loads will
not be damaged.

The dropout for the second level of undervoltage relays is set at a level
above the minimum voltage that allows operation of Class lE loads with the
worst-case lineup and minimum switchyard voltage. The associated first time
delay is set to establish existence of a sustained undervoltage (something
longer than a motor start - approximately 10 seconds).

There are three first-level and three second-level undervoltage relays on each
permanent non-safety bus. The first level of undervoltage protection is a set
of definite time undervoltage relays with inherent time delays of apprexi-
mately 10 cycles to ride out power system transients. The initiation of any
two of the first-level undervoltage relays within a single switchgear initi-
ates a residual voltage transfer to offsite power by tripping the switchgear
breaker. The transfer is completed when an instantaneous undervoltage relay
indicates the bus voltage has decayed to 25 percent. If the voltage has not
recovered after a second time delay of approximately 10 seconds, the CTG (AAC
source) starts. If voltage has not recovered after the CTG is up to speed
(approximately 2 minutes), then (1) the main feeder breakers for both perma-
nent non-safety switchgears are tripped, (2) the load shed occurs, (3) the CTG
breakers close on both switchgear, and (4) sequencing of loads begins.

The dropout for the second level of undervoltage protection for the permanent
non-safety-related distribution system is set at a level above the minimum
voltage that allows proper operation of permanent non-safety-related loads;

with the worst-case lineup and minimum switchyard voltage. The associated
time delay is set to establish existence of a sustained undervoltage (some-
thing longer than a motor start - approximately 10 seconds). The second time ,
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de;ay is limited so that the connected equipment is not exposed to prolonged
voltage below the equipment rating, t

!

These relay settings and time delays of all levels of undervoltage protection
are established on the basis of the voltage studies that will be performed by
the COL applicant in conformance with BTP PSB-1. The results will be verified
by a test as described in Position 4 of BTP PSB-1.

The design of the station electrical distribution system voltages for the :
System 80+ is consistent with the guidelines of BTP PSB-1 and IEEE 741-1986 |

and is acceptable. On this basis, DSER Oper m 1 8.3.1.14-1 is resolved. |

8.3.1.15 Protective Relaying

Upon reviewing the applications of protective relays in Class 1E electrical
system equipment, the staff found that the drift in the relay trip setpoints *

of conventional relays has caused pump motors in redundant safety-related
systems to trip prematurely when the safety systems were required to be
operative. The staff recognizes that feeders and equipment should be properly !

protected against permanent faults. However, spurious trips of protective
relays should not cause redundant safety systems to be totally unavailable.
The primary function of the electrical distribution system is to supply
reliable power to safety-related equipment.

Protective relays used throughout the electrical systems for the System 80+
design employ solid-state rather than electromechanical components. ABB-CE F

stated that solid-state relays of current technology, which are "primarily
microprocessor or integrated circuit based," are typically not susceptible to
setpoint drift. In the DSER, the staff agreed that the typical applications
of solid-state relays are more reliable and are not susceptible to setpoint ,

drift. However, the staff stated that it needed additional information in the ,

following areas to complete its review: '

(1) the process for periodically verifying and calibrating the relay trip |
setpoint to ensure it performs its safety function when required !

!

(2) the typical design margin between the relay setpoint and the overload
rating of the loads

(3) a list of systems that use microprocessors or integrated circuits ;

!This was designated as DSER Open Item 8.3.1.15-1.

In Amendment Q, ABB-CE stated that the COL applicant will provide the process
for periodically verifying and calibrating the relay trip setpoint to ensure i

that it performs its function when required. ABB-CE has included this as a |

COL action item in CESSAR-DC Section 8.1.4.5. All relays will be tested and '

calibrated every refueling outage according to the relay manufacturer's
detailed instructions which outline acceptance criteria, test connections, and
test procedures.

With regard to Item 2 above, ABB-CE stated that the pickup of the overload
relays used for protection of motors is set in accordance with IEEE 242-1986,
"IEEE Recommended Practice for Protection and Coordination of Industrial and
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Commercial Power Systems." This criterion allows the relay to be set so that
its trip curve lies between the motor starting curve and the motor thermal
damage curve. The overload protection for transformers is also consistent
with IEEE 242-1986. The overload protection for transformers is set to pick
up at a value greater than 125 percent of the maximum (forced cooling) rating
of the transformer. The overload protection is set with a margin of 15 per-
cent or more between the relay setting and the thermal damage curve of the
transformer to ensure operation of the relay before the transformer sustains
damage.

In response to Item 3 above, ABB-CE stated that nearly all systems in the
System 80+ design use microprocessor or integrated circuit-based devices.
ABB-CE has also listed equipment that uses microprocessor or integrated-based
devices, as requested by the staff.

The protective relaying setpoint for the System 80+ design is periodically
verified and calibrated and these protective devices are periodically sub-
jected to a functional test to ensure that they perform their safety function
when required. The proposed design satisfies the protection requirements of
GDC 17 and is acceptable. On this basis, DSER Open Item 8.3.1.15-1 is
resolved.

8.3.1.16 Breaker Coordination

The staff was concerned that improper breaker coordination could cause the
loss of needed equipment during fault conditions. The staff requires that the
load breakers be coordinated with the bus feeder breakers to prevent the bus
feeder breaker from tripping, since tripping of a bus feeder breaker could
cause the loss of multiple safety equipment.

ABB-CE stated that it will perform circuit breaker coordination studies to
verify that the circuit breaker closest to the fault opens before upstream
breakers. In the DSER, the staff stated that this solution was acceptable if
ABB-CE also developed ITAACs for verifying these design commitments. This was
designated as DSER Open item 8.3.1.16-1.

DSER Open Item 8.3.1.16-1 was related to the description and the ITAAC for the
breaker coordination design. The adequacy and acceptability of the ABB-CE
design description and ITAAC are evaluated in Chapter 14 of this report. On
this basis, DSER Open Item 8.3.1.16-1 is resolved.

8.3.1.17 Equipment Fault Current Interrupting Capability

The staff conducted electrical distribution system function inspections at
various operating plants and found that some switchgear serving ESF circuits
were not of sufficient size to operate properly under all possible short-
circuit conditions. Certain circuit breakers aad inadequate fault-current
interrupting capability for the duties to which they were assigned. If a
circuit breaker has an inadequate fault-current interrupting capability, it
could cause an unacceptable level of equipment lcss during fault conditions.

ABB-CE stated it would perform a preliminary fault-current study for all buses
under bounding conditions to ensure that all buses and interrupting devices
are specified to have adequate capabilities to withstand and interrupt faults.
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o ABB-CE will perform a final fault-current study once the actual transformer,
) cable, and bus impedances are known, in determining the appropriate size of(V the switchgear, ABB-CE will consider the fault- current contribution from the

EDG when it is operating in parallel with the offsite power. In the DSER, the
staff concluded that this solution satisfied the staff's concern and was
acceptable if ABB-CE includes ITAAC which include these design commitments as
acceptance criteria. This was designated as DSER Open Item 8.3.1.17-1.

DSER Open Item 8.3.1.17-1 was related to design description and the ITAACs for ,

the sizing of the switchgears serving ESF circuits. The adequacy and accept-
ability of the System 80+ design description and ITAACs are evaluated in
Chapter 14 of this report. On this basis, DSER Open Item 8.3.1.17-1 is
resolved.

8.3.1.18 Submergence

By letter dated January 29, 1992, the staff asked ABB-CE to identify all
electrical equipment, both safety-related and non-safety-related, that may
become submerged as a result of a LOCA. The staff required that ABB-CE to
analyze all equipment that is not qualified for service in such an environ-
ment. In performing this analysis, ABB-CE would (1) determine the safety
significance of the failure of this electrical equipment, such as by spurious
actuation or loss of actuation function as a result of flooding, and (2)
determine the effects of submergence on Class IE electrical power sources
serving this equipment.

By letter dated January 14, 1992, ABB-CE stated that in the System 80+ design,
( six dc-operated valves are inside the containment and are used only under.
L severe accident scenarios. These valves are qualified to operate in flooded

conditions. Other electrical equipment is purposely located away from areas
of possible flooding. This information indicates that all other electrical
equipment will be located above the flood level.

In the System 80+ design, divisions are physically separated and electrical
and mechanical equipment is segregated to protect the electrical equipment
from flooding that a LOCA could cause outside the containment. In the lowest
elevation susceptible to flooding in the System 80+ design, the COL applicant
will use these principles, particularly the design segregation of electrical
equipment from mechanical equipment, to prevent the flooding resulting from a
failure of a mechanical system from affecting electrical equipment. At higher
elevations, the COL applicant will separate divisions ard will install flood
doors and curbs to protect electrical equipment. '

In the DSER, the staff stated that this information did not indicate whether
the electrical equipment outside the containment will be submerged. There-
fore, ABB-CE needed to confirm that all electrical equipment that could be
submerged will be qualified. This was designated as DSER Open
Item 8.3.1.18-1.

In Amendment Q, ABB-CE confirmed that all electrical equipment for which
operation in a submerged condition is credible and is required for safely

p shutting down the plant or mitigating the consequences of an accident, is
( qualified for such submerged operation. Where electrical equipment opera-
A bility during submergence is required, qualification is demonstrated by type
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test and/or analysis. On this basis, the staff concludes that all Class IE
equipment subject to submergence is either designed and qualified to perform
its required safety function without failing while submerged, or is appropri-
ately protected from submergence. This meets the protection requirements of
GDC 4 and is acceptable. On this basis, DSER Open Item 8.3.1.18-1 is
resolved.

8.3.1.19 Security System Power Supply

In a request for additional information (500.20), the staff asked whether
security system loads would be included among the permanent non-safety-related
loads as then specified in EPRI's Advanced Light-Water Reactor (ALWR) URD.
(Subsequently, by letter dated January 24, 1992, EPRI revised Chapter 9 of the
URD to require instead a dedicated security power generator and an uninterrup-
tible power supply (UPS).)

By letter of December 17, 1991, ABB-CE replied that onsite power for security
alarm annunciators and stationary communications equipment is powered from an'

| UPS with dedicated batteries, which in turn is kept charged by the permanent
non-safety buses. The permanent non-safety buses will be connected to normal
power, backed up by the CTG (AAC source). In Amendment Q, ABB-CE added the
following statement to CESSAR-DC Section 8.3.1.1.5: "The AAC facility is
located within the plant protected area, outside of the turbine missile impact
zone, and is surrounded by a perimeter security fence and intrusion alarm
system. The security fence is locked, and monitored in the site security
office." This resolution is acceptable because it satisfies the requirement
of 10 CFR 73.55(e)(1). This was designated as DSER Confirmatory
Item 8.3.1.19-1. On the basis of this evaluation, DSER Confirmatory
item 8.3.1.19-1 is resolved.

8.3.1.20 Cable Penetrations Through Security Barriers

Penetration of cables through fire barriers is discussed in CESSAR-DC Sec-
tion 8.3.1.6; however, the CESSAR-DC document lacked a similar discussion of
Sable penetrations through security barriers. In RG 5.65, the NRC provides
guidance on physical barriers at cable tray penetrations of vital area
boundaries. In Underwriters Laboratories Standard 752 and NUREG/CR-0543,
" Central Alarm Station and Secondary Alarm Station Planning Document," the
industry and the NRC provide guidance for cable penetrations of those bullet-
resistant security barriers required for personnel protection, such as the
control room security boundary. Cable penetrations of security barriers was

,

| identified as DSER Open Item 8.3.1.20-1.
|

| By Amendment S, ABB-CE added the following statements to CESSAR-DC Sec-
tion 8.3.1.4.5.1. " Tray penetrations through security barriers and all other
security considerations are designed as stated in Appendix 13A, Section 2.2.,
item F, Industrial Security." In Appendix 13A, ABB-CE added the following

i statement, " Penetrations to vital areas for piping, electrical power, instru-
' ment and controls, support systems, [ heating, ventilation, and air condition-

ing) shall be constructed so as to prevent undetected personnel ingress."
This resolution is acceptable. On this basis, DSER Open Item 3.1.20-1 is
resolved.

8.3.2 Direct Current Power System
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The direct current (dc) power system supplies (1) control power to the

O alternating current (ac) offsite and onsite emergency power systems as
required, (2) power to the four inverters for the Class lE vital instrumen-
tation and control ac power systems, and (3) motive and control power to
selected safety-related equipment. The staff's objective is to confirm that
the de power system is testable; meets the single-failure criterion; has the
required redundancy; and has the capacity, capability, and reliability to
supply power to all required safety loads in accordance with GDC 2, 4, 17,
and 18.

The Class lE de power system for the System 80+ design consists of four
independent and physically separated dc subsystems that supply instrumentation
and control Channels A, B, C, and D. Each subsystem has a battery, a battery
charger, a dc distribution center, and an associated panel board. Each
division also has an additional battery, battery charger, dc distribution
center, and an associated panel board to supply control power to the divi-
sional ac 4.16-kV switchgear and 480-V load centers. Class lE de systems are
designated as Division I and Division II.

During normal operation, the battery charger supplies the load with the
battery floating on the system. The battery chargers of load group Channels A
and C, and Division I are powered from Division I of the Class lE ac bus.
Division II of the Class 1 ac bus powers the battery chargers of load group
Channels B and D-and Division II. Upon loss of the ac power, the entire dc
load is powered from the battery until the EDG restores ac power. Each
Class IE battery has sufficient capacity to supply a complete set of channel

fm loads and a set of division battery loads for a minimum of 2 hours. The
I batteries are of sufficient size to permit operation of the SB0 coping systems ,

for 8 hours, assuming manual load shedding and load management programs.

Each battery .Sarger has enough capacity to recharge the battery from its
design minim > charge state to the fully charged state within 8 hours while
simultaneously supplying the largest combined demand of various steady-state
loads irrespective of the status of the plant during which these demands
occur. This capacity is consistent with the guidance of RG 1.32. ABB-CE
chall alsa provide for the connection of the Division I dc bus to feed safety
Channel A or C and the connection of the Division II dc bus to safety Chan-
nel B or D through normally open breakers. This provision will allow one
battery to be inoperable without requiring the COL applicant to violate the
limiting condition for operation. If the battery is removed from the bus, the
two connected channels would have one battery and two chargers in operation.
This mode of operation is acceptable if the short-circuit rating of the dc
distribution buses and breakers of each safety channel is sufficient to
withstand the short-circuit contribution from both chargers and a division
battery.

In the DSER, the staff stated that the proposed design of the battery chargers
was acceptable if ABB-CE confirmed (1) that the dc switchgears of all channel |
batteries and division batteries are rated to withstand the short-circuit i

contribution from two chargers and a battery, and (2) that each Class IE
battery charger has sufficient capacity to power both its own group loads and
the bus loads it will power if any one of the Class lE batteries is inopera-m
ble. This was designated as DSER Confirmatory Item 8.3.2-1.
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In Amendment Q, ABB-CE confirmed that the dc switchgear of all channel
batteries and division batteries are rated to withstand the short-circuit
contribution from two chargers and a battery. ABB-CE also confirmed that each
Class lE battery charger has sufficient capacity to power both its own group
loads and the bus loads it will power if any one of the Class IE batteries is
inoperable. This satisfies the staff's concern and is acceptable. On this
basis, DSER Confirmatory Item 8.3.2-1 is resolved.

In accordance with the requirements of GDC 2 which require that Class 1E
systems, equipment, and components be designed to withstand the effects of
natural phenomena without loss of capability to perform their safety func-
tions, the Class lE batteries, chargers, and dc switchgear are located in a
seismic Category I cor.i.rol building which protects the equipment from the
effects of tornadoe',, missile ., and floods. ABB-CE designated the Class lE de
power systems as quality assurance (QA) designation Class 1E and designated
them to be seismically and envi onmentally qualified to withstand the environ-
mental conditions associated witn normal operation and postulated accidents.
This is also in accordance with the iequirements of GDC 4 which requires that
Class IE systems, equipment and components be designed to accommodate the
effects of and to be compatible with the environmental conditions associated
with normal operation, maintenance, testing and postulated accidents.

Each of the Class lE de subsystem batteries, chargers, switchgears, and
distribution systems is physically separate and independent from its redundant
counterparts. The Class lE dc systems have sufficient capacity, capability,
independence, redundancy, and testability to ensure that safety functions will
be performed if a single failure occurs. This is consistent with GDC 17 which
requires that the Class 1E systems have sufficient independence and redundancy
to perform their safety functions assuming a single failures. ABB-CE designed

I each Class IE dc system to permit the COL applicant to inspect and test the
system for operability and continuity during plant operation and shutdown,

| conditions. This is consistent with the requirements of GDC 18 with regard to
| periodic inspection and testing of electric power systems important to safety.

By letter dated July 29, 1991, the staff asked ABB-CE to list all non-Class IE
loads that are connected to the Class IE batteries and describe how these non-
Class IE loads are isolated from the Class lE batteries. ABB-CE responded on
January 14, 1992, that all loads on the Class lE batteries, both Class lE and
non-Class IE, are required for a design- basis accident, LOOP, SBO, or severe
accident, and satisfy the separation guidelines of RG 1.75. In the DSER, the
staff stated that ABB-CE aid not, as requested by the staff, list the non-
Class IE loads that tre connected to the Class 1E batteries and did not
describe the proce n for isolating these loads from the Class IE batteries.

|
Therefore, the staff needed the following additional information to complete
its review in this area:

(1) list all non-Class lE circuits that are connected to the Class lE
batteries and describe the manner in which these non-Class lE loads are,

isolated from the Class lE batteries

( (2) list the non-Class lE loads that are connected to the Class IE batteries
! and that must be operable during design-basis accidents

This was designated as DSER Open Item 8.3.2-1.

|
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In Amendment Q, ABB-CE listed containment equipment hatch trolley circuits aspI non-Class IE loads that will be connected to the Class lE batteries andi

V hydrogen igniter, reactor cavity flood valves, and holdup volume flood valve
circuits as non-Class IE loads that will be connected to the ac instrumen-
tation and control power system. ABB-CE will provide two breakers in series
for isolating these loads from the safety buses. The cabling downstream of
the isolation devices will be treated as associated circuits to keep adequate
separation of these circuits from other non-Class lE or redundant Class IE .

circuits. This meets the separation recommendation of RG 1.75 and is accept-
'

able. To limit powering of non-Class 1E loads from Class lE systems, the
staff has determined that a commitment was required in the design description
of electrical systems that states that non-Class IE circuits connected to
Class lE systems shall be limited to containment hatch trolly, hydrogen
igniter, holdup volume flood valve, and reactor cavity flood valve circuits.

ABB-CE included such a design commitment in the design description of electri-
cal systems in the certified design material. Based on this, DSER Open
Item 8.3.2.1 is resolved.

To ensure that the Class IE dc power systems continue to operate, ABB-CE will
install local and MCR indication and alarms to monitor the status of the
batteries and battery chargers for the System 80+ design. By letter dated ;

July 29, 1991, the staff informed ABB-CE that the list of alarms and indica-
tion in CESSAR-DC Section 8.3.2.1.2.1.5 was inadequate and required additional
alarms and indications in the following areas:

(1) specify that the battery ammeter must be able to monitor the battery
charge and discharge currents. This is needed to know the battery status

' for all plant states.

(2) add a battery discharge alarm to the list of required alarms. This alarm
is needed for alerting the operator to a battery discharge condition
before the battery loses a significant amount of capacity

(3) add alarms for " battery circuit breaker open" and " battery charger input
breaker open."

(4) specify in the requirement for ground fault detectors that sensitive
ground-monitoring alarms with high source impedance shall be installed.
This is necessary so that the alarm can detect high-resistance grounds on
the dc system without creating another ground on the system

.

By letter dated January 14, 1992, ABB-CE revised CESSAR-DC Sec-
tion 8.3.2.1.2.1.5 to include these items. This is acceptable. In the
DSER, the staff stated that it needed the following additional information -

to complete its safety review of the dc power system:

(1) indicate for each parameter listed in CESSAR-DC Section 8.3.2.1.2.1.5,
whether it alarms, or indicates or does both

(2) list the indication / alarms located at the battery and battery charger
p local panels

(3) justify not including a dc voltmeter to monitor bus voltage
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(4) justify not including a dc bus overvoltage alarm

This was designated as DSER Open item 8.3.,2-2.

In Amendment Q, ABB-CE revised CESSAR-DC Section 8.3.2.1.2.1.5, "125 V dc and
120 V ac Vital Instrumentation and Control Power System Status Information,"
to indude the information requested. The following parameters have an alarm
only in the MCR:

battery charger output voltage low=

battery charger output voltage high=

loss of ac input to battery charger=

vital 125-V dc panelboard undervoltage=

battery positive or negative leg ground=

inverter 125-V dc input failure=

inverter output voltage low=

inverter alternate source abnormal (voltage or frequency)=

120-V ac inverter panelboard undervoltage=

battery discharge alarm-

The following parameters have indication only in the MCR.

battery current (charge and discharge)=

125-V dc switchgear voltage=

The following parameters have both an alarm and indication in the MCR:

battery charger output circuit breaker open=

distribution center main circuit breaker open=

battery voltage (high and low)=

inverter manual bypass switch in alternate source position=

static inverter manual bypass switch position-

120-V ac regulated distribution center breaker status=

battery circuit breaker open*

vital distribution center tie breaker closed-

The following indications are located at the battery and battery charger
control panels:

dc voltage=

de current=

battery charger ac supply on=

The following alarms are located at the battery and battery charger control
panels:

ac failure=

low de voltage=

high dc voltage-

positive leg ground fault=

negative leg ground fault=

battery discharge=

ABB-CE will provide a dc voltmeter at the charger local panel and in the MCR

|
'
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as required by the staff. j

On the basis of such status indication and alarms for the Class IE dc power.
system, the indications and alarms cited above, and augmented by the periodic
test and surveillance requirements, provide reasonable assurance that the
Class lE dc power system will perform its safety function as required. On
this basis, DSER Open Item 8.3.2-2 is resolved.

8.3.2.1 Loss of an AC or DC Bus

in a meeting with ABB-CE on April 30, 1992, the staff asked ABB-CE to perform-
a failure modes and effects analysis to ensure that failure of any ac or de
bus will not result in a plant transient and simultaneously cause the loss of
single-failure protection in any safety-related system. .

ABB-CE subsequently submitted information on the modified electrical distri-
bution system for the System 80+ design. In the DSER, the staff concluded
that ABB-CE had not adequately addressed this item. This was designated as
DSER Open Item 8.3.2.1-1.

Subsequently, ABB-CE illustrated that the System 80+ design ensures that
failure or loss of any ac or dc bus does not result in a plant transient and
simultaneously cause the loss of single-failure protection in any. safety- i

related system. The System 80+ design either prevents a plant transient, or
if a transient is not preventable, the design may take the most conservative
single failure following or in conjunction with the transient, and still have
sufficient safety-related equipment and systems to safely shut down the
reactor and bring the plant to safe shutdown. This is accomplished as
follows:

For failure of any of the 13.8-kV non-safety buses, a unit will trip. For
this transient, both safety divisions (I and II) remain available. A single-
failure of an entire safety division still leaves the unit with an intact
safety division.to safely shut down the reactor down and bring the unit to a
safe-shutdown condition.

The same analysis applies to the 4.16-kV non-sa'fety and permanent non-safety
buses. A failure of either a 4.16-kV non-safety or a permanent non-safety bus
causes a plant trip. Assuming a unit does trip, a single failure of either
safety division may be taken and still leave the unit with an intact safety
division to safely shut the reactor down and bring the unit to a safe-
shutdown condition.

For the 4.16-kV safety buses, loss of any one safety bus (A, B, C, D) will not
cause a plant transient, since sufficient redundancy and diversity exist in ,

the System 80+ design. In the most conservative 4.16-kV safety bus failure, |)
the component cooling water and station service water pumps servicing the i

divisional component cooling water heat loads were being powered from the
failed bus prior to the failure. Following the failure, the operator must

| align the second division component cooling water and station service water
L pumps to continue to serve divisional component cooling water heat loads. The-

System 80+ design allows such pump alignment to be accomplished within

( 30 minutes to maintain the unit on line and thus avoid a plant transient.
i
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- for the 125-V dc vital power system buses, sufficient component redundancy and
diversity exist so that no transient will occur should any one Class lE dc bus
cease to function.

For the 120-V ac vital power system buses, sufficient component redundancy
exists so that no transient will occur should any one 120-V ac Class 1E bus
cease to function.

On this basis, the Class lE power system for the System 80+ design supports
the performance of all safety functions required for a design-basis accident
in the presence of failure of an ac or dc bus. Further, a failure of a de or

ac bus will not result in a plant transient and simultaneously cause the loss
of single-failure protection in any safety system. This is consistent with
the single-failure criterion requirements of IEEE 308-1980, and is acceptable.
On this basis, DSER Open Item 8.3.2.1-1 is resolved.

8.3.2.2 Non-Class lE DC Power Systems

| ABB-CE includes two non-Class IE 125-V batteries, battery chargers, and
distribution systems to supply dc power to the non-Class lE instrumentation
and controls. A separate non-Class IE 125-V battery, battery charger, and
distribution panel supp y the dc power to start and operate the AAC source.l

Two other 250-V batteries, battery chargers, and distribution panels supply
250-V de power for high-inrush dc loads.

8.3.2.3 Vital AC Instrumentation and Control Power Supply

Four redundant and independent divisions of 120-V Class lE vital ac instrumen-
tation and entrol power subsystems supply power to the four channels (A, B,

i C, and D) of the reactor trip system and the ESFAS. The 120-V ac vital
J instrumentation and control power system consists of four separate and

independent 120-V ac power panels, each powered from a 125-V de load group'

distribution center through a 125-V dc-120-V ac static inverter. This power
supply system produces an output frequency of 60 10.5 Hz and voltage regula-
tion to within 12 percent. An autostatic switch for each vital bus instantly

l transfers the load from the output of the inverter to a regulating transformer
which is fed from a Class lE 480-V ac MCC. Each vital bus can also receive
backup power from the regulating transformer through a manual make-before-
break bypass switch during periods in which the inverter is out of service for
maintenance.

The design includes two additional 120-V ac power panels which are powered
from the independent Division I and II 125-V dc battery and battery charger
described in Section 8.3.2 (above). Four 120-V ac power panels (two for each

i

| division) are powered from the ac-regulated Class 1E 480-V/120-V ac regulated
transformer. In the DSER, the staff stated that ABB-CE did not indicate which'

loads would be powered from the.e panels. Therefore, the staff needed thes

following information to complete its review of the 120-V ac vital instrumen-
tation and control systems:

(1) a list of the loads powered from vital Division I and II 120-V ac dis-
| tribution panels and ESF-component control system panels

,

I

|

| (2) the normal feed to ESF-CCS panels and the conditions under which these
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panels may be powered from the inverters

This was designated as DSER Open Item 8.3.2.3-1.

In Amendment Q, ABB-CE provided loads powered from the ESF-CCS panels. The
ESF-CCS provides normal control of safety components, as well as control and
actuation of ESF systems. The ESF-CCS is the central controlling system for
safety-related plant components. Examples of ESF signals controlled by
ESF-CCS follow:

containment isolation actuation signal. j=

containment spray actuation signal i
=

main steam isolation signal j=

SIAS i=

emergency feedwater (EFW) actuation signal |=
|

The ESF-CCS panel has a normal feed and an alternate feed. One feed is from i

the Class lE vital I&C channel power panel, and the other feed is from the '

same Class lE channel 480-V/120-V ac regulated transformer. The ESF-CCS panel ,

automatically transfers internally to its alternate source if the inverter is ,

inoperable or if the inverter is to be removed from service for maintenance. ;

This satisfies the staff's concern and is acceptable. On this basis, DSER
Open item 8.3.2.3-1 is resolved. ;

8.3.2.4 Non-Class IE AC Instrumentation and Control Systems ,

t

The design includes two separate non-Class lE 208-V/120-V ac control systems
consisting of 125-V dc power to 208-V/120-V ac inverters, static and manual
bypass transfer switches, distribution centers, and panels. Two 125-V de to'

;

120-V ac inverters supply power from 125-V dc control power to separate
208-V/120-V ac panel boards. ' A non-safety-related power transformer supplies ;

backup power to these panels. This system consists of two subsystems, each ;

supplying non-interruptible 120-V ac power to non-Class 1E instrumentation and |
controls, and 208-V/120-V ac power to the data processing system and security 1

lighting systems.
:

8.4 TM1 Action Plan Reauirements i

Item II.E.3.1. " Pressurizer Heater Power Supply" |
'

q

This item requires that emergency power be available to a minimum number of I
pressurizer heaters to ensure that natural circulation can be maintained in- !

ithe RCS if offsite power is lost.

Although no credit is taken for pressurizer heaters to maintain natural
circulation if offsite power is lost, the System 80+ design includes two
backup pressurizer heater groups, each rated at 200 kW. These heaters are

,

connected to separate 480-V Class 1E buses that are energized from separate
: and independent EDGs upon the LOOP. Because the heaters are not Class IE,

they are connected to the Class lE buses through two breakers in series. The

O
criteria for this power supply for pressurizer heaters are acceptable because
they. are consistent with NUREG-0737, " Clarification of TMI Action Planj
Requirements," requirements.

,
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Item II.G.I. " Power Supplies for Pressurizer Relief Valves. Block Valves. and
Pressurizer Level Indicators"

This item requires that emergency power be available to pressurizer relief and
block valves and pressurizer level indication in the event of LOOP. The !

System 80+ design does not incorporate pressurizer relief and block valves. l
The safety depressurization system (SDS) performs a rapid depressurization of j

the RCS to enable the operator to feed and bleed the RCS during beyond-design-
basis events. Since this system is designated Class lE, the systems and
components, including the pressurizer level indication and SDS valves, are
pow 1 red from Class lE power sources. Accordingly, if the facility lost
offsite power, an emergency power source would power the SDS valves and the
pressurizer level indicators. This arrangement is acceptable because it
conforms with the intent of NUREG-0737. Use of SDS is further discussed in
Section 6.7 and Chapter 19 of this report.

8.5 Station Blackcut

The SB0 rule (10 CFR 50.63) requires that each light-water-cooled nuclear
power plant be able to withstand and recover from an SB0 of a specified
duration. Guidance for conformance to the SB0 rule is in (1) RG 1.155,
" Station Blackout," (2) the Nuclear Management and Resources Council, Inc.
(NUMARC) 87-00 document, " Guidelines and Technical Bases for NUMARC Initia-
tives Addressing Station Blackout at Light Water Reactors," and (3) a supple-
ment to NUMARC 87-00, " Supplemental Questions / Answers and Major Assumptions,"
dated December 27, 1989 (issued to the industry by NUMARC on January 4, 1990).

The NRC developed a policy issue in SECY-90-016, dated January 12, 1990, that
was approved by the Commission on June 26, 1990, which requires that the
evolutionary ALWRs meet the SB0 rule by including an AAC power source (e.g.,
CTG) of diverse design capable of powering at least one complete set of normal
shutdown loads and to back up the EDGs. EPRI has also included a requirement
that a large-capacity, diverse AAC power source (e.g., CTG) with the capacity
to power one complete set of normal safe-shutdown loads and to back up the EDG
be part of the evolutionary ALWR design. Therefore, the staff's proposed
applicable regulation as the standard design must provide an alternate ac
power source for the purpose of dealing with station blackout.

ABB-CE committed to meet the SB0 requirements by providing an AAC power
source. ABB-CE stated that the AAC Source for System 80+ is a non-safety-
grade combustion gas turbine provided to cope with a LOOP and an SB0 scenario.
This standby unit will meet the requirements in 10 CFR 50.63 by being indepen-
dent and diverse from the Class lE standby EDGs. The AAC source will not
normally be directly connected to the plant's main or standby offsite power
sources or to the Class lE power distribution system, thus minimizing the
possibility of a common-cause failure.

The CTG is designed to automatically start and be ready to accept load within
two minutes from the onset of a LOOP event so that the plant will be capable
of maintaining core cooling and containment integrity. The COL applicant will
also store sufficient fuel on site to support 24 hours of CTG operation at
rated load. A dedicated 125-V dc battery will power the instrumentation and
controls necessary to start and run the AAC source.
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ABB-CE addressed periodic testing of the AAC power source and committed to
g require the COL applicant to establish an AAC QA program consistent with

RG 1.155, Appendix A.

Therefore, a System 80+ plant will have a fully qualified CTG as an AAC power
source. However, regarding core coolino for an SB0 event, ABB-CE was required
to confirm that,

(1) The plant will have sufficient condensate storage to remove decay. heat
for the duration of an SB0 in accordance with RC 1.155, Section 3.3.2.

(2) The equipment and systems will be operable during an 580 event.

(3) By confirming that the AAC source provides appropriate cooling, the areas !

in which SB0 equipment is located will be habitable.

In the DSER, the staff stated it would verify that these three aspects of the
design are included as design commitments. This was designated as DSER Open
Item 8.5-1. .

'
.

In Amendment Q, ABB-CE supplemented the information on SB0 as follows:

ABB-CE indicated that the EFW system contains two, seismically designed,
100-percent-capacity emergency feedwater storage tanks (EFWSTs). Each i.ank
has a safety-related condensate storage volume of 350,000 gallons, which is
sufficient condensate to maintain the unit in hot standby condition for
8 hours by using the EFW turbine-driven pumps. The EFW system can either be
manually or automatically actuated to operate during SB0 conditions. The EFW
system is configured into two separate divisions. Each division is aligned '

to feed its respective steam generator which consists of one EFWST, one
100-percent-capacity motor-driven pump and one 100-percent-capacity steam-

'

driven pump. The EFW system can be controlled from either the MCR or the
remote shutdown room. This addresses Item 1 (above) and is acceptable.

ABB-CE indicated that areas in which SB0 equipment is located will be habita-
ble, since the AAC source is fully rated to power the chillers, the required
SB0 area ventilation units, and other support / auxiliary equipment, and will be
available for loading within 2 minutes of receiving its start signal. ABB-CE
committed to NUMARC 87-00 to ensure that the environment during and following
an SB0 event will not exceed the environment for which the equipment is ;

designed and qualified. This addresses Items 2 and 3 (above) and is accept- '

able. |

The CTG for the System 80+ design has sufficient capacity and capability
to power either both sets of the permanent non-safety-related loads, or one
set of permanent non-safety-related loads and one set of a safety division's
loads. The CTG is designed to automatically start, accelerate to rated speed, .

*

reach nominal voltage, and to begin accepting loads within 2 minutes of
receiving its' start signal (i.e., following LOOP event). It is connected to -

the permanent non-safety buses by automatic connection, but has no automatic
connection from the permanent non-safety buses to the safety buses. It is
capable of being operated during and after an SB0 without any ac support
systems powered from the preferred power supply and is equipped with its own i

'fuel system that is separate from the fuel supply for the onsite EDG. Its
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fuel will be sampled and analyzed according to applicable standards.

The AAC source is a self-contained unit equipped with its own auxiliary
control and support systems. The AAC can be manually started, stopped,
loaded, and controlled locally and from the MCR. The AAC is located within
the protected area, outside the turbine missile impact zone; it is surrounded
by a perimeter security fence and has an intrusion alarm syste.i.

The CTG has a continuous rating capacity margin of at least 10 percent to
compensate for load growth. The CTG will be tested at the factory, as is the
Class lE EDG, to demonstrate its ability to start, its ability to accelerate
to rated speed and voltage, and its ability to supply power within 2 minutes.
The CTG will be subject to site acceptance testing, periodic preventive
maintenance, inspection, testing, and operational reliability assurance
process goals (see Section 17.3 of this report for discussion of 0-RAP). The
AAC source will also be routinely inspected and maintained while the plant is
at power.

On the basis of its review, the staff concludes that the CE System 80+ design
for meeting the SB0 rule through the use of a CTG (AAC power source) meets the
guidelines of RG 1.155, and NUMARC 87-00, and satisfies the requirements of
10 CFR 50.63 the Commission policy on SB0 (SECY-90-016), and the staff's
proposed applicable regulation, and is, therefore, acceptable. On this basis,

DSER Open item 8.5-1 is resolved.

8.6 Combined License (COL) Action Items

ABB-CE committed to require periodic testing of electrical components in
various electrical power systems. ABB-CE should have included in the
CESSAR-DC those items that the COL applicant must address (" COL Action

| Items"). In the DSER, the staff stated that it will review this further upon
receiving the appropriate information. This was designated as DSER Open'

item 8.6-1.

In Amendment Q, ABB-CE added a new CESSAR-DC Section 8.1.4.5, " COL Action
Items," to address this issue. The staff has reviewed this information and
concludes that all periodic testing of electrical components has been included
in CESSAR-DC Section 8.1.4.5 as a COL action item. This satisfies the staff's
concern and is acceptable.. On this basis, DSER Open Item 8.6.1 is resolved.

|

I.
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(V)
9 AUXILLARY SYSTEMS

9.1 Fuel Storaae and Handlina

9.1.1 New-Fuel Storage

The staff reviewed the new fuel storage capability in accordance with standard
review plan (SRP) Section 9.1.1. Staff acceptance of the new fuel storage
facility is based on the design complying with the requirements of General
Design Criteria (GDC) 2 as it relates to the ability of structures housing the
facility and the facility itself to withstand the effects of natural phenomena
such as earthquakes; GDC 5 as it relates to shared structures, systems, and
components (SSCs) important to safety being capable of performing required
safety functions; GDC 61 as it relates to the facility design for fuel
storage; and GDC 62 as it relates to the prevention of criticality. Compli-
ance with GDC 2 is based on complying with the guidance of Regulatory Guide
(RG) 1.29, Position C.1.L as it relates to the seismic classification of
facility components. Specific criteria necessary to meet the requirements of
GDC 61 and 62 are American Nuclear Society (ANS) 57.1, " Design Requirements
for LWR Fuel Handling System," and ANS 57.3, " Design Requirements for New LWR
Fuel Storage Facilities," as they relate to the prevention of criticality and
to the aspects of the radiological design. In CESSAR-DC Section 9.1.1, ABB-CE

\ presents the design bases, a description, and the safety evaluation of the
d new-fuel storage arrangement for the System 80+ design.

According to CESSAR-DC Section 9.1.1, the new fuel storage racks are made up
of two 11 x 11, 50 percent-density, individual rack modules, each contain-
ing 121 cells. The storage racks are stainless steel and have rectangular
fuel storage cells on a single square pitch of 24.84 cm (9.78 in.) for all
cell s . Cell blockers are installed in alternate cells of each storage rack to
limit new fuel storage to a total of 121 fuel assemblies. The racks are
bolted to embedments at the bottom of the rack storage cavity to preclude
tipping.

In CESSAR-DC Section 9.1.1, ABB-CE provides a safety evaluation to show that
the new fuel storage rack design complies with the design bases. The section
contains an evaluation of criticality safety, which includes postulated
accidents, criticality safety assumptions, and criticality safety margins.
The postulated accidents considered are flooding, optimum moderation condi-
tions, fuel-handling accidents, and excessive tensile loads on the rack. The
design features used to minimize the possibility of these accidents are:

hoist travel limits and crane interlocks*

limited load handling when installing or removing fuel from the racks=

racks designed for safe-shutdown earthquake (SSE) conditionsan

racks designed for dropped fuel assembly (and handling tool) conditions*
,
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new-fuel-handling crane designed to preclude the crane, or any part of-

the crane, from falling into the new-fuel-handling area

The staff reviewed CESSAR-DC Section 9.1.1 in conjunction with ABB-CE's
responses to the staff's requests for additional information (RAI). The staff
performed its review in accordance with the guidance and acceptance criteria
in NUREG-0800, SRP Section 9.1.1. The staff directed its evaluation at
determining whether or not the new-fuel storage design complies with the
requirements of GDC 2, 5, 61, and 62. The staff reached the following
conclusions:

(1) Based on information provided in standard safety analysis report (SSAR)
Section 9.1.1 and SSAR Table 3.2-1, the new fuel storage facility,
including the storage cavity and racks, is designed and classified to
seismic Category I requirements. Furthermore, the facility is housed in
the Nuclear Annex building, a seismic Category I structure. Therefore,
the essential portions of the new fuel storage facility are protected
from the effects of earthquakes, floods, hurricanes, tornadoes, and other
natural phenomena, as required by GDC 2. Based on this information, the |
staff concludes that the new fuel storage facility meets the guidelines !

of Position C.l.L of RG 1.29 and therefore complies with the requirements
of GDC 2 regarding the ability of structures housing the facility and the
facility itself to withstand the effects of natural phenomena such as
earthquakes. The following related confirmatory issues were identified
in the staff's draft safety evaluation report (DSER):

(a) In response to RAI Q410.103(b), ABB-CE stated that the seismic
Category I facilities associated with new-fuel storage consist of
the storage vault and the rack restraint system. The seismic
category of other building components associated with handling fuel
assemblies is noted in CESSAR-DC Table 3.2-1. The staff asked
ABB-CE to incorporate this response into the CESSAR-DC. This was
designated as DSER Confirmatory Item 9.1.1-1.

Subsequently, ABB-CE incorporated the additional information in
Amendment N to CESSAR-DC (Section 9.1.1.3.3). Seismic Category I
components include the new-fuel storage racks, the storage vault,
and the rack restraint system. The seismic classification of other
components associated with handling fuel assemblies is given in
CESSAR-DC Table 3.2-1. Components near the fuel storage area that
are not seismic Category I are classified as seismic Category II to
ensure that their failure will not damage the fuel or fuel racks.
On this basis, DSER Confirmatory Item 9.1.1-1 is resolved.

(b) In response to RAI Q410.103(i), ABB-CE discussed the capability of
the system to withstand the failure of non-seismic Category I
systems or structures located nearby. The staff asked ABB-CE to
incorporate this response into the CESSAR-DC. This was designated
as DSER Confirmatory Item 9.1.1-2.

Subsequently, ABB-CE incorporated the additional information in
Amendment N to CESSAR-DC (Section 9.1.1.3.1.1.K) and in Table 3.2-1.
As stated above, components near the fuel storage area that are not
seismic Category I are classified as seismic Category 11 so that

ABB-CE System 80+ FSER 9-2 June 1994

_ - - . . - . . . - _ _- .



|

their failure will not damage the fuel or fuel racks. On thisp) basis, DSER Confirmatory Item 9.1.1-2 is resolved.(O
(c) In response to RAI Q410.103(c), ABB-CE presented additional descrip- |

tive information on fuel rack design features and on the seismic )
classification of equipment in the "new-fuel inspection area." The
staff asked ABB-CE to incorporate this information into the CESSAR-
DC, along with the function of the L inserts. This was designated !

as DSER Confirmatory Item 9.1.1-3. I

Subsequently, ABB-CE incorporated this additional information in |
Amendment N to CESSAR-DC (Sections 9.1.1.2 and 9.1.1.3.1.1.K and i

Table 3.2-1). The seismic classification of fuel facilities has !

already been discussed. In addition, ABB-CE clarified that the )L-inserts act as additional metal thickness for neutron absorption '

and limit the displacement between the fuel assemblies and the rack I

wall in order to minimize seismic acceleration loads. On this I
basis, DSER Confirmatory Item 9.1.1-3 is resolved.

(2) Although the System 80+ design can be used at either single-unit or
multiple-unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the
independence of all safety-related systems and their support systems will
be maintained between (or among) the individual plants. In the DSER, the
staff stated that should a multi-unit site be proposed, the combined
license (COL) applicant must apply for the evaluation of the units' ,

compliance with the requirements of GDC 5, " Sharing of Structures, ;

p Systems, and Components," with respect to the capability of shared SSCs ,

; j to perform their required safety functions. This was designated as DSER !

'v COL Action Item 9.1.1-1. Upon further review, the staff has determined
that the design described in CESSAR-DC does not share structures,
systems, or components with other nuclear power units. Therefore, the

'
i

new fuel storage systew complies with the requirements of GDC 5, and COL
Action Item 9.1.1-1 is acceptable.

(3) The staff asked ABB-CE to address the following open items before the j
staff completed its review of the design's compliance with the require- '

ments of GDC 61 (regarding fuel storage, fuel handling, and radioactivity i

control) and GDC 62 (regarding criticality safety): )
(a) For the review of CESSAR-DC Section 9.1.1, the staff asked ABB-CE to

submit criticality information, including numerical values of max-
imum k , for flooding, foam / mist immersion (including value of
relati,ve, water density), and dropped fuel assembly accident scen-

j

arios including maximum height of dropped fuel. This was designated )
as DSER Open Item 9.1.1-1. |

Subsequently, ABB-CE clarified that the K,,, for the new-fuel racks
is maintained less than 0.95 should the area become flooded with i

pure, unborated water, and less than 0.98 should the racks become ;
enveloped in an aqueous foam or mist of optimum density, assuming a )maximum 5 percent fuel enrichment. The K values include allow- 1

ances for deviations from normai conditio,n,s, and calculationale
( uncertainties. Load drop analyses were performed to identify the
\ worst-case load drop and ensure that the minimum spacing between
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fuel assemblies is maintained should this load drop occur. The
worst-case load drop results in an impact energy of 10,519 newton-
meters (N-m) (93,100 in.-lbs) to one edge of the a fuel rack cell.
In this worst-case scenario, minimum fuel spacing was maintained.
On this basis, DSER Open Item 9.1.1-1 is resolved.

(b) In the DSER, the staff stated that SRP Section 9.1.1, Item III 2.a,
requires criticality information to show the racks in a subtritical
condition, that is, k,,, of less then about 0.95, with design en-
richment fuel. This requirement is in addition to the requirement
for k to be less than 0.95 under fully flooded conditions and
lessb,an0.98underoptimummoderation(form / mist) conditions.
This was designated as DSER Open Item 9.1.1-2.

As stated above, ABB-CE clarified that a fuel enrichment value of
-

5 percent was assumed in the criticality analysis (see CESSAR-DC
Section 9.1.1.3.1.3) to form an upper bound which would encompass
any fuel management scheme. On this basis, DSER Open Item 9.1.1-2
is resolved.

(c) In the DSER, the staff stated that ABB-CE should discuss which acci-
dents require the use of computer code D0T-4 and which require the
use of the KEN 0 IV code, and should also discuss the respective
accuracies of these codes. The staff stated that this discussion
should be broader than that provided in Amendment E of CESSAR-DC,
which merely indicated that KENO IV is used for geometries involving
three-dimensional input. This was designated as DSER Open
Item 9.1.1-3.

Subsequently, ABB-CE clarified that the KENO IV code is used for
criticality analyses for new fuel during accident conditions (both
flood and mist); the 00T-4 code is used to perform criticality
analyses for spent fuel for normal conditions; and KENO IV is used
to determine K,,, for the spent fuel during accident conditions.
The criticality calculations allow for deviations from normal
conditions (i.e., variations in water temperature) and for calcula-
tional uncertainties. On the basis of this additional information,

DSER Open Item 9.1.1-3 is resolved.

(d) In the DSER, the staff stated that ABB-CE should discuss the assump-
tion inherent in the statement that a 25.4 cm (10 in.) space between
the top of the active fuel and the top of the fuel rack precludes
any criticality in the event of a fuel assembly drop. In addition,

the staff stated that the discussion should indicate the fuel
enrichment considered. This was designated as DSER Open
Item 9.1.1-4.

Subsequently, ABB-CE submitted additional information clarifying
that the load drop analysi:: ensured that the minimum spacing between
fuel assemblies would be maintained given a worst-case load drop.
This analysis included maintaining the 25.4 cm (10 in.) spacing
between the top of the active fuel and the top of the fuel rack when
a fuel assembly is dropped. On the basis of this additional infor-
mation, DSER Open Item 9.1.1-4 is resolved.
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(e) One of the postulated accidents presented in CESSAR-DC Sec-

[V}
tion 9.1.1.3.1.1 is flooding of the new-fuel storage vault by
unborated, room-temperature water. In CESSAR-DC Sec-
tion 9.1.1.3.1.3, ABB-CE states that spatial calculations were per-
formed for a selection of uniform water densities covering the
ranges in which reactivity peaks occur. Because flooding is consid-
ered to be an external natural phenomenon, room-temperature water
cannot be assumed. Therefore, in the DSER, the staff stated that
ABB-CE should confirm that flooding with room-temperature water is
conservative for an optimum moderation condition. This was desig-
nated as DSER Open Item 9.1.1-5.

|

Subsequently, ABB-CE submitted Amendment Q to CESSAR-DC which clari-
fied that the criticality analysis for the new fuel considered a
range of water densities (including the worst-case water density) in
addition to flood and mist of unborated water at room temperature.

The analysis concludes that X ,9E during foam and mist conditions.flooded conditions and below Y. is maintained below 0.95 during
On the basis of this clarifying information, DSER Open Item 9.1.1-5
is resolved.

(f) As required by SRP Section 9.1.1, Item III-2-b, the staff stated in
the DSER that ABB-CE should discuss provisions in the design for
draining the vault to prevent the accumulation of a fluid mcderator.
This was designated as DSER Open Item 9.1.1-6.

Subsequently, ABB-CE submitted Amendment N to the CESSAR-DC which
.h clarified that a drain line at the bottom of the storage vault
V directs fluid to the floor drain sump. In addition, the drain line

contains a non-return check valve to prevent fluid backflow into the
vault. On the basis of this additional information, DSER Open
Item 9.1.1-6 is resolved.

(g) In the DSER, the staff stated that ABB-CE should perform an analysis
to ensure that the failure of non-seismic Category I systems or
structures located in the vicinity of the new-fuel storage racks
cannot cause an increase in k beyond the maximum allowable k
ThestaffstatedthatABB-CEsNouldeithersubmitsuchananaly,,s,is

.

to the staff or require the COL applicant to provide the analysis at
the COL license stage. This was designated as DSER Open
Item 9.1.1-7.

As discussed previously, ABB-CE clarified that components near the
fuel storage area that are not seismic Category I are classified as
seismic Category 11 so that their failure will not damage the fuel
or fuel racks. On the basis of this information, DSER Open
Item 9.1.1-7 is resolved.

(h) In CESSAR-DC Section 9.1.1.3.1.2.D ABB-CE states that the array is
assumed to be surrounded on each face by a 2-foot-thick, close-
fitting reflector of concrete. The walls, floor, and material above
the fuel are assumed to be several inches away from the array. Ing' the DSER, the staff stated that ABB-CE must show how these distances

b- between concrete and fuel array produce the most conservative
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assumptions for the criticality analysis. This was designated as
DSER Open Item 9.1.1-8.

Subsequently, ABB-CE submitted Amendment N to CESSAR-DC which clari-
fied that the criticality analyses assumed a close-fitting concrete
reflector on all six sides of the racks. This is conservative since
the walls surrounding the racks are actually several inches away
from the racks. On the basis of this additional information, DSER
Open Item 9.1.1-8 is resolved.

(i) In the DSER, the staff stated that ABB-CE must explain how cross-
placement of new-fuel and spent-fuel storage racks will be pre-
vented. This was designated as DSER Open Item 9.1.1-9.

|

Subsequently, the staff reviewed Amendment Q to CESSAR-DC. In
CESSAR-DC Section 9.1.4, ABB-CE discusses operational and design
aspects of the fuel-handling equipment. During refueling, new fuel
can be placed in region I of the spent fuel racks in preparation for
transfer of the new-fuel into the reactor building. Spent fuel,
however, cannot inadvertently be transferred to the new-fuel storage
area. Before refueling operations begin, the new-fuel is removed
from the new-fuel storage racks and transferred to the new-fuel
elevator by using the fuel building handling crane and the short
fuel handling tool. The new-fuel elevator then lowers the new-fuel
assembly into the spent fuel pool to allow the spent fuel handling
machine to transfer the fuel assembly to the region I area of the
spent fuel racks or the transfer system upender. A hoist lockout
interlock on the new-fuel elevator prevents raising the elevator
with a fuel assembly in the elevator box. This interlock is a
backup for the administrative control which prohibits the placement
of a spent-fuel assembly in the new-fuel elevator. On the basis of
this information, DSER Open Item 9.1.1-9 is resolved.

In addition to the open items listed above, the staff also identified the
following general confirmatory issues in the DSER:

(1) In response to RAI Q410.103(a), ABB-CE stated that the applicable
portions of RG 1.13, " Spent Fuel Storage Facility Design Basis," have
been complied with, and are defined in CESSAR-DC Sections 9.1.1.1. A and
9.1.1.1.C. In the DSER, the staff stated that the criticality design

basis described in Section 9.1.1.1.A is not derived from RG 1.13. The
staff stated that ABB-CE must revise CESSAR-DC Section 9.1.1.1.B to
specify which parts of RG 1.13 are complied with. This was designated as
DSER Confirmatory Item 9.1.1-4.

Subsequently, ABB-CE incorporated this information in Amendment N to
CESSAR-DC. The design conforms to all the guidelines of RG 1.13, except

i those regarding the spent-fuel pool water supply. These guidelines are
l not applicable to the new-fuel storage facilities since the fuel is
I stored in a dry condition. On the basis of this information, Confirma-

tory Item 9.1.1-4 is resolved.

(2) In response to RAI Q410.103(d), ABB-CE gave the design basis for the
storage capacity of 121 new-fuel assemblies. In the DSER, the staff
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stated that ABB-CE must incorporate this information into CESSAR-DC
[,) Section 9.1.1.1.D. This was designated as Confirmatory Item 9.1.1-5 in
V the DSER.

Subsequently, ABB-CE incorporated this information in Amendment N to
CESSAR-DC. The capacity represents 50 percent of the fuel assemblies in
the core and envelopes any reload batch size that would occur for refuel-
ing cycle lengths up to 24 months. On the basis of this information,
DSER Confirmatory Item 9.1.1-5 is resolved.

(3) In response to RAI Q410.103(e), ABB-CE stated that the design is in
compliance with ANS 57.1, " Design Requirements for Light Water Reactor
Fuel Handling Systems," and ANS 57.3, " Design Requirements for New Fuel
Storage Facilities." In the DSER, the staff stated that ABB-CE must
incorporate this statement into CESSAR-DC Section 9.1.1.1. This was
designated as DSER Confirmatory Item 9.1.1-6.

Subsequently, ABB-CE submitted Amendment N to the CESSAR-DC which stated
that the design of the fuel-handling equipment complies with the guide-
lines of ANS 57.1 and ANS 57.3. The new-fuel storage racks, storage
vault, and rack restraint system are designed to seismic Category I
requirements. Equipment in the vicinity of the new-fuel storage area
that is not designed to seismic Category I standards is designed so that
its failure will not damage the fuel racks or the fuel. Furthermore,
load- handling equipment associated with the new-fuel storage facilities
is designed to hold its load during a seismic event or loss of power. On
the basis of this additional information, DSER Confirmatory Item 9.1.1-6/ni is resolved.C

(4) In response to RAI Q410.103(f), ABB-CE gave the restrictions limiting the
lifting capacity of the overhead crane. In the DSER, the staff stated
that ABB-CE must incorporate this information into CESSAR-DC Sec-
tion 9.1.1.3.1, along with a statement that excessive uplifting force
cannot be applied. This was designated as DSER Confirmatory
Item 9.1.1-7.

Subsequently ABB-CE submitted Amendment N to the CESSAR-DC which clari-
fied that the new-fuel-handling hoist on the fuel building overhead crane
is limited in its lifting capacity by either adjusting the motor stall
torque or by using load-limiting devices. The staff concludes that these
provisions will ensure that excessive loads will not be imposed on the
assemblies. On the basis of this additional information, DSER Confirma-
tory Item 9.1.1-7 is resolved.

(5) In response to RAI Q410.103(g), ABB-CE discussed the design features that
will prevent heavy objects from falling onto the new fuel racks. In the
DSER, the staff stated that ABB-CE must incorporate the information into
CESSAR-DC Section 9.1.1.3.1.1. This was designated as DSER Confirmatory
Item 9.1.1-8.

Subsequently, ABB-CE submitted Amendment N to the CESSAR-DC which
incorporated the required information. The new-fuel racks and the spent--3/ \ fuel pool are located at the opposite ends of the fuel building to

( ,/ eliminate the possibility of moving heavy loads (e.g., a spent-fuel
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shipping cask) over the new-fuel assemblies. Also, any components whose
failure could damage fuel is classified as seismic Category II to
preclude their failure and entry into the new-fuel storage area.
Finally, no load can be moved over the fuel whose impact energy, if
dropped from its operating elevation, exceeds that of the worst-case load
considered in the load-drop analyses. On the basis of this information,
DSER Confirmatory Item 9.1.1-8 is resolved.

(6) In the DSER, the staff stated that ABB-CE must clarify in CESSAR-DC
Section 9.1.1.1 what fraction of the total core is represented by the 121
new-fuel assemblies. This was designated as DSER Confirmatory
Item 9.1.1-9.

Subsequently, ABB-CE submitted Amendment N to the CESSAR-DC which clari-
fied that 121 new-fuel assemblies represent 50 percent of the fuel
assemblies in the core. On the basis of this additional information,
DSER Confirmatory Item 9.1.1-9 is resolved.

,

1

(7) In the DSER, the staff stated that ABB-CE must clarify the design
requirements for the new-fuel racks for SSE conditions and dropped fuel
assembly conditions. This was designated as DSER Confirmatory
Item 9.1.1-10.

As was stated earlier, ABB-CE submitted Amendment Q to the CESSAR-DC
which clarified that the seismic Category I components consist of the
new-fuel storage racks, the storage vault, and the rack restraint system.
The seismic classification of other components associated with handling
fuel assemblies is given in CESSAR-DC Table 3.2-1. Components near the
fuel storage area that are not seismic Category I are classified as
seismic Category II so that their failure will not damage the fuel or
fuel racks. On the basis of this information, DSER Confirmatory
Item 9.1.1-10 is resolved.

On the basis of the information submitted by ABB-CE, the staff concludes that
the design meets the guidelines of ANS 57.1 and ANS 57.3 and the requirements
of GDC 61 and 62 as they relate to fuel storage and handling and radioactivity
control.

The new-fuel storage facility includes the fuel assembly storage racks and the
concrete storage vault that contains the storage racks. On the basis of its
review of ABB-CE's proposed design criteria, design bases, and safety classi-
fication for the new-fuel storage facility regarding the provisions necessary
to maintain a suberitical array, the staff concludes that the design of the
new-fuel storage facility is acceptable and complies'with the requirements of
GDC 2, 5, 61, and 62.

9.1.2 Spent-Fuel Storage

The staff reviewed the spent fuel storage capability in accordance with SRP
Section 9.1.2. Staff acceptance of the spent fuel storage facility is based
on the design complying with the requirements of GDC 2 as it relates to the
ability of structures housing the facility and the facility itself to with-
stand effects of natural phenomena such as earthquakes, tornadoes, and
hurricanes; GDC 4 as it relates to structures housing the facility and the
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facility itself being capable of withstanding the effects of external mis-n
Y siles, and internally-generated missiles, pipe whip, jet impingement forces,/j\, and adverse environmental conditions associated with pipe breaks, such that

.

safety functions will not be impaired; GDC 5 as it relates to shared SSCs |
limportant to safety being capable of performing required safety functions; GDC

61 as it relates to the facility design for fuel storage and handling of
radioactive materials; GDC 62 as it relates to the prevention of criticality;
and GDC 63 as it relates to monitoring systems provided to detect conditions !
that could result in the loss of decay heat removal capabilities, to detect
excessive radiation levels, and to initiate appropriate safety actions.

Compliance with the requirements of GDC 2 is based on complying with the !

guidance of RG 1.13, Position C.3, the applicable portions of RG 1.29, ;

RG 1.117, and ANS 57.2, " Design Objectives for Light Water Reactor Spent Fuel ;

Storage Facilities at Nuclear Power Plants," paragraphs 5.1.1, 5.1.3, 5.1.12,
5.3.2, and 5.3.4. Compliance with the requirements of GDC 4 is based on
complying with the guidance RG 1.13, Position C.3, RGs 1.115 and 1.117, and
the appropriate paragraphs of ANS 57.2. Compliance with the requirements of
GDC 61 is based on complying with the guidance of RG 1.13, Positions C.1 and
C.4 and the appropriate paragraphs of ANS 57.2 as well as meeting the fuel
storage capacity guidelines noted in subsection III.1 of SRP 9.1.2. Compli-
ance with the requirements of GDC 62 is based on complying with the guidance
of RG 1.13 Positions C.1 and C.4 and the appropriate paragraphs of ANS 57.2.
Finally, compliance with the requirements of GDC 62 is based on complying with
the guidance of paragraph 5.4 of ANS 57.2

,m In CESSAR-DC Section 9.1.2, ABB-CE presents design bases, a description, and
(g) the safety evaluation of the spent-fuel storage arrangement.
-

According to CESSAR-DC Section 9.1.2, the spent-fuel storage racks are made up
of twelve 11 x 11 individual stainless steel modules, each contain-
ing 121 cells. Cell blockers are installed to provide 50-percent density
storage in region I (for 363 spent fuel assemblies) and 75-percent density
storage in region II (for 544 spent fuel assemblies). L-inserts made of non-
poisoned stainless steel are used to provide a flux trap water gap in the
usable cells. Neutron-poisoned inserts may be used for future expansion
potential. The spent-fuel storage racks are installed in the spent-fuel pool,
which is a stainless steel-lined, concrete-walled pool that is an integral
part of the fuel building.

In CESSAR-DC Section 9.1.2.3, ABB-CE presents a safety evaluation to show that
the spent-fuel storage rack design and location comply with its design bases.
The safety evaluation includes postulated accidents, criticality safety
assumptions, and criticality safety margins. The postulated accidents
considered are fuel-handling accidents, excessive tensile loads on the rack,
and a misplaced fuel assembly. The design features used to minimize the
possibility of these accidents are:

hoist travel limits and crane interlocks+

limited load handling when installing or removing fuel from the racks=

b racks designed for SSE conditions+

G
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racks designed for dropped fuel assembly (and handling tool) conditions=

fuel-handling machine designed to seismic Category Il requirements to-

preclude the machine, or any part of the machine, from falling into the
spent-fuel pool

The staff reviewed CESSAR-DC Section 9.1.2 in conjunction with ABB-CE's
responses to the staff's RAls. The staff based its review on guidance and
acceptance criteria in SRP Section 9.1.2. The staff directed its evaluation
at determining whether or not the spent fuel storage facility complies with
the requirements of GDC 2, 4, 5, 61, 62, and 63. Acceptability for meeting
these criteria is based on conformance to Positions C.1, C.3, and C.4 of
RG 1.13; applicable portions of RG 1.29, " Seismic Design Classification";
RG 1.117, " Tornado Design Classification"; and the appropriate paragraphs of
ANS 57.2, " Design Objectives for Light Water Spent Fuel Storage Facility at
Nuclear PWer Plants." The staff concludes the following:

(1) The design complies with the requirements of GDC 2 by conforming to
Position C.3 of RG 1.13, the applicable portions of RGs 1.29 and 1.117,
and applicable paragraphs of ANS 57.2.

Heavy loads are prevented from being lifted over the spent-fuel pool by
electrical and mechanical interlocks. In addition, the fuel racks are
designed to withstand a load drop equivalent to that from a fuel assembly
and its associated handling tool when dropped from its operating height.

The spent-fuel storage racks are housed in the fuel-handling portion of
the nuclear annex, a seismic Category I structure designed to protect
systems and equipment from external floods, missiles, earthquakes, and
tornados. The spent-fuel pool and racks are designed to seismic
Category I requirements. Components which are not designed to seismic
Category I standards and whose failure could damage the fuel or safety-
related systems and equipment are designed to ensure that they will not
fail during a seismic event, are seismically restrained, or are re-
moved from the area during normal operation (see CESSAR-DC Sec-
tion 9.1.4.2.3.3).

The spent-fuel storage area is designed to prevent a loss of pool water
from uncovering the spent fuel. This is accomplished by locating pipe
penetrations at least 10 feet above the top of the fuel assemblies. The
bottom of the gates that separate the spent-fuel pool from the spent fuel

I cask laydown area and from the fuel-transfer canal are located above the
top of the fuel assemblies and are oriented so that water pressure in the
spent-fuel pool area will keep the gates closed when the cask laydown
area or transfer canal is drained. The racks are designed to withstand
the drop of a fuel assembly and its associated handling tool, and heavy
loads are prevented from traversing over the spent-fuel pool.

On the basis of this information, the staff concludes that the System 80+
design complies with the guidelines of Position C.3 of RG 1.13; Positions
C.1 and C.2 of RG 1.29; RG 1.117; and ANS 57.2. The design, therefore,

| complies with the requirements of GDC 2 regarding protection of the spent
|

fuel storage facilities from the effects of natural phenomena.
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(2) The design complies with the requirements of GDC 4 regarding the environ-,m
( ) mental and missile protection design basis by conforming to Position C.3
\ / of RG 1.13, the applicable portions of RGs 1.115, " Protection Against

Low-Trajectory Turbine Missiles," and 1.117; and appropriate paragraphs
of ANS 57.2.

The protective interlocks already discussed protect the spent-fuel
storage area from gravitational missiles. In addition, the fuel will be
protected from turbine missiles by proper orientation of the turbine, as
well as by features to prevent the generation of turbine missiles.
Turbine missiles are discussed in Section 3.5.1.3 of the CESSAR-DC and
are evaluated in Section 3.5.1.3 of this report.

The location (seismic Category I - designed nuclear annex) and design
(seismic Category I) of the spent-fuel storage facility ensures that the
spent fuel will not be damaged by externally generated missiles or by
missiles generated by natural phenomena. Redundant divisions of safety-
related equipment are separated by a divisional wall which ensures that
an internally generated missile in one division will not damage equipment
in the other division. These missiles are discussed in Sections 3.5.1
and 3.5.2 of the CESSAR-DC and are evaluated in Sections 3.5.1 and 3.5.2
of this report.

The spent fuel storage racks are protected from the effects of pipe
failures as discussed in Sections 3.6.1 and 3.6.2 of the CESSAR-DC.
Protection of SSCs from the effects of pipe failures is evaluated in
Sections 3.6.1 and 3.6.2 of this report. In the staff's DSER, the

[m following open item was identified:
%

| In response to RAI Q410.104a, ABB-CE explained how the design complies
with the guidance given in SRP Section 9.1.2. In the DSER, the staff

'

stated that ABB-CE must incorporate the response into CESSAR-DC Sec-
tion 9.1.2, expanding it to show how the design conforms to Position C.3
of RG 1.13, relative to crane interlocks. This was designated as DSER
Open Item 9.1.2-1.

Subsequently, ABB-CE submitted Amendment Q to the CESSAR-DC which clari-
fied that the fuel-handling equipment will have interlocks to prevent
hoisting spent fuel above a maximum lift height and to ensure that the
spent-fuel cask cannot be moved over the spent-fuel. On the basis of
this additional information, DSER Open Item 9.1.2-1 is resolved.

On the basis of the above information, the staff concludes that the
ABB-CE System 80+ design compli u -ith the guidelines of Position C.3 of
RG 1.13, RGs 1.115 and 1.117, and ANS 57.2 and, therefore, complies with
the requirements of GDC 4 regarding protection of the spent fuel from the
effects of missiles and pipe failures.

(3) Although the System 80+ design can be used at either single-unit or
multiple-unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states t hat the
independence of all safety-related systems and their support systems will !
be maintained between (or among) the individual plants. In the DSER, theg) staff stated that should a multi-unit site be proposed, the combined(V license (COL) applicant must apply for the evaluation of the units'
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compliance with the requirements of GDC 5, " Sharing of Structures,
Systems, and Components," with respect to the capability of shared SSCs
to perform their required safety functions. This was designated as DSER
COL Action Item 9.1.2-1. Upon further review, the staff has determined
that the design described in CESSAR-DC does not share SSCs with other
nuclear power units. Therefore, the spent-fuel-storage facility complies ,

with the requirements of GDC 5, and DSER COL Action Item 9.1.2-1 is |
resolved. I

(4) In the DSER, the staff stated that the design was consistent with the
requirements of GDC 61 and 62 regarding spent-fuel storage, handling, l

'

criticality, and radioactivity control.

The total spent-fuel storage capacity represents 376 percent of a full |

core. The facilities are designed to seismic Category I requirements and |are housed in the spent-fuel area of the nuclear annex. This portion of
the nuclear annex is served by the fuel building ventilation system
(FBVS) (see Section 9.4 of the CESSAR-DC). As identified in CESSAR-DC
Table 3.2-1, the FBVS is seismic Category I, Safety Class 3, and is
designed to accommodate a postulated fuel-handling accident. The load-
handling equipment is designed to ensure that fuel cannot be raised to a
height that would result in a loss of the water shield for the fuel.
Radiation monitors are arranged to detect excessive radiation levels in
the spent fuel pool area and uninterruptible communications are avail-
able.

The staff identified the following open items that needed to be ad-
dressed:

(a) ABB-CE should discuss which analyses require the use of computer
code DOT-4 and which require the use of the KENO IV code, and should

,

also discuss the respective accuracies of these codes. This discus- j
sion should be broader than the discussion in Amendment E, which i
merely indicates that KEN 0 IV is used for geometries involving
three-dimensional input. This was designated as DSER Open
Item 9.1.2-2.

Subsequently, ABB-CE clarified that the DOT-4 code is used to calcu-
late K,,,

l design conditions.in the spent-fuel storage racks for both regions I and IIfor norma The KEN 0 IV code is used to calculate
K for a postulated dropped fuel assembly. With this additional

.

1Normation,DSEROpenItem9.1.2-2isresolved. |

| (b) ABB-CE should submit numerical values for k,,,
fuel storage facility.
for all normal design

j and accident analyses performed for the spent- '

This was designated as DSER Open Item 9.1.2-3.

Subsequently, ABB-CE clarified that the K for the spent-fuel racks is
maintained less than 0.95 during both norm,,l and accident conditions.a

The criticality analysis for region I of the spent-fuel racks during
normal conditions takes no credit for boron, assumes a 5-percent fuel
enrichment, and allows for uncertainties due to deviations from nominal
conditions (e.g., variations in fuel rack pitch, rack thickness, and

|
water temperature), as well as calculational uncertainties. For criti-
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cality calculations for region II of the spent-fuel racks during normal
conditions, K is calculated for various combinations of fuel enrich-
ment and fuellurnups with allowances for deviations from nominal
conditions and calculational uncertainties. For the dropped-fuel-
assembly accident, the dropped-fuel assembly is assumed to contain
5-percent enriched fuel with a boron concentration thrt is 50 percent of
the minimum concentration required by technical specifications (TSs).
On the basis of this information, DSER Open Item 9.1.2-3 is resolved.

(c) ABB-CE should submit the results of criticality analyses, which
assume a boron concentration of 0 ppm for the dropped load
conditions discussed in CESSAR-DC Sections 9.1.2.3.1.2.C,
9.1.2.3.1.3.A, and 9.1.2.3.1.3.B. This was designated as DSER Open
Item 9.1.2-4.

As has been previously discussed, a 0-ppm boron concentration was
assumed for the criticality analyses for normal conditions, and a
boron concentration 50 percent of that required by TSs is assumed
during accident conditions. The staff concludes that such concen-
trations under these conditions are sufficiently conservative for
the criticality analyses. On the basis of this information, DSER
Open Item 9.1.2-4 is resolved.

On the basis of the additional information submitted, the staff con-
cludes that the design of the spent-fuel storage facility complies
with the requirements of GDC 61 and 62 regarding spent fuel storage,
handling, criticality, and radioactivity control.

(5) The design complies with the requirements of GDC 63 regarding the
monitoring of the status of the stored spent fuel by conforming to
ANS 57.2. The following related confirmatory item was identified in
the DSER:

In response to RAI Q410.104d, ABB-CE presented the design features that
.comply with Paragraph 5.4 of ANS 57.2. ABB-CE should incorporate this i

information into.CESSAR-DC Section 9.1.2.3. This was designated as DSER
Confirmatory Item 9.1.2-1.

Subsequently, ABB-CE submitted Amendment Q to CESSAR-DC which contained
information showing that the design contains adequate instrumentation to
monitor pool water level and temperature, area radiation levels, ventila-
tion sampling, and uninterruptible communications. On the basis of this
additional information, DSER Confirmatory Item 9.1.2-1 is resolved.

On the basis of this information, the staff concludes that the spent-fuel
3storage facilities comply with the guidelines of ANS 57.2 and, therefore, I

comply with the requirements of GDC 63 regarding monitoring of the spent (fuel.

The staff identified the following additional open items in the DSER:

(1) ABB-CE must submit information which demonstrates how the spent-fuel
[ storage pool will be protected from a spent-fuel storage cask drop. This

was designated as DSER Open Item 9.1.2-5.
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Subsequently, ABB-CE submitted clarifying information in CESSAR-DC Amend-
<

ments I, L, and N. The spent-fuel storage cask is lifted and transported
iby the cask handling hoist on the fuel building overhead crane. Mechani-

cal stops are installed on the bridge rails to prohibit the hoist from
traveling over the spent-fuel pool area. In addition, limit switches, !
electrical and mechanical interlocks, and operating procedures (to be |supplied by the COL applicant) are used to prevent an inadvertent cask

idrop which could damage spent-fuel. Finally, the spent-fuel cask laydown
area is separated from the spent-fuel pool by a recessed gate ana a 1

reinforced-concrete wall. The gate is closed, locked, and sealed during
all cask-handli g operations. The floor in the laydown area is designed
to withstand a cask drop from 9.14 m (30 ft). The pool gates are
designed to use the water pressure in the pool to aid in closure. On the
basis of this information, the staff concludes that the design of the
pool protects the fuel assemblies from a storage cask drop. On this
basis, DSER Open Item 9.1.2-5 is resolved.

(2) ABB-CE must explain how leakage from the pool will be detected, and must
discuss design features to prevent water inventory loss beyond minimum
safe shielding and cooling limits. This was designated as DSER Open
Item 9.1.2-6.

ABB-CE subsequently submitted the required information in CESSAR-DC
Amendment L. All connections to the pool terminate at a level sufficient
to ensure that, should the line break, the pool will not be drained below
the minimum safe shielding level. In addition, pool connections contain
anti-siphon holes to prevent siphoning of the pool water and isolation
valves. Also, the pool has multiple sources of makeup water. Finally,
leakage from the spent-fuel pool is detected by changes in pool level and
area radiation monitors. Control room alarms actuate on indication of
low pool level and high radiation. On the basis of this information, the

l staff concludes that the design of the spent-fuel pool provides assurance
that leakage from the pool will be detected and sufficient water will be
available to keep the assemblies cool and protect personnel from exces-
sive radiation. On this basis, DSER Open Item 5.1.2-6 is resolved.

(3) ABS-CE must explain how fuel racks will be anchored and prevented from
tipping in the pool. This was designated as DSER Open Item 9.1.2-7.

Subsequently, ABB-CE verified that the rack design is similar to the
System 80 design used at Palo Verde, which allows movement during S!Es.
The staff has previously approved this design. On this basis, DSER apen
Item 9.1.2-7 is resolved.

(4) ABB-CE must explain how placement of a fuel assembly in an incorrect
location is prevented. This was designated as DSER Open Item 9.1.2-8.

Subsequently, ABB-CE clarified in CESSAR-DC Amendment Q that inadvertent
placement of a fuel assembly in an incorrect location is prevented by
cell blockers in the racks, electrical and mechanical interlocks on fuel
handling equipment, and administrative procedures. On the basis of this
additional information, DSER Open Item 9.1.2-8 is resolved.

In addition, the staff identified the following general confirmatory issues in

ABB-CE System 80+ FSER 9-14 June 1994

!



the DSER:g\c

Q' (1) In response to RAI Q410.104b, ABB-CE listed the facilities that are
mentioned in CESSAR-DC Section 9.1.2.3.2. ABB-CE would incorporate this
list into CESSAR-DC Section 9.1.2.3.3. This was designated as DSER
Confirmatory Item 9.1.2-2.

ABB-CE subsequently submitted this information in CESSAR-DC Amendment Q.
The spent-fuel pool storage facility includes the spent-fuel storage
racks, the spent-fuel pool concrete structure, the spent-fuel rack
support system, and the pool liner. On the basis of this additional
information, DSER Confirmatory Item 9.1.2-2 is resolved.

(2) In response to RAI Q410.104c, ABB-CE presented justification that exces-
sive force cannot be applied to the spent-fuel racks and fuel pool.
ABB-CE should incorporate this justification into CESSAR-DC Sec-
tion 9.1.2. This was designated as DSER Confirmatory Item 9.1.2-3.

This information was subsequently submitted in CESSAR-DC Amendment E.
The spent-fuel handling machine contains a hoist overload interlock which |

interrupts hoisting of a spent-fuel assembly if the load increases above
the overload setpoint. In addition, the hoist motor stall torque is
limited so that the load on the cable is less than the allowable fuel
assembly tensile load. On the basis of this additional information, the
staff concludes that the fuel handling equipment cannot apply excessive i

loads to the fuel racks and fuel pool. On this basis, DSER Confirmatory ,

Item 9.1.2-3 is resolved. '

n
'

(3) Portions of CESSAR-DC Section 9.1.2.3.1.3 are missing. ABB-CE should
submit the missing pages. This was designated as DSER Confirmatory
Item 9.1.2-4. The missing information was added in CESSAR-DC Amend-
ment J. On this basis, DSER Confirmatory Iteni 9.1.2-4 is resolved.

(4) In response to RAI Q410.64b, ABB-CE submitted information on the design
criteria and anticipated controls to be used for storing fuel in
region II. ABB-CE committed to insert material in CESSAR-DC Sec-
tion 9.1.2.2.2 concerning the restrictions of fuel storage in region II
to be imposed by administrative controls developed and implemented by the
COL applicant. ABB-CE should revise CESSAR-DC Section 9.1.2.2.2 as
indicated. This was designated as DSER Confirmatory Item 9.1.2-5.

ABB-CE subsequently submitted this information in CESSAR-DC Amendment N.
Both region I and II are designed to accominodate fuel assemblies with
initial fuel enrichment of up to 5 weight percent U-235. While region I
has no restriction on burnup history of stored fuel assemblies, region 11
is restricted to storage of fuel assemblies having a minimum cumulative
burnup which is dependent upon the initial enrichment of each fuel
assembly. This restriction is to be developed and implemented by the COL
applicant. On the basis of the incorporation of this information in the
CESSAR-DC, DSER Confirmatory Item 9.1.2-5 is resolved.

(5) In response to RAI Q410.54, ABB-CE showed compliance with SRP Sec-O tion 9.1.2, Issue III.2.e, guidance. The staff asked ABB-CE to incorpo-
V rate this material into CESSAR-DC Sections 9.1.2 and 9.1.4. This was
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designated as DSER Confirmatory Item 9.1.2-6.

Subsequently, ABB-CE incorporated the required information in CESSAR-DC
Aniendment Q. Spent-fuel is protected from the effects of a load drop by
prohibiting the movement of any load over the fuel whose impact energy if
dropped from its operating height exceeds that of the worst-case load
drop postulated in the load drop analysis. This is accomplished by
electrical and mechanical interlocks on fuel-handling equipment, as well
as by using proper fuel-handling procedures. On the basis of the
incorporation of this information in the CESSAR-DC, DSER Confirmatory
Item 9.1.2-6 is resolved.

(6) In response to RAI Q410.64a, ABB-CE submitted the required discussion on
the failure of non-safety-related systems, and structures and their
potential effects on the integrity and coolability of the spent-fuel
racks. The staff asked ABB-CE to incorporate this response into CESSAR-
DC Section 9.1.2. This was designated as DSER Confirmatory Item 9.1.2-7.
ABB-CE subsequently incorporated this information in CESSAR-DC Amend-
ment Q. Most equipment in the spent-fuel pool area is classified as
seismic Category I or II, thus, providing protection for the spent-fuel
from the effects of equipment failure during a seismic event. In
addition, all loose components which are not seismically qualified (e.g.,
tools) are either removed from the reactor building and fuel area of the
nuclear annex or are seismically restrained during reactor operation.
Fuel-handling procedures require that lanyards be used for loose compo-
nents that are used for a particular short-term application, such as
repair work. All permanently installed components are secured with
locking devices or restraints to prevent them from becoming loose and
falling into the refueling pool or the spent-fuel pool. On the basis of
this information, the staff concludes that non-safety-related components
will not pose a threat to the spent-fuel assemblies; therefore, DSER
Confirmatory Item 9.1.2-7 is resolved.

(7) ABB-CE submitted clarifying information regarding the two spent-fuel
regions, in response to RAI Q410.64. This response is sufficient to
adequately descr.ibe these regions. Incorporation of this information
into the CESSAR-DC text was designated as DSER Confirmatory Item 9.1.2-8.

ABB-CE subsequently incorporated this information in CESSAR-DC Amend-
ment N. Region I provides core offload capability and 50-percent density
storage for approximately 363 spent-fuel assemblies (150 percent of a
full core). Region II provides 75-percent density storage for approxi-
mately 544 spent-fuel assemblies (226 percent of a full core). Region I
is also used for storing new-fuel assemblies in preparation for refueling
outages and for storing defective fuel assemblies. In CESSAR-DC Sec-
tion 9.1.2.2.2, ABB-CE provides a fuller discussion of the spent-fuel
pool storage racks. On the basis of the incorporation of this informa-
tion into the CESSAR-DC, DSER Confirmatory Item 9.1.2-8 is resolved.

(8) ABB-CE must explain what fraction of a full core is represented by
region II and the total spent-fuel storage capacity. This was designated
as DSER Confirmatory Item 9.1.2-9. As stated above, ABB-CE submitted
this information in CESSAR-DC Amendment N, Section 9.1.2.2.2. On the
basis of the incorporation of this information, DSER Confirmatory
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Item 9.1.2-9 is resolved.

(9) In the response to RAI Q410.66, ABB-CE submitted clarifying information
regarding the protection of spent-fuel from a spent-fuel cask load drop. I

Incorporttion of this information into the CESSAR-DC text was designated ;

as DSER Confirmatory Item 9.1.2-10.

As discus sed above as part of the resolution to DSER Open Item 9.1.2-5,
ABB-CE submitted clarifying information in CESSAR-DC Amendments I, L, ;

and N. The spent-fuel storage cask is lifted and transported by the cask
handling hoist on the fuel building overhead crane. Mechanical stops are
installed on the bridge rails to prevent the hoist from traveling over
the spent-fuel pool area. In addition, limit switches, electrical and
mechanical interlocks, and operating procedures (to be supplied by the
COL applicant) are used to prevent an inadvertent cask drop which could
damage spent-fuel. Finally, the spent-fuel cask laydown area is
separated from the spent-fuel pool by a recessed gate and a reinforced
concrete wall. The gate is closed, locked, and sealed during all cask
handling operations. The floor in the laydown area is designed to
withstand a cask drop from 9.14 m (30 ft). The pool gates are designed
to use the water pressure in the pool to aid in closure. On the basis of
this information, the staff concludes that the design of the pool
protects the fuel assemblies from a storage cask drop.

The spent-fuel storage facility includes the spent-fuel storage racks, the
spent-fuel storage pool that contains the racks, and the asscciated equipment

,- storage pits. On the basis of its review of ABB-CE's proposed design crite- .

V)/ ria, design bases, and safety classification for the spent-fuel storage
facility and the provisions necessary to maintain a subcritical array, the
staff concludes that tne spent-fuel storage design complies with the guide-
lines of Section SRP 9.1.2 and the requirements of (1) GDC 2 as it relates to
structures housing the facility, and the facility itself being capable of
withstanding the effects of natural phenomena; (2) GDC 4 as it relates to
structures housing the facility, and the facility itself, being capable of
withstanding the effects of environmental conditions, missiles, pipe whip, and
jet impingement forces associated with pipe breaks; (3) GDC 5 as it relates to
shared SSCs important to safety being capable of performing required safety
functions; (4) GDC 61 as it relates to the facility design for fuel storage
and handling of radioactive materials; (5) GDC 62 as it relates to prevention l

of inadvertent criticality; and (6) GDC 63 as it relates to monitoring systems I

provided to detect conditions that could result in the loss of decay heat I

removal capabilities, to detect excessive radiation levels, and to initiate
appropriate safety actions. The design, therefore, is acceptable.

9.1.3 Spent-Fuel Pool Cooling and Pool Purification System

The staff reviewed the spent fuel pool cooling and purification system (PCPS)
in accordance with SRP Section 9.1.3. Staff acceptance of the PCPS design is
based on the design complying with the requirements of GDC 2 as it relates to
the ability of structures housing the system and the system itself to with- |

stand the effects of natural phenomena suQ as earthquakes, tornadoes, and
g$ hurricanes; GDC 4 as it relates to structures housing the system and the

system itself being capable of withstanding the effects of external missiles;
.b GDC 5 as it relates to shared SSCs important to safety being capable of
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performing required safety functions; GDC 44 as it relates to

Gi(a) the systems ability to transfer heat loads from safety-related SSCs to a i

heat sink under both normal operating and accident conditions
,

|

(b) suitable redundancy of components so that safety functions can be
performed assuming a single active failure coincident with a loss of
offsite power and failure coincident with a loss of offsite power and

(c) the systems ability to isolate components, systems, or piping so that the
systems safety function will not be comprised;

GDC 45 as it relates to allowance for periodic inspection of safety-related
components and equipment; GDC 46 as it relates to allowance for operational
functional testing of safety-related systems or components to assure
structural integrity and system leak tightness, operability, and adequate
performance of active system components, and the capability of the integrated
system to perform the required functions during normal, shutdown, and accident
conditions; GDC 61 as it relates to the system design for fuel storage and
handling of radioactive materials, including

(a) capability for periodic testing of components important to safety

(b) provisions for containment

(c) provisions for decay heat removal

(d) capability to prevent reduction in fuel storage coolant inventory under
accident conditions in accordance with position C.6 of RG 1.13 and

(e) capability and capacity to remove fission products, radioactive materi-
als, and impurities from the pool water and reduce occupational expo-
sures;

GDC 63 as it relates to monitoring systems proviaed to detect conditions that
could result in the loss of decay heat removal capabilities, to detect
excessive radiation levels, and to initiate appropriate safety actions; and
10 CFR Part 20, paragraph 20.1 (c) as it relates to radiation doses being kept
as low as reasonably achievable (ALARA).

Compliance with the requirements of GDC 2 is based on complying with the |
guidance of RG 1.13, Positions C.1, C.2, C.6, and C.8 as well as RG 1.29,

.

Position C.1 for safety-related portions of system, and Position C.2 for non- l

safety-related portions of the system. Compliance with the requirements of
GDC 4 is based on complying with the guidance of RG 1.13, Position C.2. l

Compliance with the requirements of GDC 44 is based on the recommendations of i

Branch Technical Position (BTP) ASB-9-2 for calculating the heat loads and the
assumptions set forth in item 1.h of subsection III of SRP 9.1.3 and the pool
temperature limitations identified in item 1.d of subsection III of SRP 9.1.3. |

Compliance with the requirements of 10 CFR Part 20, paragraph 20.1 (c) is
based on complying with the guidance of RG 8.8, Positions C.2(f)(2) and
C.2.f(3).

The pool cooling and purification system is designed to remove the decay heat
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produced by spent-fuel assemblies from a unit refueling, complete core off- I

[-)/ load, and the accumulated assemblies resulting from previous refuelings. Of
y the two independent cooling divisions, each is capable of maintaining the

spent-fuel-pool bulk water temperature at or below 49 *C (120 *F) during
normal operation. The two cooling divisions cool the water in the spent-fuel I

pool. Each division has a cooling pump, skimmer, and heat exchanger. The two l

purification divisions clarify and purify the water in the spent-fuel pool, i

transfer canal, and refueling pool. Each purification division has a
strainer, pump, filter, and demineralizer.

1

In CESSAR-DC Section 9.1.3.3, ABB-CE presents a safety evaluation, stating
that the backup cooling division protects against the loss of one component or
loss of cooling water to a heat exchanger. In CESSAR-DC Section 9.1.3.3.2,
ABB-CE discusses design protection against the loss of water to the spent-fuel
pool. ABB-CE states that gravity cannot be the mechanism for draining the
spent-fuel pool because the cooling pumps take suction near the normal water
level and the return lines have antisiphon holes. In CESSAR-DC Figure 9.1-3,
ABB-CE also shows antisiphon holes in both the suction a<d discharge lines of
the refueling pool purification system, the other systen that takes suction on
the pool. The spent-fuel pool is separated from the trasfer canal by a gate
that allows the transfer canal to be drained while maintaininn water in the ,

spent-fuel pool. In CESSAR-DC Section 9.1.3.3.3, ABB-CE states + hat the
design flow rates and filtering capabilities of the purification system will
be sufficient to meet the stated water chemistry and clarity limitat Mns.

In CESSAR-DC Table 3.2-1, ABB-CE states that the system is located in the
nuclear annex building and the steel containment. These structures are
designed to seismic Category I requirements which ensure that safety-related

V portions of the system are protected from earthquakes, external floods,
hurricanes, tornados, and missiles generated by these tornados. The spent-
fuel pool cooling portion of the system is designed to seismic Category I,
Safety Class 3 requirements. The purification portion of the system is
classified as non-safety-related with the exception of the penetrations to and
from the refueling pool (located inside the containment). These penetrations
consist of inboard and outboard manual containment isolation valves (CIVs) on
both the suction and discharge lines. The penetrations are designed to
seismic Category I, Safety Class 2 requirements. The non-safety-related
portion of PCPS is designed so that should it fail, it will not interfere with
the safety-related portions of the system.

The safety-related portions of the system are redundant and physically and
electrically separated to ensure that the failure of one division will not
interfere with the ability of the redundant division to perform its safety
function.

The system is designed so that no pipe failure can result in draining the
spent-fuel pool below the level required for safe shielding and fuel assembly
cooling. -

Both spent-fuel cooling and pool-purification piping enter the pool near the
normal water level. The spent-fuel cooling return line contains antisiphon

g devices to prevent pool drainage while the purification portion contains both

V) antisiphon devices and isolation valves to prevent drainage. The pool is(
separated from the fuel transfer canal by a gate that allows water to remain
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in the spent-fuel pool when the transfer canal is drained.

I
Makeup water for the PCPS system is provided by the chemical and volume i

control system (CVCS), a non-safety-related, seismic Category I, Safety (
Class 3 system which provides up to 379 L/ minute (100 gpm) of borated makeup I
water tc the PCPS. Non-borated makeup water is provided by the demineralized |

water makeJp system (DWMS) to replace evaporative water loss. '

Ventilation in the spent-fuel pool area is provided by the FBVS, a safety-
related, seismically qualified ventilation system which provides a controlled,
monitored release pathway for gaseous effluent from the fuel building portion
of the nuclear annex, as well as environmental control for equipment opera-
tion. The FBVS is aligned to the filtration mode before any fuel is moved.
in addition, the FBVS switches to the filtered mode of operation and initiates
a control room alarm when high levels of radiation are sensed upstream of the
FBVS filters. System exhaust is monitored before it is released to the
environment.

In CESSAR-DC Figure 1.2-5A, ABB-CE shows a reinforced-concrete wall which
separates the two divisions of spent-fuel pool cooling, thus, providing
adequate divisional separation to ensure that should one division fail because
of flooding, fire, missiles, or pipe ruptures, the other division is available
to perform the system's cooling function.

On the basis of this information, the staff concludes that the PCPS design
complies with the guidelines of RG 1.13, Positions C.1, C.2, C.6, and C.8, as
they relate to system and structural design classifications and pool water
inventory control, and RG 1.29, Positions C.1 and C.2, as they relate to the
design and classification of both safety-related and non-safety-related SSCs.
As a result, the PCPS design conforms to the requirements of GDC 2 as it

I
relates to protection against natural phenomena and GDC 4 as it relates to

. protection against environmental and dynamic effects.

Although the System 80+ design can be used at either single-unit or multiple-
unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence
of all safety-related. systems and their support systems will be maintained
between (or among) the individual plants. In the DSER, the staff stated that
should a multi-unit site be proposed, the combined license (COL) applicant
must apply for the evaluation of the units' compliance with the requirements
of GDC 5, " Sharing of Structures, Systems, and Components," with respect to
the capability of shared SSCs to perform their required safety functions.
This was designated as DSER COL Action Item 9.1.3-1. Upon further review, the,

staff has determined that the design described in CESSAR-DC does not sharel

! SSCs with other nuclear power units. Therefore, the spent-fuel PCPS complies
with the requirements of GDC 5, and COL Action Item 9.1.3-1 is acceptable.

The PCPS has features to detect system leakage (including intersystem leakage)
and to isolate portions of the system to allow the system to continue to
function should portions of the system fail or require maintenance.

Pool leakage is detected by monitoring the following:

equipment and floor drain sump levels.
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n CVCS equipment drain tank levels.

( \
V area radiation.

spent-fuel-pool levels.

refueling-pool levelsa

The safety-related portions of the PCPS are redundant, consisting of two
independent spent-fuel-pool cooling trains and two independent purification
trains. Every component and header can be individually isolated. The
independent trains can be cross-connected to ensure that the system can
continue to function if parts of the system have to be isolated.

In the DSER, the staff determined that the PCPS complies with the requirements
of GDC 44 subject to the resolution of the following open items:

(1) ABB-CE's response to RAI Q410.56 regarding calculations of heat-genera-
tion rates was incomplete. The staff asked ABB-CE to show how the PCPS
complies with the assumed conditions given in SRP Section 9.1.3,
III H.iii and III H.iv. This was designated as DSER Open Item 9.1.3-1.

Subsequently, ABB-CE prepared Amendments I and L to CESSAR-DC Sec-
tion 9.1.3.1.4 which state that for normal heat load conditions in the
spent-fuel pool (10 full-power years of spent fuel in the pool along with
the newest spent-fuel load in the pool at 120 hours after shutdown), the

!q maximum bulk temperature in the pool is 49 *C (120 *F). A single active,

failure in the system under these heat load conditions will result in aD) maximum bulk pool temperature of 60 *C (140 *F). Under maximum heat load
conditions (which includes the normal heat load 'plus a full-core offload
120 hours after shutdown), the bulk pool temperature will not exceed
60 *C (140 *F). With a single active failure in the system under these
circumstances, the bulk pool temperature will not exceed 82 *C (180 *F).

On the basis of this additional information, the staff has determined
that the heat loads and temperature limits used in the heat generation
rate calculations conform to the assumptions outlined in the SRP; i

therefore, DSER Open Item 9.1.3-1 is resolved. |

(2) ABB-CE's response to RAI Q410.55(a) was inadequate. Although detailed
final design information was not available, ABB-CE was asked to submit,
as a minimum, the heat removal rates required to comply with the design-
basis criteria for normal and abnormal conditions and the design heat
removal rates for these conditions. This was designated as DSER Open
Item 9.1.3-2.

Subsequently, ABB-CE submitted Amendments I and L to CESSAR-DC Sec-
tion 9.1.3.1.4, stating that the heat load in the spent-fuel pool under
normal heat load conditions is approximately 5.57 MW (19 x 10 BTU / hour),

while the heat load in the poo) BTU / hour).
under maximum heat load conditions is

approximai.ely 19.6 MW (67 x 10 On the basis of this addi-
p tional information, the staff has determined that the heat removal rates

(v) have been adequately identified; therefore, DSER Open Item 9.1.3-2 is
resolved.
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The staff reviewed the security considerations of the spent-fuel PCPS and
concluded that the protection provided against draining the pool was inconsis-
tent with Section 2.3.1 of Chapter 7 of Electric Power Research Institute's
(EPRI's) ALWR Utilities Requirement Document (URD). EPRI specifies compres-
sion seals rather than inflatable seals for fuel-pool gate seals. Also, in
Sections 2.3.2.7 and 6.3.1.8.4 of Chapter 4 of the URD, EPRI requires a
permanent seal between the reactor pressure vessel and the refueling canal
floor that will not be susceptible to any single failure that could cause a
rapid draining of the refueling pool. These measures would limit the opportu-
nities during fuel transfer for draining the water that provides radiation |

shielding and fuel cooling. The staff concluded that the System 80+ design
was different from the URD specifications, and that ABB-CE should submit

,

an explanation. This was designated as DSER Open Item 9.1.3-3. '

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.4.2.2.13,
I which clarified the design and function of the refueling-pool seal. This seal
i connects the upper flange of the reactor pressure vessel to the floor of the

refueling cavity in preparation for cavity flooding. The seal is designed to
seismic Category I requirements and can withstand various loads, including
that associated with a fuel assembly drop from its maximum height while the
fuel assembly is being transported by the refueling machine.

The polar crane in the reactor building transports heavy loads (e.g., reactor
vessel closure head, upper guide structure assembly) over the refueling pool
seal. The crane conforms to the guidelines of NUREG-0612, Section 5.1. These
include development and use of safe load paths to transport heavy loads,
development and use of operator training and load handling procedures, and
provisions for electrical and mechanical stops to minimize the movement of
heavy loads over critical components. In addition, administrative controls
are us2d which require that

no fuel-handling operations be performed while heavy loads are beinga

moved

the transfer tube valve be closed or the gate between the spent-fuel pool=

and the fuel-transfer canal be in place and closed before heavy loads are
moved over the seal. This ensures that, should the heavy load drop and
damage the seal, water will not be drained from the spent-fuel pool.

All seal welds required for structural or sealing integrity are inspectable.
Should the wo.. -case seal leak occur while transporting a fuel assembly, the
refueling machine can move the fuel to a safe position in sufficient time to
ensure maintenance of an adequate water cover over the assembly assuming a
worst-case seal leak.

| On the basis of these design features, the staff concludes that the refueling
pool seal is adequately protected from excessive loads and can provide an

| adequate seal for the refueling cavity. On this basis, DSER Open Item 9.1.3-3
is resolved.'

On the basis of its evaluation of the new information in the CESSAR-DC, the
staff has determined that the PCPS complies with the requirements of GDC 44
regarding the ability of the system to reliably transfer heat to the ultimate
heat sink (VHS), including providing features to ensure system redundancy and

|
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isolability.

V In addition to the open items discussed above, the staff also identified the
following open items in the DSER:

(1) ABB-CE was asked to submit information showing the effect on criticality
of adding non-borated makeup to the pool. This was designated as DSER
Open Item 9.1.3-4.

ABB-CE submitted Amendment Q to CESSAR-DC Section 9.1.3.1.4 which
clarified that the following design and operational features ensure that
the addition of nonborated water will not affect criticality:

(a) The required boron concentration of 4000-4400 ppm provides suffi-
cient criticality margin.

(b) The DWMS is isolated by two manual valves that are locked closed and
that are opened only as part of an administrative procedure.

(c) Instrumentation is provided to initiate alarms on high pool level.

(d) Regular samples are taken to determine boron concentration.

On the basis of this information, the staff has determined that adequate
design and operational features ensure that boron dilution beyond safe
levels will not occur. On this basis, DSER Open Item 9.1.3-4 is
resolved.

| (2) ABB-CE was asked to submit information regarding the effect of equipment
,

wetting (flooding, spray, condensation, high humidity) on system opera-
bility. This was designated as DSER Open Item 9.1.3-5. l

Subsequently, ABB-CE submitted a clarification that the redundant safety- |

related portions of the PCPS are protected from the effects of equipment
wetting by physical separation. A single divisional wall separates the
two divisions of safety-related systems, thereby protecting each division
from the effects of fire, flood, missiles, and harsh environmental condi- I

tions (including those caused by equipment wetting). Therefore, the
i plant design allows for the loss of one safety-related division while
I still performing the system safety function. On the basis of this

clarifying information, the staff concludes that the PCPS will be able to
perform its safety function. On the basis DSER Open Item 9.1.3-5 is
resolved.

(3) ABB-CE was asked to submit the following additional information on the
system's containment isolaiton valves (CIVs): Isolation time, valve
type, inspection and testing requirements, and power supplies. This was )
designated as DSER Open Item 9.1.3-6. )

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Sec-
tion 9.1.3.3.4.1 which stated that the CIVs for the PCPS consist of

p inboard and outboard manual isolation valves on both the system suction

V) and return lines. The CIVs are of seismic Category I, Safety Class 2t

design. On the basis of this additional information, DSER Open
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Item 9.1.3-6 is resolved.

(4) ABB-CE was asked to identify all automatic system functions and primary
functions, such as isolatico on low flow in the system or in one train,
and high temperature. This e designated as DSER Open Item 9.1.3-7.

Subsequently, in Amendment Q to CESSAR-DC, ABB-CE submitted a clarifica-
tion that only two automatic initiation functions are associated with the
PCPS. The first is the automatic bypass of the demineralizers on a high
influent temperature signal (see CESSAR-DC Section 9.1.3.2.2.5). This
function protects the demineralizer resins from high temperature. The
second is the automatic switchover of the FBVS to the filter mode on a
high area radiation signal. On the basis of this additional information,
DSER Open Item 9.1.3-7 is resolved.

|
(5) ABB-CE was asked to submit an analysis of the effect of the location of'

the spent-fuel-pool suction connection on the pump when the pool is at
its minimum level. This was designated as DSER Open Item 9.1.3-8.

|

Subsequently, in Amendment V to CESSAR-DC, ABB-CE prepared a discussion
in CESSAR-DC Section 9.1.3.2.2.1 regarding the maintenance of pump net
positive suction head (NPSH) during worst-case pool conditions. The
available system NPSH exceeds each pump's required NPSH based on the
minimum pool level and the maximum pool temperature of 82 *C (180 'F).
On the basis of this additional information, DSER Open Item 9.1.3-8 is
resolved.

(6) ABB-CE was asked to identify in CESSAR-DC Sections 9.1.3.1.4
and 9.1.3.2.1 the borated makeup water source for the pool, as well as
the non-safety-related source of non-borated water used to make up for

|

evaporation losses from the pool during normal operation, as discussed ini

CESSAR-DC Section 9.1.3.2.1. Also, ABB-CE was asked to identify the
building housing the system. This was designated as DSER Open
Item 9.1.3-9.

From its review of CESSAR-DC Figure 9.1-3, the staff determined that the
CVCS system provides borated makeup water to PCPS while the DWMS provides
non-borated water to the PCPS. Finally, as a result of the review of
Table 3.2-1, the staff has determined that the PCPS is located in the
nuclear annex and steel containment. On the basis of this information,
DSER Open Item 9.1.3-9 is resolved.

7. ABB-CE was asked to specify the seismic category and safety class of the
purification portion of the system. This was designated as DSER Open

| Item 9.1.3-10.

From information added in Amendment Q to CESSAR-DC Table 3.2-1, the
purification portion of the PCPS is non-safety-related with the exception
of the containment penetrations which are seismic Category I, Safety
Class 2. On the basis of this information, DSER Open Item 9.1.3-10 is
resolved.

| In addition to the seven open items above, the staff noted the following two
l confirmatory items:
1
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(1) ABB-CE's response to RAI Q410.55(d)(4), regarding the design's capability,m
to process refueling canal water, was acceptable. ABB-CE was asked to(h' incorporate paragraph 2 of its response into CESSAR-DC Section 9.1.3.3.3.
This was designated as DSER Confirmatory Item 9.1.3-1.

Subsequently, ABB-CE submitted Amendment I to CESSAR-DC Section 9.1.3.3.3
which stated that a small amount of water is exchanged between the
refueling canal and the spent-fuel pool during fuel handling operations.
The PCPS capability will ensure that pool clarity will allow an operator
on the refueling machine to read fuel assembly identification numbers
which are 9.53 mm (3/8 in.) high, 4.76 mm (3/16 in.) wide, and 1.59 mm
(1/16 in.) thick. The orientation of piping in the pool will be such
that proper circulation of both pool water and canal water will take
place. On this basis, DSER Confirmatory Item 9.1.3-1 is resolved.

(2) ABB-CE was asked to incorporate paragraph 3 of its response to RAI
Q410.67 providing a failure modes and effects analysis (FMEA) on the
spent-fuel pool cooling portion of PCPS into CESSAR-DC Section 9.1.3.3.1
to show the effect of this analysis. This was designated as DSER
Confirmatory Item 9.1.3-2.

Subsequently, in Amendment L to CESSAR-DC, ABB-CE submitted the FMEA and
clarifying information in CESSAR-DC Section 9.1.3.3.1 that redundancy is
provided to ensure that spent-fuel cooling function is maintained
assuming a single active failure coincident with the loss of onsite or
offsite power. On this basis, DSER Confirmatory Item 9.1.3-2 is
resolved.g

During normal system operation, the PCPS components operate continuously or
periodically. Therefore, special operational testing is not needed. Pool
water is sampled regularly to check water chemistry. Seismic Category I
portions are inspected in accordance with American Society of Mechanical
Engineers (ASME), Code Section XI. The system layout is such that all
components of the PCPS can be inspected and tested.

The following additional confirmatory items were identified:

(1) In its response to RAI Q410.59, ABB-CE presented an acceptable insert for
CESSAR-DC Section 9.1.3.1.5 discussing leakage detection and isolation
capabilities. ABB-CE was asked to incorporate this response into
Section 9.1.3.1.5. This was designated as DSER Confirmatory
Item 9.1.3-3.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.3.1.5
which discusses the leakage detection and isolation capabilities of the
PCPS. The staff evaluated these features earlier in this section as part
of PCPS compliance with GDC 44. On the basis of this additional informa- |
tion, DSER Confirmatory Item 9.1.3-3 is resolved. '

1

(2) In its response to RAI Q410.61, ABB-CE submitted an evaluation that
assures that any failure in the non-safety-related portions of the system
cannot affect the functional performance of any safety-related components(q in accordance with SRP Section 9.1.3, Item III-5 guidance. ABB-CE was

,

)
V asked to incorporate that response to RAI Q410.61 in CESSAR-DC Sec-
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tion 9.1.3. This was designated as DSER Confirmatory Item 9.1.3-4.

91.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Sec-
tions 9.1.3.3.1 and 9.1.3.3.2 which states that the pool purification
portion of the PCPS has independent flow paths and components which are
physically separate from the spent-fuel pool cooling portion of the
system. Also, the purification lines which penetrate the spent-fuel pool
are isolable and arranged so that their failure will not result in pool
drainage below the minimum level to ensure adequate heat removal and
radiation shielding. On the basis of the addition of this information,
DSER Confirmatory Item 9.1.3-4 is resolved.

On the basis of information given above, the staff concludes that the design
of the PCPS complies with the requirements of GDC 45 and 46 regarding system
inspection and testing.

The purification portion of the PCPS removes fission products and other
| contaminants from the pool water so that the dose rate at the pool surface is

25 pSv/ hour (2.5 mrem / hour) or less. The system maintains pool water chemis-
try and clarity within the following limits:

pH between 4.5 and 10 at 25 *C (77 *F)*

chlorides < 0.15 ppm-

such optical clarity that the operator on the refueling machine can reada

fuel assembly identification numbers which are 9.53-mm (3/8-in.) high,
4.76-mm (3/16-in.) wide, and 1.59-mm (1/16-in.) thick.

Grab samples will be taken periodically to monitor the pool and demineralizer
effluent for adequate water chemistry. The minimum water level in the pool
ensures adequate radiological shielding for protection of personnel in the
area of the spent-fuel pool. System design features to ensure adequate water
inventory in the pool, adequate heat removal, adequate isolation and contain-
ment, and adequate system testing have been reviewed and discussed earlier in
this section.

The staff identified the following additional confirmatory items:

(1) In its response to RAI Q281.34, ABB-CE discussed demineralizer effluent
sampling and resin-bed replacement criteria. In the DSER, the staff
asked ABB-CE to incorporate changes to CESSAR-DC Sections 9.1.3.3.3 and,

I 9.1.3.2.2.5 in a revision to the CESSAR-DC. This was designated as
Confirmatory Item 9.1.3-5.

Subsequently, ABB-CE submitted Amendment J to CESSAR-DC Sec-
tions 9.1.3.2.2.5 and 9.1.3.3.3 which incorporated this information.
Each demineralizer produces sufficient water quality for unrestricted
access to the working areas around the spent-fuel and refueling pools, as
well as adequate water clarity to support refueling operations. Flow
distributors in the demineralizers prevent channeling of the influent
through the resin bed. A retention element on the demineralizer dis-
charge prevents resin from escaping with the effluent. Overtemperature
protection for the resin is provided by an automatic bypass of the resin
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on high temperature. Resin is replaced when any of the following occur:

'V breakthrough of cesium, cobalt, chloride, or fluoride.

excessive differential pressure across the resin bed-

exposure to excessive thermal excursions which approach the resin.

vendor's recommended limits
|

On the basis of the incorporation of this additional information in the j
CESSAR-DC, DSER Confirmatory Item 9.1.3-5 is resolved. 1

(2) In its response to RAI Q410.55(d)(5), ABB-CE presented an acceptable
response to the staff's question concerning features to prevent the j
inadvertent transfer of spent filter and demineralizer media. In the l

DSER, the staff asked ABB-CE to incorporate this material into CESSAR-DC
Section 9.1.3. This was designated as Confirmatory Item 9.1.3-6.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Sec-
tions 9.1.3.2.2.5, 9.1.3.2.2.6, and 9.1.3.2.2.7, which states that reten-
tion elements (discussed previously), pool filters, and pool strainers

,

are used to prevent resins from entering the system and to remove !
particles from the system that may affect pool clarity. On the basis of i
the incorporation of this information into the CESSAR-DC, DSER Confirma- |

'tory Item 9.1.3-6 is resolved.

p After evaluating these features, the staff concludes that the PCPS design
complies with the requirements of GDC 61 as it relates to testing, contain-4

(d ment, decay heat removal, inventory control, corrosion and fission-product
removal, and reduction of radiation exposure.

As discussed previously, the PCPS design includes leak detection and isolation
capability. In addition, temperature sensors are used to monitor the thermal l
condition of the pools to ensure adequate heat removal. Area radiation
monitors detect any loss of water shielding over the spent-fuel and refueling
pools and initiates actuation of the filter mode of the FBVS on detection of i

high radiation. )

On the basis of this design information, the staff concludes that the PCPS has ;
adequate instrumentation and control features to initiate adequate safety )
actions should they be needed. This conforms to the requirements of GDC 63
and is acceptable.

PCPS design provisions for achieving and maintaining adequate water chemistry, j

sampling of pool water to monitor water chemistry, purification of pool water, !
maintaining a minimum safe shielding water level, sensing excessive radiation
levels, and initiating automatic protective actions provide assurance that ;

occupational exposures will be kept as low as is reasonably achievable
(ALARA).

The staff identified the following additional confirmatory items: I

n

(V) I

i
1
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(1) In its response to RAI Q410.06b, ABB-CE described features of the PCPS
design that satisfy Positions C.2.f(2) and C.2.F(3) of RG 8.8 as speci-
fied above. In the DSER, the staff asked ABB-CE to incorporate this dis-
cussion of PCPS design features into CESSAR-DC Section 9.1.3.1. This was
designated as DSER Confirmatory Item 9.1.3-7.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.3.1.6
which describes the radiological controls used to minimize area radiation
exposure. These include maintenance of a minimum pool water level to
ensure radiation exposures are no more than 25 pSv/ hour (2.5 mrem / hour)
at the pool surface, routing of spent resin transfer lines through
shielded pipe chases, design of floor drains to ensure complete collec-
tion and routing of radioactive liquid, and the design of the FBVS. In
addition, all valves in contact with spent-fuel pool water are made of
austenitic stainless steel or an equivalent corrosion-resistant material.
All piping in contact with spent-fuel pool water is austenitic stainless
steel. On the basis of the incorporation of this information into the
CESSAR-DC, DSER Confirmatory Item 9.1.3-7 is resolved.

(2) In its response to RAI Q410.68, ABB-CE submitted an acceptable rewording
to CESSAR-DC Section 9.1.3.3.1. In the DSER, the staff asked ABB-CE to
incorporate this rewording into CESSAR-DC Section 9.1.3.3.1. This was
designated as DSER Confirmatory Item 9.1.3-8.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.3.3.1
which clarifies that the PCPS performs no emergency function. On the
basis of this clarification, DSER Confirmatory Item 9.1.3-8 is resolved.

After evaluating the provisions discussed above, the staff concludes that the
PCPS complies with the ALARA guidelines in RG 8.8, "Information Relevant to
Ensuring that Occupational Radiation Exposures at Nuclear Power Stations Will
Be As Low As Reasonably Achievable," and, therefore, complies with the
requirements of 10 CFR 20.1(c).

The staff identified the following additional confirmatory items:

(1) In the CESSAR-DC text, ABB-CE did not identify the related Figure 9.1-3.
In the DSER, the staff asked that this information be included in the
CESSAR-DC. This was designated as DSER Confirmatory Item 9.1.3-9.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.3.2.1
which referenced Figure 9.1-3. On this basis, DSER Confirmatory
Item 9.1.3-9 is resolved.

(2) In response to RAI Q410.68, ABB-CE committed to incorporating a statement
into the CESSAR-DC text stating that the system can perform its cooling
function during both normal and accident conditions. Incorporation of
this information was designated as DSER Confirmatory Item 9.1.3-10.

Subsequently, ABB-CE submitted this statement in Amendment L to CESSAR-DC
Section 9.1.3.3.1. On this basis DSER Confirmatory Item 9.1.3-10 is
resolved.

On the basis of the evaluation provided above, the staff concludes that the
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design of the PCPS complies with the requirements of GDC 2, 4, 5, 44, 45, 46,n) 61, and 63, and 10 CFR 20.l(c) as specified above and conforms to the guidance(V in SRP Section 9.1.3.

9.1.4 Fuel-Handling Systems

The staff reviewed the fuel handling systems in accordance with SRP Sec-
tion 9.1.4 for those portions of the system which handle light loads and in
accordance with SRP Section 9.1.5 for those portions of the system which
handle heavy loads.

Staff acceptance of the light-load-handling portion of the system design is
based on the design complying with the requirements of GDC 2 as it relates to
the ability of SSCs to withstand the effects of earthquakes; GDC 5 as it
relates to shared SSCs important to safety being capable of performing
required safety functions; GDC 61 as it relates to a radioactivity release as
a result of fuel damage and the avoidance of excessive personnel radiation
exposure; and GDC 62 as it relates to criticality accidents. In complying
with GDC 61 and 62, specific criteria regarding the maximum kinetic energy of
any load lighter than a fuel assembly is identified in item 6, subsection III
of SRP 9.1.4. Compliance with the requirements of GDC 2 is based on complying
with the guidance of RG 1.13, Fositions C.1 and C.6 and RG 1.29, Positions C.1
and C.2. Compliance with the requirements of GDC 61 is based on complying
with the guidance of RG 1.13, Position C.3 and ANS 57.1/ ANSI-N208. Compliance
with the requirements of GDC 62 is based on complying with the guidance of
RG 1.13, Position C.3 and ANS 57.1/ ANSI N208.

r Staff acceptance of the heavy-load-handling portion of the system design is
C based on the design complying with the requirements of GDC 2 as it relates the i

ability of SSCs to withstand the effects of earthquakes; GDC 4 as it relates
to protection of safety-related equipment form the effects of internally-
generated missiles (i.e. dropped loads); GDC 5 as it relates to shared SSCs
important to safety being capable of performing required safety functions; and |

GDC 61 as it relates to the safe handling and storage of fuel. Compliance
with the requirements of GDC 2 is based on complying with the guidance of RG
1.13, Positions C.1 and C.6 and RG 1.29, Positions C.1 and C.2. Compliance
with the requirements of GDC 4 is based on complying with the guidance of RG l

1.13, Positions C.3 and C.5. Other guidelines used in the evaluation of this !
system include NUREG-0612, ANS 57.1/ ANSI N208, and ANS 57.2/ ANSI N210. j

According to CESSAR-DC Section 9.1.4, the floor drain system (FHS) is designed
to handle and store fuel assemblies and control element assemblies (CEAs).
Associated with this system is the equipment used for assembly, disassembly,
and storage of the reactor closure head and reactor vessel internals. The
fuel and control element handling equipment is designed to transport light
loads (loads that are equal to or less than the weight of a fuel assembly and
its associated handling tool). This equipment includes the refueling machine,
fuel transfer equipment, spent-fuel handling machine, CEA change platform, new
fuel elevator, and CEA elevator. The FHS also includes equipment to transport
heavy loads (loads weighing more than a fuel assembly and its associated
handling tool). Heavy-load-handling equipment includes the overhead cranes in
the nuclear annex (the cask-handling hoist and new-fuel-handling hoist of the(oG) overhead crane in the nuclear annex) and the reactor building (the main and
auxiliary hoists of the polar crane in the reactor building). The FHS
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equipment includes interlocks, travel-limiting features, and other protective
devices to ensure that fuel-handling procedures are performed correctly.

The refueling machine is a rectilinear bridge and trolley system with a
vertical mast extending down into the refueling water. The machine is used to
handle new- and spent-fuel assemblies within the reactor vessel and refueling
cavity inside the containment. Electrical interlocks and limit switches on
the bridge and trolley drives prevent damage to the fuel assemblies. A
positive mechanical up-stop prevents the fuel from being lifted above the
minimum safe-shielding water depth.

The fuel-transfer equipment consists of an underwater, cable-driven double
transfer carriage that rides on tracks within the transfer tube and upending
machines at each en1 of the fuel transfer tube that move fuel assemblies from
a vertical to a horizontal position (or vice versa) using a hydraulic power

-

unit.

The spent-fuel handling machine is a refueling machine modified for use in the
nuclear annex. The principal difference between the machines are the longer
bridge span of the spent-fuel handling machine and the interlocks to protect
equipment during movement in the spent-fuel pool and cask-laydown area.

The CEA change platform places the operator above the CEA to be moved. The

CEA hardling tool is then lowered, grappled to the CEA, and relocated.

The new-fuel elevator is used to lower new fuel from the operating floor to
the spent-fuel pool. The new fuel is loaded into the elevator by means of the
new-fuel handling hoist and new-fuel handling tool. It is then transported by
the spent-fuel handling machine to a storage area in region I of the spent-
fuel racks or directly to the fuel transfer system.

The CEA elevator is used to assemble new CEAs and disassemble irradiated CEAs.
Tools to handle the CEAs are supported from the CEA change platform.

The cask-handling hoist is a 136-tonne (150-ton) hoist used to unload and
transport shipping containers for new-fuel from the receiving bay to the new-
fuel shipping container laydown area. It is also used for moving the empty
spent- fuel cask from the receiving bay to the cask storage pit and for
returning the loaded cask to the receiving bay. The receiving bay has
sufficient area to allow the cask to be upended with the cask transporter
locked in place. The hoist accesses the spent-fuel pool area to facilitate
building construction and for installing fuel racks. Mechanical stops on the
bridge rails prevent the hoist from traveling over the spent-fuel pool after
fuel assemblies have been placed in the fuel racks. An interlock is also
provided with prevents the hoist from moving over the new-fuel racks.

The new-fuel-handling hoist is a 9.1-t (10-ton) hoist used to move new-fuel
from the new-fuel unloading area to the new-fuel storage racks, the new-fuel
inspection stand, and the new-fuel elevator. An interlock is provided which
prevents the movement of new-fuel over the spent-fuel racks.

9.1.4.1 Light-Load Handling Equipment

As stated above, the light-load handling equipment consists of the refueling
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machine, fuel transfer equipment, spent-fuel handling machine, CEA change
,D platform, new-fuel elevator, and CEA elevator. In CESSAR-DC Table 3.2-1, ABB-/

V CE identifies the location of this equipment as the nuclear annex and/or the
steel containment. These buildings are safety-related, seismic Category I
structures which are designed to withstand the effects of earthquakes,
external floods, tornado winds, missiles generated by tornado winds, and
hurricanes. The spent-fuel storage facilities, including the spent-fuel pool
and spent-fuel racks, are designed to seismic Category I requirements. The
equipment itself is primarily non-safety-related and designed to seismic
Category I and Il requirements to ensure that no fuel or component fails as a
result of a seismic event. Equipment that is not seismically qualified is
removed from containment or seismically restrained during normal operation.
The equipment is designed so that on a load drop, no damage occurs which could
result in inadvertent draining of the spent-fuel pool. This is achieved
through the use of electrical and mechanical interlocks which restrict the
vertical and horizontal movement of fuel.

On the basis of this information, the staff concludes that the design and
location of the light-load-handling portion of the FHS precludes the failure
of fuel or safety-related equipment as a result of natural phenomena or the
failure of non-safety-related equipment. This complies with the guidelines of
RG 1.29, Positions C.1 and C.2, and RG 1.13, Positions C.1 and C.6 as speci-
fied above, and, therefore, complies with the requirements of GDC 2 regarding
protection of SSCs from seismic events.

Although the System 80+ design can be used at either single-unit or multiple-
unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence;g of all safety-related systems and their support systems will be maintained3

V between (or among) the individual plants. In the DSER, the staff stated that
should a multi-unit site be proposed, the combined license (COL) applicant
must apply for the evaluation of the units' compliance with the requirements
of GDC 5, " Sharing of Structures, Systems, and Components," with respect to
the capability of shared SSCs to perform their required safety functions.
This was designated as DSER COL Action Item 9.1.4-1. Upon further review, the
staff has determined that the design described in CESSAR-DC does not share
structures, systems, or components with other nuclear power units. Therefore,
the fuel-handling system complies with the requirements of GDC 5, and DSER COL
Action Item 9.1.4-1 is not required.

The refueling and spent-fuel handling machines are not designed to be single-
failure-proof, which means that they are not designed to hold their loads
given a single failure of a component, nor are they designed to move heavy
loads. However, ABB-CE has designed these machines to meet the guidelines of
Section 5 of NUREG-0612, " Control of Heavy Loads at Nuclear Power Plants."
These guidelines include operator training, load-handling procedures, develop-
ment of safe load paths, interlocks, and load-drop analyses.

The design of the, light-load-handling equipment includes features which
protect the spent fuel from damage due to excessive loads, including dropped
loads. Specifically, any loads that may be transported over the new-or spent-
fuel storage racks, the spent-fuel pool, or the fuel-transfer system are
limited in both weight and lift height so that if they fall, the impact energy

(. from the fall will not exceed the design impact energy associated with a
( dropped fuel assembly and its associated handling tool from its maximum height
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above the fuel racks during normal fuel handling. This is achieved through
the use of electrical interlocks and mechanical stops on the refueling and
spent-fuel-handling machines and the new-fuel-handling hoist which limit the

3height to which a load can be lifted while it is passing over the new and 4

spent fuel. Also, the maximum weight to be lifted is limited by hoict load
interlocks and/or hoist motor stall torque.

i Interlocks on the fuel-transfer system prevent movement of fuel assemblies
when such movement may result in excessive loads. These interlocks include a
winch overload interlock, fuel-carrier interlock, upender interlocks, and
rotational interlocks. The new fuel and CEA elevator interlocks include hoist
cable-slack and hoist lockout interlocks. The hoist lockout interlocks are '

designed to prevent inadvertent placement of a spent-fuel assembly in an
elevator. Finally, the CEA change platform has hoist up-stop, overload, and
underload interlocks.

i

The overhead crane in the nuclear annex building has interlocks which prevent
moving heavy loads such as a spent-fuel cask over the new- and spent-fuel
racks.

Design features are also provided which ensure positive grappling of a fuel
3

assembly. The refueling and spent-fuel-handling machines engage a grapple i

actuator arm in axial channels which run the length of the fuel-hoist assem- !bly. Therefore, the assembly cannot be uncoupled, even with an inadvertent j
uncoupling signal. Fuel assemblies are protected from collisions through the I

use of an anti-collision device on the mast assembly. The machines are
designed to hold their loads on a loss of power or a loss of air, or during an
SSE. All equipment in the FHS has features to allow manual manipulation of
equipment to move the fuel to a safe position.

The fuel-handling equipment is tested in accordance with NUREG-0612 and Crane
Manufacturing Association of America (CMAA) standards. All equipment is run
through several complete operational cycles using a dummy fuel assembly of the

!

same weight, center of gravity, size, and geometry as an actual assembly. The
4

equipment is also checked for functionality under maximum load limits, fuel I

mislocation and misalignment, and static and dynamic load conditions.
Hoisting equipment is tested to 125 percent of hoist capacity and fuel-

f handling tools are tested to 150 percent of capacity. Manual operations under
these conditions are also verified. The COL applicant will prepare specific
inspection, test, and operating procedures.

These design features (electrical interlocks, mechanical stops, positive
grappling, and testing) help ensure that fuel damage, and subsequent critical-
ity and radiation exposure, will not occur as a result of excessive stresses
on the fuel which may occur as a result of dropping the fuel or exposing the
fuel to excessive loads.

On the basis of this information, the staff concludes that the light-load-
handling portion of the FHS complies with tne guidelines of RG 1.13, Posi-
tion C.3, and with ANS 57.1 and, therefore, conforms to the requirements of
GDC 61 and 62 as they relate to the prevention of radioactivity release as a
result of fuel damage, avoidance of excessive personnel radiation exposure,
and prevention of criticality accidents, respectively.
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In the DSER, the staff identified the following confirmatory items:
I
V (1) In its response to RAI Q410.108, ABB-CE submitted information on the

radiation levels around the spent-fuel pool and refueling machine. In
the DSER, the staff asked ABB-CE to incorporate this information into
CESSAR-DC Section 9.1.4. This was designated as DSER Confirmatory
Item 9.1.4-2.

Subsequently, ABB-CE submitted Amendments E and L of CESSAR-DC Sec-
tion 9.1.4.3.2.0 which incorporated the required information. Mechanical
stops on both the refueling and spent-fuel handling machines ensure that
at least 2.74 m (9 ft) of water cover a fuel assembly. This ensures that
radiation exposure from the assembly is 25 pSv/ hour (2.5 mrem / hour) or
less in the work area. The incorporation of this information into the
CESSAR-DC resolves DSER Confir;r.atory Item 9.1.4-2.

(2) ABB-CE should verify that the two-assembly fuel-carrier design for the
fuel-transfer carriage includes criticality considerations. In the DSER,
the staff asked ABB-CE to incorporate this response into CESSAR-DC
Section 9.1.4.2.3.2.A. This was designated as DSER Confirmatory
Item 9.1.4-4.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.4.2.1
which clarifies that the two-cavity transfer system fuel carrier is
designed to meet the same criticality conditions as the spent-fuel
storage racks. Incorporation of this information resolves DSER Confir-

g matory Item 9.1.4-4.

(3) In its response to RAI Q410.69, ABB-CE presented information on adminis-
trative controls that will restrict operation of the fuel-transfer tube
valve during fuel-handling operations. In the DSER, the staff asked
ABB-CE to incorporate a statement to this effect, and also to discuss the
reasons for this operating restriction in CESSAR-DC Section 9.1.4.2.1.2.
This was designated as DSER Confirmatory Item 9.1.4-6.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Sec-
tion 9.1.4.2.1.2.A which incorporated this information. The transfer
system winch overload interlock will stop the fuel carriage from moving
through the transfer tube if the carriage contacts a partially closed
transfer tube valve. This resolves DSER Confirmatory Item 9.1.4-6.

After reviewing the information in CESSAR-DC, the staff concludes that the
design of the light-load-handling portion of the ABB-CE System 80+ fuel
handling system complies with the requirements of GDC 2, 5, 61, and 62 as
specified above and the guidelines of SRP Section 9.1.4, and, therefore, is
acceptable.

9.1.4.2 Heavy-Load Handling Equipment

The polar crane in the reactor building and the overhead crane in the nuclear
annex are used to move heavy loads. The polar crane is used to handle the
reactor vessel head, reactor vessel internals, and other equipment located inh the reactor building. The cask handling hoist and the new-fuel-handling hoist

V on the overhead crane are used to handle equipment, tools, and fuel assemblies
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from the receipt of the new-fuel containers to the shipment of the spent-fuel
cask. Specifically, the cask-handling hoist unloads and transports new-fuel
shipping containers from the receiving bay to the new-fuel shipping container
laydown area. It also moves the empty spent-fuel cask from the truck / rail car
unloading area to the cask laydown area and moves a full cask to the loading
area. The new-fuel-handling hoist moves new fuel from the new-fuel laydown
area to the new-fuel storage racks, the new-fuel inspection stand, and the
new-fuel elevator.

As stated in CESSAR-DC Table 3.2-1, this equipment is housed in the nuclear
annex and the steel containment. These buildings are safety-related, seismic
Category I structures which are designed to withstand the effects of earth-
quakes, external floods, tornado winds, missiles generated by tornado winds,
and hurricanes. The spent-fuel-pool storage facilities, including the spent-

'fuel pool and spent-fuel racks, are designed to seismic Category I require-
ments. The cranes and hoist themselves are non-safety-related and designed to
seismic Category II requirements to ensure that no fuel or component fails as
a result of a seismic event. The equipment is designed so that on a load
drop, no damage occurs which could result in inadvertent draining of the
spent-fuel pool or damage to safety-related equipment. This is achieved
through the use of electrical and mechanical interlocks which restrict the
vertical and horizontal movement of fuel.

On the basis of this information, the staff concludes that the design and
location of the heavy-load-handling components precludes the failure of fuel
or safety-related equipment as a result of natural phenomena or the failure of
non-safety-related equipment. This complies with the guidelines of RG 1.29,
Positions C.1 and C.2, and RG 1.13, Positions C.1 and C.6, and, therefore,
conforms to the requirements of GDC 2 regarding protection of SSCs from
seismic events.

Neither the cranes in the nuclear annex nor the reactor building are single-
failure-proof, which means that they are not designed to hold their loads
given a single failure of a component. Instead, ABB-CE has designed this,

| equipment to comply with the guidelines in Section 5 of NUREG-0612 and
| American National. Standards Institute (ANSI) N14.6, " Standard for Special
i Lifting Devices for Shipping Containers Weighing 10,000 lbs (4,500 kg) or More
j for Nuclear Materials."

ABB-CE has committed to designing the heavy-load-handling equipment to comply
with the other guidelines of Section 5 of NUREG-0612 which include provision
for operator training, load handling, inspection and testing procedures, safe
load paths, mechanical stops, and interlocks.

The cask-handling hoist has a minimum capacity of 136 t (150 tons). It has;
both an electrical interlock and a mechanical stop to prevent the spent-fuel
shipping cask from traveling over the new-fuel and spent-fuel storage racks.
The load path prevents the cask from traveling within 4.57 m (15 ft) of the
edge of the spent-fuel pool while administrative procedures that will be
developed by the COL applicant will require that the cask not be lifted above
the elevation of the operating ficor. This prevents the cask from being moved
over the new-fuel racks. During initial plant construction, the cask-handling
hoist can move over the spent-fuel pool area to aid in construction activities
and to install the spent-fuel racks. Following rack installation and before
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spent fuel is placed in the racks, mechanical stops will be installed on then
I bridge rails to prevent the hoist from moving over the spent-fuel-pool area.

'

The new-fuel-handling hoist has a minimum capacity of 9.1 t (10 tons). The
hoist has electrical interlocks to control the transfer path of new-fuel
assemblies and to restrict fuel-handling loads by either limiting the hoist
motor stall torque or incorporating load-limiting devices. It is mechanically
restricted from moving new-fuel over the spent-fuel racks.

The main hoist of the polar crane in the reactor building has a minimum
capacity of 204 t (225 tons) for transporting the reactor vessel head and
internal components; the auxiliary hoist has a minimum capacity of 22.7 t
(25 tons) to move lighter loads. The crane moves the reactor vessel head and
internals between the vessel and various storage areas. It has two indepen-
dent automatic upper and two independent automatic lower hoist limits,
overload limits, speed control, and a load path to prevent damage to fuel or
safety-related equipment as a result of a heavy load drop.

All equipment in the FHS has features to allow manual manipulation of equip-
ment to move the fuel to a safe position.

The refueling cavity seal is designed to connect the upper flange of the
reactor pressure vessel to the floor of the refueling cavity to permit filling
of the cavity for fuel-handling activities. The seal is designed to seismic
Category I requirements and can withstand maximum hydrostatic and seismic
loads as well as a worst-case fuel assembly drop.

n

(V) Heavy loads are moved over the pool seal during refueling operations. To
ensure that water is not lost from the spent fuel pool during a heavy load
drop, administrative procedures will be developed by the COL applicant which
require that either the fuel transfer tube valve or the gate between the spent
fuel pool and the fuel transfer system canal be closed during movement of
heavy loads in the reactor building.

3The maximum pool seal leakage resulting from a light load drop is 354 m /hr
(93,500 gal /hr). Should a seal leak result from a light load drop while moving
fuel, the fuel can be moved to a safe location within a maximum of four
minutes. Should there be no makeup water to the refueling cavity, it takes
approximately four hours to drain the cavity down to the vessel flange.
Therefore, there is sufficient water coverage over the fuel assembly during
its movement to a safe location. However, to minimize the possibility of
having a fuel failure as a result of a heavy load drop, the COL applicant will
develop administrative procedures stating that no fuel is in the refueling
machine when moving heavy loads over the seal.

The spent-fuel cask laydown area is separated from the spent-fuel pool by a
recessed gate and a reinforced-concrete wall. During cask-handling opera-
tions, the gate is closed, sealed, and locked. The floor of the laydown area
is designed to withstand a cask drop from 9.14 m (30 ft) above the floor
without damaging the floor. Should a breach develop in the laydown area, it
will not result in the loss of spent-fuel pool water since the gate is
recessed and opens into the spent-fuel pool. This ensures that, should the
cask-laydown area lose water, the water pressure in the pool will keep the5( gate sealed.
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In the DSER, the staff identified the following open item:

In Section 5 of NUREG-0612 (July 1980) the staff issued guidelines for
controlling heavy loads at nuclear power plants. In the DSER, the staff
asked ABB-CE to commit to comply with the recommendations in Section 5 of
NUREG-0612. This was designated as DSER Open Item 9.1.4-1.

Subsequently, the staff has reviewed CESSAR-DC Sections 9.1.4.1.3, 9.1.4.3.1,
and 9.1.4.3.3 and concludes that ABB-CE has committed to compliance with the
guidelines of NUREG-0612. As stated above, ABB-CE has performed a load drop
analysis, has designed the heavy-load-handling equipment, and has provided
guidance for the COL applicant to develop administrative controls to ensure
that fuel and safety-related equipment will not be damaged by the worst
postulated load drop. On this basis, DSER Open Item 9.1.4-1 is resolved.

On the basis of this information, the staff concludes that the design of the
heavy-load-handling equipment and the associated administrative procedures
comply with the guidelines of RG 1.13, Positions C.3 and C.5, and, therefore,

i comply with the requirements of GDC 4 as it relates to the protection of fuel
I and safety-related equipment from the effects of internally generated missiles

(i.e., dropped loads).

. As stated previously, although the System 80+ design can be used at either
I single-unit or multiple-unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE

states that the independence of all safety-related systems and their support
systems will be maintained between (or among) the individual plants. In the
DSER, the staff stated that should a multi-unit site be proposed, the COL
applicant must apply for the evaluation of the units' compliance with the

| requirements of GDC 5, " Sharing of Structures, Systems, and Components," with
I respect to the capability of shared SSCs to perform their required safety

functions. This was designated as DSER COL Action Item 9.1.4-1. Upon further
review, the staff has determined that the design described in CESSAR-DC does
not share SSCs with other nuclear power units. Therefore, the fuel-handling
system complies with the requirements of GDC 5, and DSER COL Action Item
9.1.4-1 not required.

The heavy-load-handling equipment is tested in accordance with ANSI N14.6 and
the CMAA standards. All equipment is run through several complete operational
cycles using dummy loads of the same weight, center of gravity, size, and
geometry as an actual load. The equipment is also checked for functionality
under maximum load limits and static and dynamic load conditions. Hoisting
equipment is tested to 125 percent of hoist capacity and load-handling tools
are tested to 150 percent of capacity. Manual operations under these condi-
tions are also verified. The COL applicant will prepare specific inspection,
test, and operating procedures.

On the basis of this information, the staff concludes that the design of the
heavy-load-handling equipment complies with the requirements of GDC 61 as it
relates to the safe handling and storage of fuel.

In the DSER, the staff identified the following confirmatory items:

(1) In its response to RAI Q410.107, ABB-CE submitted additional information !

on the design features of the refueling cavity water seal and the effects j

I
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of a postulated seal failure or leak. In the DSER, the staff asked |cs
/ \ ABB-CE to incorporate this information into CESSAR-DC Section 9.1.4. '

C) This was designated as DSER Confirmatory Item 9.1.4-1.
,

Subsequently, ABB-CE submitted Amendments L and N to CESSAR-DC Sec-
tion 9.1.4.2.2.13, which incorporated the required information. This
information was evaluated above. On this basis, DSER Confirmatory
Item 9.1.4-1 is resolved.

(2) In its response to RAI Q410.109, ABB-CE submitted information on the
conformance of the FHS to GDC 2 and 61. ABB-CE's Inserts 1, 2, and 3 to
CESSAR-DC Section 9.1.4.3 are acceptable. In the DSER, the staff asked
ABB-CE to correct Insert 1 to refer to Positions C.3 and C.5 of RG 1.13.
This was designated as DSER Confirmatory Item 9.1.4-3.

Subsequently, ABB-CE submitted Amendments J and E for CESSAR-DC Sec-
tions 9.1.4.3.2.D and 9.1.4.3.3, respectively. In these sections, as
well as in Section 9.1.4.3.1, ABB-CE committed to compliance with these
guidelines and requirements. On this basis, DSER Confirmatory
Item 9.1.4-3 is resolved.

(3) In its response to RAI Q410.66, ABB-CE submitted an evaluation of the
spent-fuel cask-drop accident. In the DSER, the staff asked ABB-CE to
incorporate this information into CESSAR-DC Section 9.1.4.3. This was
designated as DSER Confirmatory Item 9.1.4-5.

Subsequently, ABB-CE submitted Amendment Q to CESSAR-DC Section 9.1.4.3.17
; which incorporated the required information. In this section, ABB-CE
V states that the water level is maintained in the spent-fuel pool during a

spent-fuel cask-drop accident which damages the cask laydown area. The
cask-handling hoist has an interlock to prevent moving the cask over new
and spent fuel. On the basis of incorporation of this information into
the CESSAR-DC, DSER Confirmatory Item 9.1.4-5 is resolved.

(4) In its response to RAI Q410.71, ABB-CE gave specific information on items
to be included under preoperational checks. In the DSER, the staff asked
ABB-CE to incorporate this information into CESSAR-DC Section 9.1.4.4.
This was designated as DSER Confirmatory Item 9.1.4-7.

Subsequently, ABB-CE submitted Amendment L to CESSAR-DC Section 9.1.4.4
which provided the required information. On the basis of the incorpora-
tion of this information into the CESSAR-DC, DSER Confirmatory
Item 9.1.4-7 is resolved.

(5) In its response to RAI Q410.72, ABB-CE discussed the overhead paths for
heavy loads and the presence of interlocks and other mechanisms to j
prevent damage from such movements. ABB-CE has incorporated this |

response into CESSAR-DC Section 9.1.4.3.1. In its response to RAI
,

Q410.73, ABB-CE discussed load paths for the reactor vessel closure head, I

the core support barrel, the upper guide structure, and the safety-
related equipment in the vicinity of the load paths susceptible to damage
by load-handling accidents. In the DSER, the staff asked ABB-CE to also

l,q incorporate its response to RAI Q410.73 into CESSAR-DC Section 9.1.4.3.1.i

V This was designated as DSER Confirmatory Item 9.1.4-8.
1
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Subsequently, ABB-CE submitted Amendments I and J to CESSAR-DC subsec-
tions 9.1.4.3.1 and 9.1.4.6 which supply the required information. The
design of the heavy-load-handling equipment includes electrical inter-
locks and mechanical stops to restrict the movement of heavy loads. In
addition, the COL applicant will prepare administrative procedures to
ensure that heavy loads are moved along safe load paths using proper
operating procedures. On the basis of the incorporation of this
information into the CESSAR-DC, DSER Confirmatory Item 9.1.4-8 is
resolved.

1

After its review of the information submitted in the CESSAR-DC up to and
including Amendment U, the staff concludes that the design of the heavy-load-
handling portion of the ABB-CE System 80+ fuel handling system conforms to the
requirements of GDC 2, 4, 5, and 61 as specified above, the guidelines of SRP
Section 9.1.5 and, therefore, is acceptable.

On the basis of this review, the staff concludes that the design of the light-
load and heavy-load-handling portions of the fuel handling system conform to
the guidance of SRP Sections 9.1.4 and 9.1.5 and is, therefore, acceptable.

9.2 Water Systems

9.2.1 Station Service Water System

The staff reviewed the design of the station service water system (SSWS) in
accordance with SRP Section 9.2.1, " Station Service Water System."

The SSWS is an open system that takes suction from the UHS and supplies
cooling water to the heat exchangers in the component cooling water system
(CCWS) that remove heat released by plant systems, structures, and components.
The SSWS returns the heated water to the UHS.

The SSWS comprises two separate, redundant, open-loop, safety-related divi-
sions. Each division cools one of two divisions of the CCWS, which in turn
cools essential and nonessential auxiliary loads. The SSWS operates at a
lower pressure than the CCWS to prevent raw water from contaminating the CCWS.
Each division of the SSWS comprises two pumps, two strainers, two sump pumps,
and associated piping, valves, controls, and instrumentation.

The SSWS pumps are located in a seismic Category I structure that is protected
from floods and tornado missiles. The SSWS pumps, strainers, and traveling
screens are seismic Category I, Safety Class 3, Quality Class 1, and the SSWS
sump pumps are seismic Category NN, Safety Class NNS, Quality Class 3, as is
shown in CESSAR-DC Table 3.2-1. In addition, the SSWS is dcsigned to preclude
any adverse interaction with non-seismic systems in tne vicinity. Therefore,
the design presented in the CESSAR-DC complies with GCC 2 by complying with
the guidance of RG 1.29, Position C.1, with respect to its seismic
requirements.

All essential SSWS components are fully protected from floods, tornado-
missiles, internal missiles, pipe breaks, pipe whip, and jet impingement. In
addition, the system is designed to minimize the potential for water hammer by
providing for adequate filling and high-point vents. The SSWS is also
installed underground or in buildings that will protect it from adverse envi-
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ronmental conditions. In the event of a loss-of-offsite power (LOOP), the !

h SSWS will be shut down and starts again in accordance with the diesel genera- I

d -tor (DG) load sequencing. The DG sequencing times are confirmed to be ;

commensurate with SSWS requirements regarding component cooling. Accordingly, )
the design presented in the CESSAR-DC complies with GDC 4, as related to :
effect of missiles inside and outside of containment, effects of pipe whip,
jets and environmental conditions resulting from high and moderate energy line :

breaks and dynamic effects associated with flow instabilities and loads (e.g.,
,

water hammer) during normal plant operation as well as during upset or |

accident conditions.

The staff reviewed the design of the SSWS to identify shared systems and
components. The two divisions of the SSWS are physically and electrically
separate and share no components or systems. Although the System 80+ design
can be used at either single-unit or multiple-unit sites, in CESSAR-DC Sec-
tion 1.2.1.3, ABB-CE states that the independence of all safety-related
systems and their support systems will be maintained between (or among) the ,

I individual plants. In the DSER, the staff stated that should a multi-unit :
l site be proposed, the COL applicart would have to apply for the evaluation of

the units' compliance with the requirements of GDC 5, " Sharing of Structures- !

Systems and Components," with respect to the capability of shared structures,
systems, and components (SSCs) to perform their required safety functions.

iUpon further review, the staff has determined that the design described in
CESSAR-DC does not share SSCs with other nuclear power units and, therefore,
complies with the requirements of GDC 5.

Each division can provide for safety-grade shutdown cooling via both pumps for

O up to 36 hours and post-loss of coolant accident (LOCA) cooling via one pump
,

for up to 30 days. Each of the four identical SSWS pumps (two per division)
can produce 100 percent of the required flow for post-LOCA conditions. During ,

normal operation, only one pump per division is required to be operating. If
a low pump discharge signal is received, the second pump in the respective
division starts automatically. The pumps are of the vertical centrifugal type
and are installed so that they meet the minimum NPSH at the highest expected
operating temperature and flow, at the normal water elevation, and assuming
the traveling screens are 50 percent clogged. The available NPSH exceeds the
required NPSH for worst case water elevations for all operation, flow and i
temperature conditions. The minimum available NPSH is the smaller of either |

25 percent greater than, or 3 m (10 ft) greater than, the required NPSH
specified by the pump vendor. (Note: For worst case UHS water elevation, the
margins previously specified need not apply.) The pumps have at least a

.

)
7-percent margin in head at the pump design point. The head-versus-flow curve '

is centinually rising from the design point to shutoff.
;

Instrumentation that monitors the SSWS flow, temperature, and system pressure,
as well as radiation levels within the SSWS inventory, supports automatic sys-
tem actuation features and alarms to alert the operator to anomalous operating
conditions. Thes,e features ensure that the SSWS is properly removing heat
from the CCWS and transferring heat to the UHS. In addition, these features
detect pipe breaks and related system failures to minimize the resulting
adverse consequences and to prompt mitigating actions. As noted earlier, the

n\ design comprises two full-capacity divisions, each of which has two redundant
trains to provide the necessary cooling. The system is designed to accommo-/b date a single failure in a train and compensates for the postulated single
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failure via (1) reliance on the redundant train within the division or (2) the
two trains of cooling in the other division, or both, depending on the single
failure. The staff also reviewed the design to ensure that isolation valves
were installed and could be remotely operated to ensure that the system's
safety function would not be compromised by a pipe break, a component failure,
or a related failure. ABB-CE incorporated adequate isolation and control
provisions into the design to protect the system from postulated failures.
Therefore, the system complies with the requirements of GDC 44 with respect to
cooling water by providing a system to transfer heat from SSCs important to
the safety of the UHS.

Radiation monitors downstream of the CCWS heat exchanger discharge monitor the
SSWS flow to detect any leakage from the CCWS to the SSWS. Upon detection of
radiation at a pre-set level above background radiation, an alarm sounds in
the control room. The operator can isolate the affected component cooling
water (CCW) heat exchanger from the control room by means of motor-operated -

butterfly valves.

The SSWS is designed and installed to permit in-service inspections and tests
in accordance with ASME Code Section XI. The design of redundant trains
within a division provides a mechanism for testing individual components and
portions of the system on a periodic basis without affecting plant operations.
On this basis, the design is in compliance with GDC 45, as related to design
provisions to permit inservice inspection of safety-related components and
equipment, and GDC 46, as related to design provisions to permit operational
functional testing of safety-related systems and components.

In CESSAR-DC, ABB-CE states that the SSWS will be able to perform its function
during abnormally low water levels and that steps are taken to prevent organic
fouling and inorganic buildups that may degrade system performance. Proposed
steps include traveling screens, proper water treatment, and backwash capabil-
ities. This was DSER COL Action Item 9.2.1-1. By CESSAR-DC Amendment L,
ABB-CE stated that a safety-grade traveling screen shall be installed down-
stream of trash racks and upstream of station service water pumps. Further,
ABB-CE stated that the screens shall be equipped for periodic cleaning and
designed to limit. ingestion of biofouling, organics, and debris, consistent
with the fouling design limits of the piping system and CCWS heat exchanger
and the need to limit any blockage of the pump inlets. On this basis, DSER
COL Item 9.2.1-1 is acceptable.

The design of the SSW system complies with GDC 2, 45, and 46 with respect to
inservice inspection and testing requirements and protection against natural
phenomena for its safety-related portions. The system design complies with
the guidelines of Position C.1 of RG 1.29 with respect to seismic requirements
for the safety-related and applicable non-safety-related portions of the
system. The system complies with GDC 5 with respect to the sharing of system
components between units. Further, the system design complies with GDC 4 and
44, with respect to cooling water requirements and protection against inter-
nally and externally generated missiles and dynamic effects resulting from
postulated piping failures. Therefore, the staff concludes that the system
design complies with the applicable acceptance criteria of SRP Section 9.2.1
and is acceptable.

Security Considerations
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The description in CESSAR-DC Section 9.2.1.3(D) of the protected location of
(n) SSWS components did not address protection from sabotage. In a letter of

V February 28, 1992, ABB-CE proposed to amend CESSAR-DC Section 9.2.1.1.4 to
state that the SSWS pump structure will be a seismic Category I structure
within the scope of the COL applicant and to require a COL applicant to have
an SSWS pump structure that is in the same " vital protection area as the main
plant" and that will " withstand the effects" of sabotage. The staff inter-
preted that terminology to mean that equipment within the SSWS pump structure
will be protected as vital. However, it was not clear whether or not ABB-CE
intended to require that there should be only a single protected area rather
than two separate ones. Either alternative was acceptable under the NRC's
regulations. Whether COL applicants will be given latitude to select more
than one protected area, and whether cables and piping connecting two separate
areas will be inaccessible outside separate protected areas, was designated as
DSER Open Item 9.2.1-1. By CESSAR-DC Amendment L, ABB-CE added the following
statement to CESSAR-DC Section 9.2.1.1.4: "The SSWS is designated as a vital
area and all SSWS piping and cabling shall be located within the vital protec-
tion area that is common to the main plant." By adding this statement, ABB-CE
has clarified the plant design. The use of a single protected area is
considered to be an acceptable resolution. On this basis, DSER Open
Item 9.2.1-1 is resolved.

The proposed description of the SSWS pump structure was not sufficient for the
staff to determine that a structure designed to these requirements will pro-
vide adequate vital barrier protection. This was designated as DSER COL
Action Item 9.2.1-2. By CESSAR-DC Amendment L, ABB-CE stated in Sec-
tion 9.2.1.1.2 that the COL applicant will submit a detailed description ofp the SSWS pump structure. With the inclusion of this information into

:V CESSAR-DC, DSER COL Action Item 9.2.1-2 is acceptable.
<

In Chapter 8, Section 3.3.5.8, of the URD, EPRI requires that attention be
paid to access provided for cleaning out trash racks and traveling screens in
order to reduce the potential for bypassing the intrusion detection system at
intake areas. The staff concluded that ABB-CE should address this URD
requirement. Coordination of the SSWS intake design with the security system
design was designated as DSER Open Item 9.2.1-2.

By CESSAR-DC Amendment L, ABB-CE added the following paragraph to amplify the
systen description to CESSAR-DC Section 9.2.1.1.4:

Trash racks shall be provided upstream of the station service water
pumps susceptible to damage due to large debris. A safety grade
traveling screen shall be installed downstream of the trash racks
and upstream of the station service water pumps. Provisions for
physical access to the trash racks and the traveling screens shall
be consistent with the design of security barriers and intrusion
detection systems. Provisions for physical access and for debris
removal shall not provide a potential path for covert penetration
into the protected area.

By adding this information, ABB-CE has clarified the plant design. The use of
n a safety-grade traveling screen which is consistent with the design

(V)
of security barriers and intrusion de+ecti69 systems of Chapter 8, Sec-
tion 3.3.5.8, of the URD requirements resolves the issue. On this basis, DSER
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Open Item 9.2.1-2 is resolved.

9.2.2 Component Cooling Water System

The staff reviewed the design of the CCWS in accordance with SRP Sec-
tion 9.2.2, " Reactor Auxiliary Cooling Water Systems." The staff reviewed the
CESSAR-DC and ABB-CE's response to RAI Q410.111 to develop its summary of the
design.

The CCWS cools essential and nonessential nuclear components. In conjunction
with the SSWS and the UHS, the CCWS is capable of removing sufficient heat
from the essential heat exchangers to ensure a safe reactor shutdown and
continuous cooling following a postulated accident. The CCWS consists of two
separate, independent, redundant, closed-loop, safety-related divisions.
Either division is capable of providing 100 percent of the cooling required
for a safe reactor shutdown.

Each division of the CCWS includes the following: two heat exchangers, a
surge tank, two CCW pumps, a chemical addition tank, a CCW radiation monitor,
two sump pumps, a CCW heat exchanger structure sump pump, and related piping,
valves, instrumentation, and controls. No cross-connection exists between the
two divisions. The CCWS is cooled by the SSWS that removes heat from the tube
side of the CCWS heat exchangers. To preclude leakage from the SSWS to the
CCWS, the CCWS operates at a higher pressure than the SSWS.

Each CCWS division consists of an essential and nonessential cooling loop.
The essential cooling loop piping and components (e.g., heat exchangers,
pumps, and surge tanks) are seismic Category I and Safety Class 3. CIVs and
containment penetration piping are seismic Category I and Safety Class 2. The
essential pcrtion of the CCWS supplies cooling to the following redundant
safety-relatea components: shutdown cooling heat exchangers, mini-flow heat
exchangers, and pump motor coolers; safety injection pump motor coolers;
containment spray heat exchangers, mini-flow heat exchangers, and pump motor
coolers; CCW pump motor coolers; spent-fuel pool heat exchangers and pump
motor coolers; motor driven emergency feedwater pump motor coolers; DG jacket
water coolers; and essential chillers. The nonessential portion of the CCWS
supplies cooling to the reactor coolant pump (RCP) motor air coolers, motor
oil coolers, oil coolers, seal coolers, and high pressure coolers; letdown
heat exchanger; sample heat exchangers; gas stripper; boric acid concentra.tsr;
normal chilled water condensers; and instrument air compressors. Nonessential
components are supplied CCW by means of non-nuclear safety class cooling loops
with the exception of the charging pump motor coolers and miniflow heat i
exchangers, the instrument air compressors, and the DG engine starting air
aftercoolers which are supplied CCW by means of Safety Class 3 cooling loops.
The isolation valves separating seismic Category I portions from the
nonseismic portions are Class 2 or 3 (i.e., Quality Group B or C, respec-
tively). In addition, the CCWS is designed to preclude any adverse ir.terac-
tion with nonseismic systems in the vicinity. Therefore, the design presented
in the CESSAR-DC complies with GDC 2 with respect to its seismic requirements
by virtue of compliance with the guidance of RG 1.29, Position C.1, with

,

respect to safety-related portions of the system, and Position C.2, with I

respect to nca-safety-related portions of the system.

All essential CCWS components are fully protected from floods, tornado
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missiles, internal missiles, pipe breaks, pipe whip, and jet impingement. The lp two divisions of the CCWS are physically separated and are routed so as to be
protected from environmental conditions that could impair performance. In
addition, in responding to Q410.76, ABB-CE stated that the effects of high-
and medium-energy pipe breaks are considered in the design of the CCWS.
Specifically, the response indicates: "The CCWS safety-related components are
designed and protected such that this type of failure would not affect the
safety performance of the CCWS." See Section 3.5 of this report. Accord-
ingly, as presented in the CESSAR-DC, the design complies with GDC 4, as
related to effect of rr.issiles inside and outside of containment, effects of
pipe whip, jets and environmental conditions resulting from high and moderate
energy line breaks and dynamic effects associated with flow instabilities and
loads (e.g., water hammer) during normal plant operation as well as during
upset or accident conditions.

The CCWS is also designed to minimize the potential for water hammer by having
vents in all high points and drains in all low points of the system. Vents
are located to ensure that the piping is filled with water; this reduces the
chances of water hammer after pump startup. Also, valve opening and closing
times are selected to minimize the effects of water hammer. Similarly, the
surge tanks, which represent the system's mechanism for venting, are located
at the system's high point to facilitate venting and filling.

The CCWS is powered by the Class IE auxiliary power system. In the event of
an LOOP, DGs provide power to the auxiliary power system. Each of the two DGs
is capable of supplying 100 percent of the power required for operating a
division of the necessary safety-related equipment. An LOOP would result in

O DG's load sequencing.
the shutdown of the CCWS and its subsequent restart, in accordance with the

The sequencing logic ensures that the appropriate CCWS <

pump is loaded within approximately 10 seconds.

Several valves in the CCWS rely on the compressed air (instrument air) system
for cperation. In the CCWS, all active safety-related valves dependent on
compressed air have safety-grade operators and solenoid valves. In the event
of a loss of the compressed air system (e.g., during an LOOP event), the

,

safety-related solenoid valves are vented and the valve would fail in the
prescribed fail-safe position. The motor-operated valves in the essential
portions of the CCWS are powered from diesel-backed power sources and would be
available following a LOOP.

'

The CCWS comprises two divisions that are spatially and electrically separated
and share no components or systems. This design precludes any single event
from affecting both systems. Each division is individually capable of pro-
viding the requisite heat removal capability to support a reactor shutdown and
continued cooling following a design-basis accident (DBA). In addition, the '

design has redundant trains within each division ensuring that the failure of
an individual component or train will not impair the functionability of the -

CCWS. Although tpe System 80+ design can be used at either single- or
multiple-unit sites, as described in CESSAR-DC Section 1.2.1.3, ABB-CE states ;
that the independence of all safety-related systems and their support systems !

will be maintained between (or among) the individual plants. Should a multi-
unit site be proposed, the COL applicant would have to apply for the evalua-

O Structures, Systems, and Components," with respect to the capability of shared
tion of the units' compliance with the requirements of GDC 5, " Sharing of
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SSCs to perform their required safety functions. This was designated as D5ER
COL Item 9.2.2-1. Upon further review, the staff has determined that the
design described in CESSAR-DC does not share SSCs with other nuclear power
units. Therefore, the CCWS complies with the requirements of GDC 5, and DSER
COL Action Item 9.2.2-1 is resolved.

The redundant divisions also ensure that safety functions can be performed
assuming a single active component failure coincident with the LOOP. Within
each division, ABB-CE has designed component redundancy (e.g., two pumps, two
heat exchangers) to ensure that a single failure would not typically compro-
mise the heat removal function of a division.

This component redundancy is complemented by the motor-operated valves that
isolate an individual division or individual trains within a division. These
isolation valves protect the essential components from failures of the non-
essential portions of the CCWS. The piping and instrumentation diagrams
(P& ids) clearly identify the class breaks between the essential and non-
essential portions of the system and the valves that perform the isolation
function. Two valves in series are at each safety /non-safety interface.
These valves automatically close on a 1cw-low surge tank level, preventing the
loss of the safety portion of the system and also limiting the water that
would be released into the building as a result of a failure in the non-safety
portion of the system. The isolation times of these valves are adequate to
preclude excessive drawdown of the surge tanks.

Inventory losses that result from a failure in the nonessential portions of
the CCWS can be compensated for by makeup water from the surge tanks. Makeup
water is normally sent to the surge tanks by the DWMS. However, when the DWMS
is unavailable, such as during an accident, a backup make-up water line of
seismic Category I design can be provided by installing a spool piece to
connect the SSWS to the CCWS surge tank. Using the SSWS as a makeup water
system provides a backup to the intact division, since in the case of a major
leak in one of the CCWS divisions, the affected division is removed from
service and the redundant division is there to be used. .

Leakage into or out of the CCWS is detected by level monitoring of both surge
tanks and sumps, as well as by radiation monitoring. Safety-related instru-
mentation on the surge tank in each division alerts the operators to high,
low, and low-low levels in the tank that indicate system leakage. These
monitors are complemented by high-level alarms for the CCWS sumps and the CCWS
heat exchanger structure sumps. In addition, radiation monitors located down-
stream of the CCWS pumps will detect any leakage of radioactive fluids into
the CCWS.

The CCWS cools the following RCP support systems: RCP high-pressure cooler;
RCP seal coolers; RCP motor coolers; and RCP motor oil coolers. These RCP
su;. port systems are part of the nonessential portion of the CCWS. However,
the supply and return headers for the RCP support systems do not isolate on a
safety injection actuation signal (SIAS) and will be supplied with cooling
water following a small-break LOCA with an LOOP in accordance with the
requirements of 10 CFR 50.34(f)(1)(iii). Low-flow and high-flow alarms are
provided for the various RCP heat exchangers which use CCWS for cooling.
These alarms alert the control room to flow anomalies associated with the heat
exchangers and ensure timely identification of the cooling problem to protect
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the RCP pumps.g
4 i
V On the basis of this discussion, the system complies with the requirements of

GDC 44 with respect to cooling water by providing a system to transfer heat to
the VHS from SSCS important to safety.

Components of the CCWS can be fully tested during normal operation. The
redundant trains of equipment within each division provides flexibility in the
scheduling and conduct of inspections. In addition, tests to verify proper
operation of individual CCWS components can be conducted using installed
bypass and recirculation loops. These tests supplement the system level tests
by verifying acceptable performance of each active component in the CCWS. The
surveillance and testing requirements are discussed in Chapter 16 of this
report. Therefore, the system is in compliance with GDC 45, as related to
design provisions to permit inservice inspection of safety-related components
and equipment.

The staff reviewed seismic design and isolation provisions between essential
and non-essential portions of the CCWS and finds them acceptable based on
compliance with GDC 2 as indicated below. In addition, the staff verified
that the CCWS will cool essential nuclear components during normal, off-
normal, and accident conditions. Accordingly, the CCWS complies with GDC 46,
as related to design provisions to permit operational functional testing of
safety-related systems or components to insure (a) structural integrity and
system leak tightness, (b) operability and adequate performance of active
system components, and (c) capability of the integrated system to perform
required functions during normal shutdown, and accident situations.

C In response to RAI Q410.111(b), ABB-CE added dual isolation valves in series
where the essential and nonessential portions of the system meet. ABB-CE also
noted several sections and tables in the CESSAR-DC that needed to be revised
to add reference to the addition of the valves. However, ABB-CE did not
submit any reference to these valves (CC-122, CC-123, CC-222, and CC-223) in
CESSAR-DC Section 9.2.2.2.2.5, " Emergency Operation." This was designated as
DSER Open Item 9.2.2-1. By CESSAR-DC Amendment R, ABB-CE has added reference
to these valves in Section 9.2.2.2.2.5, " Emergency Operation." On this basis,
DSER Open Item 9.2.2-1 is resolved.

The design of the CCWS complies with GDC 45, 46, and 2 with respect to '

inservice inspection and testing requirements and protection against natural
phenomena for its safety-related portions. The system design also complies
with the guidelines of Positions C.1 and C.2 of RG 1.29 with respect to
seismic requirements for the safety-related and applicable non-safety-related
portions of the system. Furthar, the system design complies with GDC 44 and 4
with respect to cooling water w uirements and protection against internally
and externally generated missi. and dynamic effects resulting from postulat-

,

ed piping failures. Therefore, the staff concludes that the system design !complies with the applicable acceptance criteria of SRP Section 9.2.2 as
.

related to reacto'r auxiliary CWS that are required for safe shutdown during l

normal, operational transient and accident conditions and for mitigating the
consequences of an accident or preventing the occurrence of an accident and is

o acceptable.

Security Considerations
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The staff considers that the CCWS is a vital system; therefore, as required by
10 CFR 73.55(c), access to all CCWS components, including pumps, piping,
valves, heat exchangers, controls, power supplies, and other essential com-
ponents and auxiliaries, should require passage through two barriers. (Locked
security doors controlling access between two adjacent vital areas are not
desirable, if access to each vital area is otherwise controlled.) The
description in CESSAR-DC Section 9.2.2.3(D) of the protected location of CCWS
components did not address protection from sabotage. Vital designation of the
CCWS was designated as DSER Open Item 9.2.2-2. By CESSAR-DC Amendment L,
ABB-CE added the following statement to CESSAR-DC Section 9.2.2.1.1: "The
CCWS is designated as a vital system and, therefore, will be protected from
sabotage." By adding this statement ABB-CE has made it clear that the CCWS is
a vital system. On this basis, DSER Open Item 9.2.2-2 is resolved.

l In a letter dated February 28, 1992, ABB-CE proposed to add a new section to
| the CESSAR-DC (Section 9.2.2.1.4) which would state that the CCWS heat

exchanger structure is a seismic Category I structure within the scope of the
COL applicant and would require that applicant to have a CCWS heat exchanger

,

l structure that is in the " vital protection area" and that will " withstand the
effects" of a sabotage event. The staff interpreted that terminology to mean
that access to equipment within the CCWS heat exchanger structure requires
passage through both the protected area fence and an additional vital barrier.
The proposed vital area designation complies with the NRC Review Guideline 17
criterion that seismic Category I equipment be considered vital equipment;
that designation is acceptable. However, the proposed description of the CCWS
heat exchanger structure ventilation system and its fresh air intakes did not
make reference to ventilation barrier guidance of RG 5.65, " Vital Area Access
Controls, Protection of Physical Security Equipment, and Key and Lock Con-
trols," and was not sufficient for the staff to determine that a structure

designed to these requirements will adequately protect the vital barrier.
This was designated as DSER COL Action Item 9.2.2-2. By CESSAR-DC Amend-
ment Q, ABB-CE added the following statement to CESSAR-DC Section 9.2.2.1.4:
" Ventilation barriers for the CCW Heat Exchanger Structure (s) Ventilation
Systems are in accordance with the guidance provided in Regulatory
Guide 5.65." By adding this statement, ABB-CE has made the plant design
clear. Requiring the CCW heat exchanger structure ventilation system barriers
to be designed in compliance with the guidance given in RG 5.65 resolves this
item and eliminates the need for DSER COL Action Item 9.2.2-2.

9.2.3 Demineralized Water Makeup System

| The DWMS supplies filtered demineralized water to the condensate storage
system (CSS) and to other systems throughout the plant that require high-
quality, non-safety-related, makeup water. The system consists of a deminera-
lizer with cation, anion, and mixed-bed units, a vacuum degasifier, and a
demineralized water storage tank. The DWMS does not perform any safety
function or accident mitigation and its failure would not reduce the safety of
the plant.

, The staff reviewed the design and operational requirements of the system and
| finds that it includes all components and piping associated with the systems.

The review has determined the adequacy of the proposed design criteria and
design bases for the DWMS, regarding adequate supply of reactor coolant purity
water during all conditions of plant operation.

|
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The design of the DWMS is acceptable because it complies with GDC 2, " Design
[mi Bases for Protection Against Natural Phenomena," as related to the safety-
's_) related portions of the system being capable of withstanding the effects of

earthquakes, and GDC 5, " Sharing of Structures, Systems, and Components," in
regard to the effect of sharing in multiple-unit facilities, as recommended by
SRP Section 9.2.3 regarding the review of the DWMS from the supply connection
of the service or municipal water source to the point of discharge.

9.2.4 Potable and Sanitary Water Systems

The Potable and Sanitary Water Systems (PSWSs) consist of a Potable Water
System and a Sanitary Drainage system. It includes all components and piping
from the filtered water source to all points of discharge to the sewage
facilities. The portions of the PSWS that are within the Reactor Building,
Nuclear Annex, Turbine Building, Radwaste Building, and Service Building are
within the scope of the certified Design. Those portions of the PSWS that are
not within these buildings are not within the scope of the Certified Design.

The staff reviewed the design requirements for the PSWSs in accordance with
SRP Section 9.2.4, " Potable and Sanitary Water Systems."

In CESSAR-DC, ABB-CE states that the PSWSs serve no safety functions and that
any malfunction of the systems will not adversely effect any safety-related
system. Design provisions are provided to prevent the release of liquid
effluent containing radioactive material from contaminating the PSWS by pro-
viding no interconnections with systems having the potential for containing

a radioactive materials (Interface 9.2.4-1). Additionally, where necessary, air

(N-)
gaps protect against the contamination of the potable water system with radio-I

active effluents (Interface 9.2.4-2). Designs conforming to these
requirements conform to the requirements of GDC 60, as it relates to design
provisions provided to control the release of liquid effluents containing
radioactive material and preventing contamination of the PSWS.

In the DSER, the staff stated that the design of the PSWSs are site dependent
and are, therefore, not described in detail in the CESSAR-DC. Specific PSWS
designs will ne reviewed as part of site-specific applications referencing
this design. This was designated as DSER COL Action Item 9.2.4-1. By CESSAR-
DC Amendments Q &nd T, ABB-CE presented additional information about the PSWS
and stated that the COL applicant will provide the information on those
portions of the PSWS that are out of scope. ABB-CE has stated that the PSWS
shall be designed to meet the requirements of GDC 60. Specifically, there
shall be no interconnections between the PSWSs and systems having the
potential for containing radioactive materials. Additionally, the COL
applicant shall ensure that the sewage treatment facility design complies with ,

'

applicable State and local regulations. The CESSAR-DC has sufficient
interface requirements to ensure that plant specific designs for these systems
will comply with the requirements of GDC 60 as specified above. Therefore,
DSER COL Item 9.2.4-1 is acceptable.

9.2.5 Ultimate Heat Sink

The staff reviewed the design interface requirements for the UHS in accordance
(o) with SRP Section 9.2.5, " Ultimate Heat Sink."
v'
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The UHS is an out-of-scope item that will be reviewed for each site-specific
application. Only a general discussion of the UHS appears in the CESSAR-DC.
The VHS is the source of cooling to the SSWS which removes heat from the CCWS.
The CCWS removes heat from cssential and nonessential reactor auxiliary loads
during all modes of plant aperation.

The conceptual design of the UHS presented in the CESSAR-DC is a single,
passive, independent coolin.) water pond and includes the SSWS intake and
discharge. However, ABB-CE notes that site-specific conditions may necessi-
tate the use of two ponds to satisfy RG 1.27, " Ultimate Heat Sink for Nuclear
Power Plants." The pond has makeup water pumps to maintain water level.
Water chemistry is maintained by a site-specific water treatment system, and
blowdown limits salinity buildup in the pond. The UHS will be designed to
operate for the required nominal 30 days following a postulated LOCA without
requiring any makeup water to the source, and without requiring any blowdown
fruc. the pond salinity control system.

The UHS shall meet seismic Category I requirements. In addition, the function
of the UHS will not be lost during or after such natural phenomena as a safe-
shutdown earthquake, a tornado, a flood, or a drought. The conceptual design
of the UHS presented in CESSAR-DC complies with RG 1.29, Position C.1 in
regards to complying with the seismic Category I guidelines, and RG 1.27,
Position C.2 with regards to the capability to withstand, (a) the most severe
natural phenomena expected at the site, with appropriate ambient conditions,
but with no two or more such phenomena occurring simultaneously, (b) site-
related events (e.g., transportation accidents, river diversion) that histori-
cally have occurred or that may occur during the plant lifetime, (c) reason-
ably probable combinations of less severe natural phenomena and/or site-
related events, and (d) a single failure of manmade structural features, and
position C.3 with regard to two sources of water.

As presented in the CESSAR-DC, the design of the UHS indicates that there are
no shared systems or components, therefore the design is in compliance with
GDC 5 as related to the capability of shared systems and components important
to safety being capable of performing required safety functions. In addition,
the design of the. UHS ensures the continued operability of the system assuming
a single failure of a manmade structure.

The UHS has an SSWS inlet temperature that does not exceed the maximum
allowable temperature required for removing heat from the CCWS heat exchangers
during a DBA concurrent with an LOOP. This heat removal capacity includes
heat loads anticipated from the start of the accident through the post-LOCA
30-day time period assuming the worst-case meteorological conditions for the
site and no makeup water to the UHS. The typical CCWS heat load requirements
are given in CESSAR-DC Table 9.2.2-3.

For sites with severe winters, the referencing COL applicant will submit an
analysis to show that the function of the UHS is not impaired by ice forma-

I tion. Where required, the COL applicant will include provisions, such as warm
| water recirculation, for de-icing the intake structures to prevent flow
| blockage. This was designated as DSER COL Action Item 9.2.5-1. However,
| since the UHS is an out-of-scope interface system, the staff will review the

site-specific system according to the applicable NRC requirements at the COL'

application stage. Therefore, DSER COL Action Item 9.2.5-1 is not needed.
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The interface requirements for the UHS offer adequate guidelines to ensure '

C- that the plant-specific design can comply with GDC 2, 5, and 44. Since ABB-CE
does not address provisions for periodic inspections and tests of the UHS, the
evaluation of compliance with GDC 45 and 46 will be deferred to the site-
specific review. This was designated as DSER COL Action Item 9.2.5-2.
However, since the UHS is an out-of-scope interface system, the site-specific
system will be reviewed according to the applicable NRC requirements at the
COL application stage. Therefore, DSER COL Action Item 9.2.5-2 is not needed.
Additionally, ABB-CE has stated that samples of water and substrate will be
collected annually to determine if biological fouling organisms have populated
the water source.

,

Therefore, the staff concludes that the use of the interface requirements in
the CESSAR-DC should allow a plant-specific applicant to design an acceptable
UHS that complies the requirements of GDC 2, as related to structures housing
the system and the system itself being capable of withstanding the effects of
natural phenomena such as earthquakes, tornadoes, hurricanes, and floods;
GDC 5, as related to the capability of shared systems and components important
to safety being capable of performing required safety functions; GDC 44, as
related to, (a) the capability to transfer heat loads from safety-related SSCs
to the heat sink under both normal operating and accident conditions, (b)
suitable component redundancy so that safety functions can be performed
assuming a single active component failure coincident with loss of off site
power, and (c) the capability to isolate components. systems, or piping if
required so that safety functions are not compromised; GDC 45, as related to
the design provisions to permit inservice inspection of safety-related
components and equipment, and GDC 46, as related to design provisions to

O These requirements are in accordance with the guidance of SRP Section 9.2.5 as
permit operation factional testing of safety-related systems or components.

related to the UHS as a source of cooling water to dissipate reactor decay
heat and essential cooling system heat loads after a normal reactor shutdown
or a shutdown following a accident including LOCA.

Security Considerations '

In CESSAR-DC Section 9.2.5.1.3, ABB-CE states that the UHS is a seismic
Category I structure outside the scope of design certification. In CESSAR-DC
Section 9.2.5.1.3(D) the following statement appears: "The function of the

,

Ultimate Heat Sink shall be demonstrated not to be lost during or after any of
the following events: . . 4. Sabotage." In CESSAR-DC Section 9.2.5.2,
ABB-CE states that the UHS may be a cooling pond, a river, a lake, an ocean,
or a combination of cooling pond and lake, river, or cooling tower.

In Section 5.2.7.1 of Chapter 9 of the URD, EPRI specifies that the plant lay- ;

out should avoid, if possible, having portions of the protected area perimeter ;
abutting a body of water or crossing it. ABB-CE did not address this URD '

provision. This was designated as DSER Open Item 9.2.5-1. By CESSAR-DC
Amendment L, ABB-CE added the fallowing statement to CESSAR-DC Sec-

,

tion 9.2.5-19: " Vater boundaries that form part of the protected area '

boundary shall be avoided, if at all possible." Requiring the COL applicant
to avoid, if possible, designing the protected area perimeter from abutting or ,

crossing the UHS body of water complies with Section 5.2.7.1 of Chapter 9 of
'

the URD document. On this basis, DSER Open Item 9.2.5-1 is resolved.
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9.2.6 Condensate Storage System

The staff reviewed the design interface requirements for the condensate
storage facilities in accordance with SRP Section 9.2.6, " Condensate Storage
Facilities."

The CSS is a source of derated condensate for makeup to the condenser and is
| one of the condensate sources of startup feedwater for makeup to the steam
| generators. It also collects and stores condensate from the drains of
| miscellaneous systems. A minimum of two stainless steel condensate storage
| tanks (CSTs) are provided, each with a minimum capacity based on the maximum

condensate usage during startup (e.g., maximum steam generator blowdown level
x startup duration) plus a 100-percent margin.

The CSS is not a safety-related system since the emergency feedwater system
(EFWS) is designated as the safety-grade makeup water source. Accordingly,
the CSS is not seismically designed. However, ABB-CE states that leakage from
the CSS or failure of the CSTs, or both will not result in unacceptable
environmental effects. As noted in ABB-CE's response to RAI Q410.112, the
CSTs are located in the yard and are designed in compliance with RG 1.143,
" Design Guidance for Radioactive Waste Management Systems, Structures, and
Components Installed in Light-Water-Cooled Nuclear Power Plants," to preclude
the potential for releasing radioactive liquids and flooding of areas sur-
rounding the CST. A seismically designed dike or retention pond prevents
runoff in the event of tank overflow / rupture. Therefore, the CSS complies
with Position C.2 of RG 1.29 and with GDC 2, as related to structures housing

I the system and the system itself being capable of withstanding the effects of
earthquakes. i

In response to RAI Q410.ll2(a), ABB-CE stated that the only safety-related
system the CSS interfaces with is the EFWS. ABB-CE describes the provisions
for isolating the CSS from the EFW in CESSAR-DC Section 10.4.9, "EFW System,"
and illustrates these provisions in CESMR-DC Figure 10.4.9-1. ABB-CE also
committed to adding a flow diagram of the CSS system in the CESSAR-DC. This
was designated as DSER Confirmatory Item 9.2.6-1. By CESSAR-DC Amendment Q,
ABB-CE submitted a flow diagram which showed the CSS system. Therefore, DSER
Confirmatory Item 9.2.6-1 is resolved.

The CSS is not safety related because it does not affect (1) the integrity of
the reactor coolant system (RCS) pressure boundary, (2) the capability to
achieve and maintain safe shutdown, or (3) the capability to prevent or

,

! mitigate the consequences of accidents that could lead to unacceptable offsite
radiological exposures. Therefore, compliance with GDC 44, " Cooling Water;"I

GDC 45, " Inspection of Cooling Water System;" and GDC 46, " Testing of Cooling
Water System," stated to be acceptance criteria in SRP Section 9.2.6, is not
applicable to the system. Although the System 80+ design can be used at
either single-unit or multiple-unit sites, in CESSAR-DC Section 1.2.1.3,
ABB-CE states that the independence of all safety-related systems and their
support systems will be maintained between (or among) the individual plants.
Should a multi-unit site be proposed, the COL applicant would have to apply
for the evaluation of the units' compliance with the requirements of GDC 5,
" Sharing of Structures, Systems, and Components," with respect to the capabil-
ity of shared SSCs to perform their required safety functions. On this basis,
the CSS complies with GDC 5. Although it is not safety related, this system
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is designed to produce adequate pump flow, CST overflow / drainage diversion to
h the turbine building sump, material corrosion resistance, CST water level, and |

V control room instrumentation.
.

Therefore, the staff concludes that the CSS and its design as a non-safety-
related system, complies with the applicable portions of SRP Section 9.2.6 as
related to Condensate Storage Facilities provided to serve as a receiver for
excess water genereted by other systems such as the main condenser hotwell,

,

the liquid radwaste low activity reprocessed condensate, and the makeup water j
treatment system, and also to serve as the water supply or makeup source for '

various auxiliary systems.

9.2.7 Refueling Water System

ABB-CE does not designate any unique system as the refueling water system.
The functions of filling, draining, and purifying the borated water used to
flood the refueling pool are performed using the following systems: contain-
ment spray system; CVCS; PCPS; and shutdown cooling system. These systems are
reviewed in Section 9.1.3 of this report.

Before the cavity is flooded for refueling operations, the blind flange on the
containment end of the fuel transfer tube is removed, allowing the transfer
car.zl to be flooded simultaneously with the refueling cavity. The refueling
cavity is flooded by pumping water from the in-containment refueling water
storage tank (IRWST) (at a boron concentration of >4000 ppm) via the contain-
ment spray pumps to the refueling pool. The refueling cavity is filled until

p the level matches the spent-fuel pool level. This takes most of the contents ;
1 of the IRWST and provides a minimum of nine feet of water over the active

(d portion of a raised fuel element. The pool is kept clear by the skid-mounted
refueling water filtration system which consists of a submersible pump,
cartridge-type filters, hoses, and associated instrumentation. During
refueling operations, the contents of the refueling pool are purified by the
PCPS.

To drain the refueling cavity, the shutdown cooling pumps take suction on the
cavity via the operating shutdown cooling lines, and return the water directly
to the IRWST. When the water level in the refueling cavity reaches the
reactor vessel flange, thc operation is terminated. The remainder of the
water is removed using the pool purification pumps and, finally, by a gravity i
drain line that connects the lowest elevation of the pool directly to the i

IRWST.

9.2.8 Turbine Building Cooling Water System
i

The staff reviewed the design of the turbine building cooling water system
(TBCWS) in accordance with SRP Section 9.2.2, " Reactor Auxiliary Cooling Water ;

System." '

The TBCWS is a sihgle, closed-loop, cooling water system that cools non- 2

safety-related components in the various auxiliary systems in the turbine
building. Cooling is effected through heat exchangers; heat is rejected to
the turbine building service water system (TBSWS). The system comprises twobs'

100-percent pumps, two 100-percent heat exchangers, a surge tank, a chemical\v) addition tank, piping, valves, and instrumentation and controls. In the DSER,
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the staff stated that as described in CESSAR-DC Section 9.2.8.2, the system
was not in complete agreement with CESSAR-DC Figure 9.2.8-1. The figure did
not show the chemical addition tank, instruments, or all of the components
cooled by the TBCWS. This was designated as DSER Open Item 9.2.8-1. By
CESSAR-DC Amendment L, ABB-CE has revised CESSAR-DC Figure 9.2.8.2 to include
the chemical addition tank, instruments and all the components cooled by
TBCWS. On this basis DSER Open Item 9.2.8-1 is resolved.

In the DSER, the staff identified as interface requirements that the TBCWS is
to be located in a building that does not contain any safety-related systems,
structures, or components and that any failure of the system (including
failures that could cause flooding) should not lead to the failure of any
safety-related structure. This was designated DSER Interface Item 9.2.8-1.
By CESSAR-DC Amendment L, ABB-CE revised CESSAR-DC to state that the TBCWS
heat exchanger is located in building / yard areas that do not contain any j

,

| safety-related components. Therefore, DSER Interface Item 9.2.8-1 is with- i

drawn. |

|

The system will comply with GDC 2 by adhering to the guidance of RG 1.29,
Position C.2 for assuring that the non-safety-related portions of the system
can withstand the effects of earthquakes without affecting adjacent safety- ,

related systems. ]

Because the TBCWS is not safety related and does not share boundaries with a
safety system, the remaining requirements (GDC 4, 44, 45, and 46) of SRP
Section 9.2.2 do not apply. Therefore, the staff concludes that the TBCWS
complies with the applicable requirements of SRP Section 9.2.2

4

9.2.9 Chilled Water System

The staff reviewed the design of the chilled water system (CWS) in accordance
with SRP Section 9.2.2, " Reactor Auxiliary Cooling Water Systems."

| CWS are designed to provide and distribute a sufficient quantity of chilled
water to air handling units (AHUs) in specific areas. The CWS comprises the
following two subsystems: an essential chilled water system (ECWS) that
provides safety-related heating, ventilation, and air conditioning (HVAC)
cooling loads, and a normal chilled water system (NCWS) that provides non-
safety-related HVAC cooling loads.

9.2.9.1 Essential Chilled Water System

The ECWS consists of two divisions of equal size. Each division can supply
100 percent of the cooling capacity required to meet system demands during

i normal and accident conditions. Each division takes electrical power from
independent Class !E power sources and cooling water from the respective CCWS
division. The Erf provih chilled water to the safety-related HVAC cooling
loads in the control room, e'lectrical rooms, mechanical rooms, subsphere pump
rooms, and penetration room.

The ECWS is located in a flood-protected and tornado-missile-protected seismic
Category I structure. The ECWS is designed in accordance with seismic
Category I and Class lE requirements. The ECWS is protected from pipe breaks,
pipe whip, tornado missiles, jet iupingement, and severe environmental
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conditions. ABB-CE did not, however, indicate if the system's design con-
[mC} siders potential water hammer concerns. This was designated as DSER Open

Item 9.2.9.1-1. By CESSAR-DC Amendment Q, ABB-CE stated that the ECWS is
designed to minimize the consequences of potential water hammer. On this
basis, DSER Open Item 9.2.9.1-1 is resolved.

Additionally, in CESSAR-DC Section 9.2.9.l(B), the reference to " safety-
related portions" of the ECWS was inconsistent with the reference to the ECWS
as a " safety-related system" in CESSAR-DC Section 9.2.9.2. Neither CESSAR-DC
Figure 9.2.9-1 nor the flow diagrams submitted in response to RAI Q410.113
clarified which portions of the ECWS were safety related. This was designated
as DSER Open Item 9.2.9.1-2. By CESSAR-DC Amendment Q, ABB-CE identified
safety-related components and non-safety- related components of the ECWS
separately in Figure 9.2.9-1. On this basis, DSER Open Item 9.2.9.1-2 is
resolved.

On the basis of the discussion, the design presented in the CESSAR-DC complies
with the seismic requirements of GDC 2, by virtue of complying with the
guidance of RG 1.29, Position C.1, regarding safety-related portions of the
system, and GDC 4 regarding environmental and dynamic effects.

ABB-CE indicates that the ECWS and the NCWS are indirectly connected through a
heat exchanger. As shown in CESSAR-DC Table 3.2-1, the ECWS heat exchanger is
designed to seismic Category I, Safety Class 3. The ECWS heat exchanger is
designed to allow the NCWS to serve all of the ECWS during periods of normal
operation without directly connecting the water pathways. Therefore, the

Im integrity of the safety-related ECWS is not degraded by postulated failures in

O) the NCWS.

The System 80+ design can be used at either single-unit or multiple-unit
sites; however, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the indepen-
dence of all safety-related systems and their support systems will be main-
tained between (or among) the individual plants. Should a multi-unit site be
proposed, the COL applicant would have to apply for the evaluation of the
units' compliance with the requirements of GDC 5, " Sharing of Structures,
Systems, and Components," with respect to the capability of shared SSCs to
perform their required safety functions. This was designated as DSER COL
Action Item 9.2.9.1-1. Upon further review, the staff finds that the design
described in CESSAR-DC does not share SSCS with other nuclear units. There-
fore, the ECWS complies with the requirements of GDC 5 and DSER COL Action
Item 9.2.9.1-1 is withdrawn.

Each 100-percent-capacity ECWS division consists of a chiller, a heat
exchanger, two chilled water pumps, an expansion tank, a chemical addition

.

!
tank, piping, valves, controls and instrumentation. The ECWS heat exchanger !

and associated chilled water pump allow the NCWS to supply 100 percent of the !

normal ECWS loads without directly connecting the water pathways. In CESSAR- 1

DC Section 9.2.9.2.l(E), ABB-CE states that the pump that serves the essential
chilled water hedt exchanger can serve as a backup for the pump that serves
the essential chiller. However, the flow diagram in CESSAR-DC Figure 9.2.9-1
was not sufficient to show how the cross-connect valve between the pump

;

p' discharge lines would prevent backflow through the secured pump. ABB-CE was i

( asked to submit P& ids for both the ECWS and NCWS. This was designated as DSER
* Open Item 9.2.9.1-3. By CESSAR-DC Amendment S, ABB-CE submitted the updated ,
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Figure 9.2.9-1 which shows both ECWS and NCWS. On this basis, DSER Open
Item 9.2.9.1-3 is resolved and the ECWS system complies with the requirements
of GDC 44 with respect to cooling water by providing a system to transfer heat I

|from SSCs important to safety to the VHS.

ABB-CE indicates that the ECWS provides access necessary to support inservice
inspections and functional testing of safety-related components and equipment.
Therefore, the ECWS complies with GDC 45. as related to design provisions to
permit inservice inspection of safety-related components and equipment, and
GDC 46, as related to design provisions to permit operational functional
testing of safety-related systems or components to insure (a) structural
integrity and system leak tightness, (b) operability and adequate performance
of active system components, and (c) capability of the integrated system to
perform required functions during normal shutdown, and accident situations.

The design of the ECWS complies with GDC 2 and 4 with respect to protection
against natural phenomena, internally and externally generated missiles, and
dynamic effects resulting from postulated piping failures. The design also

j complies with GDC 5, 44, 45, and 46 with respect to shared systems, cooling
' Water requirements, and inservice inspection and testing requirements.

Therefore, the staff concludes that the system design adheres to the applica-
ble acceptance criteria of SRP Section 9.2.2.

9.2.9.2 Normal Chilled Water System

The NCWS consists of two division of equal size. Each division can supply 100
percent of the cooling capacity required to meet system demands during normal
conditions. The NCWS is a non-safety-related system. However, the contain-
ment cooling systems serviced by this system are designed to operate during an
LOOP. The power supply to the NCWS pumps and chiller units is automatically
transferred to the alternate ac (AAC) power source when normal power 1; not
available. Each division takes cooling water from the respective CCWS
division. The NCWS provides chilled water to the non-safety-related HVAC
cooling loads in the reactor building, nuclear annex, and radwaste building.

The NCWS is not safety related because it is not required to ensure that
(1) the integrity of the RCS pressure boundary is maintained; (2) the capabil-
ity exists to achieve and maintain safe shutdown; and (3) the ability to
prevent or mitigate offsite radiological exposures is present during acci-
dents. Therefore, GDC 44, 45, and 46, identified in SRP Section 9.2.2 as

j acceptance criteria for safety-related portions of cooling water systems, are
not applicable to the NCWS. Each division of the NCWS enters the primary!

containment through two penetrations: one for the supply line and the other
for the return line. Isolation valves and piping for the primary containment

j penetrations are safety related and are designed to seismic Category I Safety
Class 2 and 10 CFR Part 50 (Appendix B) standards.

As stated above, the rest of the system is not safety related. However, the
! non-safety-related portions of the system whose failure during a seismic event

could affect any structure, system, or component important to safety, are
designed in accordance with seismic Category II criteria. On this basis, the
staff finds that the design of the NCWS system complies with Positions C.1 and
C.2 of RG 1.29, as addressed by the SRP Section 9.2.2 acceptance criteria with
respect to the seismic requirements for the safety-related and non-safety-
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related portions of the system.

By virtue of their location in seismic Category I, flood-protected and
tornado-missile-protected structures, the safety-related portions of the
system are protected against damage from natural phenomena. Further, all
safety-related systems are protected against flooding that may be caused by
system failure, as discussed in Section 3.4.1 of this report. Therefore, the
system complies with GDC 2 with respect to protection of its safety-related
portions against natural phenomena and protection of other safety-related
systems against the consequences of failure of the non-seismic portions of the
system, as required by SRP Section 9.2.2 acceptance criteria.

Therefore, the staff concludes that the NCWS complies with the applicable
acceptance criteria of SRP Section 9.2.2.

9.2.10 Turbine Building Service Water System
-

The staff reviewed the design of the TBSWS in accordance with SRP Sec-
tion 9.2.1, " Station Service Water System."

The TBSWS is a non-safety-related system that removes heat from the TBCWS and
rejects the heat to the normal heat sink (cooling towers). The system
consists of two,100-percent-capacity, vertical, wet pit pumps (one on
standby), that are located in the TBSWS intake structure. Because of possible
contamination of the TBCWS through leaks in the various components of the r
system, the design operating pressure of the TBSWS is lower than the design
operating or transient pressures of the TBCWS. Piping and valves in the TBSWS

O material.
are made of carbon steel and are coated with a suitable corrosion-resistant

The TBCWS heat exchangers are constructed of corrosion-resistant
materials. Normally, one TBSWS pump is running and the other is in standby.
The standby pump is automatically started on loss of the operating pump or low
discharge header pressure. However, in the DSER, the staff stated that ABB-CE
had not submitted information regarding such system parameters as pump flow
requirements, system operating pressure, and heat removal requirements. This
was designated as DSER Open Item 9.2.10-1. By CESSAR-DC amendments up to and
including Amendment L, ABB-CE submitted the specific pump flow, heat removal
and operating pressure requirements. On this basis, DSER Open Item 9.2.10-1
is resolved.

The following design criteria were identified as interface items in the DSER.
The TBSWS is located in a building that does not contain any safety-related
systems, structures, or components. Any failure of the system (including
failures that could cause flooding) should not lead to the failure of any
safety-related structure. This was designated as DSER Interface
Item 9.2.10-1. By CESSAR-DC amendments up to and including Amendment L,
ABB-CE revised CESSAR-DC to state that the TBSWS is located in a building that
does not contain any safety-related components. Therefore, DSER Interface
Item 9.2.10-1 is withdrawn.

,

The system complies with GDC 2 by complying with the requirements of RG 1.29,
Position C.2 for assuring that the non-safety-related portions of the system
withstand the effects of earthquakes without affecting adjacent safety-related
systems.
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Because the TBSWS is not safety related and does not share boundaries with a
safety system, the remaining requirements (GDC 4, 44, 45, and 46) of SRP
Section 9.2.2 do not apply. Therefore, the staff concludes that the TBSWS
compliance with the applicable requirements of SRP Section 9.2.2

9.3 Process Auxiliariel

9.3.1 Compressed Air Systems

The staff reviewed the compressed air systems in accordance with SRP Sec-
tion 9.3.1. Conformance with the acceptance criteria formed the basis for the
evaluation of the compressed air systems with respect to the applicable
regulations, specifically: GDC 1 for quality standards, GDC 2 for earthquake
resistance, and GDC 5 for the capability of shared systems and components,
important to safety, to perform required safety functions.

The staff based its review on ABB-CE's response to RAI Q410.114. In the
response, ABB-CE submitted extensive revisions to the CESSAR-DC. This was
designated as DSER Confirmatory Item 9.3.1-1. ABB-CE incorporated these
revisions in Section 9.3.1 of Amendment J to the CESSAR-DC. The staff finds
the revisions acceptable. Therefore, DSER Confirmatory Item 9.3.1-1 is
resolved.

The compressed air systems consists of the instrument air, station air, and
breathing air systems. The instrument air system supplies clean, oil-free,
dried air to all air-operated instrumentation and valves. The station air
system supplies compressed air for air-operated tools, for miscellaneous
equipment, and for maintenance purposes. The breathing air system supplies
clean, oil-free, low-pressure air to various locations in the plant to protect
employees against contamination while they perform certain maintenance and
cleaning operations.

The instrument air system consists of four parallel trains of 100-percent-
capacity air compressors of oil-free, water-cooled design, an air receiver,
and an instrument air dryer connected in series. Each compressor has an
intake filter / silencer rated to remove all particles that exceed 5 microns
(0.2 mils). Downstream of each air compressor, the instrument air flows into
an instrument air receiver that has adequate reserve capacity to allow the
standby compressors to be started following a compressor trip. Downstream of
the air receivers, the instrument air passes through an instrument air dryer.
Each air-dryer is equipped with a coalescing prefilter, an air dryer assembly,
and an afterfilter capable of drying the compressed air to a dewpoint of
-40 *C (-40 'F) at line pressure and filtering the air of particulates that
exceed 1 micron (0.04 mils). The safety-related air operated valves, which I

utilize instrument air, are tested during preoperation to verify fail safe
operation upon a sudden as well as a gradual loss of air pressure. Therefore,
the design presented in the CESSAR-DC complies with the guidance of ANSI

|MC 11.1-1976 (ISA S7.3) as related to supplying clean, dry, oil-free air to ;
safety-related components and the guidance of RG 1.68 as related to the I

testing of the instrument air system.

On this basis, the staff concludes that the instrument air system complies
with the requirements of GDC 1 with respect to systems and components impor-

,

I

tant to safety being designed, fabricated, ano tested to quality standards
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p commensurate with the importance of the safety functions to be performed.
,

Instrument air lines penetrating the containment are equipped with electri-
cally operated isolation valves (outside the containment) and check valves
(inside the containment). The compressors are powered from non-safety-related
buses, but they can be manually aligned to the non-Class IE AAC source standby
power supply during an LOOP. ,

l

The station air system consists of two oil-free, 100-percent-capacity, station )
air compressors, each consisting of an intercooler, aftercooler, and moisture |

separators. Downstream of the compressors, the air flows to air receivers and ;
is then dried by one of two redundant station air dryers before it is distrib- 1

uted throughout the plant via station air headers.
'

The breathing air system consists of two, oil-free, 100-percent-capacity
breathing air compressors, each consisting of an intercooler, aftercooler, and
moisture separators. Downstream of the compressors, the air flows to air
receivers and then to air purifiers. These purifiers clean the air to
ANSI /CGA G-7.1, " Commodity Specification for Air," requirements.

With the exception of the containment penetrations and isolation devices, the
compressed air systems (instrument air, breathing air, and station air) are
all classified as non-safety-related, non-seismic Quality Group D. The
containment penetrations and isolation devices are classified as Safety
Class 2, seismic Category I, Quality Group B. ABB-CE stated that "the
remaining portion of this system shall be classified as non-seismic with the
exception of portions which may interact with safety-related equipment oro) components. In this case these portions shall be classified as seismic(

V Category II." In the DSER, the staff stated that ABB-CE should address the
latter part of its response to state whether or not there are any portions of
the system that need to be classified as seismic Category II and, if required,
should identify these portions of the system in both the text and in the
appropriate figures. This was designated as DSER Open Item 9.3.1-1. Upon
further study, the staff determined that CESSAR-DC Section 3.2.1, which
describes the portions of all the systems that will be designed as seismic
Category II, is acceptable. Therefore, DSER Open Item 9.3.1-1 is resolved.
On this basis, the design presented in the CESSAR-DC complies with Regulatory
Position C.2 of RG 1.29 as related to the system being capable of withstanding
the effects of earthquakes. On the basis of this information, the staff
concludes that the instrument air system complies with the requirements of GDC
2 with respect to seismic design.

The compressed air systems are not required to operate to achieve reactor
shutdown or to mitigate the consequences of an accident. Pneumatic devices in
safety-related systems are designed to fail in the safe position upon a loss
of air. Air-operated isolation valves, including CIVs, fail closed on a loss
of air; valves in the steam supply line to the EFWS steam-driven pump turbines
fail open.

,

In CESSAR-DC Chapter 10, ABB-CE originally stated that each main steam isola-
tion valve (MSIV) had an air reservoir to reduce the likelihood of inadvertent

m closure of the valve (the fail-safe position) and subsequent plant trip due to

[Vt instrument air failures. However, the reservoirs were not shown on either the
main steam supply system diagrams or the instrument air diagrams. Correction
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of this omission was designated as DSER Open Item 9.3.1-2. After the DSER was
issued, ABB-CE changed the design of the MSIVs by revising CESSAR-DC Sec-
tion 10.3.2.3.3.1 in Amendment R to state that the MSIVs are process-flow-
medium operated and a gas reservoir is provided for each MSIV to allow valve
operation during periods of low main steam pressure. The staff noted that the
revisions to CESSAR-DC Section 10.3.2.3.3.1 in Amendment R were inconsistent
with the text in CESSAR-DC Section 9.3.1. In Amendment U to the CESSAR-DC,
ABB-CE revised Section 9.3.1 to be consistent with Section 10.3.2.3.3.1. On
the basis of this information, the staff concludes that the instrument air
system is no longer required for the operation of the MSIVs and that the main
steam supply system diagram is no longer required to be revised. Therefore,
DSER Open Item 9.3.1-2 is resolved.

ABB-CE indicated the safety-related portions of the compressed air system in
revisions to CESSAR-DC Section 9.3.1.3. However, ABB-CE did not submit a

~

revised Figure 9.3.1-1, to indicate safety-related portions of the system, in
the additional information submitted. This was designated as DSER Open
Item 9.3.1-3. ABB-CE revised Figure 9.3.1-1 to indicate the safety-related
portions of the system in Amendment J to the CESSAR-DC. The staff finds the
revised figure acceptable. Therefore, DSER Open Item 9.3.1-3 is resolved.

Also, the figures for the breathing air system and the station air system, did
not indicate the portions of the systems that include the containment penetra-
tions. This was designated as DSER Open Item 9.3.1-4. CESSAR-DC Fig-
ures 9.3.1-2 and 9.3.1-3 were revised to show the containment penetrations and
were included in Amendment Q to the CESSAR-DC. The staff has determined that
the revised figures are acceptable. Therefore, DSER Open Item 9.3.1-4 is'

resolved.

Although the System 80+ design can be used at either single-unit or multiple-
unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence
of all safety-related systems and their support systems will be maintained

I between (or among) the individual plants. In the DSER, the staff stated that
I should a multi-unit site be proposed, the COL applicant must apply for the

evaluation of the units' compliance with the requirements of GDC 5, " Sharing
of Structures, Systems, and Components," with respect to the capability of

; shared SSCs to perform their required safety functions. This was designated
' as DSER COL Action Item 9.3.1-1. Upon further review, the staff finds that

the design described in CESSAR-DC does not share SSCs with other nuclear power
units. Therefore, the compressed air system complies with the requirements of
GDC 5, with respect to the capability of shared systems and components,

| important to safety, to perform required safety functions, and COL Action Item
l 9.3.1-1 is acceptable.

On the basis of the above review, the staff concludes that the design of the
compressed air system complies with the requirements of GDC 1, 2, and 5 with
respect to quality standards, seismic design, and sharing of systems and
components, and is therefore, acceptable.

9.3.2 Process and Postaccident Sampling Systems

The staff reviewed the process sampling system and the postaccident sampling
system described in CESSAR-DC Section 9.3.2 in accordance with SRP Sec-
tion 9.3.2. The areas reviewed were design objectives, design criteria, TSs
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e in this area, process streams sampled and parameters determined through
( sampling by both systems, piping and instrumentation drawings, location of

sampling points and sample stations, purging of sample lines, seismic design
and quality group classifications, isolation, and promptness of obtaining
samples under accident conditions. The staff's open items are resolved as
follows:

In CESSAR-DC Section 9.3.2.1.1.H, ABB-CE describes post-accident sampling. |

The post-accident sampling system (PASS) is integrated with the process
sampling system. Provision is made for diluting liquid and gaseous samples
for subsequent radiological analysis. Samples are collected and diluted |
remotely, to the maximum extent feasible. Grab samples are used for specific
laboratory analyses, and on-line monitoring is used for trending. Gas
chromatography is not used for on-line analyses. In response to Q281.43,
ABB-CE stated that a backup power source is available that can be energized in
time to meet the time limit specified in NUREG-0737 during LOOP.

In SECY-93-087," Policy, Technical, and Licensing Issues Pertaining to Evolu-
tionary and Advanced Light-Water Reactor (ALWR) Designs," the staff recom-
mended that the Commission approve its position for evolutionary and passive
ALWRs of the pressurized water reactor (PWR) type that they be required to
have the capability to analyze for dissolved gases in the reactor coolant and
for hydrogen in the containment atmosphere in accordance with the requirements
of 10 CFR 50.34(f)(2)(viii) and Item III.B.3 of NUREG-0737. The staff
acknowledged that determination of chloride concentratios, although helpful
in ensuring that plant personnel take appropriate actions to minimize the

_

>

likelihood of accelerated primary system corrosion following the accident, is

O a secondary consideration since long-term samples could likely be taken at a
low pressure. It does not constitute, therefore, a mandatory requirement of
the PASS. The time for taking these samples can be extended to 24 hours
following the accident.

The staff also recommended that the Commission approve the deviation from the
requirements of Item II.B.3 of NUREG-0737 with regard to requirements for
sampling reactor coolant for boron concentration and activity measurements
using the PASS in evolutionary and passive ALWRs.

I

The rationale for this is that both these measurements are used only to
confirm the accident mitigation measures and conditions of the core obtained ,

by other methods and do not need to be performed in an early phase of an
accident. Neutron flux monitoring instrumentation which complies with
Category I criteria of RG 1.97, will have fully qualified, redundant channels
that monitor neutron flux over the required power range. Therefore, sampling
for boron concentration will not be needed for the first eight hours after an
accident. Samples for activity measurements provide the information used in ;

evaluating the condition of the core. However, this information will be made
'

available during the accident management phase by monitoring other pertinent
variables. . Accordingly, sampling for activity measurement could be postponed
until 24 hours following an accident. '

In its July 21, 1993, Staff Requirements Memorandum (SRM), the Commission-
n approved the staff positions to exempt the PASS for ALWRs of PWR design from
I determining the concentration of hydrogen in the containment atmosphere in

accordance with the requirements of 10 CFR 50.34(f)(2)(viii) and Item III.B.3
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of NUREG-0737. It also approved extending the time limit for analysis of the ;

coolant for boron and activity to eight hours and 24 hours, respectively. The
Commission modified the staff's recommendations regarding evolutionary and
passive ALWRs of the PWR type to have the capability to determine the gross
amount of dissolved gases (not necessarily pressurized) as a means to meet the
intent of 10 CFR 50.34(f)(2)(viii) and Item II.B.3 of NUREG-0737.

On the basis of the Commission's decisions and the staff's review of the
System 80+ design, as described below the staff concludes that the special
circumstances described in 10 CFR 50.12(a)(ii) exist and an exemption from the
requirements of 10 CFR 50.34(f)(s)(viii) is justified.

In Amendment T to CESSAR-DC, ABB-CE submitted additional information to show
how the design would comply with the modified requirements of NUREG-0737,
Issue II.B.3 and Criteria II.S.a, and II.S.c in SRP Section 9.3.2. The
proposed PASS complies with Criterion II.5.b (SRP Section 9.3.2) by not using
gas chromatography for online analysis.

The System 80+ design has a PASS that complies with the requirements of 10 CFR
50.34(f)(2)(viii) and Item III.B.3 of NUREG-0737 with the modifications
described in SECY-93-087. The system has the capability to analyze coolant
for dissolved gases 24 hours following the accident and provide the informa-
tion needed in evaluating postaccident conditions existing in the reactor
vessel. The gases that are released from the reactor coolant during depress-
urization, are measured at the sampling point itself, and then the depressuri-
zed sample is analyzed in the laboratory. The PASS will be able to sample and
analyze for activity in reactor coolant and containment atmosphere 24-hours
following the accident. The information needed for evaluating the conditions
of the core will be provided by the containment high-range area monitor, the
containment hydrogen monitor, and core exit thermocouples during the accident
management phase. The need for PASS activity measurements will arise only
during the accident recovery phase and the 24-hours sampling time is, there-

| fore, adequate. The PASS will also be able to determine boron concentration
in the reactor coolant. It will be capable of making this determination
within eight hours following the accident. The concentration of boron is
required for prov.iding insights for accident mitigation measures. Immediately
after the accident, this information will be obtained by the neutron flux
monitoring instrumentation which is designed to comply with the criteria of RG
1.97, and which has fully qualified redundant channels capable of monitoring
over the full power range. Boron concentration measurements will not,
therefore, be required for the first eight hours after the accident.

The staff concludes that the System 80+ design complies with the Commission-
approved requirements discussed above for sampling for boron and activity in

| the postaccident environment in evolutionary and passive AWLRs and is,
therefore, acceptable.

In Amendment R to CESSAR-DC, ABB-CE changed the title of Section 9.3.2 from,

'

" Process Sampling System" to " Process and Post-Accident Sampling Systems" to
be consistent with SRP Section 9.3.2. On this basis, DSER Open Item 9.3.2-1
is resolved.

In Amendment T to CESSAR-DC, ABB-CE failed to specify pressurized sampling,

I capability for the post-accident sampling system in Table 9.3.2-2. However,
,
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ABB-CE modified this table in Amendment U to include a pressurized sample, , '

( capability for the sampling points in the hot leg and shutdown cooling system
N miniflow heat exchanger. On this basis, DSER Open Item 9.3.2-3 is resolved.

The process and postaccident sampling systems comprise piping, valves, heat
exchangers, an,d other components associated with the systems from the point of
sample withdrawal from a fluid system up to the analyzing station, sampling
station, or local sampling point. The staff reviewed the ABB-CE proposal to
sample all principal fluid process streams associated with plant operation and
ABB-CE's proposed design of these systems. The staff reviewed descriptive
information of sampling points, as shown on piping and instrumentation
diagrams.

The staff concludes that the design of the process and postaccident sampling
systems is acceptable and that the process sampling system meets the relevant
requirements as specified below, of 10 CFR 20.1(c) and GDC 1, 2, 13, 14, 26,
41, 60, 63, and 64 in Appendix A to 10 CFR Part 50 and the clarifications of
Item II.B.3 in NUREG-0737, as modified by SECY-93-087 and the associated SRM
of July 21, 1993.

The staff has determined that the proposed process sampling system complies
with (1) the requirements of GDC 13 to monitor variables that can affect the
fission process for normal operation, anticipated operational occurrences, and
accident conditions, by sampling the reactor coolant, the ECCS core floeding
tank, the refueling water storage tank, the boric acid mix tank, and the boron
injection tank for boron concentrations; (2) the requirements of GDC 13

q and 14, to monitor variables that can affect the reactor coolant pressure

[V boundary and to assure a low probability of abnormal leakage, rapidly propa-4

gating failure, and gross rupture, respectively, by sampling the reactor
coolant and the cecondary coolant for chemical impurities that can affect the
reactor coolant pressure boundary; (3) the requirements of GDC 26, to control
the rate of reactivity changes, by sampling the reactor coolant, the refueling
water storage tank, and the boric acid mix tank for boron concentration;
(4) the requirements of GDC 13,14, and 41, to monitor variables that can
affect the integrity of the reactor core and reactor coolant pressure boundary
and to reduce the. concentration and quality of fission products released to
the environment following postulated accidents, respectively, by sampling the
chemical additive tank for chemical additive concentrations, to ensure an
adequate supply of chemical for meeting the material compatibility require-
ments and the elemental iodine removal requirements of the containment spray
and recirculation solutions following a postulated accident; and (5) the
requirement of GDC 64, to monitor for radioactivity that may be released from
normal operations, including anticipated operational occurrences, and from
postulated accidents, by sampling the reactor coolant, the pressurizer tank,
the steam generator blowdown, the secondary coolant condensate treatment
waste, the sump inside the containment, the containment atmosphere, and the
gaseous radwaste storage tank for radioactivity. |

The staff has further determined that the proposed process sampling system |

complies with (1) the requirements of 10 CFR 20.1(c) to keep radiation
exposures ALARA and of GDC 60 to control the release of radioactive materials

g' to the environment, by purging and draining sample streams back to the system
; or origin or to an appropriate radwaste treatment system, and by providing

either redundant isolation valves that fail in the closed position or passive%
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flow restrictions in the sampling lines; and (2) the requirements of GDC 63 to
detect conditions that may result in excessive radiation levels in fuel
storage and radioactive waste systems, by sampling the spent-fuel pool water
and the gaseous radwaste storage tank for radioactivity.

The staff also has determined that the proposed sampling and postaccident
sampling systems comply with the quality standards requirements of GDC 1 and
the seismic requirements of GDC 2 by designing the sampling lines and compo-
nents of the process and postaccident sampling systems to conform to the
classification of the system to which each sample line and component is
connected, in accordance with Positions C.1, C.2, and C.3 of RG 1.26, Posi-
tions C.1, C.2, C.3, and C.4 of RG 1.29, and the guidelines of RG 1.97.

In addition, the staff has determined that the proposed postaccident sampling
system complies with (1) the requirements of Item II.B.3 in NUREG-0737, as

; modified by SECY-93-087 and its associated SRM, by providing a sampling
program to obtain and promptly analyze samples from the reactor coolant and
the containment atmosphere, for radionuclides which may be indicators of the
degree of core damage, and for dissolved gases and boron concentrations in
liquids, following a postulated accident, in accordance with the guidelines of
RG 1.97; and (2) the requirements of GDC 60 to control the release of radio-
active materials to the environment, by preventing high-pressure carrier gas
used in gas chromatographic analysis of reactor coolant from entering the i

reactor coolant, and by providing passive flow restrictions or fully quali-
fied, remotely operated isolation valves in the sample lines, to limit
potential leakage from the sampling lines.

,
,

9.3.3 Equipment and Floor Drainage System

The staff evaluated the equipment and floor drainage system (EFDS) according
to the guidance of SRP Section 9.3.3. The EFDS is reviewed to ensure its
capability to collect and dispose of all waste liquid effluents so that they
will be processed in a controlled and safe manner. The EFDS is evaluated to
determine whether it meets the following criteria: GDC 2 relative to safety-
related portions of the system being capable of withstanding the effects of
earthquakes; GDC 4 relative to the system's capability to withstand the
effects of flooding and the environmental conditions associated with normal

| operation, maintenance, testing, and postulated accidents; and GDC 60 relative
to providing a means to control suitably the release of radioactive materials

i in liquid effluent, including anticipated operational occurrences.

The DG building sump pump system is discussed in Section 9.5.9 of this report.

The equipment and floor drainage system includes equipment and floor drains,
vertical drain risers, sloped horizontal drain pipes, sumps, sump pumps,
piping, valves, controls, and instrumentation needed to carry radioactive and
nonradioactive liquids to the appropriate collection or disposal point. Most
of the systems are not safety related, that is Quality Group D and non-
seismic. Piping whose failure could flood areas where safety-related equip-
ment is located will be designed to seismic Category I requirements. The
containment penetrations and the isolation valves for the containment building
drain system are Safety Class 2, Quality Group B, and seismic Category I.
Therefore, the design presented in the CESSAR-DC complies with Regulatory
Positions C.1, and C.2 of RG 1.29 as related to the system being capable of
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withstanding the effects of earthquakes. On this basis, the staff concludesn\ that the EFDS complies with the requirements of GDC 2 with respect to seismic'[d design.

The sumps are sized to accommodate drainage required during normal plant
operations and maintenance activities. Sump pump capacities are sized large
enough to handle the maximum leakage rate into their respective sumps.
Potential discharge of fixed fire suppression systems and fire hoses is
considered in the sizing of the floor drains. Portions of the reactor
building subsphere floor drainage system protect some ESF equipment from
floods. The sump pumps in these areas (two 100-percent-capacity pumps for
each of the four sumps powered from Class 1E power supplies) are designated as
safety related. One sump is located in each of the four quadrants of the
subsphere, which are separated by walls containing no unsealed penetrations up
to elevation 7040. Backflow check valves in the EFDS prevent backflow into
the safety-related equipment area. On this basis, the staff concludes that
the EFDS complies with the requirements of GDC 4 with respect to withstanding
the effects of flooding and the environmental conditions associated with
normal operation, maintenance, testing, and postulated accidents.

|

| The EFDS segregates and transports liquids containing wastes to the liquid
'

waste management system (LWMS). Non-contaminated floor drain waste is routed
to the turbine building floor drain sump where it is monitored for radioactiv-
ity and released to the environs. The equipment and floor drains are
separated into equipment drains, floor drains, chemical waste drains, and
detergent waste drains. Liquid wastes are routed to the LWMS subsystem that
processes the particular waste type.p)t

V Separate drain headers are provided for each drain type to prevent mixing of
different types of liquids. To prevent inadvertent release of radioactive
waste to the environment, the drainage and collection systems used to handle
radioactive or potentially radioactive liquid waste are separate and isolated
from the systems used to handle strictly non-radioactive waste. The exception
to this requirement is the turbine building floor drain sump. That sump
normally handles non-contaminated waste, but it is equipped with a continuous
radiation monitor. and a normally isolated cross-connection for routing
radioactive liquid wastes to the LWMS. Fail-safe air-operated valves (A0Vs)
prevent inadvertent release of contaminated waste to the environment. When
the radiation monitor detects radioactivity in the sump discharge, the sump
discharge A0V automatically closes and an alarm automatically sounds to alert
the operator. The contaminated waste is then routed to the LWMS for process-
ing by the operator. A loss of air to the A0Vs causes the valves to fail in a
safe position with the sump discharge isolated and the cross-connection to the
LWMS closed. On this basis, the staff concludes that the system complies with
the requirements of GDC 60 with respect to preventing the inadvertent transfer
of contaminated fluids to a non-contaminated drainage system for disposal.

In CESSAR-DC Section 9.3.3.2.2, ABB-CE notes that the sump pumps in the
reactor building subsphere floor drainage system are safety grade, and in
CESSAR-DC Table 3.2-1 their classification is given as seismic Category I
Safety Class 3. ABB-CE committed to incorporate this information in the text

fm and figures of CESSAR-DC Section 9.3.3. Also, the check valves which provide

V) backflow protection for safety-related equipment should be identified as being(
seismic Category I, Safety Class 3. ABB-CE's commitment to incorporate this
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information in CESSAR-DC Section 9.3.3 was designated as DSER Confirmatory
Item 9.3.3-1. ABB-CE revised Section 9.3.3.2.2 and Figure 9.3.3-2 in Amend-
ment J to the CESSAR-DC to include the safety grade of the sump pumps and the
backflow check valves. Upon further evaluation, the staff determined that the
intent of the confirmatory item is met since the sump pumps are classified in
CESSAR-DC Table 3.2-1. Therefore, Confirmatory Item 9.3.3-1 is resolved.

Additionally, figures in CESSAR-DC Section 9.3.3 did not indicate where system
component safety classifications change. ABB-CE stated that the P& ids in
CESSAR-DC Section 9.3.3 would be revised as necessary to indicate component
safety classification and the check valve designation would be incorporated in
a future revision to the CESSAR-DC. This was designated as DSER Confirmatoryi

! Item 9.3.3-2. ABB-CE revised Figures 9.3.3-1 through 9.3.3-5 to indicate the
safety classification of the piping and components, including the backflow
check valves, in Amendment J to the CESSAR-DC. The staff finds the revised
figures acceptable. Therefore, DSER Confirmatory Item 9.3.3-2 is resolved.

The staff noted discrepancies between the text in CESSAR-DC Section 9.3.3 and
the designated inputs to the floor drain waste header and tanks in CESSAR-DC
Figure 11.2-1. ABB-CE's commitment to revise Figure 11.2-1 as necessary, was
designated as DSER Confirmatory Item 9.3.3-3. ABB-CE revised Figure 11.2-1 to
agree with the text in Section 9.3.3 in Amendment J to the CESSAR-DC. How-

! ever, after Amendment J was submitted, the staff found additional discrepan-
cies between the text in Section 9.3.3 and Figure 11.2-1. In Amendment U to
the CESSAR-DC, ABB-CE revised the text in Section 9.3.3 to agree with Fig-
ure 11.2-1. Therefore, DSER Confirmatory Item 9.3.3-3 is resolved.

On the basis of the above review, the staff concludes that the design of the
( equipment and floor drainage system complies with the requirements of GDC 2,
; 4, and 60 with respect to seismic design, environmental conditions, and

control release of radioactive materials, and is, therefore, acceptable.

9.3.4 Chemical and Volume Control System (Including Boron Recovery System)

The main function of the CVCS is to control the primary coolant inventory and
its chemistry, including soluble neutron absorber (boron) concentration, and
to maintain seal water injection flow to the RCPs. In the System 80+ standard
design, the CVCS is not required to perform any accident mitigation or safe-
shutdown functions that are performed by other dedicated safety systems. The
system is, therefore, designed as a non-safety-related system. However, since
its proper operation is essential for the normal day-to-day operation of the
plant, the CVCS is designed with a high degree of reliability and redundancy.

Two centrifugal charging pumps send borated water to the RCS and reactor
coolant seals. The volume control tank provides surge capacity for that part

'

of the reactor coolant not accommodated by the pressurizer following load!

transients. It also provides a means to introduce different additives to the
reactor coolant for controlling oxygen concentration and pH and to remove
impurities from the primary coolant. Gaseous fission products in the volume
control tank that come from the letdown line are removed by a gas stripping
system.

Boron concentration changes in the reactor coolant during normal operations
are controlled through makeup water and feed and bleed. Boric acid solution
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of approximately 12.5 percent by weight is prepared in the boric acid batching-

( tank. The solution is diluted to 2.5 percent by weight and stored in the
boric acid storage tank. All the lines carrying high-concentration boric acid
solution are heat traced.

The CVCS purifies the primary coolant by passing letdown flow through heat
exchangers and purification ion exchangers. Mixed-bed demineralizers are used
to remove ionic and particulate impurities. There is also a deborating ion
exchanger capable of reducing the boron concentration in the reactor coolant
from 30 ppm to O ppm using two charges of ion resin. Instrumentation isolates
the ion exchangers on high letdown temperature.

The excess of water from the volume control tank and the water collected in
the reactor drain and equipment drain tanks is diverted to the pre-holdup ion
exchanger. The purified water passes through the gas stripper and is col-
lected in the holdup tank (HUT). When a sufficient volume accumulates in the
HUT, it is transferred to the boric acid concentrator where its boric acid
concentration increases to approximately 2.5 percent by weight. This solution
is pumped directly to the boric acid storage tank.

The staff reviewed the CVCS in accordance with SRP Section 9.3.4. On the
basis of its review of ABB-CE's proposed design criteria, design bases, and
safety classification for the CVCS, and the requirements for system perfor-
mance, the staff concludes that the design of the CVCS including the boron
recovery system, is acceptable because it complies with the following require-
ments:

A

!V)
GDC 1 and the guidelines of RG 1.26 by assigning quality group classifi-*

cations to system components in accordance with the importance of the
safety function to be performed

GDC 14 by maintaining reactor coolant purity and material compatibility*

to reduce corrosion and, thus, redece the probability of abnormal
leakage, rapid propagating failure, or gross rupture of the reactor
coolant pressure boundary

GDC 29 as related to the reliability of the CVCS to provide negative*

reactivity to the reactor by supplying borated water to the RCS in the
event of anticipated operational occurrences

GDC 60 and 61 with respect to confining radioactivity by venting and*

collecting drainage from CVCS components through closed systems

The CVCS does not need to comply with the requirements of the following GDC,
as specified in the SRP, because it has no safety-related functions assigned
to it and it is not credited for RCS inventory control:

GDC 2 related to protection against natural phenomena*

GDC 5 related to sharing of SSCs*

GDC 33 related to reactor coolant makeupa

GDC 35 related to emergency core cooling*

In the DSER, the staff asked that ABB-CE provide its basis for classifying theV} RCP seal injection function of the CVCS as non-safety related. This was
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designated as DSER Open Item 9.3.4-1.

Subsequently, ABB-CE added an additional system, the dedicated seal injection
system (DSIS), to provide RCP seal injection. They also provided clarifica-
tion on the classification of the system. As discussed in more detail in
section 3.2.2 of this report, the staff's concerns have been addressed. DSER

Open Item 9.3.4-1 is, therefore, resolved.

Security Considerations

In CESSAR-DC Section 9.3.4.3.5.1, ABB-CE lists valves that can isolate the RCS
from the CVCS piping that is accessible outside the containment. The staff
concludes that since the isolation valves inside the containment are all
either check valves or fail-safe pneumatic valves, none of the CVCS outside
the containment needs to be protected as vital equipment.

9.4 ejf Conditionino. Heatina. Coolina and Ventilation Systems

In a le'.ter dated December 17, 1991, responding to RAI Q500.19, ABB-CE
committed to add a statement to CESSAR-DC Section 9.4 stating that HVAC
penetrations through security barriers are designed to meet the intent of
RG 5.65, for protection of access to vital areas. This was designated as DSER
Confirmatory Item 9.4-1. By CESSAR-DC Amendment J, ABB-CE incorporated a
statement that the HVAC penetrations through security barriers are to provide
security protection to meet the intent of RG 5.65. With the inclusion of this
information, DSER Confirmatory Item 9-4-1 is resolved.

9.4.1 Control-Complex Ventilation System

The staff reviewed the control-complex ventilation system (CCVS) in accordance
with SRP Section 9.4.1 (NUREG-0800). The system consists of AHUs with
filters, and heating and cooling elements to maintain proper environmental
conditions and control contaminant levels.

The CCVS consists of the safety-related main control room air conditioning
system (MCRACS), the non-safety-related technical support center air condi-
tioning system (TSCACS) and the balance of control-complex safety-related and
non-safety-related air-handling systems. The CCVS serves the control room
emergency zone (CREZ), and such safety-related areas as safety-related
electrical rooms, vital instrument and equipment rooms, the remote-shutdown
room, and battery rooms. It also serves such non-safety-related areas as non-
safety-related electrical rooms, non-safety battery rooms, operations and
technical support centers, the computer room, shift assembly and offices, the
radiation access control room, and central alarm station security group areas,
personnel decontamination rooms, and the break room.

The redundant air intakes for main control room air conditioning system
(MCRACS), which also serve the non-safety-related technical support center air
conditioning system (TSCACS), and the two air intakes for the balance of
control-complex air-handling systems, which serve the safety-related and non-
safety-related areas, are located on opposite sides of the building. Each

,

MCRACS outside-air inlet has a louver, a tornado damper to prevent depressuri-
zation of the areas served by MCRACS and TSCACS during a tornado, two motor-!

operated isolation dampers, redundant toxic gas and radiation monitors, and a
!
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smoke detector. The control room air intake would be isolated automatically
b. on high toxic gas signal. The system also can be isolated manually from the
V control room. Filtered air intake and recirculation actuates automatically on

a SIAS or upon high radiation signaled from the radiation monitors in either
of the control room air intakes. Recirculation may be actuated manually from
the control room. Two outside-air intakes for the balance of control-complex
air-handling systems serve the safety-related and non-safety-related control
areas and subsphere building ventilation system. Each has a louver, a tornado
damper which will be closed during a tornado warning, and two air-operated
isolation dampers. These air intakes and exhaust structures are protected
from tornado-generated and wind-generated missiles, rain, snow, ice, and
trash. The exhaust vents from emergency DG areas are located at least 76.2 m
(250 ft) from the nearest control room air intake to preclude diesel exhaust

,

fumes from entering the MCRACS. The plant vent stack is located more than
61 m (200 ft) from the control room air intakes, as shown in CESSAR-DC
Figure 3.8-5.

The MCRACS is a safety-related system consisting of an air conditioning system
and an emergency circulation system. The air conditioning system consists of
two redundant air conditioning units. The emergency circulation system
consists of two redundant control room filtration units. Each system is fully
redundant up to a common inlet header. The control room air conditioning unit
has a prefilter, heating and cooling elements, and a fan. Each divisional
control room filtration unit is an engineered safety features (ESFs) filtra-
tion unit which consists of a moisture separator, prefilter, electric pre-
heater, absolute high-efficiency particulate air (HEPA) filter, carbon
adsorber, post-filter (HEPA), ducts and valves, and a fan as_shown in

O CESSAR-DC Figures 9.4-1 and 9.4-2. Each divisional control room filtration
unit conforms to the guidance of SRP Table 6.5.1-1 and RG 1.52, " Design
Testing and Maintenance for Post Accident Engineered Safety Feature Atmo- |spheric Cleanup System Air Filtration and Adsorption Units of Light Water i

Cooled Nuclear Power Plants," as stated in CESSAR-DC Tables 9.4-3A and 9.4-5. !
'Dampers are up-stream and downstream of each ESF filtration unit and two air-

operated, fail-closed dampers are in the emergency circulation system bypass
ducts. Each of the redundant systems is powered from independent Class 1E, I

'diesel-backed power sources, and cooling water for the AHU is supplied from
the essential CWS. System components are accessible for periodic inspection.
The non-safety-related TSCACS filter unit complies with the guidelines of
RG 1.140, " Design, Maintenance and Testing Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light-Water-Cooled

.

Nuclear Power Plants," in entirety as the normal ventilation system. The'

MCRACS charcoal tray and screen is of all-welded construction to preclude the
potential loss of charcoal from adsorber cells, as discussed in NRC IE Bulle-
tin 80-03, Loss of Charcoal from Absorber Cells, February 6,1980. All ducts
work outside the CREZ of CCVS including the filtration units is either
leaktight or is of welded construction. Ductwork will be periodically
examined visually and pressure tested to maintain such positive pressure with
respect to the adjacent areas that any unfiltered inleakages inside CREZ shall
be less than the. maximum allowable for the associated design. The system is
designed to maintain the unfiltered leakage infiltration rate during pressur-

3ized operation of less than 0.005 m /second (10 cfm). No steam piping exists
m adjacent to CREZ air intakes or inside CREZ, and no other HVAC system ducts,

other than MCR air conditioning system ducts, pass through the CREZ.
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During normal operation, the inlet air is continuously monitored for radia-
tion, toxic gas, and smoke and is mixed with return air from the control room.
The control room boundary pressurization system is tested every 18 months to
verify that the makeup air required to maintain a positive minimum 3.2-mm |
(1/8-in.) water gauge pressure inside the control room boundary with respect I
to the adjacent areas does not exceed 10 percent of the design value. 1
Pressure in the control room is maintained slightly positive relative to the |surrounding areas and the outdoors at all times. The system design maintains
the control room and other support areas between 23 *C and 26 *C (73 "F and 78
*F) and relative humidity between 20 and 60 percent; the battery room between
15.5 *C and 32.2 *C (60 *F and 90 *F); the mechanical equipment room is at
40 *C (104 *F), and the remaining areas are at 29.4 *C (85 *F). The provi-
sions of the minimum instrumentation and controls for the control room
filtration units are listed in CESSAR-DC Table 9.4-3A. The provisions of the
other instrumentation and controls monitor locally, and/or remotely: system
temperatures, filter pressure drops, damper positions, chilled water flow
rates, fan air flow rates and operating status, and high radioactivity and
toxic gas at each outside air intake. The (1) system description, (2) design
parameters, and (3) flow diagram are given in CESSAR-DC (1) Section 9.4.1,
(2) Tables 9.4-1, 9.4-3, 9.4-3A, and 3.2-1, and (3) Figure 9.4-2, respec-
tively.

The balance of control-complex air-conditioning systems serves the safety-
related and non-safety-related areas. The safety-related areas comprise
safety-related electrical rooms, vital instrument and equipment rooms, battery
rooms, and the remote-shutdown room. These are served by individual redundant
AHUs, each with roughing filters, safety-related chilled water cooling coils,
and fans. The non-safety-related areas comprise: non-safety-related electri-
cal rcoms, battery rooms, operations and technical support centers, computer
room, shift assembly and offices, radiation access control and central alarm
station security group areas, personnel decontamination rooms, and a break
room. These are served by individual air conditioning units, each with a
roughing filter, non-safety-related chilled water cooling coils, and a fan.
The safety-related and non-safety-related battery rooms have hydrogen detec-
tion devices to monitor hydrogen concentration. The 9xhaust fans in the
battery room are designed to maintain concentrations of hydrogen gas below
2 percent, and their outlet ducts are located near ceiling. The redundant
safety-related electrical, battery, and vital instrument and equipment room
air conditioning systems are safety related and have fans to exhaust smoke
vented on the roof of the control building. Safety-related systems receive
cooling water from the safety-related CWS and are served by independent
Class IE, diesel-backed power sources. System components are accessible for
periodic inspection.

The filtration unit for the emergency circulation system starts automatically
if high radiation is detected at an air intake vent or if a SIAS is received.
It filters the combination of the outside air and all of the return air and
delivers the filtered air to the inlet of the main air conditioning unit which
maintains the proper environmental conditions in the control room. If high
radiation is detected at both inlet vents, the automatic selection logic
compares the radiation levels at each inlet vent and closes the dampers in |
whichever inlet vent has the higher reading. Therefore, outside air to !
pressurize the control room comes automatically through the comparatively
less-contaminated inlet. The pressurization and emergency filtration mode can
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also be actuated manually in the control room.

V If the designated filtration unit fails to start, the redundant filtration
unit starts automatically. At the same time, the component control logic
isolates whichever control room intake has the greater radiation level, and
blocks the isolation of whichever control room intake has the lesser radiation
level.

On detection of toxic gases at the outside air inlet, the control room is
automatically isolated from the outside environment. In the isolation mode of
the system operation, the AHU maintains the control room at the proper
environmental conditions and circulates the air in the room.

Redundant safety-related components of the MCRACS are physically separated and
are protected from internally generated missiles, pipe breaks, and water
spray. All safety-related components are seismic Class 1, and function
following a SSE. The system design maintains its function with the loss of
any single active component.

,

In the event of a fire, the supply fan may be deactivated manually, if
required, and smoke removal is then manually initiated from the control room
or the remote-shutdown panel room by a combination of smoke exhaust fan,
outside makeup air, and associated ductwork and control dampers. The fire
dampers with fusible links in HVAC ductwork close under air flow conditions.

By virtue of this design, including location inside a seismic Category I
f flood-protected and tornado-missile-protected building, and classification of
( safety-related components as seismic Category I as shown in CESSAR-DC

'

Table 3.2-1, the system complies with the requirements of RG 1.29, Posi-%
i

tion C.1, with respect to the system's safety-related portion and, thus,
complies with GDC 2 as it relates to protection of the system against natural
phenomena.

By virtue of the design for maintenance of environmental conditions and
consideration of dynamic effects, the system complies with the requirements of
GDC 4 as it relates to protection of the safety-related portions of the system
against internally generated missiles and piping failures.

By virtue of use of redundant toxic-gas monitors, an alarm in the control
room, and complying with the single-failure criterion for detection and
isolation, the system complies with the requirements of GDC 19 regarding toxic
gases. The toxic gases to be monitored will be determined by a COL applicant
referencing the certified System 80+ design. Therefore, the specifics
relating to compliance with GDC 19 as it pertains to protection of the control
room against intrusion of toxic gases into the control room, are discussed in
Section 6.4 of this report. As stated in that section, the compliance with
GDC 19 in this regard is demonstrated by complying with the guidance of
RG 1.78 and 1.95 which, in turn, is within the scope of the referencing
applicant since guidance is site dependent. The compliance with GDC 19 as it
relates to radiation dose limits for the control room operator, is also
discussed in Section 6.4 of this report.

i pi
b Though ABB-CE indicated that the ESF-grade filter train is designed in

accordance with the RG 1.52 guidelines, it was not clear if the filter
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train includes the minimum instrumentation requirements listed in SRP
Table 6.5.1-1. This was designated as DSER Open Item 9.4.1-1. By CESSAR-DC
amendments, ABB-CE has submitted CESSAR-DC Tables 9.4-3A, " Minimum Instrumen-
tation, Readout, Recording and Alarm Provisions for ESF Atmosphere Cleanup
Systems," and 9.4-5 " Design Comparison to Regulatory Positions of RG 1.52,"
which applies to the control complex ventilation system. The staff finds that
the ESF-grade filter train design conforms to guidance in the RG and SRP
Section 6.4. On this basis, DSER Open Item 9.4.1-1 is resolved.

Additionally, ABB-rf had not submitted information on the carbon adsorber
efficiency for radioiodine removal. This was designated as DSER Open
Item 9.4.1-Z. By CESSAR-DC amendments, ABB-CE has submitted CESSAR-DC
Table 9.4-3, " Input for Release Analysis Filter Efficiencies," showing the
creditable carbon adsorber efficiency of 95 percent for the control room dose
analysis and the activated carbon depth of the carbon filter as 51 mm (2 in.).

On this basis, DSER Open Item 9.4.1-2 is resolved. For these reasons, the
system design complies with GDC 60 as it relates to the system's capability to
control radioactivity.

On the basis of the preceding discussion, the staff concludes that the
control-complex ventilation system complies wig he applicable GDC 2, 4,19,
and 60 referenced in SRP Section 9.4.1 and cons.cquently with the subject SRP
acceptance criteria and is, therefore, acceptable.

9.4.2 Fuel Building Ventilation System

The staff reviewed the fuel building ventilation system (FBVS) in accordance
with SRP Section 9.4.2 (NUREG-0800). The system is designed to mitigate the
consequences of a postulated fuel-handling accident; maintain environmental
conditions appropriate for equipment operation, perform maintenance and
testing; and allow for personnel access and maintain building pressure below
atmospheric to minimize out-leakage.

The FBVS is a once-through design which draws outdoor air through a damper and
supply-air-handling unit, supplies the air to building spaces, and exhausts
the air to the outdoors through an exhaust fan. A bypass circuit of the
exhaust system contains a filtration unit. The inlet supply AHU consists of a
prefilter, cooling coil and electric heating coil, and one 100-percent
capacity fan. The cooling coils are served by the NCWS. This portion of the
system is not safety related nor is it serviced from the Class 1E power
supply. The system is designed to maintain temperature between 4.4 "C and 40
"C (40 'F and 104 *F). The inlet-air vent is protected against wind and
tornado missiles by missile shields above and in front of the opening. The
(1) system description, (2) design parameters, and (3) flow diagram are given !
in CESSAR-DC (1) Section 9.4.2, (2) Tables 9.4-1, 9.4-3, 9.4-3A, 9.4-5, and l
11.3-2, and (3) Figure 9.4-3, respectively. The system conforms to RG 1.52 |
for the particulate (HEPA) filtration credited during the funl-handling j
accident to comply with 10 CFR Part 100 limits and particulate (HEPA) and+

elemental and organic iodine (carbon adsorber) filtration during normal
operation as identified in CESSAR-DC Tables 9.4-3 and 9.4-5 and 11.3-2. SSCs 4

are classified in CESSAR-DC Table 3.2-1 for the FBVS. The safety-related
equipment, fans, dampers, coils and ductwork are designed and tested in i

accordance with ASME/ ANSI N509 AG-1, " Nuclear Power Plant Air-Cleaning Units !
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and Components"; N510, " Testing of Nuclear Air Treatment Systems"; codes; ando ,

I i standardr. The radiological consequences resulting from gaseous effluent i

V during normal plant operation, including anticipated operational occurrences, !

are discussed in Chapter 11 of this report. |

The exhaust portion of the system is safety related (engineered safety
features system), comprising two redundant 100-percent trains of fans and
filtration units. During normal operation, air is released to the atmosphere
through an exhaust fan and two control dampers. ABB-CE, in response to the
staff's RAI Q410.117, stated that the single-bypass damper for the filtration
system will be administrative 1y locked closed and the system will be in
operation whenever irradiated-fuel-handling operations above or in the fuel
pool are in progress. This response was not acceptable since the single-
failure criterion for these components must be complied with to prevent
inadvertent release of radioactive contaminants to the environment. This was
designated as DSER Open Item 9.4.2-1. In CESSAR-DC Section 9.4.2.2, ABB-CE
states that the normal mode of operation does not require any filtration, and
the bypass dampers are open for both the filtration trains. Upon receipt of a
high-radiation signal, the system realigns the designated filtration train
automatically to the filtration mode, to comply with 10 CFR Part 20 and 10 CFR
Part 50 (Appendix I) requirements, by opening filtration unit inlet and outlet
dampers and closing bypass dampers. Switchover between trains is accomplished
manually. Before any fuel-handling operations, the system is manually
realigned to the filtration mode and the bypass dampers are administrative 1y
locked closed. In this mode both filtration trains are aligned to process the
effluent discharge before releasing through the monitored plant unit vent.

n The FBVS has two redundant 100-percent-capacity filtration trains which meet

(d the single-failure criterion and fan- and motor-operated dampers in each trainn

are powered from a separate train of the emergency Class lE standby power in
the event of any single active failure. The planned administrative isolation
of the bypass dampers is not considered as an active function, and based on
this, a single bypass damper in each train would continue to meet the single-
failure criterion design for the exhaust side of the FBVS. On this basis,
DSER Open Item 9.4.2-1 is resolved.

In CESSAR-DC Table 9.4-3, " Input for Release Analysis Filter Efficiencies,"
ABB-CE shows the creditable HEPA efficiency of 99 percent for the fuel-
handling accident analysis. In CESSAR-DC Section 9.4.2.1, ABB-CE states that
the dose analysis to support 10 CFR Part 100 limits following a fuel-handling
accident only takes credit for the HEPA filter, and takes no credit for the
charcoal adsorber.

The staff concluded in Section 15.A.11, of this report that with respect to
the radiological consequences of potential fuel-handling accidents, credit is
given for the removal of particulate iodines only. Therefore, charcoal
adsorbers need not ce credited in the FBVS.

A neuf ey-related radiation monitor is located in the exhaust ductwork,
upstr m M the filter train inlet, which automatically directs the air
through a ftItration unit on detection of radioactivity in the duct. There is
only one radiation detector, which is consistent with the guidance of RG 1.97,

n " Instrumentation for LWR Nuclear Power Plants To Assess Plant and Environs

(d) Conditions During and Following Accident." The redundant filtration unit
comprises a moisture eliminator, prefilter, electric preheater, absolute
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(HEPA) filter, carbon . orber [ activated carbon depth of the carbon filter is
51 mm (2 in.), post-filter (HEPA), ducts and valves, and a fan, as shown in
CESSAR-DC Figures 9.4-1 and 9.4-3. Each division of the air-exhaust portion
of the system has the capability to maintain the fuel-handling and fuel-
storage areas at a negative pressure with respect to the atmosphere.

In the event of a fire, the exhaust and supply fans can be used for smoke
removal. The fire dampers with fusible links in HVAC ductwork close under air
flow conditions.

As described in CESSAR-DC Section 9.4.2.1 and Table 3.2-1, the system is
located completely within a seismic Category I structure, and all safety-
related components (exhaust system and associated ductwork and filter train
and f ans) are seismic Category I, Safety Class 3, and the quality assurance |

requirements of 10 CFR Part 50 (Appendix B) are applicable. The flood protec- ,

tion, protection against internally and externally generated missiles, and j

high- and moderate-energy pipe breaks are evaluated in Sections 3.4.1, '

3.5.1.1, 3.5.2, and 3.6.1 of this report. The equipment design and testing
conform to the requirements of ANSI /ASME Standards AG-1, N509, and N510, andI

the equipment is available following an LOOP. Fan operating status and air-
flow rate, damper position, air temperatures, filter pressure drop, and
chilled-water temperatures are monitored, and indicate either locally or in
the control room. Failure of non-safety-related components does not compro-
mise function of safety-related components.

ABB-CE committed to incorporate in CESSAR-DC Section 9.4.2 and Tables 8.3.1-2
and 8.3.1-3 the changes made in response to staff RAI Q410.1-17. This was
designated as DSER Confirmatory Item 9.4.2-1. By CESSAR-DC amendments, ABB-CE
stated that CESSAR-DC Tables 8.3.1-2 and 8.1.3-3 are revised to list the FBVS
fans and filtration train electric heaters. There is a HEPA filter in each
filtration train, downstream of the carbon adsorber. The FBVS safety-related
equipment is tested in accordance with the ANSI /ASME Standards N509, N510, and
AG-1. An in-service program will be implemented in accordance with 10 CFR
Part 50 (Appendix B) and ASME Code Section XI, and a single radiation detector
is provided for the entira exhaust portion of the FBVS per guidance of
RG 1.97, Table 1.. The single bypass damper in the exhaust portion of the FBVS
is discussed in the resolution of DSER Open Item 9.4.2-1 above. On this
basis, DSER Confirmatory Item 9.4.2-1 is resolved.

ABB-CE has reclassified the fuel handling area from seismic Category I to non-
| seismic in its response to staff RAI Q210.1. The ventilation system is

located inside the fuel handling area (which is now part of the nuclear'

annex). ABB-CE was required to evaluate, and provide justifications concern-
ing, the system protection against floods, hurricanes, tornados, and inter-
nally and externally generated missiles to conform with requirements of GDC 2.
This was designated as DSER Open Item 9.4.2-2. By CESSAR-DC amendments,
ABB-CE stated that the fuel building (handling area) is part of the nuclear

| annex structure which is classified as seismic Category I (Safety Class 3), as
indicated in CESSAR-DC Section 9.4.2.1 and in CESSAR-DC Table 3.2-1. All
safety-related FBVS components are fully protected from floods and tornado-
missile damage, internal missiles, pipe breaks and whip, jet impingement and
interaction of non-seismic systems in the vicinity. On this basis, DSER Open
Item 9.4.2-2 is resolved.

|
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In complying with the requirements of RGs 1.52 and 1.140 for controlling the[m release of radioactivity, the system also complies with the requirements ofV) GDC 60 as related to the system capability to suitably control the release of
gaseous radioactive effluents to the environment. The filtration units are
designed in accordance with Position C.4 of RG 1.13, and consequently, the
system complies with the requirements of GDC 61 as related to the system
capability to provide appropriate containment, confinement, and filtering to
limit releases of airborne radioactivity to the environment.

The staff concludes that the system conforms with applicable GDC referenced in
SRP Section 9.4.2 and consequently, with the subject SRP acceptance criteria

,

and is, therefore, acceptable.

9.4.3 Radwaste Building Ventilation System

The staff reviewed the radwaste building ventilation system (RWBVS) in i
'

accordance with SRP Section 9.4.3 (NUREG-0800). The RWBVS is a non-safety-
related system and operates only during normal plant conditions. The RWBVS is
located within the radwaste building except for the portion that connects with

; the unit vent at the juncture of the shield building and the nuclear annex.
| The radwaste building is maintained at a slight negative pressure with respect

to the environment to ensure that all potentially radioactive releases are
monitored before discharge. The system is a once-through cycle type.

The RWBVS comprises two 50-percent-supply AHUs, and cooling coils to supply
normal ventilation and to control building temperature. The RWB ventilation
exhaust system comprises two 50-percent particulate exhaust filter units each ;

[ with moisture eliminator, prefilter, electric preheater, absolute (HEPA) '

filter, non-credited carbon adsorber, post (HEPA) filter, ducts and valves,
and a fan. The system conforms to RG 1.140 for the filtration unit during
normal operation as described in CESSAR-DC Table 9.4-6. The carbon filter

,

'

medium conforms to nuclear grade as defined by the Institute for Nuclear
Science. The radiological consequences resulting from gaseous effluent during
normal plant operation including anticipated operational occurrences are
discussed in Chapter 11 of this report.

The particulate and iodine radiation detectors which sample the air in
ductwork, serve potentially occupied areas in which the potential for the
release of radiation exists. These detectors also sample air in the exhaust
duct header upstream of the filter units. Radioactivity above allowable
limits indicates and alarms in the control room and locally. Upon detection
of radioactivity above the allowable limit from the air exhaust, the bypass
dampers will be manually closed and the filter units' inlet and outlet dampers
manually opened to allow the air exhaust filtration. The filtration exhaust
fans discharge to the plant vent.

The system is designed to maintain temperature between 4.4 *C and 37.8 "C
(40 'F and 100 'F). The system (1) description, (2) components,
(3) design parameters, and (4) flow diagram are given in CESSAR-DC (1)
Section 9.4.3, (2) Tables 9.4-1, and 9.4-3, (3) Section 11.3-2, and (4)
Figure 9.4-9. SSCs are classified in CESSAR-DC Table 3.2-1 for the RWBVS.
The safety-related equipment, fans, dampers, coils and ductwork are designeds
and tested in accordance with ASME/ ANSI N509, N510, and AG-1 codes and

N standards.
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The SSCs are non-nuclear safety but the structure housing and RWBVS (radwaste i

building) is designated as seismic Category II and is designed and constructed
so that the SSE will not cause any failure in a manner that would adversely
affect other safety systems as started in CESSAR-DC Section 3.2.1 and
Table 3.2-1. Therefore, the system complies with GDC-2, as related to the
system being capable of withstanding the effects of earthquakes.

In order to comply with GDC 60, " Control of Release of Radioactive Materials
to the Environment," the system needs to conform to RG 1.140. Therefore, the
RWB ventilation exhaust system HEPA filters should conform to RG 1.140,
Positions C.1 and C.2. This was designated as DSER Open Item 9.4.3-1. In
CESSAR-DC Section 9.4.3.1.1.H, ABB-CE states that the RWBVS conforms to the
guidance of RG 1.140. On this basis, DSER Open Item 9.4.3-1 is resolved.

As revised in response to the staff's RAI Q210-1, A8B-CE states (in CESSAR-DC
Table 3.2-1) the following (1) radwaste building venti'ation system components
are non-nuclear safety class, non-seismic, and the quality assurance require-
ments of 10 CFR Part 50 (Appendix B) are not applicable; and (2) the radwaste
facility structure is seismic Category II as discussed in Chapter 3 of this
report, and Appendix B quality assurance requirements are applicable. The
staff evaluates flood protection, protection against internally and externally ;

generated missiles, and protection against high- and moderate-energy pipe i

breaks in Sections 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1 of this report. ]
|

In CESSAR-DC Section 9.4.3, 'ABB-CE describes the system but does not include I
design parameters and flow diagrams for system components. In the DSER, the
staff stated that ABB-CE should submit this information so the staff can
complete its review of the system. This was designated as DSER Open
Item 9.4.3-2. ABB-CE submitted RWBVS flow diagrams for system components in
CESSAR-DC Figure 9.4-9 and states in Section 9.4.3.2.1 that the RWBV supply
system consists of two 50-percent-capacity supply fans and the exhaust system
consists of two 50-percent-capacity particulate filtration exhaust units. The
components, as shown in CESSAR-DC Figures 9.4-1 and 9.4-9, include a non-
credited carbon adsorber and exhaust fans. The staff concludes in Sec-

! tion 15.A.ll of this report that with respect to the radiological consequences
of all potential accidents, ABB-CE gives credit for the removal of particulate
iodines only. Therefore, charcoal adsorbers need not be credited in the
RWBVS.

Air-flow rates of fans, operating status of fans, temperatures and flow rates
of chilled water, damper positions / alignment, air-flow rates of supply and
exhaust units, and air temperatures of supply ventilation units are monitored
and indicate in the control room. The pressure drop across the supply filters
and exhaust filtration trains is monitored and indicates locally and at the
radwaste control panel.

i |

| The system is not safety related, performs no safety-related function for
| safe-shutdown or postaccident operation, and failure of the system does not

affect the function of other safety-related equipment. Thus, the staff
concludes that the MBVS complies with the criteria GDC 2 and 60 of SRP
Section 9.4.3 and is, therefore, acceptable.

9.4.4 Diesel Building Ventilation System

|
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The staff reviewed the diesel building ventilation system (DBVS) in accordance
[._) with SRP Section 9.4.5 (NUREG-0800). The design has two redundant EDGs
(~f lacated in separate areas inside the nuclear annex on opposite sides of the

reactor building. Each EDG area is served by a ver.tilation system designed to
maintain acceptable environmental conditions for operation, testing, and
maintenance of the equipment, and to allow for personnel access.

The DBVS is designed for once-through flow using inlet and exhaust fans,
filters, and dampers. The system is designed to maintain temperature between
a minimum of 4.4 *C (40 *F) and a maximum of 49 *C (120 *F) when the DG is not
operating and between a minimum of 4.4 *C (40 *F) and a maximum of 50 *C
(122 *F) when the DG is operating. Electric heaters, activated on low
temperature, maintain temperature above freezing and fans are automatically
activated to control elevated temperature. Air intake structures and exhaust
vents are protected against the effects of natural phenomena and missiles.

Each division of the non-safety-related supply portion of the system consists
of one 100-percent-supply fan equipped with a damper and prefilter. Air is
exhausted to the outdoors through each division of the safety-related exhaust
portion of the system which consists of two 50-percent-supply fans. Each fan
has a two-speed motor and a separate exhaust vent. The system is powered from
a Class IE source and is connected to Class lE emergency standby power. The
system is located in a seismic Category I building and all safety-related
components are rated seismic Category I. In response to the staff's
RAI Q210.1, ABB-CE revised CESSAR-DC Table 3.2-1 to identify the system space
heaters and supply fan and their associated ductwork and dampers as Safety
Class 3, seismic Category I; therefore, the quality assurance requirements ofn

(d 10 CFR Part 50 (Appendix B) are applicable. The remaining components aret

designed as non-seismic safety class. The (1) system description, (2) design
parameters, and (3) flow diagram are given in CESSAR-DC (1) Section 9.4.4, (2)
Tables 9.4-1, 9.4-3, and 11.3-2, and (3) Figure 9.4-9, respectively. SSCs are
classified in CESSAR-DC Table 3.2-1 for the DBVS.

In CESSAR-DC Section 9.4.4, ABB-CE describes the system; however, the compo-
nent design parameters and flow diagram and the piping and instrumentation I
diagram were not submitted. This was designated as DSER Open Item 9.4.4-1. )
ABB-CE subsequently submitted the DBVS flow diagram in CESSAR-DC Figure 9.4-7 |and the component design parameters in CESSAR-DC Table 9.4-1. On this basis, )DSER Open Item 9.4.4-1 is resolved.

Additionally, ABB-CE committed to incorporate its response to staff
RAI Q410.118 concerning the fresh-air intake vents, the sei isc category of
the building, space heaters, and system flow diagram. This as designated as
DSER Confirmatory Item 9.4.4-1. Subsequently, ABB-CE staten that the location |

of the normal and emergency ventilation intakes is shown in Figure 1.2-6, the
DG areas housing the system are designed to seismic Category I requirements,
the space heaters are designed to maintain a minimum temperature of 4.4 *C
(40 *F) as stated in CESSAR-DC Section 9.4.4.3, and tne system flow diagram
appears in Figurg 9.4-7. The associated DG is started administratively to
provide a substitute safety-related source of heat if the space heater fails
to maintain the minimum design temperature. On this basis, DSER Confirmatory
Item 9.4.4-1 is resolved.

V No high-energy or moderate-energy piping is located near the ventilation
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equipment, and the inlet and exhaust dampers protect against external mis- ;
siles. The fan indications and alarms, damper positions / alignment, and space
temperature indications and alarms are located in the control room. The j
system design allows for periodic inspection. All safety-related components |
in the DBVS are designed to permit in-service inspection.

By virtue of location in seismic Category I areas, the system and its compo-
nents are protected from natural phenomena. All safety-related components are
classified as seismic Category I. Also, failure of non-safety-related equip-
ment will have no impact on the system. Therefore, the design complies with
the requirements of GDC 2 as related to the system being capable of withstand-
ing effects of earthquakes.

The system trains are located in a separate building above the DG, and system
penetrations are protected from external missiles. Also, no high-energy or
moderate-energy piping is located in the vicinity of the system. The design
of safety-related components is compatible with environmental conditions and
protects against dynamic effects; therefore, the design complies with the
requirements of GDC 4 with respect to maintaining environmental conditions in
essential areas compatible with the design limits of the essential equipment
located therein during normal, transient, and accident conditions.

Intake air is filtered for dust and other particulates, but the locations
(elevations above ground level) of the intake vents were not specified for
determining conformance with GDC 17, as it relates to ensuring proper func-
tioning of the safety-related electric power system with respect to protection
from the effects of dust and particulate materials. This was designated as
DSER Open Item 9.4.4-2. Subsequently, in CESSAR-DC Section 9.4.4.3, ABB-CE
states that the air intake is located 6.1 m (20 ft) above grade, as shown in
CESSAR-DC Figure 1.2-6, to minimize intake of dust and particulate materials
into the DG areas, and all exposed internal areas are painted to aid in dust
control meeting the guidelines of Item 2, Subsection A, of NUREG-0600.
Therefore, the system meets the pertinent requirement of GDC 17 for protection
of the essential electrical components against dust accumulation and
particulate material. On this basis, DSER Open Item 9.4.4-2 is resolved.

The system is physically separated from potentially contaminated areas and is
not an internal source of radioactive materials. Therefore, the system con-
formance against the requirements of GDC 60 is not applicable.

The staff concludes that the DBVS complies with the applicable GDC 2, 4, and
17 referenced in SRP Section 9.4.5 and is, therefore, acceptable.

9.4.5 Subsphere Building Ventilation System

The staff reviewed the subsphere building ventilation system (SBVS) in
accordance with SRP Section 9.4.5 (NUREG-0800). The SBVS is credited to limit
the offsite and control room dose following a LOCA or DBA within the guide-
lines of 10 CFR Part 50 and SRP Section 6.4. The radiological consequences
resulting from gaseous effluent during normal plant operation (including
anticipated operational occurrences) are discussed in Chapter 11 of this
report; the radiological aspects are discussed in Chapter 15. The nuclear
annex, fuel building, and reactor building subsphere are maintained under
negative pressure with respect to the atmosphere.
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The system consists of two supply and exhaust air divisions and serves all
[s areas of the subsphere. The system is supplemented by the individual safety-
\ related cooling units for the mechanical equipment room. Each of the two

divisions serves one of the two plant divisions, providing redundancy of
safety-related equipment. The supply and exhaust fans are electrically
interlocked so that each SBVS division maintains its division of the subsphere
building at a negative pressure relative to the atmosphere. A non-safety-
related radiation detector monitors radioactivity of the area exhaust air in
each divisional exhaust duct upstream of the exhaust filter train. The
exhaust air is continuously processed through the divisional exhaust filter
train and monitored before filtration and release through the unit vent.
Additional gaseous radioactivity monitoring is provided in the unit vent. The
(1) system description, (2) design parameters, and (3) flow diagram are given
in CESSAR-DC (1) Section 9.4.5; (2) Tables 9.4-1, 9.4-3, 9.4-3A, and 11.3-2;
and (3) Figures 9.4-4 and 9.4-5, respectively. The system conforms to RG 1.52
for the particulate (HEPA) filtration credited during the LOCA or DBA to
comply with 10 CFR Part 100 limits and particulate (HEPA) and elemental and
organic iodine (carbon adsorber) filtration during normal operation as stated
in CESSAR-DC Tables 9.4-3 and 9.4-5 and 11.3-2. The classification of SSCs is
provided in CESSAR-DC Table 3.2-1 for the SBVS. The safety-related equipment,
fans, dampers, coils, and ductwork will be designed and tested in accordance
with ASME/ ANSI N509, N510, and AG-1 codes and standards.

In the DSER, the staff stated that CESSAR-DC Table 3.2-1 should appropriately
identify the system, system components, and their locations with respect to
safety class, seismic category, and quality assurance requirements designa-
tions. This was designated as DSER Open Item 9.4.5-1. Subsequently, ABB-CE

[b submitted the requested information identifying the exhaust system as seismic
Category I, Safety Class 3, and Quality Class 1, and the supply system as
seismic Category II, non-nuclear safety class and Quality Class 2, except for
the heating and cooling coils which are non-seismic, ncn-nuclear safety class
for the Quality Class 3. On this basis, DSER Open Item 9.4.5-1 is resolved.

Outdoor air is drawn into the non-safety-related ventilation system serving
each division through one 100-percent-capacity air-handing unit consisting of
a prefilter, cooling / heating coils and two 100-percent-supply fans. The fresh
air intake structures are located in the control areas duct shaft and are
protected against high winds, rain, snow, and ice. The supply fans and
conditioning unit are not safety-related units. Supply air is distributed to
equipment rooms and ccess areas in the subsphere building and is exhausted
from the building through a filtration unit by two 100-percent-capacity
exhaust fans. The filtration unit and exhaust fans are safety-related
equipment. The fans are powered from a Class IE supply, backed up by the EDG.

Originally, ABB-CE did not submit information regarding the intake-air vent |
conformance with the GDC 17 requirement in GDC 17 as it relates to assuring '

proper functioning of the safety-related equipment, except for mentioning that ;

the air is filtered. This was designated as DSER Open Item 9.4.5-2. In SRP l
!Section 9.4.5, the staff offers guidance to ensure that adequate means is

provided in the system design for control of airborne particulate material
(dust) accumulation. The system arrangement should provide a minimum of 6.1 m

n (20 ft) from the bottom of the fresh air intakes to grade elevation.

Subsequently, ABB-CE submitted the missing information in CESSAR-DC Sec-
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tion 9.4.5.3, stating that the fresh air intakes are located at least 9.14 m
(30 ft) above grade elevation (as shown in CESSAR-DC Figure 1.2-8) to minimize
intake of dust into the building and that they have tornado dampers. On this
basis, DSER Open Item 9.4.5-2 is resolved.

The divisional exhaust filtration unit consists of a moisture eliminator,

prefilter, electric preheater, non credited carbon bcd adsorber, and absolute 3

and post filters (HEPA) upstream and downstream of the carbon adsorber as !

shown in CESSAR-DC Figures 9.4-1 and 9.4-5. A motor-operated damper on the |
downstream of exhaust fans is for tornado protection and for isolation when |
exhaust fans are off. In CESSAR-DC Table 9.4-3, " Input for Release Analysis i

Filter Efficier-ies," ABB-CE shows the creditable HEPA efficiency of 99- per-
cent for postaccident releases. ABB-CE states in CESSAR-DC Section 9.4.5.3 ,

that the dose analysis, to support 10 CFR Part 100 limits following a LOCA or j
DBA, only takes credit for the HEPA filters in the filter train and takes no |
credit for the charcoal adsorbers. '

The staff concludes that in CESSAR-DC Section 15.A.ll, with respect to eh
. radiological consequences of all potential accidents, ABB-CE give credit for
I the removal of particulate iodine only. Therefore, charcoal adsorbers need (

not be credited in the SBVS.

The staff concludes in Section 15.A.ll of this report, that with respect to
the radiological consequences of all potential accidents, credit is given for
the removal of particulate iodines only. Therefore, charcoal adsorbers need i

not be credited in the SBVS. I

|

In addition to the air supply and filtration function, each divisional system
has separate individual safety-related cooling units for each of the equipment
rooms. The safety-related equipment comprises containment spray pumps and
heat exchangers, safety injection system pumps and heat exchangers, shutdown
cooling system pumps and heat exchangers, fuel pool heat exchangers, motor-
and steam-driven emergency feedwater pumps, and penetration rooms. The
safety-related cooling units recirculate air through prefilters, cooling coils
serviced from the essential CWS and fans. The AHUs for the safety-related
equipment rooms AHUs are powered by a Class IE source, backed up by the EDG.
All cooling units r.re started automatically and remain operational throughout
a LOCA. All safety-related system components are designed to permit in-
service inspection. The cooling units for the safety-related equipment rooms
are designed to maintain the temperature below 38 *C (100 'F). At least one
train of safety-related equipment rooms is maintained below 38 *C (100 *F),
assuming a single failure of an active component concurrent with an LOOP.
Redundant components of the cooling systems for the safety-related equipment
rooms are physically separated and protected from internally generated
missiles. A pipe break in the same safety-related mechanical train is the
only possible means of affecting the essential CWS. Therefore, when subjected
to the effects of pipe breaks, the components are not required to operate
because the served equipment is located in the same space as the cooling
components. All safety-related equipment is rated seismic Category I, is
located in a seismic Category I building, and will remain functional following
a design basis earthquake. The components are protected from tornados, and
intake and exhaust vents are protected from rain, snow, and ice. The ductwork a
from the building exit up to and including the isolation damper are qualified
for the tornado differential pressure. Failure of the non-safety-related
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'supply units will ,W affect the safety function of the safety-related units,,,

fQ The minimum instrumentation for the ESF exhaust filtration trains is listed in
CESSAR-DC Table 9.4-3A. Air flow rates of fans, operating status of fans,
temperature and flow rate of chilled water, damper positions / alignment, and
air temperatures of supply ventilation units are monitored and indicate in the
control room. The pressure drop across the supply filters and exhaust
filtration trains is monitored and indicates locally. The equipment is
inspected periodically and the design allows for in-service inspection.

Because safety-related components are classified as seismic Category I and
located within a seismic Category I structure, the ventilation system complies
with the requirements of GDC 2 as related to the system being capable of
withstanding the effects of earthquakes.

By virtue of design with respect to maintenance of environmental conditions
and consideration of dynamics effects, the system complies with the require-
ments of GDC 4 with respect to maintaining environmental conditions in
essential areas compatible with the design limits of the essential equipment
during normal, transient, and accident conditions.

As indicated above, the system is consistent with the requirements of
RGs 1.140 and 1.52 for exhaust system cleanup and filtration and, therefore,
complies with the requirements of GDC 60 as related to the system capability
to suitably control the release of gaseous radioactive effluents to the
environment.

b'O
ABB-CE committed to incorporate in the CESSAR-DC its response to staff RAI
Q410.119 concerning the in-service testing, exhaust fan failure, fresh air
intakes, and compliance with RGs 1.140 and 1.52. This was designated as DSER
Confirmatory Item 9.4.5-1. Subsequently, ABB-CE stated that (1) all safety-
related subsphere ventilation system components are designed to permit in-
service inspection; (2) the failure of the non-safety-related supply fan has
no effect on the exhaust fan since negative pressure is maintained inside the
subsphere and the exhaust is filtered; (3) the fresh air-intakes are located
at least 9.14 m (30 ft) above grade elevation and protected against adverse
environmental conditions; (4) a HEPA filter is placed downstream of the carbon
adsorbers, and filtration components in each filtration train are shown in
accordance with CESSAR-DC Figure 9.4-1 to comply with RG 1.52; and (5) the
system contains differential pressure alarms and indication in compliance with
the guidance of RG 1.140, as referenced in CESSAR-DC Sections 9.4.5.1 and
9.4.5.3. On this basis, DSER Confirmatory Item 9.4.5-1 is resolved.

Based upon the above discussion, the staff concludes that the SBVS complies
with GDC 2, 4, 17 and 60 referenced in SRP Section 9.4.5 and is, therefore,
acceptable.

9.4.6 Containment Cooling and Ventilation System

The staff review'ed the containment cooling and ventilation system (CC&VS) in
conformance with GDC 2, as related to the system being capable of withstanding
the effects of earthquakes, referenced in SRP Section 9.4.5 (NUREG-0800).

( This system maintains suitable environmental conditions inside the containment*

( for normal operation, maintenance, and testing. The system is non-safetyi
,
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related except for high-and-low purge CIVs and penetration ductwork that i

j isolate portions of the system inside the containment from portions of the I

system in the nuclear annex up to the HEPA .'ilters. The low-purge and high-
purge systems are designed to maintain the containment under slight negative
pressure with respect to the atmosphere.

The CC&VS comprises (1) the recirculation cooling system, (2) the low-and
high-purge supply and exhaust subsystems, (3) the containment air cleanup
system, (4) the pressurizer compartment cooling redundant fans, (5) the
reactor cavity compartment cooling redundant fans, and (6) the CEDM cooling

j system.

| The recirculation cooling system consists of four 33-percent-capacity recircu-t

lation cooling units. The recirculation cooling units remove heat from the
containment that is generated by the nuclear steam supply system support
structures and RCS insulation heat loads (SSAR Tables 9.4-4 and 9.4-2), and
maintain the served areas between 15.5 *C and U .3 *C (60 *F and 110 *F).
Heat energy is transferred to a non-essential leg of the chilled-water system
through the chilled-water cooling coils located in the recirculation cooling
units.

The low-purge subsystem relieves containment pressure during startup or
shutdown. The IRWST purge supply and exhaust is normally closed and is opened

| only for personnel access. The high-purge system operates to reduce radiation
levels before and during personnel access to the containment. The containment
high-purge system (HEPA filtration only) mitigates the radiological conse-
quences of a postulated fuel-handling accident inside the containment to,

| conform with 10 CFR Part 100 requirements and is not used during power i

operation. The low-purge subsystem (HEPA filtration) mitigates the conse- i

quences of a control element ejection accident inside containment to conform
with 10 CFR Part 100 requirements.

The containment air cleanup system consists of a prefilter, an absolute HEPA
filter, a carbon adsorber, a post-HEPA filter, and a fan. It is designed to
reduce containment airborne concentrations to approximately seven maximum
permissible concentrations (MPCs) to permit personnel access, and it conforms I

to ANSI /ANS-56.6, " Pressurized Water Reactor Containment Ventilation Systems."

Fans in the reactor cavity and pressurizer compartments in conjunction with
the recirculation cooling system, maintain temperature in these areas below
54.4 *C (130 *F).

The CEDM cooling system consists of redundant cooling units. The CEDM cooling
system maintains temperature in the served areas to 76.6 *C (170 *F).

In the event of fire, the exhaust and supply fans of the purge systems can be
j used for smoke removal. The (1) system description, (2) design parameters,

and (3) flow diagram are given in CESSAR-DC (1) Section 9.4.6, (2)'

Tables 9.4-1, 9.4-3, 9.4-3A, and 11.3-2, and (3) Figure 9.4-6, respectively.
The system conforms to RG 1.52 for the credited high-volume purge system HEPA
filtration during a postulated fuel handling accident and low-volume purge
system HEPA filtration during a control element ejection accident to comply
with 10 CFR Part 100 limits. The system conforms to RG 1.52 for the particu-
late (HEPA) and elemental and organic iodine (carbon adsorber) filtration for
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the high-volume containment purge during normal operation. The system |

) conforms to RG 1.140 for the particulate (HEPA) and elemental and organict(,/ iodine (carbon adsorber) filtration for the low-volume containment purge
during normal operation as identified in CESSAR-DC Tables 9.4-5 and 9.4-6.
SSCs are classified in CESSAR-DC Table 3.2-1 for the CCVS. High and low purge
exhaust ductwork from the containment penetration to the HEPA filters,
penetration ductwork and CIVs are seismic Category I safety Class 2 and
Quality Class 1. The radiological consequences of gaseous effluent during j
normal plant operation including anticipated operational occurrences are |

discussed in Chapter 11 of this report. The safety-related equipment, fans, J

dampers, coils, and ductwork are designed and tested in accordance with
RG 1.52 and ASME/ ANSI N509, N510, and AG-1 codes and standards.

The air intakes are protected against tornado-generated external missiles as
shown in CESSAR-DC Figure 1.2-10A. The motor-operated dampers downstream of
the high- and low-purge exhaust systems are manually closed during a tornado
warning and are used for isolation when exhaust fans are not in operation.

Outdoor air enters the low-purge system through an air conditioning unit and
supply fans located in the nuclear annex. The air conditioning unit comprises
a prefilter, an absolute (HEPA) filter, and a heating coil. Air from the fan
passes through a fail-closed pneumatically operated isolation damper located
in the annulus and an isolation damper located in the containment before it is
distributed into the containment atmosphere. Exhaust air passes through two
more fail-closed pneumatically operated isolation dampers, one each in the
containment and annulus, and then through the exhaust filter train. The
exhaust filter unit and fans are located in the nuclear annex. The air-n

(V exhaust filter unit comprises a prefilter, a heating coil, a non-credited\
carbon adsorber, and HEPA filters upstream and downstream of the carbon
adsorber, as shown in CESSAR-DC Figures 9.4-1 and 9.4-6. The location and
sequence of equipment of the high-purge subsystem parallels that of the low-
purge system with the following exceptions: (1) the high-volume purge system
has two penetrations for each high-purge supply and exhaust train and (2) each
penetration has two fail-closed pneumatically operated isolation dempers, one
in the annulus and one in the containment.

In response to the staff's RAI Q410.120, ABB-CE stated that the containment
high volume purge system is not an engineered safety features system. During
a postulated fuel-handling accident inside containment, the charcoal

,

filtration is credited with filtration of the release, but no credit is '

allowed for release reduction resulting from containment isolation or mixing
in the containment atmosphere preceding the release. In the CESSAR-DC, ABB-CE
committed to incorporate the response. This was designated as DSER Confirma-
tory Item 9.4.6-1. Subsequently, ABB-CE states in CESSAR-DC Sections 9.4.6.1
and 9.4.6.3 that the dose analysis demonstrating conformance with 10 CFR
Part 100 limits following a fuel-handling accident and a control element
ejection accident, only takes credit for the HEPA filtration. No credit is i

taken for the charcoal adsorbers in either of the containment exhaust paths. l

The staff conclu* des in Section 15.A.11 of this report, that with respect to
the radiclogical consequences of all potential accidents. ABB-CE gives credit
for the removal of particolate iodines only. Therefore, charcoal adsorbers

(n) need not be credited in the CC&VS.
v
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By CESSAR-DC amendments, ABB-CE revised CESSAR-DC Table 3.2-1 in response to
the staff's RAI Q210.1 to show that the safety-related components (11 contain-
ment isolation dampers and the associated penetration ductwork from the
containment penetration to the filter trains) are Safety Class 2 and seismic
Category I, and that the quality assurance requirements of 10 CFR Part 50,
(Appendix B) are applicable. The remaining components are not safety related.
All 11 containment isolation dampers are normally closed, are designed to fail
closed, and receive a containment isolation signal to close. Additionally,
the high-volume purge system remains sealed closed during power operation.
The containment purge exhaust system is isolated on high radiation signal or
high relative humidity signals.

Air flow rates, area temperatures, and chilled water flows and temperatures
for the containment recirculation cooling units and CEDM cooling unit fans,
operating status of fans and alarms, damper positions / alignment, temperatures
of various representative areas inside the containment, and high vibration
alarms for all fans located inside the containment are monitored and indicated
in the control room. The pressure drop across all filters is monitored and
indicated locally.

Because seismic Category I components are used for safety-related equipment
and are located in a seismic Category I structure, the system complies with
the requirements of GDC 2 as defined previously.

The review established that the system is not an ESF and except as noted
above, the system is not credited in analyzing the consequences of DBA.
Therefore, the requirements of GDC 4,17, and 60 are not applicable to this
system.

The staff concludes that the CC&VS complies with the applicable GDC referenced
in SRP Section 9.4.5 and is, therefore, acceptable.

9.4.7 Turbine Building Ventilation System

The staff reviewed the turbine building ventilation system (TBVS) in accor-
dance with SRP Section 9.4.4 (NUREG-0800) and industry standards. As identi-
fied in CESSAR-DC Table 3.2-1, the turbine building ventilation system
components are non-nuclear safety class, non-seismic category, and the quality
assurance requirements of 10 CFR Part 50 (Appendix B) do not apply. The
turbine building is seismic Category II, as discussed in Chapter 3 of this
report.

In the DSER, the staff stated that CESSAR-DC Section 9.4.7 described the
system briefly, giving no design parameters for system components or flow
diagrams. This was designated as DSER Open Item 9.4.7-1. Subsequently,
ABB-CE stated that the system consists of fans, intake dampers, exhaust fans,
and ductwork, and that recirculation fans create a uniform mixture. Also,
radiation monitoring information is given in CESSAR-DC Section 11.5. The TBVS
removes the heat dissipated by equipment, piping, lighting, and solar heat
gains, and maintains the served areas between 4.4 *C and 43.3 *C (40 *F
and 110 'F). The design outside temperature are based on the 5-percent
exceedance air temperature values. The (1) system description and (2) layout
drawings are given in (1) CESSAR-DC Section 9.4.7 and (2) Figures 1.2-18 and
1.2-19, respectively. SSCs for the TBVS are classified in CESSAR-DC
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Table 3.2-1. On this basis, DSER Open Item 9.4.7-1 is resolved.

V The system instrumentation for manual and automatic operations and system
verification is provided locally. The fan indications and alarms are also
provided locally.

The review established that the system is not safety related and that failure
of the system does not compromise the operation of safety-related systems.
Therefore, the requirements of GDC 2, 4,17, and 60 are not applicable to this
system.

However, the staff finds that the system alternately conforms with applicable
industry standards, to conclude acceptability of the non-safety system for he
proper environment during normal operation, including: Fan ratings conform to
the Air Moving and Cor.ditioning Association (AMCA) Standards, Fan motors
conform to applicable standard of the National Electrical Manufactures
Association (NEMA) and the Institute of Electrical and Electronic Engineers
(IEEE), Ventilation ductwork conforms to applicable standards of the Sheet
Metal and Air Conditioning Contractors National Association (SMACNA), Applica-
ble components and controls conform to the requirements of IEEE, Underwriter's
Laboratories (UL) and NEMA and Heating coil ratings conform to standards of
the Air Conditioning and Refrigeration Institute (ARI).'

The staff concludes that the TBVS complies with the acceptance criteria of the
above industry standards and SRP Section 9.4.4 and is, therefore, acceptable.

9.4.8 Station Service Water Pump Structure Ventilation System

In response to staff RAI Q410.121, ABB-CE stated that the station service
water pump structure ventilation system (SSWPSVS)is dependent on site-specific
considerations. ABB-CE committed to provide interface requirements for the
SSWPSVS. This was designated as DSER Confirmatory Item 9.4.8-1. Sub-
sequently, ABB-CE submitted a conceptual design and interface requirements in
CESSAR-DC Section 9.4.8.1.2. On this basis, DSER Confirmatory Item 9.4.8-1 is
resolved.

SSCs for the SSWPSVS are classified in CESSAR-DC Table 3.2-1. The conceptual

| engineered safety feature (ESF) system design includes two safety-related,
- 100-percent-supply fans with the associated dampers, ducts, and instrumenta-

tion to ensure that the system remains functional during a loss of offsite
power and meets the single-failure criterion. The system instrumentation for
manual and automatic operations and system verification is provided in the
main control room and locally. The fan indications and alarms, and space
temperature indication with high/ low alarms, are provided in the main control
room.j

The SSWPSVS interface requirements, when met, will ensure that the system is
designed in accordance with the requirements of GDC 2, as related to the
system being capable of withstanding the effects of earthquakes (Acceptance is
based on meeting the guidance of RG 1.29, position C.1 for safety-related
portions and C.2 for non-safety-related portions), GDC 4, with respect to
maintaining environmental conditions in essential areas compatible with the

,

|( design limits of the essential equipment located therein during normal,
transient, and accident conditions, GDC 5, as related to shared system and'
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components important to safety, GDC 17, as related to assuring proper func-
tioning of the essential system (Acceptance is based on meeting the guidance
of item 2 under subsection A and item 1 under subsection C of the section on "
Recommendations" of NUREG-CR/0600 relating to the protection of essential
electrical components from failure due to the accumulation of dust and
particulate materials) and GDC 60, as related to the system capability to
suitably control release of gaseous radioactive effluents to the environment
Acceptance is based on meeting the guidance of RGs 1.52 and (1.140, as related
to design testing, and maintenance criteria for atmosphere cleanup system, and
normal ventilation exhaust system air filtration and adsorption units of
light-water-cooled nuclear power plants, Position C.2 and Positions C.1 and
C.2, respectively). The staff concludes that the ABB-CE SSWPSV conforms to
the applicable GDC referenced in SRP Section 9.4.5, and subsequently the
subject SRP acceptance criteria and the conceptual design for the system is
therefore acceptable.

9.4.9 Nuclear Annex Ventilation System

The staff reviewed the nuclear annex ventilation system (NAVS) in accordance
,

with SRP Section 9.4,5 (NUREG-0800). The safety-related cooling systems forI
l the mechanical equipment room, serving the CCWS pump rooms and the safety-

related CWS system pump and chiller rooms, are designed to seismic Category I
requirements and remain functional following a design-basis earthquake (DBE).

| These cooling systems consist of two completely redundant, independent, full-
capacity systems; they are able to withstand the effects of tornados, floods,
hurricanes, and fires. In the event of a LOCA or DBA, the safety-related
mechanical equipment room cooling and ventilation units operate at full
capacity throughout the event and maintain space temperatures below 37.8 *C
(100 *F). The design temperature range for the non-safety-related areas is

,

| 15.6 *C (60 *F) to 37.8 *C (100 *F).
|

| The system comprises two general air supply and exhaust systems, each of which
| is supplemented by safety-related and non-safety-related recirculation cooling
| units to serve the safety-related areas (described above), and non-safety-

related mechanical equipment areas. The non-safety-related areas contain the
normal chillers and pumps rooms, CVCS tanks and pump rooms, hot machine and

. tool rooms, the sample room, and instrument air rooms. The two systems
| independently service Division I and II areas. The general supply and exhaust
' system functions to maintain suitable environmental conditions throughout the

nuclear annex. The (1) system description, (2) design parameters, and
: (3) flow diagram are given in CESSAR-DC (1) Section 9.4.9, (2) Tables 9.4-1

and 11.3-2, and (3) Figure 9.4-8, respectively. The system conforms to
RG 1.52 for the HEPA filtration credited during the LOCA or DBA to comply with
10 CFR Part 100 limits. The system conforms to RG 1.140 for the filtration
unit during normal operation as identified in CESSAR-DC Tables 9.4-5 and

,

| 9.4-6. SSCs are classified in CESSAR-DC Table 3.2-1 for the NAVS. The
| safety-related equipment, fans, dampers, coils and ductwork are designed and

will be tested in accordance with RG 1.52 and ASME/ ANSI N509, N510, and AG-1
codes and standards. The nuclear annex building is always maintained at a

I
slight negative pressure with respect to the outside atmosphere to ensure that

| all potential radioactive releases are monitored before the air supply is
discharged to the atmosphere. The radiological consequences resulting fromi

I gaseous effluent during normal plant operation including anticipated opera-
tional occurrences are discussed in Chapter 11 of this report.
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Outdoor air is drawn into the system serving Division I areas through a 100-
O percent-supply unit by two 100-percent-supply fans. The supply unit has a
V prefilter, heating and cooling coils, and a bypass flow loop. The outside air

flow to the inlet unit is controlled by three motor-operated dampers. Air is
distributed throughout the nuclear annex and discharged through a 100-percent-
filtration unit by two 100-percent-capacity exhaust fans. In the event of a
fire, the exhaust and supply fans can be used for smoke removal. The filtra-
tion unit has a bypass and comprises a moisture eliminator, a prefilter, a
heating coil, a non-credited carbon adsorber, and a HEPA filter upstream and
downstream of the carbon adsorber, as shown in CESSAR-DC Figures 9.4-1
and 9.4-8. Flow through the filtration unit is controlled with three motor-
operated dampers. The exhaust air is monitored by a radioactive gaseous
detector located upstream of the filtration train. Upon detection of
activity, the exhaust is processed through the divisional filtration train
before discharge to the atmosphere through the plant vent where additional
monitoring of the exhaust takes. place. The exhaust damper is located upstream
of the discharge to the unit vent in each filter train and is manually closed
during a tornado warning.

Recirculation cooling units are in the CCWS pump rooms, and in the safety-
related CWS pump and chiller rooms. The recirculation units include pre-
filters, cooling coils, and fans. Cooling water is supplied by the safety-
related CWS. Ventilation and cooling equipment serving Division II is
identical to the system serving Division I, except the Division II consists of
two 50-percent-capacity particulate filtration units and two 100-percent-
capacity exhaust fans for each filtration unit. The systems are physically
separated.,,

(V\
The safety-related recirculation units for the mechanical equipment rooms are
fully redundant and remain functional with the loss of any single active
component. Each train is powered from an independent, Class lE power source.
The safety-related recirculation units are inherently separated from non-
safety-related units, and the safety function of the filtration units and faas
is unaffected by failure of other system components. An LOOP will not affect
the safety function of safety-related equipment.

The system is inspected periodically and the design allows for in-service
inspection of safety-related components. Fan air-flow rates and operating
status, damper position, room temperatures, and chilled water temperatures are I

monitored and indicated in the control room. The filtration unit pressure
drop is monitored and indicated locally. l

| ABB-CE revised CESSAR-DC Table 3.2-1 in response to the staff's RAI Q210.1 to l
identify (1) the nuclear annex structure as seismic Category I; (2) safety- I

related recirculation units and room recirculating unit cooling coils as
Safety Class 3, seismic Category I; and (3) the quality assurance requirements
of 10 CFR Part 50 (Appendix B) as applicable. The remaining components are
not safety related. All safety-related components are designed as seismic
Category I equipment and are located in a seismic Category I structure. The
safety-related cbmponents are operated from a Class IE power source and
function on LOOP. The safety-related components are protected from externally
and internally generated missiles. The staff evaluated flood protection,

,

'

(n protection against internally and externally generated missiles, and high- andV) moderate-energy pipe breaks in Sections 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1 of
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this report. The filtration units provide the means to control leakage, and
the cooling units are activated by room temperature.

Because safety-related components are classified as seismic Category I and are
located within a seismic Category I strue.ture, the ventilation system complies
with the requirements of GDC 2 as previously discussed.

By virtue of design with respect to maintenance of environmental conditions
and consideration of dynamic effects, the system complies with the require-
ments of GDC 4 as previously discussed.

In the DSER, the staff stated that ABB-CE had not submitted information
regarding the conformance of the intake vents to GDC 17 requirements relating
to ensuring proper functioning (protection against airborne particulate
material) of the safety-related equipment, except for mentioning that the air
is filtered. This was designated as DSER Open Item 9.4.9-1. Subsequently, in -

CESSAR-DC Section 9.4.9.3, ABB-CE states that the system fresh air intakes are
located at least 9.14 m (30 ft) above grade elevation to minimize intake of
dust into the building. In CESSAR-DC Figure 1.2-8, ABB-CE shows the divi-
sional air intake locations. On this basis, DSER Open Item 9.4.9-1 is
resolved.

As indicated in the previous material, the system is consistent with the
requirements of RGs 1.140 and 1.52 for exhaust system cleanup and filtration
and, therefore, complies with the requirements of GDC 60 as previously
discussed.

ABB-CE committed to incorporate the response to the staff's RAI Q410.122
concerning the physical location and configuration of the system components,
in-service inspection for safety-related components, and safety-related
equipment function during LOOP in CESSAR-DC Section 9.4.9. This was
designated as DSER Confirmatory Item 9.4.9-1. Subsequently, ABB-CE stated
that (1) the heat loads and design parameters are presented in CESSAR-DC Table
9.4-1; (2) the physical location of major components is shown in CESSAR-DC
Figure 1.2-8 and the system flow is diagrammed in CESSAR-DC Figure 9.4-8;
(3) all safety-related components are designed to permit in-service inspection
as stated in CESSAR-DC Section 9.4.9.4; (4) the nuclear annex structure is
designed to seiS W Category I standards; and (5) an LOOP will not affect the
safety function of safety-related equipment. On this basis, DSER Confirmatory
Item 9.4.9-1 is resolved.

Based on the above, the staff concludes that the NAVS complies with the
applicable GDC 2, 4 and 60 referenced in SRP Section 9.4.5 and consequently
with the SRP acceptance criteria and is, therefore, acceptable.

9.4.10 Component Cooling Water Heat Exchanger Structure (s) Ventilation
Systems

| The staff reviewed the CCW heat exchanger structure (s) ventilation systems
(HXSVS) in accordance with SRP Section 9.4.5 (NUREG-0800) and industry stan-
dards. As identified in CESSAR-DC Table 3.2-1, the CCWHXSVS components are
located completely within seismic Category I structures, and fans, dampers,
and ductwork are protected from floods and tornado-missile damage and interac-
tion with other non-seismic systems. The fans, dampers, ductwork, unit
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heaters, and supports are designed as seismic Category II, non-nuclear safety
[. class, and the quality assurance requirements of 10 CFR Part 50 (Appendix B)
( do not apply. The system is not required to operate in order for the CCWS to

perform its safety function. The CCW heat exchanger structure (s) which houses
the system is seismic Category I, Safety Class 3, and the quality assurance
requirements of 10 CFR Part 50 (Appendix B) apply.

Two CCWHXSVS are provided, one for each division of CCW. The two divisions
are physically separated and there is no interaction between the systems.
Each division consists of a fan, associated motor-operated intake and exhaust
dampers, ductwork, supports, and instrumentation and controls. The (1) system
(2) design parameters, and (3) flow diagram are described in (1) CESSAR-DC
Section 9.4.10, (2) Table 9.4-1, and (3) Figure 9.4-10. SSCs are classified
in CESSAR-DC Table 3.2-1 for the CCWHXSVS.

The system maintains the served areas above 4.4 *C (40 'F). The system fresh
air intakes are located at least 6.1 m (20 ft) above grade elevation and away
from plant discharges to minimize intake of dust and contaminants into the

i structures.

The CCWS fluid is monitored by radiation detectors and any radioactivity
present is contained within the piping system; therefore, no provisions are
made to contain the release of the radioactive materials in the CCWHXSVS.

The system instrumentation for manual and automatic operations and system
verification is provided remotely or locally. The fan indications and alarms

o are provided in the control room. The space temperature indication and

( high/ low alarms are also provided in the control room.
%

The review established that the system is not safety related and that failure
of the system does not compromise the operation of safety-related systems.
Therefore, the requirements of GDC 2, 4,17, and 60 are not applicable to this
system. However, the staff finds that the system alternately conforms with
applicable industry standards to conclude acceptability of the non-safety
system for the proper environment during normal operation, including: Fan
ratings conform to the Air Moving and Conditioning Association (AMCA) Stan-
dards, fan motors conform to applicable standard of the National Electrical
Manufacturers Association (NEMA) and the Institute of Electrical and Elec-
tronic Engineers (IEEE), ventilation ductwork conforms to applicable standards
of the Sheet Metal and Air Conditioning Contractors National Association
(SMACNA) and applicable components and controls conform to the requirements of
IEEE, Underwriter's Laboratories (IL) and NEMA.,

|
| Based on the above, the CCWHXSVS complies with the acceptance criteria of the

above industry standards and SRP Section 9.4.5 and is, therefore, acceptable.

9.5 Other Auxiliary Systems

9.5.1 Fire-Prot,ection System

The Commission directed that special attention be given to measures for fire |,

protection in addition to the staff's review of other aspects of the ABB-CE|
'

(q System 80+ design in accordance with the requirements for current operating-

b plants. For example, the Commission concluded that the ABB-CE design must
,

|
!
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incorporate the resolution of significant fire protection issues raised
through operating experience and through the External Events Program.

The NRC established fire protection requirements for nuclear power plants in
GDC 3, 10 CFR 50.48, and Appendix R to 10 CFR Part 50. The Commission
considered Section III.G, III.J and Appendix R to be of particular importance.
In July 1981, NRC revised BTP APCSB 9.5-1 (SRP Section 9.5.1) to include these
provisions from Appendix R.

The staff has also issued supplemental guidance on fire protection in docu-
ments such as Generic Letter (GL) 81-12 (45 FR 76602, November 19, 1981),
dated February 20, 1981, and GL 86-10, dated April 24, 1986. GL 81-12
presents information on safe-shutdown methodology and GL 86-10 presents
technical information on conformance with National Fire Protection Association
codes and standards.

To minimize fire as a significant contributor to the likelihood of severe
accidents for the ABB-CE design, the staff concluded that current NRC guidance
must be enhanced. As stated in SECY-90-016, " Evolutionary Light Water Reactor
(LWR) Certification Issues and Their Relationship to Current Regulatory
Requirements," dated January 12, 1990 (and reiterated in SECY-93-087, " Policy,
Technical, and Licensing Issues Pertaining to Evolutionary and Advanced Light
Water Reactor (ALWR) Designs"). The proposed applicable regulation discussed
below encompasses the enhanced NRC Guidance.

The NRC expects any new reactor design to propose fire protection systems
based on the best technology available, not on the methods allowed for plants
already operating or in the advance stages of design and construction.
Therefore, the staff evaluated the fire protection system of the System 80+
design against the criteria of SRP Section 9.5.1 (BTP CHEB 9.5-1 Rev. 2),
which meets the requirements of GDC 3, and against the following proposed
applicable regulation for fire protection: The standard design must comply
with 10 CFR Part 50, Appendix R, Section III.G.I.a and ensure that safe
shutdown can be achieved assuming all equipment in any one fire area will be
rendered inoperable by fire and that re-entry into the fire area for repairs
and operator actions is not possible. The design must ensure that smoke, hot
gasses, or fire suppressant, will not migrate into other fire areas to the
extent that could adversely affect safe shutdown capabilities including
operator actions. The control room is excluded because an alternative
shutdown capability is provided which is physically and electrically
independent of the control room. In the reactor containment, redundant
shutdown systems must be provided with fire protection to ensure, to the
extent practical, that one shutdown division be free of fire damage. Because i
of unique design layout, other areas may be accepted on an individual basis. I

9.5.1.1 General Evaluation of the Fire-Protection Program

ABB-CE generally follows the NRC's concept of defense in depth with regard to |

fire protection as described in the CESSAR-DC. The three steps of defense in
depth and ABB-CE's implementation of these steps follow:

To reduce the possibility of fire starting in the plant, ABB-CE uses* 1

fire-resistant and fire-retardant materials in its design to minimize and
~
|

isolate fire hazards. ABB-CE uses low-voltage multiplexed circuits or

ABB-CE System 80+ FSER 9-88 June 1994



i

|
.

!
|

fiber-optic circuits, or both, in its design to eliminate the need for ./m cable spreading rooms. This substantially reduces the amount of combus- !b) tible cable insulation and higher voltage ignition sources in the control
room.

To promptly detect and suppress fire, ABB-CE provides adequate automatic*

detection and a suitable mix of automatic and manual fire-suppression
capability in the System 80+ design.

To ensure that any fire that might occur does not prevent safe shutdown*

of the plant, even if fire detection and suppression efforts should fail,
ABB-CE submitted a fire-protection program in its application.

The fire-protection program described in the CESSAR-DC is intended to protect
safe-shutdown capability, prevent release of radioactive materials, minimize
property damage, and protect personnel from injury as a result of fire.

In addition to the three aspects of defense in depth listed above, ABB-CE also
considered such features of general plant arrangement as:

access and egress routesa

equipment locations=

structural design features separating or isolating redundanta

safety-related systems

I floor drains=

b
ventilation-

construction materialsa

ABB-CE reflected the use of applicable NFPA codes and standards in its design
and layout of the System 80+. In the DSER, the staff asked ABB-CE to identify
deviations from the NFPA codes and standards and to describe in the Fire
Hazards Assessment the deviations and measures taken to ensure that equivalent
protection is provided. This was designated as DSER Open Item 9.5.1.1-1.

In a letter dated June 11, 1993 (LD-93-090), ABB-CE indicated that there are
very few code deviations in the fire-protection design of the System 80+.
ABB-CE noted one deviation for which the NRC has regulatory authority. That
deviation concerns the containment isolation valves (CIVs) for the fire-
protection piping. ABB-CE stated that nuclear safety valves are not available
that have been tested and approved or listed by a nationally recognized
testing laboratory for fire- protection purposes. However, ABB-CE indicated
that the nuclear safety valves will meet or exceed the construction
requirements of listed and approved fire- protection valves. ABB-CE will
utilize nuclear safety valves that meet or exceed the construction require-
ments for fire-pYotection valves. Although the nuclear safety valves are not
listed by a nationally recognized testing laboratory, it is expected that

p these valves will function as required and will be monitored under the fire-
protection valve-surveillance program.

ABB-CE System 80+ FSER 9-89 June 1994

.



[

|
=

ABB-CE's approach to use nuclear safety valves for limited applications for
containment isolation in the fire-protection system piping, in lieu of
approved or listed fire-protection valves, is adequate. However, final
acceptability will be based on review and acceptance of the specific valves as
part of the staff's review of the plant-specific fire hazards analysis as
discussed in Section 9.5.1.6 in this chapter.

ABB-CE stated in a letter dated June 11, 1993, (LD-93-090), that although
there are few deviations from NFPA codes and standards, other deviations may
be identified during later detailed design after design certification. These
deviations will be addressed in the fire hazards analysis to be submitted by
the COL applicant. ABB-CE's approach to address deviations to NFPA codes and
standards is acceptable. On this basis, DSER Open Item 9.5.1.1-1 is resolved.

9.5.1.2 Specific Features of Protection
_

9.5.1.2.1 Protection of Safe-Shutdown Capability

9.5.1.2.1.1 Fire Outside the Containment and the Control Room

Outside of the containment, the System 80+ design plant configuration com-
pletely separates redundant shutdown Divisions I and II for all fire areas
except for the control room and the remote shutdown panel (RSP) room.
Divisional separation is achieved by locating the two shutdown divisions,
which are made up of the respective shutdown equipment including, but not
limited to, cabling and components, north and south of Column Line 17 which
bisects the plant including the containment. Each fire area is enclosed in
3-hour-rated fire barriers. The 3-hour-rated fire barrier walls are located
along the Column Line 17, except at elevations 115+6 feet and 130+6 feet,
where the control room is located. Therefore, for a fire outside the contain-
ment, in any fire area other than the control room and the RSP room, at least
one shutdown division remains free of fire damage, and safe shutdown can be
achieved and maintained from the control room using the unaffected shutdown
division.

As stated above, divisional separation does not exist between the two redun-
dant shutdown divisions in the control room and the RSP room, both of which
have redundant control function capability. The redundant shutdown capabili-
ties in these rooms are physically separated and electrically isolated from
each other. A fire in the RSP room will affect only the redundant control
function capability in the RSP room. Therefore, in the event of a fire in the
RSP room, safe shutdown can be achieved and maintained from the control room
using either of the two shutdown divisions.

9.5.1.2.1.2 Fire in the Control Room

The System 80+ design includes alternative shutdown capability to achieve and
maintain safe-shutdown following a disabling fire in the control room which
requires control room evacuation. Current NRC regulations require that the
transfer of control of the required safe-shutdown equipment to the RSP be
independent of the fire area (control room). Current plants achieve this from
outside the control room at such areas as the local equipment panels. The
System 80+ design has the capability to transfer control of needed shutdown
equipment from the control room to the RSP by utilizing two redundant sets of
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six transfer switches inside the control room. In addition, ABB-CE has |,3
/ installed transfer switches in channelized instrument and control equipmentb; The staff finds this arrangement to be acceptable, as discussed below.rooms.

By letter dated January 7, 1994, and CESSAR-DC Section 7.4.1.1.10, ABB-CE
indicated that the operator will transfer control of the required shutdown i
equipment to the RSP before leaving the control room. For this purpose, two
redundant sets of six transfer switches are inside the control room, one set
near each of the two control room exits located approximately 15.2 m (50 ft)
apart. There are two shutdown divisions, as stated above, and each shutdown
division has two channels for the shutdown equipment in the division. Each of
these four channels has a separate transfer switch. The two remaining
transfer switches are for each of the two process control system channels
which are not related to safe-shutdown capability. The System 80+ design uses
fiber-optic transfer switches and fiber-optic transmission cables. Actuation
of the transfer switches at either control room exit initiates a " soft"
transfer to deactivate the control room panel and activate the RSP for each of
the six channels. Transfer switches are arranged so that when control
capability is transferred from the control room to the RSP, manual operations
in all six channelized instrument and control equipment rooms are required to
return the control capability to the control room. Therefore, associated
circuit interaction in the control room subsequent to transfer of control of
shutdown capability from the control room to the RSP will not affect the
ability to achieve and maintain safe shutdown from the RSP.

In addition to the control transfer capability that exists inside the control
,m room, the System 80+ design provides the capability to transfer control of

(v) needed shutdown equipment from the control room to the RSP by utilizing
transfer switches located in the channelized instrument and control equipment
rooms. By letter dated January 7, 1994, ABB-CE indicated that in the unlikely
event, the control room is evacuated before the transfer task is completed in
the room, control can be transferred from the channelized equipment rooms.
There are six of these rooms separated from one another by 3-hour-rated fire
barriers, each room containing one of the six channel switches mentioned
above. To account for the contingency of LOOP, the System 80+ design includes
one and half-hour. emergency lighting (battery powered) for the equipment room
transfer switches and the pathways to these switches. (For information on 8-
hour emergency lighting provided elsewhere to facilitate performance of safe
shutdown following a fire, see Section 9.5.1.4.1 of this report.) The staff
notes that the one and half-hour emergency lighting provision deviates from
BTP CMEB 9.5-1 which states that eight hours of emergency lighting (battery
powered) should be provided in all areas needed for operation of safe-shutdown

,

' equipment and in access and egress routes to and from these areas. However,
in its discussion with the staff, ABB-CE indicated that the transfer task
could be performed within 15 minutes. The staff conservatively estimates that
45 minutes may be required to complete the transfer task after a disabling
control room fire and loss of offsite power occur. Therefore, the staff finds
the provision of one and half-hour emergency lighting for the transfer

, switches located in the channelized equipment rooms and the paths to these
'

switches is acceptable.

In GL 86-10, Section 3.8.4, the staff states that the only manual action in/q the control room that can be credited in any safe-shutdown analysis fori

V control room fire is scramming the reactor from the control room before '
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evacuating the control room. The subject section further states that any
other manual action inside the control room deemed necessary before evacuation
can be credited in the safe-shutdown analysis, provided it can be demonstrated
that such action is capable of being performed before control room evacuation
and that the effect of such an action would not be negated by subsequent
spurious actuation signals arising in the control room from the postulated
fire. In its shutdown analysis, besides taking credit for scrammine the
reactor from the control room before evacuating the control room following a
disabling control room fire, ABB-CE takes credit for transferring shutdoen
equipment control capability from the control room to the RSP by operating one
set of transfer switches in the control room, before leaving the control room.
By letter dated January 7, 1994, ABB-CE justified the credit taken in its
shutdown analysis for performing the transfer task in the control room, before
evacuating the control room, stating the following:

(1) Avoidance of material that can ignite, explode, or support combustion in
the design of the main control panels (MCPS); limits on energy sources
coming into the MCPS to eliminate effectively potential ignition sources;
current limits on power supplies and the use of light emitting diodes
(LEDs) and low voltage interfaces between control switches and panel
multiplexers to eliminate effectively fault-generated ignition sources;
interfacing the control and indication signals with the MCPS via fiber
optic cables in lieu of bringing high-energy control circuits into the
MCPS, which is the control room panel conventional design; and reducing
the number of indicators, switches, and other devices mounted on the
control panel to reduce combustible loading, cumulatively result in
absence of an energy source with sufficient energy to start a fire within
the transfer switches themselves. Consequently, any fire that can affect
the switches has to be an exposure (external) fire.

(2) Since the redundant sets of transfer switches are widely separated, it is
highly unlikely that an exposure fire would exist at both exits simul-
taneously. Therefore, the transfer task could be performed at the
unaffected location of the transfer switches.

(3) Since fiber optic switches and fiber optic cables are used in the Sys-
tem 80+ design, the worst that could happen from a fire that damages the
switches would be the transfer of control of the affected channels from
the control room to the RSP as a result of loss of the light signals i

(i.e., a fail-safe design).

However, the staff's position is that should a disabling fire occur in the :

i control room, it is not known when the operators will evacuate should the need )
I arise. It is not known when the smoke may obscure the operators' visibility '

' and at what time toxic gases or oxygen-depleted air will force the operators
from the control room. Because of these conditions, it is not certain that
the operators will be able to transfer control to the remote shutdown panel

,

before evacuating the control room. The staff expects that the operators will ;

perform actions in the control room to support safe shutdown of the reactor
including transfer of control to the remote shutdown panel before evacuating
the control room if possible. However, due to the uncertainties previously
identified, it is the staff's position that the independent method of trans-
ferring control to the RSP from the channelized instrument and control
equipment rooms described above shculd be provided and maintained throughout
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the life of the plant.m
For the reasons stated above, the staff concludes that the System 80+ design
has the capability to transfer control from the control room to the RSP. The
staff further notes that in the event control is transferred before evacuating
the control room, any associated circuit interaction in the control room
subsequent to the completion of the transfer task in the control room, will
not compromise the ability to achieve and maintain safe shutdown from the RSP.
Additionally, as discussed above, the staff concludes that the System 80+
design provides control transfer capability in the channelized instrument and

, control equipment rooms which can be used in the event the control room is
! evacuated before control is transferred in that room. Furthermore, in CESSAR-
! DC Section 9.5.1.2, ABB-CE identifies a COL action item (item A) which calls

for the COL applicant to provide procedures and training for transferring
control from the control room to the RSP from either the transfer switches
located in the control room or located in the maintenance and test panels in
the channelized instrument and control equipment rooms. On this basis, the
staff concludes that the System 80+ design camplies with the guidance of BTP

,

| CMEB 9.5-1 and is, therefore, acceptable.

9.5.1.2.1.3 Protection of Safe-Shutdown Capability for a Fire Inside the
,

Containment

in the System 80+ design, the containment and annulus constitute a single fire
area. The only equipment inside the containment and annulus which are
required for safe-shutdown are motor-operated valves (MOVs), instruments
associated with safe-shutdown divisions, and shutdown cabling. The staffO containment in order to be able to relieve and equalize pressure following a
recognizes the need for open communication between compartments inside the

U
I

high-energy line break. Therefore, the staff has stated in SECY-90-016 that
' evolutionary ALWRs should provide fire protection for redundant shutdown

systems in the reactor containment building that will ensure, to the extent
practicable, that one shutdown division will be free of fire damage. To meet
this criterion, in CESSAR-DC Section 9.5.1.2, ABB-CE states that the fire
protection safe-shutdown analysis (which will be maintained as part of the
System 80+ design. basis) will ensure that fire at any specific location inside
the containment will not affect the redundant safe-shutdown components.
ABB-CE further states that redundant safe-shutdown components such as instru-
ments and valves, will be separated to the extent practicable as stipulated in
SECY-90-016. In CESSAR-DC Section 9.5.1.3.8, ABB-CE elaborates the separation
criterion by stating that redundant trains of valves and instruments analyzed
as an assured method of achieving safe shutdown will be physically separated
by reinforced-concrete walls, pressure vessels such as the pressurizer or
steam generator, or by spatial separation (i.e., greater than 6.1 m [20 ft])
with no intervening combustibles, so that a potential fire will not affect
redundant equipment. In CESSAR-DC Section 9.5.1.3.9, ABB-CE discusses in
detail how redundant safe-shutdown functions and associated equipment are
protected against a fire either inside or outside the containment. On the
basis of its review of this material, the staff agrees with ABB-CE that redun-
dant safe-shutdown valves and instruments will not be affected by a fire
inside the containment or annulus.

[V Regarding cables used for safe-shutdown functions inside the containment and
annulus, ABB-CE states in CESSAR-DC Sections 9.5.1.2, Item B and 9.5.1.3.8
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that these will be three-hour rated fire cable protective systems (i.e.,
mineral-insulated cables) with one exception. The exception to the three-hour
fire-resistance rating may be the containment penetrations (installed in the
containment vessel to facilitate transition between inner and outer contain-
ment) for these cables, which are currently only available with a 1-hour fire-
resistance rating. However, the standard design includes a commitment to
purchase 3-hour-rated fire penetrations, if they become available.

In the earlier (preceding the issuance of the DSER) version of CESSAR-DC
Section 9.5.1, ABB-CE proposed using mineral-insulated cables that would
qualify as either a 3-hour-rated fire barrier or a radiant energy heat shield.
When these mineral-insulated cables would be used as a radiant energy shield,
the installation would ensure a minimum separation between redundant shutdown
divisions of 6.1 m (20 ft) with no intervening combustibles. Though the staff
recognized the need for certain redundant components to converge inside the
containment, the staff found the concept of radiant energy heat shields and
6.1 m (20-ft) separation, unacceptable. Therefore, the staff asked ABB-CE to
justify fully each such deviation inside the containment, and designated this
as DSER Open Item 9.5.1.2.1-1. In response to the concern, ABB-CE has revised
CESSAR-DC Sections 9.5.1.2, Item B and 9.5.1.3.8. As discussed above, ABB-CE
deleted the use of mineral-insulated cables as radiant energy heat shields.
ABB-CE further states that the cables will qualify as 3-hour-rated fire
barriers. Additionally, as discussed in the first paragraph of this Sec-
tion (9.5.1.2.1.3), in CESSAR-DC Section 9.5.1.3.8, ABB-CE elaborates on how
redundant safe-shutdown equipment, such as instruments and valves, will be
separated to the extent practicable as stipulated in SECY-90-016. To provide
added assurance regarding separation of redundant safe-shutdown equipment,
ABB-CE identifies a COL action item in CESSAR-DC Section 9.5.1.12 which calls
for the COL applicant to complete a plant-specific fire hazards analysis to
include, but not be limited to, a plant-specific safe-shutdown analysis. The
plant-specific fire hazard analysis will use the Fire Hazards Assessment
prepared by ABB-CE for the System 80+ design, as the base document. The staff
will, therefore, review the plant-specific safe-shutdown analysis which, in
turn, will address among other things, the specific separation provided for
redundant individual safe-shutdown equipment inside the containment and
annulus, for each. COL applicant, separately. For these reasons, the staff
concludes that the System 80+ design complies with the intent of SECY-90-016
regarding the fire-protection separation criterion for redundant shutdown
equipment inside the containment and annulus. On this basis, DSER Open
Item 9.5.1.2.1-1, is resolved.

9.5.1.2.1.4 Additional Design Features To Protect Safe-Shutdown Capability

In the DSER, the staff stated that Section 4.1.2, "Inside Containment and
Annulus" of the Fire Hazards Assessment suggested that four shutdown trains
should be provided for the containment and annulus area, with the redundant
trains being separated by quadrants to provide sufficient spatial separation
between the trains. The staff further stated that Section 7.6, " Associated
Circuits," of the Fire Hazards Assessment reinforced the general design
feature of four shutdown trains in the System 80+ design by stating that the
transfer switches for each of the four channels of safety-related electrical
equipment are separated by 3-hour rated fire barriers. The staff, however,
found the division and channel listing of safe-shutdown equipment in Sec-
tion 7.7 " Redundant Fire Areas Containing Safe Shutdown Equipment," of the
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Fire Hazards Assessment confusing. For these reasons, the staff stated that
ABB-CE should clarify the independence, separation, fire barriers, and otherj fire- protection features for redundant shutdown trains in the System 80+

,

| design, and designated this as DSER Open Item 9.5.1.2.1-2. j

In response to this staff concern, ABB-CE revised Section 4.1.2 of the Fire
Hazards Assessment. As revised, Section 4.1.2 no longer states that redundant '

shutdown divisions inside the containment and annulus are separated by
quadrants. Instead, it summarizes the information on protection of safe- i

shutdown capability for a fire inside the containment and annulus provided |'

above (Section 9.5.1.2.1.3 of this report). As discussed above, the staff
| finds the protection in the containment and annulus acceptable. Regarding the

3-hour-rated fire barrier separation between channelized transfer switches ,

referred to in Section 7.6 of the Fire Hazards Assessment, in a meeting with {
the staff on December 14, 1993, ABB-CE clarified that the transfer switches i
referred to in the subject section are the channel switches for transferring
control of safe-shutdown equipment from the control room to the RSP. One
switch is located in each of the four channelized instrument and control

'

equipment rooms. The staff notes that by virtue of the fact that these rooms
outside the containment are separated from one another by 3-hour-rated fire
barriers, the associated channelized transfer switches located in these rooms
are also separated from one another by 3-hour-rated fire barriers. Addition-
ally, ABB-CE has revised Section 7.6 of the Fire Hazards Assessment, deleting
the subject reference.

|
Regarding the division and channel listing of the shutdown equipment in Sec-

r tion 7.7 of the Fire Hazards Assessment, which the staff stated was confusing
( (in the DSER), ABB-CE has submitted information about these additional design |

- features (CESSAR-DC Section 9.5.1.14) to explain the listing in the subject
section. These additional design features provide separation of shutdown i

equipment, not only between divisions, but also between redundant shutdown
equipment within a division (i.e., channel separation) outside the contain-
ment. The staff recognizes that so far as safe-shutdown capability for an
evolutionary ALWR is concerned, it is sufficient to show that following a fire |

in any fire area, at least one division of safe-shutdown equipment free of
fire damage.is available for achieving and maintaining safe shutdown without
the need for re-entry into the fire area for repairs and operator actions to
achieve and maintain safe shutdown. As discussed above, the System 80+ design
meets this criterion for a fire in any fire area outside the containment,
control room, and RSP room by three-hour-rated fire barrier separation between
redundant shutdown divisions. In the event of a fire in the control room, the
RSP, which is electrically and physically independent of the control room,
provides alternative shutdown capability. Conversely, in the event of a fire

!
in the RSP room, the control room remains available and is not affected.

'

Therefore, normal shutdown capability is provided in the control room.
Further, as discussed above, though the 3-hour-rated fire barrier separation
does not exist between redundant divisional shutdown equipment inside the
containment and annulus, there is sufficient separation between redundant
equipment in the containment and annulus, to assure the above criterion.
Therefore, the System 80+ design conforms to the BTP CMEB 9.5-1 criterion as
well as to the SECY-90-016 position with respect to ensuring that at least onel

division of safe-shutdown equipment, free of fire damage, is available forp) achieving and maintaining safe shutdown following a fire in any plant firei

V area.
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In CESSAR-DC Section 9.5.1.14, ABB-CE addresses a staff concern by adding a
detailed discussion on design features beyond the divisional separation, '

provided c uside the containment to reduce the risk of a core melt from a fire
outside the containment. As an example, in the subject section, ABB-CE points
out that the reactor building subsphere (which contains some fire areas
outside the containment) is divided into quadrants and that both the divi-
sional wall and quadrant wall within a division are 3-hour-rated fire barriers
and that redundant shutdown equipment within a division (e.g., one shutdown
cooling pump and one safety injection pump; and the corresponding redundant
equipment which are one containment spray pump and another safety injection
pump) are separated by quadrant walls. The switchgear associated with the
quadrants are also separated by 3-hour-rated fire barriers and the cables from
the switchgear are routed through separate fire areas within the reactor
building subsphere. The section also explains how channel separation within a
shutdown division is provided outside the reactor building subsphere for
channelized equipment within a division. Having reviewed the section which
includes an exception to the design feature of channel separation within a
division (in the DG room, cables from each DG to its respective Class IE
switchgear are located in the same fire area) and compensatory design features
provided for the exception, the staff finds that ABB-CE has satisfactorily
addressed the staff's concern relating to divisional and channel separation of
redundant equipment outside the containment.

On this basis DSER Open Item 9.5.1.2.1-2 is resolved.

In CESSAR-DC Section 9.5.1.3.9, ABB-CE discusses in detail how the System 80+
design protects the redundant safe-shutdown functions provided by the redun-
dant shutdown equipment against the effects of a fire either inside or outside
the containment. The safe-shutdown functions are maintaining RCS pressure
boundary integrity; ensuring proper reactivity control; making available
reactor coolant makeup to maintain reactor coolant in the pressurizer within
prescribed levels; maintaining needed RCS decay heat removal, ensuring
depressurization to cooldown the RCS to safe-shutdown conditions; providing
direct readings of needed process variables; maintaining support functions;
and ensuring availability of onsite electrical power which is needed to power
safe-shutdown equipment should offsite power be lost. The discussion add-
resses how the performance of these safe-shutdown functions are not compro-
mised by spurious operations induced by a fire either inside or outside the
containment. Specifically, the section indicates that adverse effects due to
fire-induced spurious operations are prevented by one of, or an applicable
combination of, the following design features: (1) needed shutdown system
lines have two power-operated valves in series with the valves powered by
different divisions or different channels within a division, (2) the valves
are widely separated and in different fire areas, (3) the associated MCCs for
the valves are in different fire areas, and (4) the MCC breakers asstciated

;

with the valves are opened once the valves are placed in desired position
,

(i.e., closed or open). In the section, ABB-CE also states that the solenoid '

valve power supply fuses are normally removed to prevent fire-induced spurious
opening of the single isolation valves on each of the two vent lines of each

|
safety injection tank. ABB-CE has also submitted a Fire Hazards Assessment !

document to the NRC. This document, among other things, includes a safe- I
shutdown analysis for the System 80+ design. In the document, ABB-CE listed |
or discusses, a3 appropriate, the following: (1) the criteria for achieving i

'and maintaining safe shutdown following a fire (i.e., the ability to achieve
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and maintain safe shutdown without entering into the fire area fcr repairs or

O manual operations), (2) design-basis goals for safe shutdown, (3) safe-
v shutdown performance objectives, (4) systems required for safe shutdown,

(5) safe-shutdown components, (6) protection against associated circuit
concerns, (7) prevention of fire-induced high/ low-pressure interface breaches,
and (8) a list of fire areas that contain equipment required for safe shutdown

,

following a fire and the redurjant areas that contain the corresponding
redundant equipment. Regarding preventing fire-induced high/ low-pressure
interface breaches, the subject document (Section 7.6) states that the RCS
MOVs which serve as high/ low-pressure interfaces and are required to be closed
during normal power operation, have the valve motors deenergized during power
operation to prevent such fire-induced breaches.

On the basis of its review of the Fire Hazards Assessment document and -

CESSAR-DC Sections 9.5.1.3.6, 9.5.1.3.7, and 9.5.1.3.8, the staff concludes
that associated circuit interactions due to a fire in any plant fire area will
not affect the capability to achieve and maintain safe shutdown because of the
following features: (1) complete' separation of redundant shutdown divisional
equipment which include their respective power and control circuits by 3-hour-

I rated fire barriers for all fire areas outside the containment, control room,
l or RSP room; (2) physical and electrical independence between alternative

shutdown capability provided at the RSP and the normal shutdown capability
provided in the control room; and (3) use of 3-hour-rated fire cable protec-
tive systems (mineral insulated cables) inside the containment and annulus for
cables associated with safe-shutdown functions. To provide added assurance
regarding separation of redundant safe-shutdown divisions and consequently
safe-shutdown capability, ABB-CE has designated a COL action item in CESSAR-DC

O, Section 9.5.1.12 which calls for the COL applicant to complete a plant-
specific fire-hazards analysis. In CESSAR-DC Section 9.5.1.3.6, ABB-CE states
that this analysis will include a finalized associated circuits study.
Therefore, each COL applicant will submit a plant-specific associated circuits
study in its plant-specific fire hazards analysis.

In CESSAR-DC Section 9.5.1.3.4, ABB-CE states that shutdown procedures
following a fire are the same as described in the plant emergency procedures
for achieving safe shutdown (i.e., cold shutdown) and do not require addi-
tional personnel for the fire scenario. Specifically, ABB-CE states that cold
shutdown can be achieved with one shutdown division within 36 hours after >

reactor trip. The staff finds the time limit of 36 hours acceptable based on
the criteria of BTP CMEB 9.5-1 and SECY-90-016 which indicate that cold
shutdown is to be achieved within 72 hours and that cold shutdown conditions
are to be maintained thereafter when utilizing alternative dedicated shutdown
capability.

,

; 9.5.1.2.1.5 Conclusion on Safe-Shutdown Capability

On the basis of this discussion, the staff concludes that System 80+ design
has the capability to achieve cold shutdown within 72 hours after the reactor
trip following a fire event anywhere in the plant and maintain the safe
shutdown thereafter, without relying on re-entry into the fire area for any
repair or manual operation. The staff further concludes that the System 80+
design complies with the guidelines of BTP CHEB 9.5-1 and SECY-90-016 with

h regard to safe-shutdown capability following a fire event in the plant and is,
d therefore, acceptable. However, as stated above, the staff will review the
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COL wiicant's plant-specific safe-shutdown analysis which, in turn, will
includa, but is not limited to, review of specific separation provided for
redundant individual safe-shutdown equipment in the containment and annulus,
and the finalized associated circuits study involving fire areas both inside
and outside the containment and annulus, as part of its review of plant-
specific fire hazards analysis.

9.5.1.2.2 Passive Fire-Protection Features

In the DSER, the staff indicated that ABB-CE had made only broad statements
concerning building assemblies and other construction-related, passive, fire-
protection features for the ABB-CE System 80+ design, such as walls, parti-
tions, floor-to-ceiling assemblies, columns, beams, and doors; insulating
materials, such as cable wraps and heat-resistant coatings; and such penetra-
tions through the building assemblies as doorways, hoistways, stairways, and ;

cable trays and conduits. This was designated as DSER Open Item 9.5.1.2.2-1. |

In a letter dated June 11, 1993, (LD-93-090), ABB-CE stated that CESSAR-DC
Section 9.5.1.2 would be modified to state that 3-hour-rated fire barriers
will be installe to separate redundant divisions outside the containw nt with
the exception of the control room and the remote shutdown panel room. Also
ABB-CE stated that CESSAR-DC Section 9.5.1.3.2.2 would be modified to state
that walls, floors, and ceiling assemblies designated as fire barriers conform
to the acceptance criteria of Aroerican Society for Testing and Materials
(ASTM) E-Il9, " Fire Tests of Building and Construction Materials."

ABB-CE's proposal to provide 3-hour-rated fire barriers to separate redundant i
divisions complies with the guidelines of BTP CMEB 9.5-1 and SECY-90-016 and
is acceptable. On this basis, DSER Open Item 9.5.1.2.2-1 is resolved. The
COL applicant's maintenance program will ensure such that fire-rated assem-
blies as fire doors, fire dampers, and penetration seals are maintained as
required by their respective NFPA codes or manufacturer's instructions.

ABB-CE has paid particular attention to ventilation paths in the System 80+
des k . Each division has its own HVAC system. This means that ventilation
air .upply,. return, and exhaust fot any division are independent of all other
divisions, and, with two exceptions, HVAC ducting does not penetrate
three-hour-rated fire barriers between divisions.

One exception to the division-specific HVAC system is a single opening in the
divisional fire wall that separates the redundant AHUs. An air-intake duct
that supplies makeup air to the redundant control room system passes through
this opening. The opening is protected with a combination fire and smoke
damper. This arrangement is necessary for nuclear safety reasons to ensure
acceptable control room doses (refer to Section 6.4 of this report). The
control room habitability system will be designed to meet the single failure
criteria having dual air intakes, filtration and cooling systems. The other
exception is the FBVS.

In the DSER, the staff identified the need for a description of the design and
operation of the components used in the smoke removal mode of operation. This
was designated as DSER Open Item 9.5.2.2-2. m

In CESS /R-DC, Section 9.5.1.2, AS!F CE states that the HVAC system is designed
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to remove smoke md mitigate smoke migration beyond the area of origin in the
event of fire. The dedicated fans for smoke purge are designed to exhaust at

'

a minimum of N 5 L/ minute /mr (3 cfm/ftz) of floor area. The normal ventila-
tion is designed to provide an air flow of 315 L/ minute /m2 (1 cfm/ft2) of
floor area or more. ABB-CE states that the layout of the ductwork ensures
ventilation of all corners of the area as much as practical. The design, as
described, provides a lower pressure into the division experiencing the fire
that will prevent or significantly reduce the amount of smoke migration to
other divisions. In Amendment U to CESSAR-DC, Section 9.5.1.8.2, ABB-CE
stated that the ventilation system is designed in accordance with NFPA
Standard 928, " Guide for Smoke Management Systems in Malls, Atriums and Large
Areas." ABB-CE's proposed HVAC design complies with the guidance of BTP
CMEB 9.5-1 and SECY-90-016, and is acceptable. On this basis, DSER Open
item 9.5.1.2.2-2 is resolved.

9.5.1.3 Fire-Protection System

9.5.1.3.1 Fire Detection

The automatic fire detection systems will be designed and installed in
accordance with NFPA Standard 72; they will be provided for all significant
hazards and safe-shutdown components.

In the DSER, the staff stated that although most details in the Fire Hazards
Assessment concerning installation of the various fire-detection systems are
indicated as TBD (to be determined), the staff makes certain assumptions

p\ regarding the design and installation of fire-detection capability in the
ABB-CE System 80+ design. The staff assumes that ABB-CE provides detectionib capability for major cable concentrations, safe-shutdown-related major pumps,
switchgear, motor-control centers, battery and inverter areas, relay rooms,
fuel areas, and all :tner areas containing appreciable in situ or potentially
transient combustibles. Detector devices will be selected on the basis of
type of anticipated fire and will be located on the basis of ventilation,
ceiling height, ambient conditions, and burning characteristics of the
involved materials. Detection systems will alarm and annunciate in the
control room and will give a distinctive audible and, if necessary (to
facilitate fire brigade identification of fire location), visual local alarm.
Verification of this assumption was designated as DSER Open Item 9.5.1.3.1-1.

In Amendment 0 to CESSAR-DC Section 9.5.1.7.6, ABB-CE indicated that fire
detection will be installed in areas containing major cable concentrations,
safe-shutdown major pumps, switchgear, motor control centers, battery and
inverter areas, relay rooms, fuel areas and areas containing appreciable in
situ or potentially transient combustibic materials. The staff finds that
*PB-CE's detector design complies with the guidance of BTP CHEB 9.5-1 and
DTY-90-016 and is, therefore, acceptable.

9.5.1.3.2 Fire-Protection Water-Supply System ;

in the DSER, the' staff stated that ABB-CE did not discuss the fire-protection l
water-supply sy:, tem in the Fire Hazards Assessment. In Section 5.1 of that !

o assessment, " Defense-in-Depth," ABB-CE stated trat failure of one water source j

[di or of any portion of the exterior fire-water distribution system does not '

affect delivery of an adequate water supply to any fixed fire-suppression

ABB-CE System 80+ FSER 9-99 June 19M

:



._ _ _ _ _ _ _ _ - _ _ _ _ _

! I
i 1

I

| system. This was the only reference in the Fire Hazards Assessment to a fire-
protection water-supply system. Also, the discussion in CESSAR-DC Sec-
tion 9.5.1.5.2 (Amendment I), was not sufficiently detailed for the staff to
complete its review. This was designated as DSER Open Item 9.5.1.3.2-1.

In Amendment U to CESSAR-DC Section 9.5.1.7, ABB-CE stated that each fire pump
is of the correct size to produce both the maximum water volume and system
pressure demand with the shortest flow path out of service. ABB-CE also
stated that sectional isolation valves are located throughout the water
distribution system to en:ure that any portion of the distribution system that
serves buildings containing safety-related systems, equipment, and components
can be repaired without isolating primary and secondary fire protection.
ABB-CE's design for the dedicated fire protection water supply and distribu-
tion system complies with the guidance of BTP CMEB 9.5-1, Section C.6.b,
relating to fire protection water supply systems, and is therefore acceptable.
On this basis DSER Open Item 9.5.1.3.2-1 is resolved.

I In the DSER, the staff stated that the following are the minimum acceptable
criteria for a fire-protection water-supply system:

(1) A dedicated fire-protection water-supply and distribution system
must be designed and installed in accordance with NFPA Standards 11,
13, 14, 15, 20, and 24 to meet the anticipated needs for fixed
water-suppression systems and manual hose stations.

In CESSAR-DC Section 9.5.1.7, ABB-CE stated that the fire-protection
water-supply and distribution system is designed and will be
iastalled according to NFPA standards. ABB-CE's commitment to
design the system in accordance with NFPA standards complies with
the guidance of BTP CMEB 9.5-1 and is, therefore, acceptable.

| (2) The sprinkler systems in the reactor building and the wet standpipe
systems in the reactor and control buildings must be designed in 4

accordance with ANSI B31.1 " Power Piping" and analyzed to remain
functional following a SSE. A portion of the water-supply system (a
tank, a pump, and part of the yard supply main) must also be
designed to these requirements. The remainder of the water systems
must be designed to the appropriate fire protection standards such
as NFPA 13 for " Installation of Automatic Sprinkler Systems" and
NFPA 15 for " Water Spray Fixed Systems". During normal operation,
the seismically designed and non-seismically designed systems must
be separated by normally closed valves and a check valve, so that a
break in the non-seismically analyzed portion of the system cannot
impair the operation of the seismically designed portion of the
system.i

f
{ In CESSAR-DC Section 9.5.1.7.3.C, ABB-CE stated that the sprinkler

system piping is seismically restrained to avoid interaction with
systems, equipment, and components that must function following a
design-basis seismic event. Also, in Section 9.5.1.7.4, ABB-CE
states that fire hose and standpipe systems located in the reactor
building and nuclear annex are designed to remain functional

( following the design-basis earthquake. Each connection of the
| standpipe system to the fire-protection water- distribution system
!
|
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includes a manual isolation and a back- flow-prevention check valve
which is seismically qualified.

The fire hose and standpipe systems located in the reactor building
and the nuclear annex will be designed to remain functional follow-
ing a SSE. The piping system serving such hose stations will be
analyzed for SSE loading and has supports to ensure the integrity of
system pressure. The piping and valves for the portion of the hose
standpipe system affected by this functional requirement will be j
designed, as a minimum, to comply with ANSI B31.1 as indicated in i

|BTP CHEB 9.5.1. The System 80+ design, as discussed, complies with
the gnidance of BTP CMEB 9.5-1 Section C.6.c, and, therefore, is
acceptable.

(3) The water-supply system must furnish fresh water, filtered if neces-
sary, to remove silt and other debris. Two sources, with a minimum

6capacity of 1.1 x 10 L (300,000 gal) for each source, must be
,

provided. If the primary source is a volume-limited supply, such as
I a tank. a minimum of 450,000 L (120,000 gal) must be passively
l reserved for use by the seismically designed portion of the suppres- -

sion system. This reserve will supply two manual hose reels for two
hours. The train must be designed to remain functional following
the SSE. Motive power for the pur.p in this train can be furnished
by a diesel engine or by electric power supplied from a non-Class 1E
bus which is fed by one cf the EDGs. A jockey pump must be provided
to keep the system pressurized. |

O In CESSAR-DC Section 9.5.1.7.1, ABg L (300,000 gal) water systems
CE states that the fire-protec-

tion water supply has two 1.1 x 10
with an automatic fill system supplied from the treated water
.tystem. In Section 9.5.1.7.4, ABB-CE states that a seismically
designed pump and seismically designed storage tank with a capacity
of 68,000 L (18,000 gal) which will supply two fire hoses delivering
water at 300 L/ minute (75 gpm) at a minimum of 450 kPa (65 psi) for
2 hours, j

'

ABB-CE's design as discussed complies with the guidance of BTP
CHEB 9.5-1, Section C.6.b relating to fire-protection water supply
systems and is, therefore, acceptable.

IIn the DSER, the staff stated that the turbine building must have modified
Class III standpipes, hose reels, and ABC portable extinguishers throughout

| the building. In addition, the following fire-suppression systems must
'!,

| provide primary fire-suppression capability to the following areas:

automatic closed-head sprinkler systems in the open grating area of '.

the three floors under the turbine

. automatic sprinklers or deluge foam-water sprinkler systems in the |.

lube oil handling area and the lube oil reservoir area j

|~

| a deluge sprinkler system in the hydrogen seal oil unit area* i

a sprinkler system in the auxiliary boiler area*
,

,
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Fire-suppression systems for the turbine building may receive water from the
portion of the supply system that is not required to be seismically analyzed
for SSE.

The main power, unit auxiliary, and reserve transformers must have deluge-
water-spray suppression systems. The systems must be automatically actuated
by flame or temperature detectors. An oil and water collection pit must be
beneath each transformer. Each pit must have drains sloping away from
buildings and transformers. Shadow-type fire-barrier walls must be between
adjacent transformers.

Alarm systems, both manual and automatic, must be in all areas of the plant as
passive systems. They alarm without controlling an extinguishing function.

At least two fire pumps must be located in separate fire areas cut off from
each other and from the rest of the plant by 3-hour-rated fire barriers.

The fire-main loop in the yard must be designed and installed with sectional
control valves that will deliver total fire flow to all automatic and manual
fire-suppression systems and manual hose stations, even if the shortest
portion of the water distribution piping is out of service,

i

Pending confirmation of ABB-CE's compliance with the guidelines of Sec- |tion C.6.b of BTP CMEB 9.5-1 pertaining to fire systems, this was designated i
as DSER Open Item 9.5.1.3.2-1.

|

In the letter dated June 11, 1993 (LD-93-090), ABB-CE stated that the fire-
protection features for the turbine building, the main power, unit auxiliary,
and the reserve transformers will be provided as necessary to meet the overall
fire-protection goals and objectives which include, but are not limited to,
the following:

i

(1) Prevent loss of ability to achieve safe shutdown following a fire.

(2) Prevent fire from threatening more than any one division of equip-
ment or components required to achieve cold shutdown.

(3) Prevent fire from damaging more than one division of safety-related
structures, equipment, or components.

A?B-CE stated that fire-protection features will be selected consistent with
guidance in NFPA Standard 803 and the requirements of property insurers. The
type of fire-protection to be provided for the turbine building and the other
areas specified above will be determined by the fire hazards analysis per-
formed by the COL applicant. As discussed in Section 9.5.1.6 of this report,
the staff will review the acceptability of the fire hazards analysis.

.

9.5.1.3.3 Water Fire-Suppression Systems

Automatic water and foam fire-suppression systems will be installed above
major fire hazards to be identified by the fire hazards analysis. The systems
are designed and will be installed in accordance with NFPA Standards 11, 13,
and 15.
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Standpipe and hose stations will be installed throughout the plant on the
(g\ basis of needs identified in the fire hazards analysis. The standpipe systems
U/ are designed and will be installed in accordance with NFPA Standard 14. Each

station is equipped with a suitable hose and an on/off spray nozzle that are ilisted or approved by a nationally recognized testing laboratory. '

In the DSER, the staff stated that details concerning possible need for
pressure-reducing orifices, exterior hydrants and hose houses, and electrical
supervision of control and sectionalizing valves were not discussed in the
Fire Hazards Assessment. These were designated as DSER Open Item 9.5.1.3.3-1.

ABB-CE revised CESSAR-DC Section 9.5.1.7.4 to state that " Connections have
precsure reducing orifices if necessary to maintain a maximum system pressure
at 690 kPa (100 psi) for fire fighter safety." Also in CESSAR-DC Sec-
tion 9.5.1.7.2, ABB-CE indicates that fire hydrants are located approximately
76 m (250 ft) apart and the hydrants have individual isolation valves so that
they can be individually isolated for repair. Sectional isolation valves are
located throughout the water distribution system to ensure that any portion of
the distribution system that serves buildings containing safety-related
systems, equipment, and components can be repaired without isolating primary
and secondary fire protection. ABB-CE indicated that the fire-protection
control valves are either locked or electrically supervised to ensure that
they remain in the open position. Administrative controls prevent the use of
the fire-protection water for other purposes. The water distribution system,
hydrants, and hose houses will be installed according to NFPA Standard 24. On
this basis, DSER Open Item 9.5.1.3.3-1 is resolved.

D In the DSER, the staff stated that ABB-CE must also confirm that there are no
d penetrations through fire barriers separating fire areas containing redundant

trains of safe-shutdown equipment and that no possibility exists for channel-
ing water from fire-extinguishing operations in one redundant fire area into
another redundant fire area. This was designated as DSER Open
Item 9.5.1.3.3-2.

In the letter dated June 11, 1993 (LD-93-090), ABB-CE stated that internal
flood protection protects safe-shutdown equipment as described in CESSAR-DC
Section 3.4.4.1. The staff reviewed the flood protection features in Sec-
tion 3.4.1 of this report and finds that they are designed to protect safe-
shutdown equipment from flooding, including flooding from fire-suppression
activities. On this basis, DSER Open Item 9.5.1.3-1 is resolved.

Flood protection of safe-shutdown equipment complies with the guidelines of
BTP CMEB 9.5-1 Section C.I.c relating to fire suppression systems design basis
and, therefore, is acceptable.

9.5.1.3.4 Gaseous Fire-Suppression Systems

ABB-CE did not discuss gaseous fire-suppression systems in the Fire Hazards
Assessment for the System 80+ design. Therefore, the staff assumes that no
gaseous fire-suppression systems will be installed in the ABB-CE plant.

9.5.1.3.5 Fire Extinguishers
7
U Portable fire extinguishers are provided in areas with in situ combustibles or
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potentially transient combustibles. Extinguishers are chosen on the basis of
the anticipated type of fire in the area and the effect of the extinguishing
agent on equipment in the area. The portable extinguishers are selected,
installed, and maintained according to the provisions of NFPA Standard 10.
This conforms to the guidelines of Section C.6.f of BTP CMEB 9.5-1 and,

j therefore, is acceptable.

9.5.1.4 Fire-Protection Support Systems
(
'

9.5.1.4.1 Emergency Communication and Lighting

In Section 1.4.3 of the Fire Hazards Assessment, ABB-CE stated that "Communi-
cation equipment and lighting is available to facilitate fire control and
suppression and mitigate damage." In Section 5.3.8, ABB-CE stated that

i

| " Emergency lighting is provided for personnel egress and fire brigade access
I to each fire area." In the DSER, the staff stated that additional information

would be required to complete its review. This was designated as DSER Open
Item 9.5.1.4.1-1.

In CESSAR-DC Section 9.5.1.6.6 (Amendment J), ABB-CE stated that a radio
system with a frequency dedicated for fire brigade use will be provided.
Dedicated radios with their respective charger base will be stored in the fire
brigade storage room. In CESSAR-DC Section 9.5.1.8.1, ABB-CE indicates that
8-hour battery-powered emergency lighting will be provided for the remote
shutdown panel, control room, and the pathway from the control room. Lighting
for transfer switches and pathway to transfer switches located outside the ,

'

control room are discussed in CESSAR-DC Section 9.5.1.2.1.2 and require a one
and half-hour battery power supply. On the basis of this additional informa-
tion, the staff finds that the emergency communications and emergency lights
comply with guidance of BTP 9.5-1 Section C.S.g. relating to lighting and are,
therefore, acceptable. On this basis, DSER Open Item 9.5.1.4.1-1 is resolved.

9.5.1.4.2 Emergency Breathing Air

In the DSER, the staff stated that ABB-CE did not discuss emergency breathing
air in the Fire Hazards Assessment, as is recommended in SRP Section 9.5-1,
C.3.c. This was identified as DSER Open Item 9.5.1.4.2-1. In the April 28
and 29, 1993, meeting with NRC, ABB-CE committed to comply with BTP CMEB 9.5-
1. In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that CESSAR-DC
9.5.1.8.7 is consistent BTP CMEB 9.5-1. ABB-CE will provide emergency
breathing air in accordance with BTP CHEB 9.5-1. On this basis, DSER Open
Item 9.5.1.4.2-1 is resolved.

9.5.1.4.3 Curbs and Drains

In the DSER, the staff stated that the only reference to curbs and drains in
the Fire Hazards Assessment is a single sentence under Section 4.2, " General
Fire Protection Features." At the seventh bullet, ABB-CE stated: "Where I

fixed fire suppression systems are installed, provisions for control of water
drainage and features to mitigate damage due to water discharge are included."
This was not a sufficient discussion to permit staff evaluation. In addition,

ABB-CE must address curbs and drains for areas in which only manual fire-
fighting operations will occur, not just for areas with automatic fire-
suppression systems. This was designated as DSER Open Item 9.5.1.4.3-1.
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In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that " Curbs and
b) drains are discussed in Sect n 9.5.1.6.4 of CESSAR-DC. Equipment required
V for safe shutdown that is susceptible to water damage will be protected with

curbs and/or drains. Exact location and sizing of drains and location of
equipment curbs will be determined during detailed design."

In CESSAR-DC Section 9.5.1.8.4, ABB-CE states that where fixed fire-protection
systems are installed, floor drains are provided, sized to collect water
discharge. In areas where drains are not installed due to pressure boundary
constraints, equipment susceptible to water damage is installed on 6-inch
elevated curbs. On the basis of these statements, DSER Open Item 9.5.1.4.3-1
is resolved.

9.5.1.4.4 Smoke Control

In the DSER, the staff stated that ABB-CE must submit more detailed informa-
tion on utilization of the HVAC system for smoke removal and smoke control
dLring fire. This was designated as DSER Open Item 9.5.1.4.4-1. In CESSAR-DC
Se: tion 9.5.1.8.2, ABB-CE indicated that the ventilation systems are designed
in accordance with NFPA Standard 90A " Air Conditioning and Ventilation
Systems" and 928, " Guide for Smoke Management Systems in Malls, Atriums, and
Large Areas." As discussed in Section 9.5.1.2.2 of this report, ABB-CE's
response is acceptable. On this basis, DSER Open Item 9.5.1.4.4-1 is
resolved.

9.5.1.4.5 Access / Egress Routes

In Section 1.4.1 of the Fire Hazards Assessment, ABB-CE stated that the plant
V arrangement is carefully reviewed to ensure adequate means of personnel egress

and fire brigade access are provided. Additionally, in Section 3.2 of the
Fire Hazards Assessment, ABB-CE stated that it will comply with the guidance
of SRP Section 9.5.1. The staff regards this as a commitment to provide
clearly marked exit routes for each fire area. These routes are designed to
comply with applicable life safety codes and standards. These provisions for
access and egress routes conform to the guidelines in Section C.5.g of BTP
CHEB 9.5-1 and Section III.G of Appendix R to 10 CFR Part 50, and are accept-
able.

9.5.1.4.6 Construction Materials and Combustible Contents

ABB-CE comraits in the System 80+ Design Fire Hazards Assessment (Sec-
tion 1.4.1) to furnish appropriate fire-resistance ratings for structural
members, and noncombustible or fire-retardant interior finish materials.
ABB-CE also commits to comply with the provisions of SRP Section 9.5.1.

ABB-CE does not mention transformers located inside the plant. However, the
staff understands that commitments also apply to transformers, and that dry-
type transformers are located inside fire areas containing safety-related
equipment.

These provisions, which comply with the intent of the guidelines in Sec-
n tions C.5.a.9 and C.S.a.12 of BTP CMEB 9.5-1 to use only noncombustible

(d materials for interior finish, are acceptable.n
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9.5.1.4.7 Interactions With Other Systems
,

in the DSER, the staff stated that ABB-CE was not clear regarding the protec-
tion of safe-shutdown trains and how they are separated. It was not certain,
therefore, whether or not adequate protection has been provided for safe-
shutdown equipment with respect to potential damage from water spray released
during fire-suppression activities. This was designated as DSER Open
Item 9.5.1.4.7-1.

In response, ABB-CE stated in CESSAR-DC, Amendment 0, Section 9.5.7. 8.3, that
curbs, drains, conduit seals, equipment pedestals and water shields (inside
containment) protect equipment required for safe shutdown from an inadvertent
or advertent discharge of water from automatic or manual fire-fighting
activities. ABB-CE stated that outside the containment, safe-shutdown
equipment need not be shielded from manual fire-fighting operations since the
safe-shutdown equipment is separated by 3-hour-rated fire barriers that will
confine the fire and fire-fighting operations to a single area. ABB-CE also
stated that safe-shutdown equipment need not be shielded from an inadvertent
operation of the sprinkler system since the sprinkler system is a preaction
system that requires the activation of the automatic fire detector and the
activation of the sprinkler head before it releases any water. ABB-CE stated
that shielding is provided within containeent, as deemed necessary following
interaction review during detailed design rnd as-built walkdowns. The open
ends of all vertical conduit, and the open ends of all horizontal conduit that
terminate within 18 inches of a floor, are sealed to keep water from
infiltrating.

These provisions comply with the guidelines of Sections C.5.a.(14) and
C.6.c.(1) of BTP CMEB 9.5-1 and are, therefore, acceptable. On this basis,
DSER Open Item 9.5.1.4.7-1 is resolved.

9.5.1.4.8 Preoperational Testing

In CESSAR-DC Section 9.5.1.9, ABB-CE identifies the startup tests necessary to
comply with the provisions of SRP Section 9.5.1 regarding preoperational
testing. Therefore, all of the active components of the entire fire-protec-
tion system (s) pass a preoperational acceptance test in accordance with the
appropriate NFPA standard governing design and installation of the system.
The following components and systems must pass the preoperational testing
before being placed in service:

fire pumps - controls, flow volume, and pressure*

water distribution - flush and hydrostatic water*

control valves*

fire-detection and alarm systems, including electronic supervision for*

other fire-det,ecti g and fire-suppression systems

water fire-suppression systems*

emergency radio communication systemsa

|
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'emergency lights*

V emergency breathing-air systems and .:omponentsa

1

These preoperational testing requirements are consistent with the guidance in j
BTP CMEB 9.5-1, and are acceptable. |

9.5.1.5 Administrative Controls

ABB-CE has indicated that the COL applicant will established administrative
controls to govern various details of operations of the plant in conformance
with the guidelines of BTP CMEB 9.5-1. This is designated as DSER COL Action
Item 9.5.1.5-1. This is acceptable.

The staff will perform a detailed review of the administrative controls during
the plant-specific licensing process of an application referencing the ABB-CE
System 80+ design. Items of interest under the administrative controls review
will include:

control of combustible materials such as combustible / flammable liquidsa

and gases, fire-retardant-treated wood, plastic materials, and dry ion-
exchange resins

transient combustible materials and general housekeeping, including*

health physics materials

open-flame and hot-work permits and cutting and welding operationsa

quality assurance with respect to fire protection system (s) components,s a

installation, maintenance, and operation

qualification of fire-protection engineering personnel, fire-brigade mem-*

bers, and fire-protection system (s) maintenance and testing personnel

instruction, training, and drills provided to fire-brigade members*

9.5.1.6 Evaluation of Individual Fire Areas

As described in CESSAR-DC Section 9.5.1.12, the COL applicant must complete
the fire hazards analysis using the Fire Hazards Assessment as the base docu-
ment. The Fire Hazards Assessment will provide the programmatic framework for
the plant fire protection program and the fire hazards analysis that will be
developed. The fire hazards analysis will include but is not limited to the
following:

Consider the fire hazard for each room area or zone of the plant.*

Determine the consequence of fire in any location of the plant on the*

ability to safely shut down the reactor or on the ability to minimize and
control the release of radioactivity to the environment.

q Specify measures for fire prevention, fire detection, and fire*

suppression.
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ABB-CE has stated that the completion of the fire hazards analysis is a COL
applicant item.

In the DSER, the staff stated that ABB-CE, in Section 6.0 of the Fire Hazards
Assessment for the System 80+ design, stated its strategies for defining an
acceptable level of risk. These strategies are presented in four steps.

(1) Section 6.2, " Categories of Risk," defines four categories of risk.

O teaory 1: Any fire loss is unacceptable. No Category 1 fire areas are
permitted in the System 80+ design.

Cateaory 2: Some fire damage is acceptable, but loss of function is
unacceptable.

Cateaory 3: Loss of equipment function is acceptable, but fire propaga-
tion is unacceptable.

Cateoory 4: Any possible fire loss is acceptable. Hazard or value is
too low to justify expense of any automatic fire protection.

(2) Section 6.3, " Fire Protection for Categories," specifies the level of
fire protection to be provided for each of the four categories listed in
Section 6.2.

Cateaory 1: Such categories are not permitted.

Cateaory 2: Automatic detection; fixed, automatic suppression systems.

Cateaory 3: Automatic detection, manual fire suppression, automatic fire
suppression if mandated by fire hazard analysis.

,

|

Cateaory 4: Does not merit installation of detection and suppression
system. Manual fire-fighting capability only.

(3) Section 7.7, " Redundant Fire Areas Containing Safe Shutdown Equipment,"
lists each fire area containing safe-shutdown equipment, the safe-
shutdown equipment contained in that area, and the redundant area.

(4) ABB-CE describes in detail each of the 165 fire areas in the plant.

| The staff reviewed about 50 of the approximately 165 detailed description of
| the fire area (several fire area numbers are reserved for future assignment).

During the review, the staff noted a number of concerns that appeared to be
common to most of the fire area descriptions. Since most of the staff

,

concerns were repeated several times, they were listed as general concerns
rather than fire area by fire area. Where appropriate, specific fire area i
references are given as examples.

(1) Several fire areas designated as Category 2 have no automatic suppression
provided, even though this is stated as a requirement in Section 6.3
(e.g., see fire areas 1, 2, 3, 4, 21, 22, and 24). This was designated i

as an DSER Open Item 9.5.1.6-1.
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In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that the
[ Fire Hazards Assessment described categories of risk, which are used .

to determine the type of fire protection features provided in each |
fire area. The Fire Hazards Assessment has been revised to describe !

Category 2 as those areas for which BTP CMEB 9.5-1 stipulates :
specific fire-protection features, including suppression systems,
detection systems and fire barriers. Areas classified as Category 2
will be protected in accordance with the BTP CMEB 9.5-1. On this
basis, DSER Open Item 9.5.1.6-1 is resolved. ,

(2) Some Category 2 areas state that automatic fire suppression is to be
determined (TBD) (e.g., see fire areas 9, 10, 11, and 12). This was
designated as DSER Open Item 9.5.1.6-2.

In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that the
Fire Hazards Assessment describes categories of risk, which are used
to determine the type of fire-protection features provided in each
fire area. The Fire Hazards Assessment has been revised to describe
Category 2 as those areas for which BTP CMEB 9.5-1 stipulates ,

'
; specific fire-protection features, including fire-suppression sys-

tems. Areas classified as Category 2 will be protected in accor-'

dance with the BTP CMEB 9.5-1. On this basis, DSER Open
Item 9.5.1.6.2 is resolved.

(3) All structural members (walls, floors, and ceilings), doors, dampers, and
penetration seals are qualified by laboratory test or engineering
analysis. The staff can see no instance for a new design where analysis
would be acceptable in lieu of actual test. Should ABB-CE actually

g propose this for a specific plant, it must provide conclusive justifica- ,

tion. This was designated as DSER Open Item 9.5.1.6-3.

In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that it
is expected that qualification for the structural members (walls,
floors, and ceilings ), doors, dampers, and penetration seals will
be verified through laboratory testing. However, in the course of
the detail design, it may be necessary, for safety or security
reasons, to utilize components that have not been tested for
specific fire purposes. For example, the doors used for containment
spray that have been tested in accordance with ASTM E-Il9 may not be
available. In this case, an engineering analysis would be performed
to assure that the entire door assembly meets or exceeds the same
construction requirements required of doors that have been tested to

| ASTM E-119 standards. The analysis will be conservative and will
assure that the appropriate level of fire protection is afforded the
component.

If a deviation analysis is required for any component, it will be
documented in the fire hazard analysis during detailed review design
and reviewed by the NRC as part of the COL application. On this
basis, DSER Open Item 9.5.1.6-3 is resolved.

I(4) Some Category 2 areas state that an engineering analysis will be per-
formed to verify that automatic suppression is not needed (e.g., see fire
areas 34 and 35). This was designated as DSER Open Item 9.5.1.6-4.
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In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that j
engineering analysis will not be used to determine provisions of I

fire protection features for regulatory compliance. ]

The Fire Hazards Assessment describes categories of risk, which are
used to determine the type of fire-protection features provided in
each fire area. The Fire Hazards Assessment has been revised to
describe Category 2 as those areas for which the BTP CMEB 9.5-1
stipulates specific fire-protection features, including suppression
systems, detection systems, and fire barriers. Areas classified as
Category 2 will be protected in accordance with BTP CMEB 9.5-1.

Engineering analysis will only be used to determine if it is benefi-
cial to install fire protection, in addition to those features
provided for regulatory compliance, to meet such other design objec-
tives as personnel safety and unit availability.

The Fire Hazards Assessment has been revised to stipulate such
specific fire-protection features such as suppression systems,
detection systems, and fire barriers for areas as indicated by the
BTP CMEB 9.5-1. ABB-CE commits to conform to BTP CMEB 9.5-1 (and
SECY-90-016) for the installation of fire-protection features. On
this basis, DSER Open Item 9.5.1.6-4 is resolved.

(5) The normal HVAC system will be utilized for smoke removal from any area
with a fire, and for smoke control to prevent migration from an area with
a fire to other fire areas. In the DSER the staff stated that ABB-CE has
not submitted details of operation of the HVAC system operating in the
smoke-control / smoke-purge mode. Therefore, the staff is unable to
complete its review of this mode of operation of the System 80+ HVAC
system design. This was designated as DSER Open Item 9.5.1.2.2-2.

As previously discussed in Section 9.5.1.2.2 of this report, ABB-CE
stated that the HVAC system is designed to remove smoke and mitigate
smoke migration beyond the area of origin in the event of fire. The
dedicated fans for smoke purge are designed to exhaust at a minimum
of 945 L/ minute /mr (3 cfm/ftr) of floor area. The normal ventila-
tion is designed to provide an air flow of 315 L/ minute /m2
(1 cfm/ftz) of floor area or more.

In the Amendment U to CESSAR-DC Section 9.5.1.8.2, ABB-CE further
indicated that the ventilation system will be designed in accordance

.

with NFPA Standard 928, " Guide for Smoke Management Systems in|
Malls, Atriums and Large Areas." ABB-CE's proposed HVAC design!

l complies with the guidance of BTP CMEB 9.5-1 and SECY-90-016 and is
acceptable. On this basis, DSER Open Item 9.5.1.2.2-2 is resolved.

(6) ABB-CE must confirm that no penetrations exist in the three-hour-rated
barriers separating fire areas containing redundant trains of safe-
shutdown equipment. This was designated as DSER Open Item 9.5.1.6-5.

In a letter dated June 11, 1993 (LD-93-090), ABB-CE stated that with
few exceptions, there are no openings in the 3-hour-rated fire wall

i between redundant equipment required for safe shutdown. In cases
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where there are penetrations through the fire wall, they are

(Vn)
provided with a rated assembly equivalent to the fire wall. The
System 80+ design of maintaining a 3-hour barrier between redundant
equipment is consistent with BTP CMEB 9.5-1 and SECY-90-016 and is
acceptable. On this basis, DSER Open Item 9.5.1.6-5 is resolved.

9.5.1.7 Summary

In the DSER, the staff indicated that the Fire Hazards Assessment was still in
preliminary form and was not sufficiently detailed to permit the staff to
evaluate it completely. Subsequently, ABB-CE stated in the CESSAR-DC Sec-
tion 9.5.1.12, that the licensee will use the Fire Hazards Assessment as the
base document to develop a fire hazard analysis. The fire hazard analysis is
considered a COL applicant item. In addition, the administrative controls
will be the responsibility of the COL applicant (previously noted as DSER COL
action item 9.5.1.5-1). Therefore, the staff will review the fire hazards
analysis and administrative controls for each new plant.

| The staff concludes that the fire protection program's design criteria and
| bases are acceptable and comply with the requirements of 10 C'rR 50.48, GDC 3

and 5, and SECY-90-016. This conclusion is based on the System 80+ design
meeting the guidelines of BTP CHEB 9.5-1 as well as the industry standards
with respect of fire protection. In meeting these guidelines, ABB-CE has
provided an acceptable basis for the design and location of safety-related
structures and systems to minimize the probability and effect of fires and
explosions; has used noncombustible and heat-resistant materials wherever
practical; has provided fire-detection and fire-fighting systems of appropri-p) ate capacity and capability to minimize adverse affects of fire on safety-t

V related systems. In addition, the System 80+ design does not contain any
shared structures, systems, or components.

9.5.2 Communications Systems

The staff reviewed the proposed design of the System 80+ communications sys-
tems to determine its conformance to the acceptance criteria in SRP Sec-
tion 9.5.2.and to the guidance provided in the EPRI URD for ALWR. ABB-CE
committed to adhere to the guidance in the EPRI URD.

The acceptance criteria in the SRP are based in part on the similarity of the
communications systems design with that of previously reviewed plants with
satisfactory operating experience. The SRP criterion for assessing system
design capability is: The communication system is acceptable if its
integrated design will provide effective communication between plant personnel
in all vital areas during normal plant operation and during the full spectrum
of accident or incident conditions (including fire) under the maximum poten-
tial noise levels. Furthermore, the scope of the evaluation should include a
review of the design basis, design criteria, system description, and the

,

supporting analyses that demonstrate the effectiveness of the system when !
maximum noise levels are being generated during accident or incident condi- !
tions to verify that the communication system will function effectively.

In Section 4.6.1 of Chapter 10 of the URD, EPRI stated that the scope of(,o) Section 4.6 includes both in-plant communications for operations and mainte-
U nance, and communications outside the plant, such as communication with a load I
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dispatcher as well as with agencies for which communications is needed to
support emergency operations.

In Section 4.6.2.2 of Chapter 10 of the URD, EPRI required the designer of the
communication system to analyze the specific communication needs and the
specific design requirements in the design-basis documentation, and to
consider in this analysis specific communication tasks that must be performed
by security personnel.

In Section 4.6.2 of Chapter 10 of the URD, EPRI stated that the primary,
dedicated means of communication between operators during normal or emergency
operation will be by portable, wireless communication equipment supported by
appropriate base stations, antennae, amplifiers, and repeaters. A plantwide
paging system and in-plant telephone syrtem will be included. Offsite com-
munications will be accomplished primarily with dedicated phone links. The
staff notes that extensive wireless communication will increase the emphasis
on consideration of electromagnetic interference (EMI) in the design of the
man-machine interface system (M-MIS). The use of this type of communication
system is not specifically excluded in NRC regulations; in fact, it may be
necessary to use it in order to comply with the requirements of 10 CFR
Part 73.

In Section 4.6.2 of Chapter 10 of the URD, EPRI also specified that there will
be a frequency allocation plan to ensure that there is no interference between
communication systems and to ensure compatibility with the EMI/RFI measures
taken by the electronics and computer designers.

ABB-CE committed to install a radio system that conforms to the requ'rements
of 10 CFR 73.55(f), and a crisis management radio system that conforms to
NUREG-0654. Such commitment acceptable and where designated as DSER
Confirmatory Item 9.5.2-1 COL Action Item 9.5.2-1. By SSAR Amendment L,
ABB-CE added the following statement to CESSAR-DC Section 9.2.5.2.2.5: "In
addition a security radio system is provided in accordance with 10 CFR
73.55(f) and a crisis management radio system provided in accordance with the
intent of NUREG-0654." With the inclusion of this information, DSER Confirma-
tory Item 9.5.2-1 is resolved.

ABB-CE stated that the communication systems are designed to provide effective
communications between all areas of the plant and plant site, including all
vital areas of the plant. Additionally, ABB-CE stated that the communication
systems are designed to provide an effective means to maintain contact with
plant personnel and offsite utility and regulatory officials during normal
conditions and such abnormal conditions as fire, accidents, and plant testing.
ABB-CE did not submit the physical location of the communications devices;
however, ABB-CE committed to install the equipment in all vital areas of the
plant. Specific location of equipment will be determined on a site-specific
basis. ABB-CE's commitments are acceptable. This is designated as DSER COL
Action Item 9.5.2-2.

The communications systems consist of the intraplant private automatic
business exchange (PABX) telephone system, the intraplant public address (PA)
system, the intraplant sound-powered telephone systems, and offsite communica-
tions via public telephone lines and the utility's private network, which is
connected to the PABX telephone switch.
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The PABX is independent of the intraplant PA system and the intraplant sound-O powered telephone system. The staff evaluated the inspection, test, analysis
and acceptance criterion (ITAAC) to verify the independence of these systems.
This ITAAC was found to be acceptable; therefore, DSER Open Item 9.5.2-1 is
resolved.

EPRI stated that potential high-noise areas will be considered in the design ;

of the communication system design. The plant designer must provide adequate
'

means to alert personnel in high-noise environments that they are to use the
communication systems. The COL applicant will install noise-canceling devices
or sound isolation booths or both in noisy areas. Additionally, the communi-

'_cations system includes a PA system. This is COL Action Item 9.5.2-3.

ABB-CE stated that the System 80+ design employs a portable, wireless communi-
cation system to provide communication capability among control room opera-
tors, equipment operators, and maintenance technicians for routine and
emergency operations. In addition to portable and wireless transmit-
ters/ receivers, inis system is supported by appropriate base stations,
antennae, amplifiers and/or repeaters. Specialized system portable and
wireless transmitters / receivers are provided for use in operations requiring
respirators or underwater diving equipment. This is acceptable to the staff
and on this basis, DSER Open Item 9.5.2-2 is resolved.

In Section 4.6.3 of Chapter 10 of the URD, EPRI required that there will be no
interference between the communications systems and M-MIS equipment. The
communication system designers are required to define the worst-case electro-

O
magnetic emissions from the communications equipment, including the type,
magnitude, frequency content, and locations. All potential uses of the
communications equipment will be considered, including maintenance activities.
The communications system will also be protected from the M-MIS equipment to
the extent that clear communications will be maintained.

ABB-CE stated that all communications systems are inspected, checked, and
tested for operability after installation to ensure proper operation and
coverage. Additionally, ABB-CE stated that the normal and continued use of '

the systems provides the basis for inspections of the systems. The commitment
to inspect all communications systems after installation to ensure their
proper functioning is acceptable.

Security Considerations

In CESSAR-DC Section 9.5.2.2, ABB-CE states that intraplant communication
systems include PABX telephone, PA, and sound-powered telephone systems. !

ABB-CE also states that offsite communications includes a security radio
system in accordance with 10 CFR 73.55(f).

In addition to requiring communication with offsite law enforcement authori-
ties, in 10 CFR 73.55(f), the staff requires intraplant security

.

communications. The intraplant security communications requirement '

(10 CFR 73.55[f][1]) specifies that plant security officers must be capable of
continuous communication with the central and secondary alarm stations.

j Security response forces of operating reactors rely upon individual mobile
! radios for communications during tactical movements. In CESSAR-DC Sec-

tion 9.5.2, ABB-CE provides only for telephones for intraplant communications.

|
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In CESSAR-DC Section 9.5.2.2.4, ABB-CE addresses a security radio system for
offsite communications, but not for onsite communications with security
officers. In Item 18 of ABB-CE's December 21, 1990, letter on differences
between the URD and the System 80+ standard design, ABB-CE stated that
wireless communications can be used where needed, but that sound-powered
phones avoid such problems as interference with control systems and continuity
of coverage. However, in Section 4.6.3 of URD Chapter 10, EPRI specified that
the plant designer should ensure that effective communication is not impeded
by problems of transmission through thick concrete walls, high-noise areas,
personnel protective equipment, too few communication lines, or interference
with or from other electronic or electrical equipment. In RAI Q500.23, the
staff asked ABB-CE to detail consideration given to assuring the capability
for security officers to be in continuous intraplant communication at Sys-
tem 80+ standard plants. In a response of December 17, 1991, ABB-CE stated
that plant security is expected to depend on wireless intraplant communica-

~

tions, but that the plant owner / operator will choose the system. The staff
did not consider this response adequate since ABB-CE did not address design
provisions that may be necessary to allow this capability, such as shielding
of instrument transmitters and logic cabinets from radio-frequency interfer-
ence (RFI), fiber-optic cabling, and radio repeaters within buildings, and did
not give reasons for deviating from the EPRI ALWR URD. In NRC Information
Notice 83-83, "Use of Portable Radio Transmitters Inside Nuclear Power
Plants." the staff stated: "As newer plants are built that use more solid-
state equipment . . . more cases of RFI by portable radio transmitters are
likely to result . . . . If plant operations make the use of portable radio
transmitters near RFI-sensitive equipment either necessary or likely in an
emergency, then administrative prohibitions are not adequate and the licensee
should consider hardware fixes." This was designated as DSER Open
Item 9.5.2-3.

Subsequently, in Amendment J to CESSAR-DC, ABB-CE added the following state-
ment in Section 13.6: "The security commurications subsystem shall meet the
following requirements:. . . Each on-site security officer, watchman, or armed
response individual shall be provided with continuous communications with an
individual in each continuously manned alarm station. This may be accom-
plished by using multi-frequency radio or microwave-transmitted two-way voice
communications." Requiring continuous wireless communication between security
officers, ensures adequate communication for the security organization. This
additional information is acceptable to the staff. On this basis, DSER Open
Item 9.5.2-3 is resolved.

9.5.3 Lighting System

The normal lighting system supplies normal illumination under all plant
| operating, maintenance, and test conditions. In CESSAR-DC, Table 9.5.3-1,
1 ABB-CE summarizes typical illuminance ranges for normal lighting. The

lighting fixtures are designed and located so that plant personnel can
maintain and replace lights effectively and safely. ABB-CE indicates that the
circuits to the individual lighting fixtures are staggered as much as possible
and that separate electrical circuits feed these staggered circuits to ensure|

that some lighting is retained in the event of a circuit failure. The failure
I

or unavailability of a single lighting transformer does not affect the abilityl

of the system to operate normally. The normal lighting system is part of the
plant's permanent non-safety system. Therefore, the normal lighting system
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has power as long as power from an offsite power source or a standby non-p
safety source (combustion turbine generator (CTG)) is available,:

in CESSAR-DC, ABB-CE indicated that the emergency lighting system for Sys-
tem 80+ design is accomplished by two systems: conventional ac fixtures fed
from Class IE power sources and Class IE de self contained, battery operated
lighting units. This emergency lighting is located in vital areas throughout
the plant. These areas are determined by performing hazard analyses and
establishing plant emergency procedures. ABB-CE indicates that the operator
will need to gain access to several vital areas, i.e., the main control room

.

1

(MCR), the technical support center, the operations support center, the remote
shutdown panel room, the sample room, the hydrogen recombiner rooms,'and
stairwells and passageways. ABB-CE states that as it completes hazard
analyses and plant emergency procedures, it is designating other areas as
vital, such as the EDG rooms, the steam-driven emergency feedwater pump rooms, l

and the pathways from the control room to these rooms.

The security lighting system is considered part of the permanent non-safety
system and is fed from the AAC Source (Combustion Turbine). Selected portions
of the security lighting system essential to maintaining adequate plant
protection are powered form a non-Class IE battery power'from a non-Class IE
battery power source.

ABB CE submitted information on the design of the normal, emergency, self-
contained de lighting units and security lighting to demonstrate that the
lighting in the normal and vital plant areas as well as passageways to and
from these areas is adequate. After installation, each lighting system will

(m) be inspected, checked, and tested to verify that it is operable and provides
'd proper coverage.

In the DSER, the staff asked ABB-CE to address the following staff concerns
and EPRI guidelines:

(1) The staff will verify that the completion of the hazards analyses and
plant emergency procedures are included as commitments and that appro-
priate inspections, tests, and/or analyses are included as part of ITAAC
to verify implementation of their design commitments.

(2) State what method will be used to distinguish between the normal, emer-
gency, and security lighting cables and circuits to ensure they are
physically identified and separated.

(3) Confirm that the Class IE distribution system supplies at least one of
the circuits supplying lighting fixtures for the normal lighting system
in safety-related areas (other than main control room) and in access
routes to these areas. The other lighting circuit can be supplied from a
non-Class lE electrical division backed-up by the CTG.

(4) Integrate the emergency lighting system in the main control room with the
normal lighting system and design it so that alternate emergency lighting
fixtures are fed from separate safety divisions.

p) (5) Design the emergency lighting installations that serve the main controlt

'V room and those other areas of the plant where safe shutdown operation may

|
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be performed so that these installations will continue to function during ,

and after a DBE.

(6) Confirm which part of the emergency lighting system will not be qualified
as Class lE.

The staff stated in the DSER that it would verify that these six aspects are
included in the design commitments. This was designated as DSER Open
Item 9.5.3-1.

In Amendment T, to CESSAR-DC, ABB-CE supplemented the information on lighting
systems as follows:

ABB-CE has designated that the following areas of the plant be included as
vital areas; the main control room, the technical support center, the opera-
tions support center, the remote shutdown panel room, the sample room, the
hydrogen recombiner rooms, electrical system areas, main steam valve houses,

| chemistry labs, the EDG rooms, the stairway which provides access from the
control room to the remote shutdown panel room, and other areas where operator
access is required.

ABB-CE stated that associated emergency lighting will be located in vital
areas of the plant. The associated emergency lighting system is used to
provide acceptable levels of illumination throughout the station and particu-
larly in vital areas in which emergency operations are performed upon loss of
the normal lighting system. The associated emergency lighting system provides
a minimum illumination level of 10 foot-candles in areas of the plant in which
emergency operations are performed. For other areas of the plant covered by
the emergency lighting system, a minimum illumination level of 2 foot-candles
is provided. This addresses Item (1) and is acceptable because it ensures
that the Illumination levels are in accordance with the guidelines of the
Illuminating Engineering Society (IES) Lighting Handbook, as recommended by
the IES.

ABB-CE stated that the criteria for the physical identification of lighting
cables and circuits are consistent with the criteria for physical identifica-
tion and separation of Class IE and non-Class IE cables and circuits as

! described in IEEE-384 and RG 1.75, which are part of CESSAR-DC, Chapter 8,
| " Electrical Power Systems." This addresses Item (2) and is acceptable because
' it ensures that the cables and circuits are physically identified and

vparated.

The normal lighting system provides general illumination throughout the plant.
The circuits to the individual lighting fixtures are staggered as much as

I possible with the staggered circuits fed from separate electrical divisions to
I ensure some lighting is retained in the room in the event of a circuit

failure. The normal lighting system is considered part of the plant permanent
non-safety systems. As such, the normal lighting system is energized as long
as power from an offsite power source or a standby non-safety source (Combus-
tion Turbine) is available. The Combustion Turbine is designed to start
automatically within two minutes from the onset of a LOOP event. ABB-CE
stated that all lighting fixtures and other components of the lighting system
located in normally occupied areas or in areas containing safety equipment are
supported so as to enhance the earthquake survivability of these components
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m and to ensure that they do not present a personnel or equipment hazard when

[V) subjected to a seismic loading of a DBE. This addresses Item (3) and is ,

acceptable because it ensures that the normal lighting system is energized as l

long as power from an offsite power source or a standby non-safety source
(CTG) is available under normal and abnormal plant conditions.

ABB-CE indicated that the emergency lighting system in the main control room
,

will be integrated with the normal lighting system. The emergency lighting in
lthe MCR will be configured so that at least two circuits of lighting fixtures

are powered from different Class lE divisions to ensure lighting is retained )
in the event of a circuit failure. This addresses Item (4) and is acceptable
because it minimizes the effects of a single circuit failure during normal
plant operations.

ABB-CE indicated that the associated emergency lighting system in the main
control room will maintain minimum illumination levels in the main control
room during all operating and emergency conditions, including a station
blackout (S80). The Class IE and associated emergency lighting installations
which serve the main control room and other areas of the plant where safe;

! shutdown operations may be performed are designed to remain functional during
and after a DBE. This addresses Item (5) and is acceptable because it ensures
the associated emergency lighting in the main control room and other vital
areas of the plant will remain functional during normal and abnormal plant
conditions.

ABB-CE indicated that the Emergency lighting is composed of two systems,
(1) conventional ac fixtures fed from Class IE ac power sources which,

(mV) excluding the fixtures, are qualified as associated circuits and, (2) de self
contained battery-operated lighting units which are qualified as Class IE
circuits. This addresses Item (6) and is acceptable because it helps ensure
adequate lighting is maintained.

ABB-CE indicated that the lighting system for the System 80+ is designed to
provide illumination throughout the plant and plant site. In accordance with
SRP Section 9.5.3, lighting levels and illuminance ranges for the System 80+
design comply with the IES 1.ighting Handbooks recommended intensities.

ABB-CE indicated that the luminaries are of a proven design with long life and
low maintenance requirements, such as fluorescent, metal-halide, and high
pressure sodium lamps. Mercury vapor lamps are not used in fuel-handling
areas. Fluorescent luminaries are normally used in plant stairs and stair-
wells; around switchgear, motor control centers, and instrumentation racks;
and to supplement high intensity discharge (HID) luminaries.

ABB-CE stated that the Class IE dc self contained battery-operated lighting
units are designed for eight hours of continuous operation following loss of
normal power. Each Class IE unit has a self-contained battery pack unit
containing a rechargeable battery with a minimum eight-hour capacity. The
Class lE lighting units are supplied AC power from the same power source as
the normal lighting system in the area in which they are located. The loading
of these Class IE lighting units is not to be greater than 80 percent of the

.q rated capacity with additional derating for temperature variations, where
l appropriate. The bulbs are positioned so that adequate illumination isi

V provided and is unobstructed by plant equipment and components. The Class IE
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units also contain a time delay so that the lights turn off on the resumption
of power only after an adequate delay to allow normal lighting to restart.

ABB-CE stated that additional non-Class IE dc self-contained battery-operated
lighting units are installed throughout the plant to provide emergency
lighting for personnel safety in accordance with the applicable sections of
the National Electric Code and the Life Safety Code of the National Fire
Protection Association.

On this basis, the staff concludes that the lighting system for the ABB-CE
System 80+ design conforms to the guidance in SRP Section 9.5.3 and the IES
lighting handbooks and is acceptable. On this basis, DSER Open item 9.5.3-1
is resolved.

Security Considerations

In CESSAR-DC Section 9.5.3.1, ABB-CE states that the security lighting system
provides illumination required to monitor the isolation zones and all outdoor
areas within the plant protected perimeter and complies with the intent of
NUREG/CR-1327. By means of Amendment E, ABB-CE stated in CESSAR-DC Section
9.5.3.2.2 that the security lighting system is part of the permanent non-
safety systems loads and is fed from an uninterruptible power supply (UPS)
connected to a non-safety battery. In a December 17, 1991, response to RAI
Q500.20, ABB-CE proposed to delete the reference to an UPS and change Section
9.5.3.2.2 to read instead: "The security lighting system is considered part
of the permanent non-safety systems and is fed from the AAC source (combustion
turbine), which is located in a secure vital area for protection." However,
as described in CESSAR-DC Section 8.3.1.1.5.1, the AAC could take 10 minutes
to start (from the onset of an LOOP event), and additional time for load
sequcncing before security lighting would be restored. The staff concluded
that the proposed change is inconsistent with CESSAR-DC Section 9.5.3.1 and
did not conform with the URD requirement for uninterruptible power for those
portions of the security lighting that are essential to plant protection
following interruption of normal power. Inconsistency between CESSAR-DC Sec-
tion 9.5.3.1 and the changes proposed for CESSAR-DC Section 9.5.3.2.2, and
ABB-CE's reason for deviating from the URD requirements for uninterruptible
power for those portions of the security lighting that are essential to plant
protection, was designated as DSER Open Item 9.5.3-2. By CESSAR-DC Amend-
ment J, ABB-CE stated in CESSAR-DC Section 8.3.1.1.5.1, that the AAC is
designed to start automatically within two minutes from the onset of an LOOP
event. As stated in CESSAR-DC Section 9.5.3.2.2, the security lighting is
part of the permanent non-safety systems which is fed from the AAC. Selected
portions of the security lighting system essential to maintaining adequate
plant protection are powered from an uninterruptible power supply. Requiring
uninterruptible power for those portions of the security lighting that are
essential to plant protection is consistent with the URD requirements. This
additional information has also removed the inconsistency between CESSAR-DC
Section 9.5.3.1 and the changes proposed for CESSAR-DC Section 9.5.3.2.2. On

this basis, DSER Open item 9.5.3-2 is resolved.

In CESSAR-DC Section 9.5.3.2.2, ABB-CE states that the security lighting
system provides a minimum illumination of 0.2 foot-candle at ground level. In

,

! CESSAR-DC Table 9.5.3-1, ABB-CE lists 2 to 5 foot-candles as typical illumi-
| nance ranges for normal exterior area lighting. Those illumination levels
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give a range of ratios of typical to minimum illumination of 10:1 to 25:1.
[m] However, in NUREG/CR-1327, the NRC contractor recommends that for security
V lighting of the protected area's isolation zone, the average to minimum

illumination ratio should not exceed 4:1, with less than 3:1 preferred. In a
letter of December 17, 1991, responding to RAI Q500.27, ABB-CE proposed to add
the following to Section 9.5.3.2.2: "The Owner-0perator shall provide a
security lighting system that will meet closed-circuit television (CCTV) |

illumination requirements within camera viewing areas to permit prompt
assessment of intrusion alarms." This was designated as DSER Confirmatory
Item 9.5.3-1. By CESSAR-DC Amendment J, ABB-CE incorporated the above
statement to CESSAR-DC Section 9.2.3.2.2, resolving the staff's concern about
adequate illumination for CCTV and resolving DSER Confirmatory Item 9.5.3-1.

9.5.4 Diesel Generator Engine Fuel Oil System

Section 9.5.4.1 of this report addresses compliance of all the diesel gen-
erator auxiliary systems with the requirements of GDC 2, 4, and 5. Sec-
tion 9.5.4.2 of this report addresses issues specific to the diesel generator
engine fuel oil system.

9.5.4.1 Diesel Generator Engine Auxiliary Support Systems (General)

There are two standby EDGs in the CESSAR-DC design. Each DG engine has the
following auxiliary support systems which are addressed in detail in the
CESSAR-DC sections indicated:

1. Diesel Generator Engine Fuel Oil System (Section 9.5.4.2),

L 2. Diesel Generator Engine Cooling Water System (Section 9.5.5),

3. Diesel Generator Engine Starting Air System (Section 9.5.6),

4. Diesel Generator Engine Lube Oil System (Section 9.5.7), and

5. Diesel Generator Engine Air Intake and Exhaust System (Section 9.5.8).

Adequacy of the systems is based on compliance with the requirements of GDC 2
for protection against natural phenomena, GDC 4 for protection from environ-
mental and dynamic effects of equipment failure, and GDC 5 for sharing of SSCs
cetween units, as well as the recommendations of NUREG/CR-0660, " Enhancement
of Onsite Emergency Diesel Generator Reliability." Compliance with the
requirements of other GDC will be reviewed on a system-specific basis in later
sections of this report.

The diesel engine vendor has not been selected. Therefore, ABB-CE has not
fully defined the auxiliary support systems. Many component variables (such
as tank size, pump capacity and, system flow rates) are dependent on the
specific needs of the selected DG and particular site. However, the require-
ments and design characteristics specified, and committed to, for the DG
auxiliary support systems in the CESSAR-DC offer reasonable confidence that
NRC regulations will be satisfied. j

r
V)! All components and piping of the DG auxiliary support systems, except for a

portion of the fuel oil storage and transfer system piping from the fuel oil
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storage tanks to the day tank and the lube oil system's clean and used lube
oil storage tanks and piping, are housed in a seismic Category I structure (DG
building, diesel fuel storage structure) which provides protection from the
effects of tornados, tornado missiles, turbine missiles, and floods. The
portions of the fuel oil storage and transfer system's day tank vent and
storage tank vents and fill connections which are exposed to outdoors are
constructed with heavy-gauge pipe to provide protection from tornado missiles
and are located above the probable maximum flood level to provide protection
from floods. Each fill connection has a locking dust cap and each vent line
is turned down. The storage tanks can be filled and vented through the manway
should fill or vent lines become impaired. Therefore, this complies with
Position C.1 of RG 1.115, " Protection Against Low-Trajectory Turbine
Missiles," and Appendix Position 13 of RG 1.117. " Tornado Design
Classification." On this basis, the staff concludes that the system complies
with the requirements of GDC 2 with respect to structures housing the systems
and the systems themselves being capable of withstanding the effects of
externally and internally generated missiles, pipe whip, and jet impingement
forces associated with pipe breaks.

The requirements of GDC 5 regarding the sharing of SSCs do not apply because
the System 80+ is designed as a single-unit facility. An application for a
multi-unit facility will require review of the design for compliance with
GDC 5.

The evaluation of the design of the DG auxiliary support systems with respect
to the effects of postulated pipe failures is addressed in Section 3.6 of this
report. The adequacy of the fire-protection system and the associated
auxiliary support systems is addressed in Section 9.5.1 of this report.

The staff reviewed the designs of the DG auxiliary support systems with
respect to the recommendations of NUREG/CR-0660. NUREG/CR-0660 made specific
recommendations on increasing the reliability of emergency DG at nuclear
plants. Table 9.1.2 of this report summarizes compliance of the System 80+ DG
auxiliary support systems with the recommendations of NUREG/CR-0660.

NUREG/CR.0660 recommends that, as a minimum, operations and maintenance per-
sonnel receive training that is provided by the vendor, or that is equivalent
to vendor training, since a lack of proper training has contributed to the
degradation of DG reliability. Increased attention to investigative testing,
replacements and adjustments as part of preventive maintenance, and increased
root-cause analysis of system (component) failures are site specific and will
need to be addressed as part of the site-specific application. This was
designated as DSER COL Action Item 9.5.4.1-1. Licensing Document LD-92-006,
dated January 24, 1992, contains a note that ABB-CE, in response to RAI
Q410.123.3, will revise CESSAR-DC Section 8.3.1.1.4 to include operational i
requirements for training of personnel and the establishment of a preventive j
maintenance program. In response to NRC's ITAAC Comment 2.7.19-4d, ABB-CE i

'

committed to add Section 8.3.1.1.4.13 to the next CESSAR-DC amendment to
incorporate the RAI Q410.123.3 response. In CESSAR-DC Amendment T, ABB-CE
added Section 8.3.1.1.4.13 to the CESSAR-DC which includes a statement about i

Ithe operational requirements for training of personnel and the establishment
of a preventive maintenance program. The staff finds the addition of this i

section in the CESSAR-DC acceptable because it complies with the recommenda-
tion in NUREG/CR-0660. Therefore, DSER COL Action Item 9.5.4.1-1 is accept-
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Criteria for the test loading of the DG and loading of the generator to
25 percent for one hour after up to eight hours of no-load or light-load
operation, have been included as a combined license action requirement. DGs
are to be tested in accordance with RG 1.108 requirements, and other support
system tests are to be performed periodically. For all DG auxiliary support
systems, the test and calibration frequencies will be evaluated on a plant-
specific basis. This was designated as DSER COL Action Item 9.5.4.1-2.
ABB-CE has included this information in Sections 9.5.4, 9.5.5, 9.5.6, 9.5.7,
and 9.5.8 of Amendment Q to the CESSAR-DC by stating that the COL applicant
will make testing and calibration frequencies for each DG support system
available for NRC review. In addition, ABB-CE stated that each DG support
system will be tested in accordance with the TSs. The staff finds this
acceptable. On the basis of this evaluation, DSER COL Action Item 9.5.4.1-2
is acceptable.

NUREG/CR-0660 also recommends that provisions to reduce the effect of dust and
dirt on DG operation and reliability be included as requirements. LD-92-006,
dated January 24, 1992, contains an addition to CESSAR-DC Section 9.4.4.3
stating that: "The fresh air intake on the Diesel-Generator Building Ventila-
tion System is located 20 feet above grade to minimize the intake of dust into
the building. All exposed diesel-generator building interior surfaces are to
be painted to aid in dust control." In accordance with SRP Sec-
tion 9.4.5.III.5, this describes an acceptable alternative to utilizing dust-
tight sealed cabinets.

In CESSAR-DC Section 8.3.1.1.4, ABB-CE addresses the vibration concerns
expressed in NUREG/CR-0660. The emergency DG controls and monitoring instru-,

mentation, with the exception of the sensors and other equipment that must
necessarily be mounted on the DG or its associated piping, are installed in
free-standing, floor-mounted panels that are designed for their normal
vibration environment and qualified to seismic Category I requirements.

On the basis of the above review, the staff concludes that all of the DG
auxiliary support systems comply with the requirements of GDC 2, 4, and 5 with
respect to protection against natural phenomena, protection from environmental
and dynamic effects of equipment failure, and sharing of SSCs between units,
as well as the recommendations of NUREG/CR-0660, " Enhancement of Onsite
Emergency Diesel Generator Reliability," and are, therefore, acceptable.

Security Considerations

The staff considers that the DG and its support systems (fuel, cooling water,
starting air, lube oil, exhaust, field flashing, and instrumentation and con-
trols) are vital systems; therefore, as required by 10 CFR 73.55(c), access to
all DG and vital support systems' components should require passage through

,

two barriers. (Locked security doors controlling access between two adjacent |

vital areas are not desired, if access to each vital area is otherwise con-
trolled.) The description in CESSAR-DC Sections 9.5.5, 9.5.6, 9.5.7,
and 9.5.8 of the protected location of DG components (i.e., the DG building)

g did not address protection from sabotage. The DG building was not included as
! a vital area in ABB-CE's response of September 28, 1989, to RAI 0500.7; also,
'

ABB-CE's response to followup RAI Q500.21 referred to the DG building as a
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vital area only in the sense of radiation protection guidance of RG 1.97 and
NUREG-0737. Vital designation of the DG system in the sense of 10 CFR Part 73
was designated as DSER Open Item 9.5.4.1-1. Subsequently, ABB-CE revised
CESSAR-DC Sections 9.5.4, 9.5.5, 9.5.6, 9.5.7, 9.5.8 and 9.5.9 to designate
the DG's systems as vital systems. This change resolved the staff's concerns
about designation of the DG systems and DSFR Open Item 9.5.4.1-1 is resolved.

In a letter of February 28, 1992, EPRI advised ABB-CE to add Section 9.5.1.4.2
to the CESSAR-DC stating that the diesel fuel storage structure is a seismic
Category I structure within the scope of the COL applicant and requiring
ABB-CE to build a structure that is in the " vital protection area" and that
will " withstand the effects" of a sabotage event. The staff interprets that
terminology to mean that access to equipment within the diesel fuel storage
structure requires passage through both the protected area fence and an
additional vital barrier. The proposed vital area designation complies with
the NRC Review Guideline 17 criterion that seismic Category I equipment be
considered vital equipment and is acceptable. However, the proposed descrip-
tion of the ventilation system for the diesel fuel storage structure did not
make reference to ventilation barrier guidance of RG 5.65 and was not suffi-
cient for the staff to determine that a structure designed to these require-
ments will provide adequate vital barrier protection. Security barriers in
the diesel fuel storage structure ventilation system was an issue to be
resolved during review of the COL application. This was designated as COL
Action Item 9.5.4.1-2. In CESSAR-DC Amendment Q, ABB-CE revised which support
structures are in the scope of the CESSAR-DC System 80+ design. One of the |

additional structures included in the scope was the diesel fuel storage
structure. The design of this structure does not need or contain a ventila-
tion system. This design eliminates the need for the COL applicant to address
security barriers for a diesel fuel storage structure ventilation system. The
inclusion of this information into the CESSAR-DC eliminates the need for COL
Item 9.5.4.1-2.

9.5.4.2 Diesel Generator Engine Fuel Oil System

The staff reviewed the DG engine fuel oil system (DGEF05) in accordance with
the guidance of SRP Section 9.5.4. DGEFOS provides for the storage of a
seven-day supply of fuel oil for each DG engine, as necessary, to drive the
EDG. Staff acceptance is based on complying with the requirements of GDC 2
for protection against natural phenomena, GDC 4 for protection from environ-
mental and dynamic effects of equipment failure, GDC 5 for sharing of SSCs
between units, and GDC 17 for availability of electric power systems.
Compliance with the requirements of GDC 2, 4, and 5 and the recommendations of
NUREG/CR-0660 is discussed in Section 9.5.4.1 of this report.

The staff based its review on the descriptive information and system diagrams
in the CESSAR-DC (primarily Chapters 8 and 9) and the information supplied by
ABB-CE in response to the staff's RAI.

There are two standby EDGs in the CESSAR-DC design. Each LG has a separate
t and independent DGEFOS division. Each DGEFOS division consists of two fuel
f oil storage tanks, with a combined capacity sufficient to sJpply fuel oil to

power the diesel for seven days at full load, a fuel oil transfer valve, a day
tank, an engine-driven fuel oil pump, and a motor-driven fuel oil booster
pump. Each DGEF0S division is independent and physically separated from the

,
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other division serving the redundant DG. Thus, a single failure in one of the
[mV)

two divisions will affect only the associated DG.

Since there is no fuel oil transfer pump, fuel oil is transferred by gravity
from the fuel oil storage tanks to the day tank. Level switches located in
the day tank control the position of the fuel oil transfer valve. In the
event the transfer valve remains in the closed position, the day tank low
level alarm, indicating that 60 minutes of fuel remains at full load, allows
the operator to manually open a valve on the bypass line to fill the day tank.
In the event the transfer valve remains in the open position, fuel oil would
continue to flow from the storage tanks to the day tank until the system
reached hydrostatic equilibrium. Since there is no day tank overflow line,
fuel oil would rise in the day tank vent pipe to a level that is equivalent to
level of the fuel oil in the storage tanks, but well below the top of the
vent.

All piping and components are located in seismic Category I buildings, except
for a portion of the ANSI Class 3 seismically qualified piping from the fuel
oil storage tanks to the day tank. The external surfaces of carbon steel
tanks and underground components are coated for corrosion protection. In
addition to being coated, the external surfaces of buried piping and tanks are
protected from corrosion by an impressed-current cathodic protection system in
accordance with NACE Standard RP-01-69, or other methods deemed appropriate on
the basis of site-specific conditions. The diesel engine and engine-mounted
components are constructed in accordance with IEEE Standard 387, "IEEE
Standard Criteria For Diesel Generator Units Applied As Standby Power Supplies
For Nuclear Power Generating Stations." The DGEFOS is designed and con-

! structed in compliance with ANSI Standard N195, " Fuel Oil Systems for Standby
( Diesel Generators," except in regard to (1) the flame arresters on the storage

tanks (these are not required specifically by SRP Section 9.5.1), (2) an
overflow line from the day tank, and (3) the fuel oil transfer pumps. The
DGEF0S fuel oil sampling and impressed current cathodic protection system
surveillances are in compliance with the guidance of RG 1.137. The DGEF0S
complies with the guidelines of RG 1.9 as it relates to system protective
interlocks. All trips associated with the DGEF0S are bypassed during LOCA
conditions. On this basis, the staff concludes that the DGEFOS complies with
the requirements of GDC 17 with respect to the capability of the system to
meet independence and redundancy criteria.

.

The System 80+ design utilizes two half-capacity fuel oil storage tanks per i
diesel; these provide the ability to operate the diesel off one tank while
isolating and filling the other tank. After filling a storage tank, a period
of not less than 24 hours is required to allow any stirred sediment to settle
before aligning that tank to its respective diesel. The filtering and recir- |

culation process is performed on a tank-by-tank basis, with the frequency of I

operation dependent on the results of a fuel oil inspection program. Accumu-
lated water in the fuel oil storage tanks will be removed by the recirculation
system through a sample connection provided on the recirculation pump dis- I
charge. Fuel oil stored in the day tank is periodically checked for water I

content. Accumulated water is drained out through the drain connection on the
bottom of the tank. '

,/,.

(V) The DGEFOS consists of the following instrumentation: fuel oil storage tank '

low- and high-level annunciators, low-low level alarm, 0-100 percent level
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indication, and the capability to use a stick gauge to measure fuel oil level;
fuel oil recirculation filter inlet and outlet pressure indication; fuel oil
day tank high- and low-level alarm, level indication, and fuel oil transfer
valve control; fuel oil strainers (engine-driven pump and motor-driven booster
pump) inlet and outlet pressure indication, and high differential pressure
alarm; fuel oil filter high differential pressure alarm, differential pressure
indication, outlet pressure indication, and low fuel oil pressure alarm; day
tank retaining wall high- and low-level drain valve and lube oil transfer pump
control, and high-high level alarm. The fuel oil transfer valve opens on day 1

tank low level and closes on day tank high level. The day tank low level l
indicates that there is enough fuel oil remaining in the tank to run the DG at l
full load for 60 minutes. There are no temperature indications or controls
indicated for the DGEF0S. The staff addressed this condition in an RAI.
ABB-CE responded that all fuel oil equipment is located in heated buildings ;

and that piping is installed below the frost line. ABB-CE stated that it l

would revise CESSAR-DC Section 9.5.4.3 to provide assurance that fuel oil
temperature would remain above the cloud point. This was designated as DSER
Confirmatory Item 9.5.4.2-1. ABB-CE included this information in Sec-
tion 9.5.4.2-1 of Amendment J to the CESSAR-DC. The staff finds this accept-
able because it assures the fuel oil temperature will remain above the cloud
point. Therefore, DSER Confirmatory Iten 9.5.4.2-1 is resolved.

Specific design criteria, such as specific tank capacities, pump characteris-
tics, and system flow parameters, were not given in the design description.
The selection of these criteria will be included with each application and
evaluated on a plant-specific basis. This was designated as DSER COL Action
Item 9.5.4.2-1. ABB-CE has included a sentence in Section 9.5.4.2.1 of
Amendment Q to the CESSAR-DC that states that the COL applicant will submit
the specific DGEFOS design criteria. In addition, ABB-CE has included
information on tank capacities in Section 9.5.4.2.1 of Amendment N to the
CESSAR-DC. The staff finds this acceptable. On this basis, DSER COL Action
Item 9.5.4.2-1 is acceptable. On the basis of the above review, the staff
concludes that the design of the DGEF05 complies with the requirements of GDC
17 with respect to availability of electric power systems. As discussed in
Section 9.5.4.1 of this report, the system also complies with the requirements
of GDC 2,. 4, and 5, as well as the recommendations of NUREG/CR-0660. There-
fore, the staff concludes that the DGEF0S complies with the guidelines of SRP
Section 9.5.4 and is acceptable.

9.5.5 Diesel Generator Engine Cooling Water System
|

The staff reviewed the DG engine cooling water system (DGECWS) in accordance
with the guidance of SRP Section 9.5.5. The DGECWS maintains the temperature
of the diesel engine within a safe operating range under all load conditions
and maintains the engine coolant preheated during standby conditions. Staff
acceptance is based on complying with the requirements of GDC 2 for protection
against natural phenomena, GDC 4 for protection from environmental and dynamic
effects of equipment failure, GDC 5 for sharing of SSCs between units, GDC 17

i

for availability of electric power systems, GDC 44 for provision for cooling |

systems, GDC 45 for inspection of cooling systems, and GDC 46 for testing of I

cooling systems. Compliance with the requirements of GDC 2, 4, and 5 and the
recommerdations of NUREG/CR-0660 is discussed in Section 9.5.4.1 of this
report, i
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The staff based its review on the descriptive information and system diagrams

(O
in the CESSAR-DC (primarily Chapters 8 and 9) and the information supplied by

/ ABB-CE in response to the staff's RAI. )"
|

There are two standby EDGs in the CESSAR-DC design. An independent and |
physically separate closed-loop DGECWS division is provided for each DG |

engine, receiving makeup water from the demineralized water system and
rejecting heat to the CCWS. Thus, a single failure in one of the two
divisions will affect only the associated DG. The jacket water standpipe
serves as a surge tank and provides positive suction pressure for the circula-
tion pump and for the keep-warm pump. The keep-warm pump, which is electric-
motor-driven, operates continuously during engine standby to ensure that the
system is completely filled with water. When the diesel starts, the engine-
driven circulation pump operates to circulate cooling water through the
system. The cooling water passes from the circulation pump through an Amat
type or equivalent three-way thermostatic control valve which regulates the
flow of water through the shell side of the jacket water cooler by diverting
varying amounts through a bypass line. From the jacket water cooler, the
cooling water flows through the tube side of either the lube oil cooler or the
combustion air aftercoolers and then through the engine itself, returning to
the standpipe. A small fraction of the flow from the discharge side of the
combustion air aftercooler is diverted to the engine governor lube oil cooler.

In order to keep the engine warm during standby, water circulated by the keep-
warm pump passes over a set of thermostatically controlled electric heating
elements before leaving the standpipe. Cooling water from the keep-warm pump
bypasses the jacket water cooler and thermostatic valve and thereafter follows(n the circulation pump flow path. If the switch is in the automatic position,V) power to the heater and keep-warm pump is automatically shut off when the
diesel starts and has attained rated speed and is automatically started when
the diesel is shut down.

Specific information regarding standpipe capacity, circulation and keep-warm
pump characteristics, system volume, flow rates, and heat removal capabili-
ties, plus expected water loss over a 7-day period, are designated as inter-
face issues to be submitted once the DG vendor has been selected and diesel
engine data are available. This information must be submitted as part of the
application for a combined licinse. This was designated as DSER COL Action
Item 9.5.5-1. ABB-CE addressei this issue in Section 9.5.5.2 of Amendment Q
to the CESSAR-DC by stating the P.0L applicant will submit plant-specific
information for the DGECWS. The staff finds this acceptable. Therefore, DSER
COL Action Item 9.5.5-1 is acceptaH e.

The DGECWS is an ANSI Class 3 piping system. All components and piping are
located within a seismic Category I structure. The diesel engine and engine-
mounted components are constructed in accordance with IEEE Standard 387. The
following instrumentation is provided for the DGECWS: low-pressure jacket
water; low-level jacket water standpipe; low-temperature jacket water in/out;
high-temperature jacket water in; high-temperature jacket water out trip; and
high-high temperature jacket water out trip. All alarms are separately
annunciated on the local diesel engine control panel which also signals a
general diesel alarm in the control room. The high-high temperature alarm(,/) will trip the diesel engine only if the diesel is in the test mode. The trip
signal is locked out in the emergency mode and the engine continues to run.v

|
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The high-high ? an the emergency mode alerts the operator to prepare to |
switch over to .4 redundant diesel. Therefore, the DGECWS complies with the '

guidelines of RG A.9 as it relates te system protective interlocks. On this
bas s ;, the staff concludes that the DGECWS complies with the requirements of
GCL 17 regarding the capability of the sy', tem to meet independence and
rH andancy criteria and GDC 44 regarding the provisions for cooling water
systems that can trans N heat from safety systems during normal and accident
conditions, that have redundancy, and that can withstand a single failure.

Carosion-inhibiting agents will be added to the cooling wa'er by means of a
chemical pot feeder unit, which can be connected to the DGECOS when needed.
Additives will be compatible with cooling water system materiils and will
ensure proper system performance by maintaining water chemistry in accordance
with the manufacturer's recommendations. System components and piping are
tested to pressures designated by appropriate codes. Inspection and
functional testing are performed prior to operation. The COL applicant will
submit testing and calibration frequercies to the staff for review. The DG
will be tested in sccordance with the guidance of RG 1.108. On this basis,
the staff concludes that the DGECWS complies with the requirements of GDC 45
and 46 with respect to inspection and testability of the system.

In RAI Q410.125.a, the staff asked ABB-CE to address the verification of DG
performance for extended periods under no-load and light-load conditions
without degradation of performance or reliability. ABB-CE stated that this
concern was covered in the response to RAI Q430.27. ABB-CE responded to
RAI 430.27, stating that after discussing this subject with several DG
vendors, idle speed operation for periods of one hour does not appear to cause
gum and varnish deposits of a nature severe enough to result in DG malfunc-
tion, pravided that after periods of operations, the DG runs loaded for a
length of time in order to clean and flush these deposits out of the exhaust
system (one vendor suggests 30 minutes at 40-percent load, this following a
four and half hour period of operation at idle speed).

The staff reviewed this response and found that it is acceptable for the DG
vendor to specify the operation of the DG during extended periods of no-load
and light-load conditions. However, because COL applicants may puf:hase DGs
from a variety of vendors with various manufacturer recommendations, final
resolution of this isse will be the responsibility of the COL applicant. COL
applicants will 'oe expected to adhere to the guidance of the SRP and the SRP
recommends adhering to the recommendations of the manufacturer. This was
designated as DSET. COL Action Item 9.5.5-2. This issue was resolved on the
basis that Section 8.3.1.1.4.11 of the CESSAR-DC states that the DG will be
loaded after no-load operation per manufacturers' recommandations. The staff
finds this acceptable. Therefore, DSER COL Action Item 9.5.5-2 is acceptable.

On the basis of the above review, the staff concludes that the design of the
DGECWS complies with the requirements of GDC 17 and 44 with respect to
redundancy, physical independence, and cooling capability, and GDC 45 and 46
with respect to inspection and testability of the system. As discussed in
Section 9.5.4.1 of this report, the system also complies with the requirements
of GDC 2, 4, and 5, as well as the recommendations of NUREG/CR-0660. There-
fore, the staff concludes that the DGECWS complies with the guidelines of SRP
Section 9.5.5 and is acceptable.
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9.5.6 Diesel Generator Engine Starting Air System |

(/ The staff reviewed the DG engine starting air system (DGESAS) in accordance
with the guidance of SRP Section 9.5.6. DGESAS is designed to provide fast-
start capability for the DG engine by using compressed air to rotate the
engine until combustion begins and the engine accelerates under its own power.
Staff acceptance is based on complying with the requirements of GDC 2 for
protection against natural phenomena, GDC 4 for protection from environmental
and dynamic effects of equipment failure, GDC 5 for sharing of SSCs between
units, and GDC 17 for availability of electric power systems. Compliance with
the requirements of GDC 2, 4, and 5 and the recommendations of NUREG/CR-0660
is discussed in Section 9.5.4.1 of this report.

The staff based its review on the descripi.ive information and system diagrams
in the CESSAR-DC (primarily Chapters 8 and 9) and the information supplied by
ABB-CE in response to the staff's RAls.

There are two standby EDGs in the CESSAR-DC design. Each DG engine has a
physically separate and independent DGESAS division. Thus, a single failure
in one of the two divisions will affect cnly the associated DG. Each DGESAS
division consists of two compressors, two aftercoolers, two filter / drying
units, two air receiver tanks, and injection lines and valves. Either one of
the DGESAS divisions (including two air receiver tanks) is capable of supply-
ing sufficient air for five successful engine starts without the use of the
compressors.

The starting air compressors are powered from a non-Class IE motor control
[ center. During a loss of offsite power, the starting air compressors are
V powered from the AAC power source. The water-cooled aftercoolers reject the

heat of compression from the compressed air to the CCWS. To minimize the
accumulation of m'.,1sture, the DGESAS has a multi-stage drying and filtering
unit located in 1.he line between the aftercooler and the receiver tank. The
air first passes through a cyclone moisture separator and is filtered before
entering one of two desiccant drying towers (alternating between active and
regenerative cycles). The air is then filtered a second time before entering
the receiver tank. The DGESAS is designed to supply air with a dewpoint at
least 5.6 *C (10 *F) lower than the lowest expected ambient temperature.

To minimize fouling of the starting air va) w and filters with contaminants,
drip-traps on the moisture separators and & 31r dryer pre-filter collect any
oil carryover. Drains are also provided ot. tne aftercooler and air receiver
tanks. Periodic blowdown of the drip-trapt :md drain valves will minimile the
buildup f contaminants. Strainers upstream of the starting air solenoid
valves keep rust out of the diesels. Two starting air receiver tanks with
sufficient capacity to allow five successive DG engine starts, without the use
of the compressor, are provided for each diesel.

The NESAS is ANSI Class 4 from the starting air compressor through the
destccant drying towers, and ANSI Class 3 from the starting air receiver tank
inlet check valve to the engine connections. The diesel engine and engine-
mounted components are constructed in accordance with IEEE Standard 387.

,-

( Each starting air receiver has a set of pressure switches that control the
( operation of the air compressor. Pressure gauges on the tanks have a low- )

,
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pressure alarm. A separate pressure switch on the engine control panel alarms
if the air receiver tank pressure falls to a low setpoint. An automatic
lockout on the engine's manifold prevents engine start attempts if the air
pressure drops to a specified value and an alarm alerts the operator to take
corrective action. The lockout ensures that there will be sufficient reserve
for a manual restart. Periodic testing and maintenance of instruments is
controlled by a preventive maintenance program. This was designated as DSER
COL Action Item 9.5.6-1. This issue was closed based on the fact that testing
and maintenance of all systems are done by the COL applicant. The staff finds
this acceptable. Therefore, DSER COL Action Item 9.5.6-1 is acceptable.

The starting air receiver tanks also supply air at reduced pressure to the
,

diesel automatic safety shutdown system. The automatic safety shutdown system I
monitors the DG engine's parameters and trips the DG when the manufacturer's ;

recommended setpoints have been exceeded. Group A trips are active only |
during periodic testing of the DG to prevent damage to the DG and are locked '

out during the emergency mode. Group B trips (engine overspeed, generator
differential, low-low lube oil pressure, and generator voltage-controlled
overcurrent) are active during all DG modes (testing and emergency). The lou-
low lube oil pressure trip is designed with a two out of three coincidence
logic. The pneumatic logic for Group A and B trips consumes negligible volume
because it operates on pressure rather than on flow capacity. There is i

sufficient air pressure available for operating the pneumatic logic after five
successive start attempts. This complies with Position C.I.8 of RG 1.9,
" Selection, Design, Qualification, and Testing of Emergency Diesel Generator
Units Used As Class IE Onsite Electric Power Systems at Nuclear Power Plants."
On this basis, the staff concludes that the DGESAS complies with the require-
ments of GDC 17 with respect to the capability of the system to comply with
independence and redundancy criteria.

Several design parameters have been identified as future requirements to be
determined once a DG vendor has been selected. Requirements to be specified
include the devices to crank the engine, air start requirements with regard to
the duration of the cranking cycle, and the number of engine revolutions per
start attempt. These requirements will, in turn, dictate such design parame-
ters as the volume and design pressures of the air receivers (sufficient for
five diesel engine start cycles) and compressor size (capacity to recharge the
system within 30 minutes). This information should be submitted with the COL
application. This was designated as DSER COL Action item 9.5.6-2. ABB-CE has
included a sentence in Section 9.5.6.2.2 of Amendment Q to the CESSAR-DC which
addressed the COL applicant providing specific DGESAS interface requirements.
The staff finds this acceptable. Therefore, DSER COL Action Item 9.5.6-2 is
acceptable.

On the basis of the above review, the staff concludes that the design of the
DGESAS complies with the requirements of GDC 17 with respect to availability
of electric power systems. As discussed in Section 9.5.4.1 of this report,
the system also complies with the requirements of GDC 2, 4, and 5, as well as
the recommendations of UUREG/CR-0660. Therefore, the staff concludes that the
DGESAS complies with the guidelines of SRP Section 9.5.6 and is acceptable..

9.5.7 Diesel Generator Engine Lube Oil System m

The staff reviewed the DG engine lube oil system (DGELOS) in accordance with
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the guidance of SRP Section 9.5.7. The DGELOS is designed to deliver clean
lubricating oil to the DG engine, its bearings and crankshaft, and other

Q moving parts. By means of heaters, the DGELOS is designed to deliver warmed
oil to the engine during standby to ensure fast-starting and load-accepting
capability. The system also provides a means by which used oil may be drained
from the engine and its components and replaced with claan oil. Staff
acceptance is based on complying with the requirements cf GDC 2 for protection
against natural phenomena, GDC 4 for protection from environmental and dynamic
effects of equipment failure, GDC 5 for sharing of SSCs between units, and
GDC 17 for availability of electric power systems. Compliance with the
requirements of GDC 2, 4, and 5 and the recommendations of NUREG/CR-0660 is
discussed in Section 9.5.4.1 of this report.

,

The staff based its review on the descriptive information and system diagrams
in the CESSAR-DC (primarily Chapters 8 and 9) and the information supplied by
ABB-CE in response to the staff's RAls.

There are two standby EDGs in the CESSAR-DC design. Each DG engine has a
physically separate and independent DGELOS division. Thus, a single failure
in one of the two divisions will affect only the associated DG. Each DG unit t

utilizes a " dry sump" lube oil system, in which the supply of lubricating oil
for the engine is stored in a separate lube oil sump tank, independent of and
set at a lower elevation than the engine crankcase, allowing accumulated oil
to drain, by gravity, to the sump tank. Clean lube oil is added to the sump
tank from a clean lube oil storage tank. Used oil is pumped from the sump
tank to a used lube oil storage tank.

O The engine-driven lube oil pump picks up oil from the sump tank through a
,

built-in suction pipe with a foot valve and delivers the oil in sequence from
the pump discharge, first to the oil pressure regulating valves, which limit
the maximum pressure on the pump discharge, and then in series through the
lube oil cooler, the full-flow lube oil filter, and finally to the full-flow
lube oil strainer. From the strainer, the oil enters the engine's internal
circulation system. During engine standby, the motor-driven prelube oil pump

;operates continuously to ensure complete filling of the DGELOS. Oil that is '

circulated by the prelube oil pump passes over a set of thermostatically ,

controlled electric immersion heating elements before leaving the sump tank to
keep the engine warm. From the prelube oil pump, the oil passes in series
through the prelube oil filter and the prelube oil strainer and enters the
engine's internal circulation system. A separate drip lube system provides a
continuous, metered flow of oil to the turbocharger bearings during engine
standby to ensure adequate bearing lubrication for startup.

'

During DG operation, heat is removed from the DGELOS by the lube oil cooler
and rejected to the DG engine cooling water system. A 10-percent design
margin is built into the cooler, er.:uring that the system is maintained in
accordance with the manufacturer's recommendation. The motor-driven lube oil
transfer pump, prelube oil pump, and the electric immersion heaters are
powered from the essential auxiliary power supply. The clean and used lube
oil pump motors are powered from the station's normal auxiliary power supply.

The DGELOS is an ANSI Class 3 piping system except for the clean and used lube
i

oil transfer system ,.hich is an ANSI Class 4 piping system. The two systems !are separated by ANSI Class 3 isolation valves. The diesel engine and engine-
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mounted components are constructed in accordance with IEEE 387. The exterior
of carbon steel tanks and other underground carbon steel components are coated
and protected from corrosion by an impressed current cathodic protection
system in accordance with NACE Standard SRP-01-69. During the surveillance
intervals for sampling the lube oil in the storage tanks, any accumulated
water will be removed.

The DGELOS has the following instrumentation and alarms: lube oil sump tank
local level indicator, and low-level-alarm annunciator; full-flow filter local
pressure gauges, and high-differential-pressure alarm; full-flow strainer
high-differential-pressure alarm. The DG engine has temperature and pressure
monitoring systems with separate alarm and trip switches to alert the operator
to abnormal operating conditions. During standby, low prelube oil press ve is
alarmed to alert operating personnel to take corrective actions. If a

shutdown setpoint/ alarm is exceeded while the engine is operating durin. .he
test mode, a diesel trip will automatically shut down the engine. In .e
emergency mode (i.e., LOOP or LOCA) this trip is locked out and the engine
continues to run. The alarm alerts the operator to prepare to switch over to
the redundant diesel for power. Only a low-low engine lube oil pressure
shutdown / alarm will trip the diesel engine regardless of the diesel operating
mode. The periodic testing and maintenance of diesM engine lube oil instru-
ments will be controlled by a preventive maintenance program. Therefore, the
DGELOS complies with the guidelines of RG 1.9 as it relates to system protec-
tive interlocks. On this basis, the staff concludes that the DGELUS complies
with the requirements of GDC 17 regarding the capability of the system to
comply with independence and redundancy criteria.

Specific design criteria, such as pump flows, operating pressure, temperature
differentials, cooling system heat removal capability, and electric heater
characteristics, are dependent on the selection of a DG vendor. In the DSER,
the staff stated that this information must be submitted with the COL applica-
tion. This was designated as DSER COL Action Item 9.5.7-1. ABB-CE addressed
this issue in Section 9.5.7.2 of Amendment Q to the CESSAR-DC by stating the
COL applicant will submit specific design criteria for the DGELOS. The staff
finds this acceptable. Therefore, DSER COL Action Item 9.5.7-1 is acceptable.

On the basis of the above review, the staff concludes that the design of the
DGELOS complies with the requirements of GDC 17 with respect to availability
of electric power systems. As discussed in Section 9.5.4.1 of this report,
the system also complies with the requirements of GDC 2, 4, and 5, as well as
the recommendations of NUREG/CR-0660. Therefore, the staff concludes that the
DGELOS complies with the guidelines of SRF Section 9.5.7 and is acceptable.

9.5.8 Diesel Generator Engine Air Intake and Exhaust System

The staff reviewed the DG engine air intake and exhaust system (DGEAIES) in
accordance with the guidance of SRP Section 9.5.8. The DGEAIES is designed to
supply clean air for combustion to the DG engine and to dispose of the engine
exhaust to the atmosphere. Staff acceptance is based on complying with the
requirements of GDC 2 for protection against natural phenomena, GDC 4 for
protection from environmental and dynamic effects of equipment failure, GDC 5
for sharing of SSCs between units, and GDC 17 for availability of electric 4

power systems. Compliance with the requirements of GDC 2, 4, and 5 and the
recommendations of NUREG/CR-0660 is discussed in Section 9.5.4.1 of this
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(V The staff based its review on the descriptive information and system diagrams
in the CESSAR-DC (primarily Chapters 8 and 9) and the information supplied by
ABB-CE in response to the staff's RAls.

There are two standby EDGs in the CESSAR-DC design. Ecch DG engine has a
physically separate and independent DGEAIES division. Thus, a single failure
in one of the two divisions will affect only the associated DG. Each DGEAIES
division has a two-pipe combustion-air intake. The air is drawn in through
in-line air filters before entering the turbocharger. The turbocharger,
driven by the hot engine exhaust gases, compresses the intake air and forces
it through the engine aftercooler. The heat of compression is rejected to the
DG engine cooling water system. Following combustion, the exhaust gases pass
through a two-pipe exhaust system. The water-jacketed exhaust manifold
discharges to the engine-mounted turbocharger. The exhaust piping then joins
to pass through a single exhaust silencer and exits the DG building. There
are no active components in the DGEAIES,

Intake air for each DG engine is part of the air drawn into the DG building by
the diesel building ventilation system. The intake opening for the diesel
building ventilation system is located at a minimum of 6.1 m (20 ft) above
grade level to minimize the intake of dust in the DG building. Two filters,
one on each of the two intake lines to each engine, prevent dust ingestion to
each DG engine. The diesel exhaust gases are discharged to the atmosphere in
a direction away from the outside air inlet with sufficient separation to
minimize the effects of exhaust gas drift to the outside air inlet. Normals

i ventilation is filtered to maintain engine room cleanliness. All interior

h surfaces in the DG building are painted to minimize concrete dust. All
components are located within a seismic Category I structure (DG building) and
all essential components are fully protected from floods, tornado missiles,
internal missiles, pipe breaks and whip, jet impingement, and interaction with
non-seismic systems in the vicinity.

Each DG engine unit has sufficient instrumentation and alarms to monitor the
combustion intake and exhaust system. A multi-point recorder on the local
generator control panel records temperatures of the individual cylinder
exhausts and the inlet and outlet turbochargers. A pyrometer on the local
generator panel monitors the temperature on each cylinder and compares it to
the average temperature of the other cylinders. The pyrometer annunciates a
high/ low temperature alarm on the local diesel engine control panel and
signals a general diesel trouble alarm in the control room if a cylinder
temperature exceeds the average temperature differential setpoint, with the
pyrometer automatic sequencer stopping to display the out-of-tolerance
cylinder. A high or low exhaust temperature does not trip the engine. A
manual advance is also provided on the pyrometer to allow each cylinder to be
checked and the inlet and outlet turbocharger exhaust temperatures to be
checked. The turbocharger temperatures do not affect the cylinder temperature
averaging circuit. Therefore, the DGEAIES complies with the guidelines of
RG 1.9 cs it relates to system protective interlocks. On this basis, the
staff concludes that the DGEAIES complies with the requirements of GDC 17
regarding the capability of the system to comply with independence andb redundancy criteria.

b
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ABB-CE did not specify air flow capacity. As with the other DG auxiliary
systems, this design characteristic is dependent on the selection of a DG
vendor. In the DSER, the staff stated that this information must be submit-
ted with the COL application. This was designated as DSER COL Action
Item 9.5.8-1. ABB-CE has included a sentence in Section 9.5.J.2.1 of Amend-
ment Q to the CESSAR-DC which addresses the COL applicant specifying the DG
air flow capacity. The staff finds this acceptable. Therefore, DSER COL
Action Item 9.5.8-1 is acceptable.

On the basis of the above review, the staff concludes that the design of the
DGEAIES complies with the requirements of GDC 17 with respect to availability
of electric power systems. As discussed in Section 9.5.4.1 of this report,
the system also complies with the requirements of GDC 2, 4, t.nd 5, as well as
the recommendatiori.; of NUREG/CR-0660. Therefore, the staff concludes that the

DGEAIES complies with the guidelines of SRP Section 9.5.8 and is acceptable.

9.5.9 Diesel Generator Building Sump Pump System

The staff evaluated the DG building sump pump system (DGBSPS) according to the
guidance of SRP Section 9.3.3. The DGBSPS was reviewed to ensure its capabil-
ity to remove leakage and equipment drainage from the DG building and to
protect the DG units from internal flooding caused by the maximum credible
pipe rupture in the DG building. The DGBSPS was evaluated to determine
whether it meets the following criteria: GDC 2 relative to safety-related
portions of the system being capable of withstanding the effects of earth-
quakes; GDC 4 relative to the system's capability to withstand the effects of
flooding and the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents; and GDC 60 relative te pro-
viding a means to control suitably the release of radioactive materials in
liquid effluent, including anticipated operational occurrences.

The staff based its review on the descriptive information and system diagrams
supplied in the CESSAR-DC (primarily Chapters 8 and 9) and the information
supplied by ABB-CE in response to the staff's RAI.

There are.two standby EDGs in the CESSAR-DC design. Each DG building contains
two sump pumps located in the pit below the lube oil sump tank. The pumps
start automatically on high sump water level and transfer the wr.ter to the
nuclear annex nonradioactive FDS. The DG building sumps and sump pumps are
designed for a constant inflow rate of 284 L/ min (75 gpm) with a maximum pump
cycle time of three starts per hour. The maximum pumping flow rate with both
pumps operating is 568 L/ min (150 gpm).

All components and piping of the DG building sump pump system are locatedi

within a seismic Category I structure (DG building) and all essential compo-|

nents are fully protected from floods, tornado missile damage, internal
missiles, pipe breaks and whip, jet impingement and interaction with non-r
seismic systems in the vicinity. On this basis, the staff concludes that the

'

i DG building sump pump system complies with the requirements of GDC 4 with
| respect to withstanding the effects of flooding and the environmental condi-
| tions associated with normal operation, maintenance, testing, and postulated

accidents.

The DGBSPS is an ANSI Class 3 piping system and the pumps and system compo-
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nents are designed in accordance with the requirements of the ASME Boiler and
(O Pressure Vessel Code, Section III, Class 3. Instrumentation associated with ;

G/ sump pump operation is Safety Class 3 and seismic Category I. The sump pumps ;
are powered by the DG in the event of LOOP. Therefore, the design presented ;

in the CESSAR-DC complies with Regulatory Positions C.1 and C.2 of RG 1.29 as
related to the system being capable of withstanding the ef'ects of
earthquakes. On this basis, the staff concludes that the instrument air
system complies with the requirements of GDC 2 with respe.:t to seismic design.

The DGBSPS is connected to the nuclear annex nonradioa'tive EFDS upstream of
that system's radiation monitors. The design prevents the inadvertent
transfer of contaminated fluids to a non-contaminated drainage system for
disposal and, therefore, complies with the reqv rements of GDC 60.

The adequacy of this design in regard to the maximum leakage or maximum
credible pipe rupture in the DG building is a plant-specific issue and will
be reviewed as part of a COL application. This was designated as DSER COL
Action Item 9.5.9-1. ABB-CE has included a sentence in Section 9.5.9.2 of
Amendment Q to the CESSAR-DC which states that the COL applicant will ensure
the adequacy of the system with respect to the maximum leakage or maximum
credible pipe rupture. The staff finds this acceptable. Therefore, DSER COL
Action Item 9.5.9-1 is acceptable.

On the basis of the above review, the staff concludes that the design of the
DG building sump pump system complies with the requirements of GDC 2, 4, and
60 with respect to seismic design, environmental conditions, and control
release of radioactive materials, and is, therefore, acceptable.

( 9.5.10 Compressed Gas Systems

The compressed gas supply systems provide various gases for equipment and
instrumentation cooling, purging, diluting, inerting, and welding. The gases
are stored in high-pressure gas cylinders. Pressure regulators control the
pressure of the gases as they are distributed throughout the plant. The
various gases used are nitrogen, hydrogen, oxygen, carbon dioxide, argon,
methane,.and acetylene. All valves used for compressed gas service are
designed and rated for gas service with resilient materials used for sealing
surfaces.

The compressed gas supply systems serve no safety-related function. Failure
of the system does not compromise any safety-related system nor does it
prevent safe reactor shutdown.

In CESSAR-DC Section 9.5.10.1.2, ABB-CE states that the COL applicant shall
ensure that the high pressure gas cylinders are not stored in areas that
contain safety-related equipment so that the rupture of a cylinder does not
adversely affect the operability of any safety-related component or equipment.

A)(w
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Table 9.1.2 Conformance to NUREG/CR-0660 recommendations
for diesel generator auxiliary support systems

SER

Recommendation Conformance Section

(1) Moisture in air starting system Yes 9.5.6

(2) Dust and dirt in diesel generator room Yes 9.5.4.2

(3) N/A to support systems -- --

(4) Personnel training Specific site 9.5.4.1

(5) Automatic prelube Yes 9.5.7

(6) Testing, test loading, and Specific site 9.5.4.1
preventive maintenance

(7) Improve the identification Specific site 9.5.4.1
of cause of failures

(8) Diesel generator ventilation Yes 9.5.8
and combustion air systems

(9) Fuel storage and handling Yes 9.5.4.2

(10) High-temperature insulation --' 9.5.4.1

(11) Engine cooling water Yes 9.5.5

(12) Concrete dust control Yes 9.5.4.1

(13) Vibration of instruments Yes 9.5.4.1

'The staff considers explicit conformance unnecessary in view of the
equivalent reliability provided by the design, margin, and qualification
testing requirements that are normally applied to emergency standby ditsel
generators.
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10 STEAM AND POWER CONVERSION SYSTEM
,

,

10.1- Introduction

The steam and power conversion system converts the heat energy generated by *

the nuclear reactor into electric power by using the heat energy to produce -

steam in two steam generators. The resultant steam is capable of driving a
turbine generator unit. The steam and power conversion system for the
System 80+ design is described in CESSAR-DC Chapter 10.

The steam and power conversion system uses a condensing cycle with i

regenerative feedwater heating. The turbine exhaust steam is condensed in a
surface type condenser. The reference design includes a circulating water t

system using cooling towers. Alternative designs, as appropriate for.each '

site, will be discussed in each site-specific application. The condensate
.

from the steam is returned to the steam generators by means of the condensate [
and feedwater system (CFS). t

A turbine bypass system (TBS) consists of eight turbine bypass valves and ;
associated piping. The TBS relieves a combined capacity of 55 percent of

,

total full power steam flow at 6895 kPa (1000 psia) to the condenser during i
startup,. shutdown, load shedding, and transient conditions on the turbine,
reactor, or both.

O Each steam generator has two main steam supply lines to route the steam to the
.

turbine generator unit. Each of the four lires nas a flow-measuring device,
five spring-loaded main steam code safety relief valves, a main steam
isolation valve (MSIV), and a power-operated atnospheric dump valve (ADV). '

Each line combines to a common equalizer header. Downstream of the header,
the four steam lines are routed to the turbine through a main steam stop '

valve, and a control valve (located just upstveam of the high-pressure -

turbine). The main steam code safety relief valves provide overpressure
protection for the shell side of the steam generators and the main steam
piping up to the inlet of the main steam stop valves. The ADVs are used (1) i
as a heat sink for steam generator cooldown when the MSIVs are closed or the
main condenser is not available, (2) to hold the plant at hot standby or to
perform a plant cooldown during a loss-of-offsite power or station blackout .

(SB0) event, and (3) to provide for a controlled cooldown in the event of a
main steam line break or steam generator tube rupture. '

The steam and power conversion system consists of the following safety-related '

components:

the emergency feedwater system (EFWS), including the main feedwater*

isolation valves (MFIVs) and associated piping to the steam generators

the MSIVs, including the associated piping to the steam generatorse

the ADVs
- *

;
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the main steam code safety relief valves=

the steam supply to the EFka

In the CESSAR-DC Section 10.1, ABB-CE describes the steam and power conversion
system in detail. The system design and performance characteristics are
identified in CESSAR-DC Table 10.1-1. The reference heat balance diagram,
based on the use of a cooling tower, is identified in CESSAR-DC Figure 10.1-1.
The main steam and feedwater system flow diagrams are shown in CESSAR-DC
Figures 10.1-2, 10.3.2-1, and 10.4.7-1.

10.2 Turbine Generator System

The turbine generator system (TGS) converts the energy in steam from the
nuclear steam supply into electrical energy. The TGS comprises all normally
provided components and equipment, including the turbine main steam stop and
control valves, and the intercept stop and control valves. The turbine
generator consists of a double-flow, high-pressure turbine and three double-
flow, low-pressure turbines driving a direct-coupled generator. The TGS has a
turbine control and overspeed protection system to control all normal and
abnormal operating conditions. This system includes redundant mechanical and
electrical trip devices to ensure that a full-load rejection will not cause
the turbine to overspeed beyond acceptable limits. The TGS is also designed
so that the single failure of a main stop, main control, intercept stop, or
intercept control valve does not disable the turbine overspeed trip function.
CESSAR-DC Section 10.2 describes the TGS in detail. The design parameters are
identified in CESSAR-DC Tables 10.2.2-1 and 10.2.4-1. CESSAR-DC Figure 10.1-1
depicts the reference flow diagram. TGS systems, structures, and components
are classified in CESSAR-DC Table 3.2-1.

The electro-hydraulic control (EHC) system load control unit consists of two
redundant turbine speed controllers (basic controllers). The turbine speed
controllers, including the valve position controllers, use a "1-out-of-2"
redundancy scheme. There is an automatic switchover between the controllers
in case of a disturbance on one controller. One automatic controller provides
a set value (such as load, frequency, pressure or limiters) to the basic
controller, which provides positioning signals to the main control valves.
The automatic controller also serves as the unit master interface. The load
control unit provides (1) sensing functions to detect and generate signals
proportio.ial to unit loading, (2) limiting functions to constrain flow
reference signals in response to signals from the sensing circuits, from the
speed control unit, or from devices detecting the state of plant components,
(3) Computing functions to separate flow reference signals for the valve sets,
and (4) a logic function to ensure that proper permissives have been satisfied
before the mode of operation is changed and to provide switching signals to
EHC system devices.

There are four lines of defense against overspeed during all modes of
operation: the two turbine speed controllers, a mechanical overspeed trip at
110 percent of rated speed, and electronic overspeed protection in a "2-out-
of-3" logic scheme at 112 percent of rated speed. If the generator load is
lost while the unit is in operation, en accelerator limiter (built into the
EHC) senses the sudden load rejection and closes the control and intercept
valves at the maximum rate. The entrained steam in the turbine casing,
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q between the valves and the turbine, and in the crossover and extraction piping

(V expands in less than 2 seconds. The expected overspeed is less thani

10 percent (at full load), and the intercept valves reopen when the actual
speed is below the set value. If the speed control on the control and

!intercept valves malfunctions when generator load is lost, the turbine
accelerates until the mechanical overspeed trip activates to trip these valves
and their actuators. The turbine then coasts down to zero speed. If the ,

turbine continues to accelerate, the electronic overspeed protection, in "2- I

out-of-3" logic, actuates the tripping device. This causes the common safety 1

system to be depressurized, and all stop and control valves close rapidly.

The turbine overspeed protection includes redurdant mechanical and electronic
overspeed protection. The mechanical overspeed trip device closes all stop
and control valves by depressurizing both the hydraulic emergency system and,
via an interface relay, the common hydraulic safety system. The mechanical
overspeed trip device is set to activate at 110 percent of rated speed. The
mechanical overspeed trip device is fed from the lube oil system; the
interface between the lube oil system and the turbine safety system is made
via a separating relay. The electronic overspeed protection uses the three
binary signals from the speed conditioning units. However, these signals go
to the "2-out-of-3" tripping device in the common safety system and not in the
EHC. The electronic overspeed protection, which is set at 112 percent of
rated speed, is provided as a backup to the mechanical overspeed trip device.
Additionally, there are two redundant reverse power relays for tripping the
generator breaker to prevent overspeed after turbine trip and to prevent
overheating of the last two stages of low pressure (LP) turbine blades. Each
of the reverse power relays has two strategies: (1) reverse power for moreI34 than 1 second and depressurize the turbine safety system; and (2) reverse

b power for more than 15 seconds. The turbine speed control system protection
devices are listed in CESSAR-DC Table 10.2.2-1.

The EHC system provides basic turbine control functions, including automatic
control of turbine speed and acceleration through the entire speed range, and
load and loading rate from auxiliary to full load. The EHC system provides
fluid for turbine controls at 40 bar (580 psig). The turbine speed is
measured by three independent speed modules including sensors and coordinating
devices. The EHC is a microprocessor-based controller. The video-operated
control room control panel keyboard or push button determines the increase or
decrease inputs. The runbacks are determined by logic of speed control, load
reference signal exceeding a preset load limit, loss of generator status
coolant, process control system signal, and partial loss of load.

To prevent excessive decrease in steam throttle pressure, a main steam
pressure limiter circuit closes the controlling valve set when the throttle
pressure falls below a set point. The turbine and its control valves are
designed to pass the rated steam flow at throttle pressures existing at the
main steam stop valves at rated output of the nuclear steam supply system
(NSSS). The load controller and the maximum load limiter are protected
against overl W The stop valves are hydraulically operated from the common
EHC system ard all are equipped with limit switches for stroke testing. The
control valve position loop consists of electronic circuitry, an electro-

p1 hydraulic servo-valve, a hydraulic actuator, and a linear position transducer.
The position controller and the servo-valve are fail-safe, closing the controlh valve on ioss of power. Each intercept valve is equipped with a position
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controller and a servo-valve. CESSAR-DC Section 10.2.2 describes the TGS and
EHC system operation in detail.

The EHC equipment dc power supply (batteries) is redundant; independent ac
power sources charge the batteries. The EHC system is divided into four
safety categories to test the turbine safety system during operation:
(1) three channel sensing, normally energized and tested every four weeks
during normal operation; (2) two channel sensing, normally deenergized and
tested once per year during overhaul or during a standstill; (3) one channel
sensing, normally energized and tested once a year during overhaul or during a
standstill; and (4) one channel sensing, only for alarms.

The megawatt demand setter automatically coordinates turbine generator control
with specific plant parameters to prevent exceeding NSSS limits affected by
load transients, as described in Section 7.7 of this report.

The turbine safety system is independent of the turbine control system. To
protect the turbine generator, the following generated trip signals, in
addition to the internal trips, will trip the EHC system:

low condenser vacuum.

thrust bearing failure=

low bearing oil pressure.

generator internal faulta

generator breaker failure=

reactor tripa

loss of generator stator cooling without EHC runback.
'

steam generator high-high levela

safety injection*

all main feedwater pumps tripped-

manual turbine trip*

turbine oil fire trip+

moisture separator reheater drain tank high level=

excess vibrationa

The TGS uses main steam stop and control valves, and intercept stop and
control valves. The turbine overspeed trips close these valves within pre-
defined time periods after a trip signal to preclude an unsafe turbir.a
overspeed condition. These closing times account for the residual steam in
the piping between the valves and the turbine. In its response on January 24,
1992 to the staff's request for additional information (RAI) Q410.130, which
is listed in Appendix B of this report, ABB-CE stated that the CESSAR-DC would
be revised to include the closing time criteria for the extraction steam non-
return check valves and the above turbine valves, in lieu of the actual
closing time for these valves. In the staff's draft safety evaluation report 1

(DSER), this was designated as DSER Confirmatory Item 10.2-1. )

In CESSAR-DC, ABR-CE states that the closing times for full load rejection or .

turbine trip shall be such that the maximum expected overspeed of the turbine i

shall not exceed 110 percent of rated speed, and that overspeed control
systems and turbine inertia shall be considered when establishing this
criteria. In addition, ABB-CE states that the non-return check valves are

.

|
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capable of closing within a pre-defined time period to maintain stable turbine
f speeds in the event of a TGS trip. On this basis, DSER Confirmatory

Item 10.2-1 is resolved.

Selection of the valve operation times that meet the above stated criteria was
identified as a COL Action Item 10.2-1 in the DSER. In CESSAR-DC, ABB-CE
states that the COL applicant will ensure that the selection of the turbine
valve operation times meets the turbine valve closing / trip criteria. This
remains COL Action Item 10.2-1.

The DSER identified as Confirmatory Item 10.2-2, that the CESSAR-DC would be
revised to include the criteria that the speed governor for normal speed load-
control fully closes the control and intercept valve at 105 percent of normal
turbine operating speed. In CESSAR-DC, ABB-CE states that the active speed
governor fully closes all main and intercept control valves at 105 percent of
normal turbine operating speed. The accelerator limiter is activated during a
high load rejection, and these valves fully close below 105 percent. On this
basis, DSER Confirmatory Item 10.2-2 is resolved.

Continuous access to the system components is possible during normal
conditions. ABB-CE states that no radiation shielding is required for the
components of the turbine generator and related steam handling equipment. The
vacuum pump air discharge is continuously monitored for radiation to detect
steam generator primary-to-secondary tube leaks, as discussed in Section
10.4.2 of this report.

Q]
/ The turbine generator is located in the turbine building and is separated from

all portions of safety-related systems; no safety-related structures, systems,
or components are located in the turbine building. Therefore, in the event of
a failure of a high- or moderate-energy line, safety-related components will
not be affected. The turbine orientation and the design of the safety-related
structures provide protection against turbine missiles.

The program for in-service inspection of the main steam and intercept valves
is described in CESSAR-DC Section 10.2.5. It includes, at intervals of
approximately 3-1/3 years, during refueling or maintenance shutdowns
coinciding with the inservice inspection schedule (required by Section XI of
the American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(ASME B&PV Code)) for reactor components: (1) dismantling of at least one
main stop valve, one main control valve, one intercept stop and control valve;
and (2) visual and surface examinations of the valve seats, disks, and stems.
In addition, the following tests are performed during normal operation:
(1) the main stop, control, and intercept stop and control valve are stroked
from the control room during normal operation once every two weeks, and (2) a |

signal to allow the extraction line power assisted check valves to partially
close will be simulated from the control room once per month.

The design of the TGS is acceptable and meets the requirements of General
Design Criteria (GDC) 4, " Environmental and Dynamic Effects Design Bases,"
with respect to the protection of structures, systems, and components
important to safety from the effects of turbine missiles. The system meets
the requirements by providing a turbine overspeed protection system to control

?O the turbine action under all operating conditions. This ensures that a full-
load turbine reject will not cause the turbine to overspeed beyond acceptable
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limits and will not result in turbine missiles. Therefore, the staff
concludes that the TGS conforms to GDC 4, staff positions, and industry |

standards, and can, therefore, perform its designed safety function. The TGS |
is therefore acceptable. |

10.3 Main Steam Supply System

10.3.1 System Design

The main steam supply system (MSSS) transports steam from the secondary side
of the NSSS to the turbine generator. Other safety-related or non-safety-
related MSSS auxiliaries dissipate heat during cooldown, following a turbine
and/or reactor trip and during main condenser unavailability; isolate steam
generators, as necessary (as in containment isolation or post-loss-of-coolant
accident (LOCA), for example); and provide overpressure protection for the
shell side of steam generators and main steam piping. The safety-related
portion of the system includes a portion between the steam generators down to
and including the MSIVs. In accordance with CESSAR-DC Table 3.2-1, the
essential portions of the MSSS are designed to Safety Class 2, seismic
Category I, and are subject to the quality assurance requirements of 10 CFR
Part 50, Appendix B. The systers description, design parameters, and reference
flow diagram are given in CESSAR-DC Section 10.3.2, Tables 10.3-2 and
10.3.2-1, and Figures 10.1-2 and 10.3.2-1, respectively. MSSS systems,
rtructures, and components are classified in CESSAR-DC Table 3.2-1.

The MSSS conveys high-pressure staam generated in two steam generators through
two lines for each steam generator to a high-pressure (HP) turbine.
Extraction steam from the HP turbine heats the feedwater in the HP feedwater
heaters. Each line is equipped with (1) five ASME Code spring-loaded main
steam safety valves (MSSVs) to protect against overpressurization of the shell
side of the steam generators and the main steam line piping; (2) an
atmospheric steam dump valve, which is located between the safety valves and
the MSIV; and (3) an MSIV and a bypass valve to establish positive isolation
against both forward and reverse steam flow. All four of the steam-lines are
routed to a main steam equalization header close to the HP turbine to balance
steam pressure before entering the HP turbine. From the equalization header,
branch lines to the steam reheaters reheat the steam from the llP turbine
before entering the low-pressure (LP) turbine.

As stated in ABB-CE's response of January 24, 1992 to the staff's RAI
Q410.131, the safety-related portion of the MSSS is contained in the main
steam valve house (MSVH), which is a seismic Category I structure. This
structure is designed and located to protect against such environmental
hazards as wind, tornados, hurricanes, floods, missiles, and the effects of
high- and moderate-energy pipe ruptures. The flood protection, protection
against internally generated missiles, and protection against externally
generated missiles and high- and moderate-energy pipe breaks are evaluated in
Sections 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1 of this report. ABB-CE also stated
that non-seismic portions of the system and other systems that may interact
with the essential portions of the system are designed to seismic Category II
requirements. ABB-CE needed to modify the text and figures of CESSAR-DC
Chapter 10 to reference the MSVH and clearly identify the equipment located in
these structures (including all safety-related valves in the main steam
system). This was identified as DSER Open Item 10.3-1 in the DSER.
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In CESSAR-DC Sections 10.3.3 and 10.4.7.3, ABB-CE states that the MSIVs, MSIV
bypass valves, MSSVs, and ADVs, as well as MFIVs and feedwater regulatings

L valves, are located within the seismic Category I designed MSVH. CESSAR-DC
Table 3.2-1 shows that the above valves are located in the MSVH, and the MSVH
areas are classified seismic Category I, Safety Class 3, and Quality Class 1.
The MSVH areas are shown in CESSAR-DC Figures 1.2-8 and 3.8-5. On this basis,
DSER Open Item 10.3-1 is resolved.

On the basis of this review, the staff concludes that the system meets the
requirements of GDC 2, " Design Bases for Protection Against Natural Phenom-
ena," with respect to the ability of the safety-related portions of the
system, and the structures housing them, to withstand the effects of natural
phenomena. The system also meets the requirements of GDC 4 with respect to
the safety-related portions of the system, and the structures housing them, to
withstand effects of external missiles, and internally generated missiles,
piping whip, and jet impingement forces associated with pipe breaks. This
meets RG 1.29, " Seismic Design Classification," Positions C.1.a, C.I.e, C.2,
and C.3, or C.I.f, 0.2, and C.3; RG 1.115, " Protection Against Low Trajectory
Turbine Missiles," Position C.1; and RG 1.117, " Tornado Design
Classification," Appendix Positions 2 and 4.

The main steam piping and its supports and restraints withstand operating
loads and design-basis events. The flow area of the main steam piping is
sufficient to keep steam velocity below 46 m/second (150 ft/second). Main
steam piping layouts that result in 90-degree elbows and miters are minimized.
The system valves are designed so that no damage is incurred as a result of
excessive force during closure under design conditions.

'

ABB-CE has addressed the potential for steam hammer and relief valve discharge
loads. Techniques used to minimize such occurrences are as follows:

The MSSV and ADV discharge piping is arranged and supported to minimize.

discharge loads such that the limiting loads are not exceeded for normal
and relieving conditions.

The main steam lines are headered together between the MSIVs and the.

turbine stop valves such that the pressure drop between each steam
generator steam nozzle and the above equalization header are approximately
equal. Additionally, the equalization header is sized to allow a full
closure test, at 90 percent power, of one of the high-pressure turbine
stop valves without imposing a severe pressure / load transient on one of
the steam generators.

The drainage system for main steam piping is designed to remove water-

before and during initial rolling of the turbine, as well as during
shutdown.

The MSSVs and ADVs are arranged such that any condensate in the line.

between these valves and the main steam lines drain back to the main steam
lines.

The MSSS is designed to accommodate steam hammer dynamic loads and reliefw =

valve discharge loads resulting from the rapid closure of system valves
L and safety / relief valve operation without compromising safety functions
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The valves are also periodically in-service tested for freedom of movement
during plant operation in accordance with ASME Code Section XI, " Rules of
Inservice Inspection of Nuclear Power Plant Components," Subsection IWV,
" Inservice Testing of Valves in Nuclear Power Plants." However, in the DSER,
the staff stated that ABB-CE had not mentioned any activity or program
regarding personnel awareness in relation to potential occurrence of steam
hammer dynamics. ABB-CE needed to clearly state that such a program was a
required activity for the COL applicant and to provide guidance for developing
plant operating and maintenance procedures that protect against a potential
occurrence of steam hammer. This was identified in the DSER as DSER Open Item
10.3-2. In CESSAR-DC, ABB-CE states that the COL applicant shall provide
plant operating and maintenance procedures that educate the plant personnel on
the potential for the occurrence of the steam hammer and water entrainment,
and the means to minimize such occurrences. On this basis, DSER Open Item
10.3-2 is resolved and the action to be taken by the COL applicant is COL
Action Item 10.3-1.

Although the System 80+ design can be used at either single- or multiple-unit
sites, ABB-CE states in CESSAR-DC Section 1.2.1.3 that the independence of all
safety-related systems and their support systems will be maintained between
(or among) the individual plants. In the DSER, the staff stated that should a
multi-unit site be proposed, the COL applicant must apply for the evaluation
of the units' compliance with the requirements of GDC 5, " Sharing of
Structures, Systems, and Components," with respect to the capability of the
shared structures, systems, and components to perform their required safety
functions. This was identified as COL Action Item 10.3-2 in the DSER. Upon
further review, the staff determined that the design described in the CESSAR-
DC does not share structures, systems, or components with other nuclear power
units. Therefore, the MSSS meets the requirements of GDC 5, and COL Action '

Item 10.3-2 is no longer necessary.

The MSSS is capable of providing heat sink capacity for the nuclear reactor,
pressure relief for the shell side of the steam generator and the main steam
lines up to the HSIVs, and steam to the steam-driven safety-related pumps
necessary for safe shutdown. Therefore, the MSSS meets the requirements of
GDC 34, " Residual Heat Removal," with respect to the system function of
transferring residual and sensible heat from the reactor system. The
modulating ADV (one for each main steam line) maintains the steam pressure
below the lowest setting of the HSSVs durire emergency shutdowns or hot
standby conditions. Each of the two valves for a single steam generator is
powered from a different Class 1E power scurce to meet the single-failure
criterion for a main steam line break. Tne ADVs are powered from the. Class IE
batteries, with each valve powered from a separate channel. The ADVs can be
operated manually from the control room or remote shutdown panel following ai

safe shutdown earthquake coincident with the loss of offsite power. The ADVs
can be manually closed and positioned. These valves have both analog position
and open/close indication lights. This meets Branch Technical Position (BTP)
RSB 5-1, " Design Requirements of Residual Heat Removal System," and the
position in Issue 1 of NUREG-0138, " Staff Discussion of 15 Technical Issues
Listed In Attachment To November 3, 1976, Memorandum From Director, NRR to NRR
Staff, dated January 18, 1979."

O,
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Additionally, in response to RAI Q410.2 (June 30, 1988), ABB-CE stated that a safety-e
I grade air supply will be provided to operate the ADV actuators, if the normal

air supply becomes unavailable. The back-up might be a nitrogen air supply or
one compliant with standard Type A American National Standards
Institute /American Nuclear Society (ANSI /ANS) 59.3 (1984), " Safety Criteria
for Control Air System." This information is not reflected in CESSAR-DC
Section 10.3.2.3, and this was identified as a Confirmatory Item 10.3-1 in the
DSER. ABB-CE states in CESSAR-DC Section 10.3.2.3.2.3 that (1) the ADVs are
manually operable from the main control room or the remote shutdown panel, and
(2) diverse sources of motive and control power (125 Vdc supply from the
station batteries) to the ADVs are provided from separate sources to meet
single failure criteria. The ADVs are designed with a return spring that
causes the valve to fail closed on loss of motive power or loss of control
signal. On this basis, Confirmatory Item 10.3-1 is resolved.

Following a steam line break, either all steam paths downstream of the MSIVs
are isolated by their respective control systems following a main steam
isolation signal (MSIS), or the results of a blowdown through a non-isolated
path are shown to be acceptable. An acceptable maximum steam flow from a non-

6isolated steam path is 10 percent of maximum steam rate (8.6 x 10 kg/ hour
6(19 x 10 lb/ hour) at 6895 kPa (1000 psi) saturated steam conditions). As

stated above, non-seismic portions of the system and other systems that may
interact with the essential portions of the MSSS are designed to seismic
Category II. Therefore, failure of non-seismic systems, structures, or
components will not preclude operation of the safety-related portions of the
MSSS.

Oi Detection of steam leakage from the system in the event of a steam line breakid is provided by the MSIS, which is a part of the engineered safety feature
actuation system (ESFAS). This system actuates on steam generator pressure
and level and containment pressure (high) signals. The MSIS actuates the
MSIVs, the MSIV bypass valves, and the isolation valves between the MSIVs and
the steam generators to limit steam blowdown resulting from a steam line
rupture or component malfunction. The system instrumentation and controls are
evaluated in Chapter 7 of this report. The MSIV closure time is described in
CESSAR-DC Sections 10.3.2.3.2 and 10.3.4(F). ABB-CE revised CESSAR-DC
Section 5.4.5.3 to include up to a 5-second MSIV closure-time capability to
isolate the steam generators upon receiving a signal from the ESFAS.

The system design conforms with the Commission regulations given in GDC 2, 4,
5, and 34, as discussed above. Therefore, the staff concludes that the MSSS
design conforms with the acceptance criteria of SRP Section 10.3 and is,
therefore, acceptable.

,

10.3.2 Secondary System Materials

The staff evaluated the steam and feedwater system materials in accordance i
with SRP Section 10.3.6. The areas of review included selection and i
fabrication of materials, fracture toughness of Class 2 and 3 components, and
ABB-CE's approach to erosion / corrosion.

To address the open items in the DSER, ABB-CE will comply with RG 1.71,

(VO) " Welder Qualification for Areas of Limited Accessibility," except for the
|

welder performance qualifications. ABB-CE's proposed alternative is to assign '
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only the most skilled welders to weld those joints with limited accessibility. ,

These joints are also subject to the inspections required by the applicable I

code. These precautions should provide adequate assurance of the
acceptability of joints welded under conditions of limited accessibility.
ABB-CE has provided an acceptable alternative to the recommendations in
RG 1.71. On this basis, DSER Open Item 10.3-3 is resolved.

In Amendment N, ABB-CE revised the CESSAR-DC to specify the main steam, hot ;

reheat, condensate, main feedwater piping systems, and the heater drain piping i
Isystems upstream of the drain control valves are carbon steel or equivalent.

However, extraction steam piping, heater drain piping downstream of the drain
control valves, and other piping exposed to wet steam or flashing liquid flow
will be chromium-molybdenum alloy steel, stainless steel, or equivalent.
Stainless steel will be used as tubing in various heat exchangers and as
cladding of tubesheets in low chloride environments, with alloy content
increasing with increasing chloride levels. For chloride levels above
800 ppm, high concentrations of dissolved solids (above 1000 ppm), or water
contaminated by sewage discharges, titanium tubing will be used. These
material selections have been used in numerous plants for twenty or more
years, and there have been no failures under the stated environments.
Accordingly, ABB-CE has provided adequate assurance of the safety and
structural integrity of these systems for the 60 year life of the plant. On
this basis, DSER Open Item 10.3-4 is resolved.

ABB-CE identified in the CESSAR-DC the specific materials for the steam and
feedwater system. Specifically, ABB-CE stated that carbon-manganese and
chromium-molybdenum steels are to be used for the main steam and main
feedwater systems. Specific grades are as follows:

Main Steam

ASME Class 2 Portion SA 672 Gr. C70, C1. 22 (>24" NPS)
SA 106 Gr. B or C (>24" NPS)

B31.1 Portion A 672 Gr. C70, C1. 22 (>24" NPS)
A 106 Gr. B or C (s24" NPS)

1Main Feedwater

ASME Class 2 Portion SA 106 Gr. B or C (s24" NPS)

B31.1 Portion A 672 Gr. C70, C1. 22 or (>24" NPS)
A 106 Gr. C

A 106 Gr. B or C ($24" NPS)

In CESSAR-DC, ABB-CE addresses the issue of erosion degradation of piping
systems. For carbon steel piping systems, the following methods to minimize ;

' In areas where erosion / corrosion degradation are expected to be i
excessive, low alloy steel piping (e.g. A335-P5, Pll/12, & P22) may be j

substituted to minimize the effects and/or allow higher bulk fluid
velocities.
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erosion / corrosion are described in CESSAR-DC Section 3.6.3.1.2.1:

V (1) The bulk velocity is limited to prevent excessive erosion of the pipe
wall. The following velocity guidelines are used for carbon steel piping:

Recommended Bulk Velocity Guidelines

Service Velocity

Steam Piping 45.7 m/sec (150 ft/sec)

Water 4.6 m/sec (15 ft/sec)

Recirculation Lines (Infrequent Use) 6.1 - 7.6 m/sec (20 - 25 ft/sec)

(2) Piping design and routing will be used to reduce susceptibility of the
piping to pipe wall thinning.

ABB-CE proposed that engineering evaluations would be performed on a case-by-
case basis using industry accepted methods, such as the Electric Power
Research Institute's (EPRI's) CHECKMATE. It also noted that the feedwater and
condensate system will be designed to avoid erosion damage.

ABB-CE's design and layout of piping systems considers the effect on the
piping material from fluid velocity, bend location, and the location of flash
points. The staff believes ABB-CE has demonstrated an appreciation of water
characteristics, piping configuration, and materials selection, and that these

( factors will mitigate erosion and corrosion of piping systems. On this basis,
'

DSER Open Item 10.3-5 is resolved.

ABB-CE also provides in CESSAR-DC the corrosion allowance value for a 60-year
plant design life and its technical basis for the determination of that value.
Carbon steel is to be used for the main steam and main feedwater systems with
a minimum corrosion allowance of 2.5 mm (.1 in.) per year. This corrosion
allowance is greater than that used in the design of most current plants and
should. account for the 60-year design life of a System 80+ plant. For piping
sections that are more susceptible to erosion / corrosion degradation, chromium-
molybdenum or stainless steel are used per CESSAR-DC, Section 10.3.6.2.G.5.
On this basis, DSER Open Item 10.3-6 is resolved.

ABB-CE specified that corrosion / erosion-resistant materials will be used in
piping susceptible to corrosion or erosion. The primary method of
corrosion / erosion mitigation is prevention in the design stage, including the
following design features:

fluid velocity limits (CESSAR-DC Sections 10.3.2.3.1.D and 10.4.7.2.5.K).

chrome-molybdenum or stainless steel used in highly susceptible piping=

systems with flashing or two-phase flow (CESSAR-DC Section 10.3.6.2.G.5)

The inspection programs described in the CESSAR-DC, Section 10.3.4, will
provide further assurance that susceptible piping will not be excessivelyp) degraded by corrosion or erosion before it is detected. ABB-CE's inspection(d programs rely on the guidance provided in EPRI NP-3944, " Erosion / Corrosion in
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Nuclear Plant Steam Piping: Causes and Inspection Guidelines." These I

guidelines have been accepted by the staff. On this basis, DSER Open
Item 10.3-7 is resolved.

The design of System 80+ components will also address the potential influence
of environmental effects on the fatigue life of materials over the 60-year
design life. Recent fatigue test data in the following references indicate
that the effects of the environment could significantly reduce the fatigue
resistance of materials:

K. Iida, et al., " Survey of Fatigue Strength Data of Nuclear Structural.

Materials in Japan," Abstract of Design-Basis Accident Committee Report,
1988. (Enclosure in letter dated July 2, 1991 from John W. Craig (NRC) to
Edward Griffing (NUMARC)

M. Higuchi, and K. lida, " Fatigue Strength Correction Factors of Carbon*

and Low-Alloy Steels in Oxygen-Containing High-Temperature Water," Nuclear
fnaineerina and Desian, Volume 129, 1991, pp. 293-306

J.B. Terrell, "Effect of Cyclic Frequency on the Fatigue Life of ASME SA-.

106-C Piping Steel in PWR Environments," Journal of Materials Enaineerina,
Volume 10, Number 3, 1988, pp. 193-203).

The specific concerns relate to the reactor water and temperature environment
and its synergistic interactions with the strain rate.

The issue of environmental effects on fatigue is currently under consideration
by a special steering committee for cyclic life and environmental effects in
nuclear applications of the Pressure Vessel Research Council (PVRC). These
activities were initiated based on requests froe the ASME B&PV Code committee
and the Board on Nuclear Codes and Standards (BNCS). The charter of the PVRC
steering committee is to provide guidance and direction related to determining
the effects of light-water reactor service environments on the cyclic life
properties of applicable materials. The steering committee is also evaluating
application methodologies that include these effects in the fatigue analysis
process.

Preliminary recommendations were provided to the BNCS in September 1992. The |
initial findings reported to BNCS were that the current fatigue (S/N) curves
should be appropriate for PWR environments. Since the BNCS is not in complete
agreement with the steering committee's position, this issue has not been
resolved. ABB-CE will continue to monitor the industry activities related to
fatigue curves and future fatigue analysis methodology.

System 80+ components will be designed to ASME B&PV Code rules. If the
influerce of environmental effects has not been incorporated into the Code
rules at the time of the design, the potential effects will be addressed based
on the technical understanding of the materials data and anticipated operating
conditions. In CESSAR-DC Section 10.3.6.2, ABB-CE commits to account for the
effects of the environment in the fatigue analyses, based on ASME Code
requirements. On this basis, DSER Open Item 10.3-8 is resolved.

During the development of the DSER, the staff raised the issue that carbon
steel materials may be susceptible to dynamic strain aging (DSA), which
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e reduces the material fracture properties (C.W. Marschall, M.P. Landow, and
(' G.M. Wilkowski, "Effect of Dynamic Strain Aging on Fracture Resistance of

Carbon Steels Operating at Light-Water-Reactor Temperatures," ASTM STP 1074,
ASTM, Philadelphia, PA, 1990, pp. 339-360). The staff held several
discussions with ABB-CE on this issue. In its submittal of January 20, 1993,
ABB-CE noted that industry studies are in progress to investigate the
susceptibility of materials to DSA and the extent to which the fracture
toughness properties are affected. The materials used in nuclear power plant
engineered safety systems (carbon and alloy steels, stainless steels, and
nickel base alloys) have adequate fracture toughness, either as an inherent
property of the material (austenitic stainless steels and nickel alloys) or by
ASME Code required Charpy v-notch testing of carbon and low-alloy steels.
These materials have been extensively used in existing nuclear power plants
and have performed successfully without failure. The staff concludes that,
by meeting the ASME Code requirements, these materials will have an acceptable
level of fracture toughness to account for DSA. On thfh insis, DSER Open
Item 10.3-9 is resolved.

No copper alloys are used for components that are in contact with feedwater,
steam, or condensate. Oxygen-induced corrosion is minimized by using
corrosion-resistant materials for the steam reheaters, feedwater heaters, and
the condenser. Main steam piping, hot reheat piping, condensate piping,
feedwater piping, and heater drain piping upstream of the drain control valves
are carbon steel. Extraction steam piping, heater drain piping downstream of
the drain control valves, and other piping exposed to wet steam or flashing
liquid flow are chromium-molybdenum or stainless steel.

The staff concludes that the main / team and feedwater system materials are
V acceptable and meet the relevant r(quirements of 10 CFR 50.55a, GDC 1,

" Quality Standards and Records," GDC 35, " Emergency Core Cooling," and 10 CFR
Part 50 Appendix B, " Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants." This conclusion is based on the following
considerations:

1. ABB-CE has selected materials for Class 2 and 3 components of the steam
and feedwater systems that satisfy Appendix I of Section III of the ASME
B&PV, and meet the requirements of Parts A, B, and C of Section II of the
Code. In Section 5.2.1.1 of the CESSAR-DC, ABB-CE also met the
recommendations of RG 1.85, " Materials Code Case Acceptability ASME
Section III, Division I," which describes acceptable code cases that may
be used in conjunction with this industry standard.

2. The ASME Code imposes fracture toughness requirements for ferritic steel
materials in Class 2 and 3 systems. The fracture toughness tests,
chemical composition, and mechanical properties required by the Code
provide reasonable assurance that ferritic materials will have adequate
safety margins against the possibility of nonductile behavior or rapidly
propagating failure.

3. ABB-CE meets the regulatory positions or provides and meets an alternative
to the regulatory positions in RG 1.71 that the staff has reviewed and
found acceptable. The onsite cleaning and cleanliness controls during

(a) fabrication :atisfy the position given in RG 1.37, " Quality Assurance
U Requirements for Cleaning of Fluid Systems and Associated Components of
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Water-Cooled Nuclear Power Plants," and the requirements of ANSI Standard
N 45.2.1-1973, " Cleaning of Fluid Systems and Associated Components During |
Construction Phase of Nuclear Power Plants." |

10.4 Other Features

10.4.1 Main Condenser

The main condenser (MC) is a non-safety-related component located in the
turbine building. The MC functions as a heat sink for the steam and power
conversion system. The MC is designed to condense the low pressure turbine
exhaust steam so it can be efficiently pumped through the steam cycle. The MC
also serves as a collection point for feedwater heater drains and vents, CFS
makeup, and miscellaneous equipment drains and vents. The MC hotwells serve
as a storage reservoir for the CFS with sufficient volume to supply maximum
condensate flow for 5 minutes. The MC is also designed to remove
noncondensible gases from the condensing steam by the main condenser
evacuation system (MCES). Heat is removed from the MC by the condenser
circulating water system (CCWS). The MC system includes all components and
equipment from the turbine exhaust to the connections and interfaces with the
main condensate and other systems.

In the DSER, the staff stated that ABB-CE had not submitted system drawing (s)
and a component design parameters table in CESSAR-DC Section 10.4.1. This was
identified as OSER Open item 10.4.1-1. ABB-CE now provides a system
description, representative design parameters, and a reference flow diagram in
CESSAR-DC Section 10.4.1, Table 10.4.1-1, and Figure 10.4.1-1, respectively.
The classification of systems, structures, and components is provided in
CESSAR-DC Table 3.2-1 by identifying the MC as non-nuclear safety (NNS) and
non-seismic category, and by indicating that the quality assurance require-
ments of 10 CFR Part 50, Appendix B, are not applicable. On this basis, DSER
Open ' tem 10.4.1-1 is resolved.

In the event of a load rejection, the MC condenses up to 55 percent of the
full-load main steam flow bypassed directly to the condenser by the TBS
without tripping the reactor (refer to Section 10.4.4 of this report). If the
MC is unavailable during a normal plant shutdown, a sudden load rejection, or
a turbine trip, the spring-loaded safety valves can discharge full main steam
flow to the atmosphere to protect the MSSS from overpressure. The MC removes
non-condensible gases from the condensing steam through the MCES (refer to
Section 10.4.2 of this report). The design also deaerates any drains that
enter the condenser. Condenser tube material shall be as follows:

Type 304L stainless steel tubing or equivalent for chloride levels below*

200 ppm

316L stainless steel tubing or equivalent for chloride levels up toa

500 ppm

904L stainless steel, AL-6X, or equivalent for chloride levels between*

500 and 800 ppm

titanium tubing or equivalent for greater than 1000 ppm of dissolveda

solids or chloride levels above 800 ppm.
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n The main condenser is initially tested in accordance with the Heat Exchanger

(v) Institute standards for steam surface condensers. The condenser shells, hot
wells, and waterboxes have access openings. Periodic visual inspections and
preventive maintenance are conducted following normal industrial practice.

Although the design has radioactivity monitors in the system to detect leakage
into and out of the MC during normal operation, startup, and shutdown, the
main condenser has no radioactive contaminants inventory. Radioactive
contaminants can only be obtained through primary-to-secondary system leakage
resulting from steam generator tube leaks. The steam generator blowdown
system (SGBS) continuously samples the radioactivity of the steam generator
blowdown (refer to Section 10.4.8 of this report and CESSAR-DC Table 9.3.2-1,
which gives process sampling requirements for normal operation). Since the
radioactivity is continuously monitored to detect leakage into and out of the
condenser at the vacuum pumps discharge, GDC 60, " Control of Releases of
Radioactive Materials to the Environment," is met with respect to failures in
the system design that could result in excessive releases of radioactivity to
the environment. The vacuum pump discharge is continuously monitored for
radiation in order to detect steam generator primary-to-secondary tube leaks
( ofer to Section 10.4.2 of this report). The radiological monitoring
c pabilities are discussed in Section 11.5 of this report. The main condenser
is non-safety-related, serves no safety function, and is not required for any
safety shutdown. Flooding as a result of an MC failure (loss of water box or
circulating water piping) is limited to the turbine building. High-level
alarms in the turbine building sump alert operators in the event of leaks
large enough to flood the building. The operator can then isolate leakage

o paths and limit flooding. Additionally, no safety-related structures,
I systems, or components are located in the turbine building. Refer to Sec-
\ tion 3.4.1 of this report for a discussion of flooding.

The MC design conforms with the Commission regulations given in GDC 60 with
regard to failures in the system design that do not result in excessive
releases of radioactivity to the environment, and do not cause unacceptable
condensate quality or flooding of areas housing safety-related equipment, as
discussed above. Therefore, the staff concludes that the design of the main
condenser complies with the acceptance criteria of SRP Section 10.4.1 and is, i

therefore, acceptable.

10.4.2 Main Condenser Evacuation System

The MCES is a non-safety-related system located in the turbine building. The
MCES removes air and other noncondensible gases from the condenser and
maintains adequate condenser vacuum for proper turbine operation during
startup and normal operation. The MCES includes equipment and instrumentation
to establish and maintain condenser vacuum and to prevent an uncontrolled
release of radioactive material to the environment. The major components of
the MCES are the vacuum pumps that are used to create a vacuum in the MC. The
system equipment is NNS, non-seismic category, and is not subject to the
quality assurance requirements of 10 CFR Part 50, Appendix B.

In the DSER, the staff stated that ABB-CE had not provided sufficient details
(such as a detailed system description, flow diagram, piping and instrument

C diagram, and tabulation of the design parameters for the system components)
- for the staff to complete its review. ABB-CE gave little system information
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for the MCES; missing information included such items as the number of vacuum ,

pumps and the manner in which the system is operated. The lack of the above ;

system information was designated as DSER Open Item 10.4.2-1. |

ABB-CE provides a system description and a reference flow diagram in CESSAR-DC
Section 10.4.2 and Figure 10.4.2-1, respectively, as well as a classification
of MC systems, structures, and components in CESSAR-DC Table 3.2-1. The four
packaged / skid-mounted vacuum pumps (one spare) are used for hogging and
holding modes of operations. The hogging mode reduces the MC pressure to
13 to 25 mm (5 to 10 in.) of Hg absolute. TheholdingmodereducespC
pressure to its operating value. Each vacuum pump is sized for 34 m / minute

3(1200 standard cubic feet per minute (scfm)) for hogging ano 1.4 m / minute
(50 scfm) for holding modes in accordance with Heat Exchanger Institute ,

standards for surface condensers. On this basis, DSER Open Itam 10.4.2-1 is i

resolved. I

!
The system design was originally based on the use of air ejectors. In CESSAR-
DC Section 10.4.2, ABB-CE states that there is no direct connection between
the main vacuum system and the reactor coolant system. Therefore, the normal
function of one does not directly affect the other. The steam jet air
ejectors (SJAEs) discharge is continuously monitored for radiation to detect j
steam generator primary-to-secondary tube leaks. However, CESSAR did not
originally discuss the provisions for monitoring the discharge of the vacuum
pumps, because these pumps might be used at different times than the SJAEs and
may have a different discharge path. From the information in CESSAR-DC
Section 10.4.2, the vacuum pump discharge path and/or the monitoring
capabilities associated with this path were not identified. This was
identified as Open Item 10.4.2-2 in the DSER. ABB-CE now provides a system
description and a reference flow diagram in CESSAR-DC Section 10.4.2 and
Figure 10.4.2-1, respectively. This information shows that vacuum pumps,
rather than SJAEs, are used for system hogging and holding operations. The
vacuum pump discharge is continuously monitored and routed to a unit vent in
the nucieur annex. The radiological monitoring capabilities are discussed in

.

Section 11.5 of this report. On this basis, DSER Open Item 10.4.2-2 is |
resolved. |

The requirements of two Commission regulations (GDC 60, as it relates to the
MCES design for the control of releases of radioactive materials to the
environment, and GDC 64, " Monitoring Radioactivity Releases," as it relates to
the MCES design for the monitoring of releases of radioactive materials to the
environment) are considered met if the regulatory positions contained in the
following RGs and Heat Exchange Institute standards are conformed to:

(1) RG 1.26, " Initial Test Programs for Water-Cooled Nuclear Power Plants,"
as it relates to the MCES quality group classification that may contain

i radioactive materials, but is not part of the reactor coolant pressure
' boundary and is not important to safety

(2) RGs 1.33, " Quality Assurance Program Requirements (Operation)," and |

1.123, " Quality Assurance Requirements for Control of Procedurement of
Items and Services for Nuclear Power Plants," as they relate to the
quality assurance programs for the MCES components that may contain
radioactive materials
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,o (3) " Standards for Steam Surface Condensers, Heat Exchanger Institute," as
it relates to the MCES components that may contain radioactive materials

In the DSER, the staff stated that ABB-CE had not demonstrated sufficient
conformance to the regulatory positions for the staff to conclude that the
system is acceptable. This was identified as DSER Open Item 10.4.2-3. ABB-CE
states in CESSAR-DC Section 10.4.2.1 that the system conforms with the
guidance of RGs 1.26 and 1.28, and the Hydraulic Institute standards for steam
surface condensers to satisfy the requirements of GDC 60 and 64. As
identified in CESSAR-DC Table 1.8-1, RG 1.33 is not applicable and RG 1.28 is
applied to the MCES instead of RG 1.123. On this basis, DSER Open
Item 10.4.2-3 is resolved.

The MCES complies with the requirements of GDC 60 and 64 with respect to the
control and monitoring of releases of radioactive r..aterials to the environment
by providing a controlled and monitored MCES. The system meets the acceptance
criteria of SRP Section 10.4.2 and is, therefore, acceptable.

10.4.3 Turbine Gland Sealing System

The turbine gland sealing system (TGSS) includes the equipment and instruments
that are a source of sealing steam to the annulus space where the turbine and
large steam valve shafts penetrate their casings. The system prevents steam
from leaking out and air from leaking in through the turbine shaft glands and
through various steam valve stems. The TGSS provides a continuous supply of
": lean" steam from the main or auxiliary steam systems to the main turbine,

shaft seal, main and intercept control valves, main and intercept stop valves,

(OL} and turbine bypass valves. This saaling steam is provided by the auxiliary
steam system during co~id startup or emergencies. Once the steam generators
are brought up to fuli pressure, the sealing steam source is switched from the
auxiliary steam source to the main steam source and/or the high-pressure
packings (cakage source as the turbine is brought up to load during normal
operation. Excess steam is discharged to the MC. The sealing steam keeps air
from leaking into the steam cycle and potentially radioactive steam from
leaking out of the steam cycle into the turbine building. The system returns
the air-steam mixture to the turbine gland steam packing exhauster and
condenser. The gland steam condenser, maintained at a slight vacuum by the
redundant blowers, condenses the steam, returns the drains to the MC, and
exhausts the noncondensible gases to the atmosphere through the plant vent.
The radiological monitoring capabilities are discussed in Section 11.5 of this
report.

In the DSER, the staff stated that ABB-CE had not provided a system flow
diagram, a piping and instrument diagram, and a table for the desien
parameters of the system components. This documentation was required for the
staff to complete its review. The lack of system information was identified
as Open Item 10.4.3-1 in the DSER. ABB-CE provides a system desviption and a
reference flow diagram in CESSAR-DC Section 10.4.3 and Figure 10.4.3-1,
respectively, and classifies the TGSS systems, structures, and components in
CESSAR-DC Table 3.2-1. The design parameters of the system components will be
evaluated on a plant-specific basis relevant to the system acceptance criteria
for ABB-CE referencing the CESSAR-DC design. On this basis, DSER Open

_ (nv)Item 10.4.3-1 is resolved. !

ABB-CE System 80+ FSER 10-17 June 1994
i

_ _ _ .



The indication and alarm devices are provided locally and in the control room
for steam seal header pressure, temperature, and flow as part of the normal
instrumentation, but these devices are not required for safe shutdown
conditions. The design must meet the requirements of GDC 60, as it relates to
the TGSS design for the control of releases of radioactive materials to the
environment, and GDC 64, as it relates to the TGSS design for the monitoring
of releases of radioactive materials to the environment. The staff considers
these requirements met if the regulatory positions contained in the following
RGs and Heat Exchanger Institute standards are conformed to:

(1) RG 1.26, as it relates to the quality group classification for the TGSS
that may contain radioactive caterials, but is not part of the reactor
coolant pressure boundary and is not important to safety

(2) RGs 1.33 and 1.123, as they relate to tne quality assurance programs for
the TGSS components that may contain radioactive materials

(3) " Standards for Steam Surface Condensors, Heat Exchanger Institute," as
it relates to components that may contain radioactive materials

In the DSER, the staff stated that ABB-CE had not demonstrated sufficient
conformance to these regulations for the staff to conclude that the system is
acceptable. This was identified as Open Item 10.4.3-2 in the DSER. ABB-CE
states in CESSAR-DC Section 10.4.3.1 that the system conforms with the
guidance of RGs 1.26 and 1.28 to satisfy the requirements of GDC 60 and 64.
As identified in CESSAR-DC Table 1.8-1, RG 1.33 is not applicable and RG 1.28
is applied to TGSS instead of RG 1.123. On this basis, DSER Open
Item 10.4.3-2 is resolved.

Based on the above information, the staff concludes that the turbine gland
se.1 system meets the requirements of GDC 60 and 64 with respect to the
control and monitoring of releases of radioactive materials to the environment
by provid_ing a controlled and monitored TGSS. The system meets the acceptance
criteria of SRP Section 10.4.3 and is, therefore, acceptable.

10.4.4. Turbine Bypass System

The TBS bypasses up to 55 percent of the total full-power main steam flow at
the normal full-power steam generator pressure of 6895 kPa (1000 psia). The
TBS is a nor.-safety system located in the turbine builuing.

In conjunction with the reactor power cutback system, the bypass capacity is
intended to allow for a full turbine load rejection of any magnitude without
tripping the reactor or lifting primary or secondary safety valves. The TBS
also controls NSSS thermal conditions when reactor power exceeds turbine power
or to prevent the opening of safety valves following a unit trip. The TBS can
maintain the NSSS in zero power conditions. In response to the staff's RAI
Q410.9 (dated June 30,1988), ABB-CE stated that the system bypass capacity is
consistent with reactor transient analysis (55-percent capacity input). The <

system provides pressure control during the loss of one of three feedwater |
pumps and transmits a control element assembly automatic motion inhibit signal !

when the turbine power and reactor power fall below selected thresholds. It
,

also provides for manual control of reactor coolant system temperature during
an NSSS heatup or cooldown. The system is intended to permit operation of the

!
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[ turbine bypass valves in a manner that mir,imizes valve wear and maintains
t valve control. The system provides for operation of the turbine bypass valves
' to limit the flow imbalance between condenser sections to the flow capacity of

one valve when all turbine bypass valves and condenser shells are available.
It also provides a redundant means of avoiding excessive steam release as the
result of operator error or a single-component failure. The TBS provides a
condenser interlock that blocks turbine bypass flow when unit condenser
pressure exceeds the preset limit. The system is not required for the safe
shutdown of the reactor and does not perform a safety function. The system
description, system design and performance characteristics, and flow diagrams
are provided in CESSAR-DC Section 10.4.4, Table 10.1-1, and Figures 10.1-2 and
10.3.2-1, respectively. The classification of TBS systems, structures, and
components is provided in CESSAR-DC Table 3.2-1.

The TBS takes steam from the main steam header upstream of the turbine main
stop valves and discharges it directly to the MC, bypassing the turbine
generator. The system comprises all components and piping from the branch
connection at the main steam system to the MC. The system consists of eight
air-operated turbine bypass valves located in groups of four on the two steam
lines, and associated piping and instrumentation. Normally, these valves are
controlled by the steam bypass control system (SBCS) (refer to Section 7.7.1
of this report) but can also be controlled remotely or manually (local manual
operation). The maximum capacity for a turbine bypass valve is approximately
10 percent of full steam flow at 6895 kPa (1000 psia). The turbine bypass
valves fail closed to prevent uncontroll?d bypass of steam to the condenser.
The system valves modulate fully open or fully closed in a minimum of
15 seconds and a maximum of 20 seconds while in the automatic operation mode;
they are designed to open in less than 1 second and close in 5 seconds in

' response to SBCS signals. The system caa control steam flow as low as
approximately 3.3 percent of total full-power steam flow during hot standby to
permit pre-core hot function testing. The bypass control system is addressed
in Section 7.7.1 of this SER.

Should the bypass valves fail to open, the secondary side ASME Code safety
valves provide ultimate steam generator overpressure protection and main steam
line overpressure protection. Should the condenser not be available, an
interlock will prevent opening, or if opened, will close the system valves;
operation of the system thus has no adverse effects on the reactor coolant
system. The total system valve capacity (55 percent of total full-power steam
flow at 6895 kPa (1000 psia)), in conjunction with the SBCS and reactor power
runback system, allows a turbine full-load rejection without causing a reactor
trip or lifting the primary or secondary code safety valves. Therefore, the
staff concludes that the system is designed to enable sufficient steam to be
bypassed to the MC so that the plant can be shut down during normal operation
without using the turbine generator. Tha system therefore meets GDC 34,
" Residual Heat Removal," with respect to the ability to use the system for
shutting down the plant during normal operations.

ABB-CE considers the TBS a non-safety-related system and does not require any
test or inspection of the system. However, according to SRP Section 10.4.4,
preoperational and startup tests should conform with recommendations of

pI RG 1.68, "Preoperational and Initial Startup Test Programs for Water-Cooled
Power Reactors." The lack of such test requirements was identified as DSERiO Open Item 10.4.4-1. ABB-CE states in CESSAR-DC Section 10.4.4.4 that the
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system conforms with the recommendations of' RG 1.26. For the preoperational
and startup tests, a test will be conducted to verify opening of the turbine
bypass valves in response to a signal, simulating turbine bypass, from the
system bypass control system. On this basis, DSER Open Item 10.4.4.4-1 is
resolved.

The system components are NNS, non-seismic category, and not subject to the
quality assurance requirements of 10 CFR Part 50, Appendix B. The system is
located in the turbine building, which is a non-seismic category building. No

safety-related equipment is located within the turbine building or near the
TBS. Therefore, the staff concludes that the system complies with the
requirements of GDC 4 regarding adverse effects of a pipe break or malfunction
on those components of the system necessary for shutdown or accident preven-
tion or mitigation, as there are no such systems in tne turbine building.

"

The as-built pressure drop between the steam generator nozzles and each system
valve is site specific. The COL applicant referencing this CESSAR-DC will
need to provide these pressure drops to evaluate the actual relieving capacity
of those valves for the staff's review. In CESSAR-DC, ABB-CE states that the
COL applicant shall provide the as-built pressure drop between the steam
generator outlet nozzles and each turbine bypass valve to enable ABB-CE to
evaluate the actual relieving capacity. This is acceptable and is designated
COL Action Item 10.4.4-1. !

On this basis, the staff concludes that the system design meets the
requirements of GDC 4 and 34, and that the TBS conforms with the applicable
criteria of SRP Section 10.4.4 and can perform its intended function. The
system design is, therefore, acceptable.

10.4.5 Condenser Circulating Water System

Although the majority of the CCWS is a non-safety-related system provided by
the COL applicant referencing the System 80+ design, and is beyond the scope
of this report, the parts of the system that are located in the turbine
building are within the certified design scope. The referenced CCWS provides
cooling water for the turbine condensers and rejects heat to the environment
via the normal heat sink. (A cooling tower is one of the means of rejecting
heat for the reference plant, although site-specific considerations may allow
alternative means of heat rejection.) The CCWS comprises all components and
equipment necessary for supplying the MC with a continuous supply of cooling
water. The system description, representative design parameters, and
reference flow diagram are provided in CESSAR-DC Section 10.4.5,
Table 10.4.5-1, and Figure 10.4.5-1, respectively. The classification of
systems, structures, and components is provided in CESSAR-DC Table 3.2-1 by
identifying the CCWS as NNS and non-seismic category; the quality assurance
requirements of 10 CFR Part 50, Appendix B, are not applicable. The system is
located partly in the yard and partly in the turbine building; these locations
are non-seismic category areas. The CCWS is not required to perform any
safety-related function.

ABB-CE provides interface requirements in CESSAR-DC Section 10.4.5.1.2 to
ensure the adequacy of the System 80+ design. The system design minimizes the
potential for water hammer by providing adequate filling and high-point
venting. Valve opening and closing times are selected to minimize water
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r hammer effects. The CCWS reference design, described below, includes four |

( condenser circulating water pumps that are motor-driven, high-flow, low-head
'

pumps. The pumps are located so that the available net positive suction head !
(NPSH) exceeds the required NPSH as defined in the irs. Means are provided to i
prevent or detect and control flooding of safety-related areas so that '

iintended safety functions of a system or component will not be precluded as a
result of leakage from the CCWS. Flooding protection is provided to ensure |
that large leaks from CCWS piping do not result in the loss of all CCWS pumps. !

The system can maintain full load with one pump down, except potentially
'

i

during the three hottest months of the year. The reference plant condenser
includes a three-zone, multi-pressure condenser (three condenser shells).
Valving is provided so that each of the two condenser waterbox flowpaths (with
conductivity monitore in each condenser hotwell shell to detect leakage of ;

circulating water) can be isolated and the unit can be operated at partial
load, thus preventing the non-condenser-quality water from flowing
into the CFS. The cooling tower has two 100-percent capacity makeup pumps
which provide filtered makeup flow as needed. Instrumentation allows
monitoring of system parameters, including condenser inlet and outlet
temperature for each tube bundle, pump suction and discharge pressure, '

differential pressure across the pumps, and pH and conductivity for the ,

circulating water. Flow meters are provided for each pump and for total
system flow to the condenser.

In a letter dated January 24, 1992, ABB-CE responded to the staff's RAI
Q410.133 (listed in Appendix B of this report) concerning the system
capability to detect leaks and secure the system quickly and effectively.

.

O ABB-CE stated that a failure in the CCWS or MC large enough to cause flooding
will be detected by high-level alarms in the turbine building sumps, and the
operators will then isolate the appropriate equipment. Additionally, the pits
below the main condensor hold more water than the hotwell condensate volume;
flooding resulting from loss of condenser water box or circulating water t

piping is limited to the turbine building, which contains no safety-related i
equipment. ABB-CE committed to supply this information and this was - '

designated as DSER Confirmatory Item 10.4.5-1. ABB-CE now states in CESSAR-DC
Section 10.4.1.3 that (1) the ground elevation of the turbine building is ,

above the finished plant grade level, (2) all turbine building
,

interconnections and pipe tunnels are above the maximum internal flood level .

or sealed to prevent back-flooding, and (3) internal flooding in the turbine !
building is limited to non-safety-related equipment because the turbine
building contains no safety-related equipment. On this basis, DSER
Confirmatory Item 10.4.5-1 is resolved.

In CESSAR-DC Chapter 3, ABB-CE addresses generic flood protection criteria.
However, ABB-CE did not specifically analyze the effects of a circulating i

water system failure, including an expansion joint failure. Flooding in the ,

turbine building will not affect safety-related equipment, since none is
located in this structure; however, it was not entirely clear that the flood
protection measures given would keep the circulating water failure from
flooding other structures to which the turbine building is connected.
Therefore, in the DSER, the staff could not conclude that ABB-CE had met the
requirements of GDC 4 with respect to the effects of discharging water that

O
may result from a failure of a component or piping in the circulating water
system. ABB-CE was requested to include the results of such an analysis in
the description of the circulating water system in CESSAR-DC Section 10.4.5.
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This was designated as DSER Open Item 10.4.5-1. ABB-CE now provides irs in |
CESSAR-DC Section 10.4.5.1.2.J, that means shall be provided to prevent, or
detect and control, flooding of safety-related areas so that (1) the intended
safety functions of a system or component will not be precluded due to leakage ,

from the CCWS and (2) a malfunction or failure of a component or piping of the I
system shall not have unacceptable adverse effects on the functional
performance capabilities of safety-related systems or components. The above
requirements will be evaluated during the COL applicant review referencing the
System 80+ design. Also, CESSAR-DC Section 3.4.4.1 states that the entrances
to the nuclear annex from the turbine building are elevated above plant grade
to prevent flood propagation. On this basis, DSER Open Item 10.4.5-1 is
resolved.

In the DSER, the staff also stated that ABB-CE did not include the system flow
diagram, the piping and instrument diagram, or a table giving the design
parameters of the system equipment and associated sufficient system descrip-
tion for all modes of operation to allow the staff to complete its review. To
complete its review, the staff also requested information addressing the
normal operating conditions of the system (normal inlet and outlet temperature
or flow capacity of the circulating water pumps). The lack of this
information was identified as DSER Open Item 10.4.5-2. ABB-CE now provides
representative design parameters and a reference flow diagram in CESSAR-DC
Section 10.4.5 and Table 10.4.5-1, and Figure 10.4.5-1, respectively. The
above plant-specific considerations will be evaluated during the COL applicant
review referencing the System 80+ design. On this basis, DSER Open
Item 10.4.5-2 is resolved.

Interface Reauirements (IRsl: In a letter of February 28, 1992, ABB-CE
summarized the irs for the System 80+ design that would be incorporated into
CESSAR-DC Section 10.4.5. These irs were identified as an Interface
Item 10.4.5-1 in the DSER. ABB-CE now provides the irs stated above in
CESSAR-DC Section 10.4.5. The staff reviewed these irs and finds them
appropriate to be used by a reference applicant. Also, in CESSAR-DC
Section 10.4.5, ABB-CE identifies a sing % cooling tower as one of the means
of rejecting heat for the reference plant. However, site-specific con-
siderations may allow for alternate means of transferring heat to the ultimate
heat sink. The site-specific considerations also include additional details
on the system (piping and instrumentation diagrams and component description
tables) other than the minimum information needed to conclude that the system
is acceptable. These site-specific irs will be addressed appropriately by a
COL applicant referencing the System 80+ certified design for staff's review.
On this basis, Interface Item 10.4.5-1 is acceptable.

Based upon the above, the staff concludes that the irs provided for the CCWS
are sufficient to allow the COL applicant to design a system that meets the
requirements of SRP Section 10.4.5 and are, therefore, acceptable.

10.4.6 Condensate Cleanup System

The condensate cleanup system (CCS) removes dissolved and suspended impurities
from the condensate; such impurities could cause corrosion damage to the
secenJary system and increase radiation levels. The CCS removes radioisotopes
coming from the primary coolant in leakage through the damaged steam generator
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tubes and impurities that could enter the system through a condenser circulat- '

ing water tube leak. The CCS is not required to perform any safety-related
function, but is important in maintaining the secondary coolant quality.

The system utilizes side-stream, full-condensate-flow polishers consisting of
lead cation beds with-down stream deep bed, mixed resin ion exchangers. The |

system is sized to maintain water chemistry within specified limits, assuming
a condenser leak of 0.00006 L/second (0.001 gpm) during continuous plant ,

operation and 0.006 L/second (0.1 gpm) during an orderly plant shutdown not to
exceed 8 hours. Ion exchange resin regeneration or replacement provision is-
provided in the system. The demineralizer outlet lines have individual flow-
regulating valves. The design permits full-flow recirculation and return to
condenser hotwell deaerating sections for cleanup and verification of resin
bed performance after resin replacement.

After reviewing the ABB-CE's proposed design criteria and design bases for the
CCS and the requirements for operation of the system, the staff concludes that
the design of the CCS and supporting systems is acceptable and meets the
primary boundary integrity requirements of GDC 14, " Reactor Coolant Pressure
Boundary." This conclusion is based on ABB-CE having met the requirements of *

GDC 14 as it relates to maintaining acceptable chemistry control- for secondary
coolant during normal operation and anticipated operational occurrences by .

reducing corrosion of steam generator tubes and materials, thereby reducing
the likelihood and magnitude of reactor piping failures and of primary-to- ,

secondary coolant leakage. ABB-CE's design of the CCS meets the requirements ,

of BTP MTEB 5-3, " Monitoring of Secondary Side Water in PWR Steam Generators." ;

10.4.7 Condensate and Feedwater Systemsg

The CFS returns condensate from the condenser hotwells to the steam
generators. The condensate system is located in the turbine building, and the
feedwater system is located in the turbine building, above the yard, in the

,

nuclear annex, in the MSVHs, and in the containment. The systems include all ,

components and equipment from the condenser outlet to the connection with the '

NSSS and to the heater drain system, secondary water makeup system, and !

emergency feedwater system connections. The major components of the systems
include the three condensate pumps, a deaerator storage tank, condensate -

polishers, a gland seal condenser, low-pressure feedwater heaters, three
feedwater booster pumps, three feedwater pumps, high-pressure feedwater
heaters, feedwater regulating valves, the MFIVs and associated piping, valves, ,

instrumentation, and controls. All pumps are motor-driven and are 50-percent
capacity with the intent that two of the three condensate pumps and all three

1

feedwater booster and feedwater pumps will be operating during normal power '

. operation.

The systems also have a motor-driven startup feedwater pump that is utilized
for startup and shutdown and is capable of delivering up to 5 percent of fuli
feedwater flow to both steam generators in addition to pump recirctlation
requirements. The startup feed pump takes suction from either the condensate i

storage tank or the deaerator storage tank and injects water into the main
feedwater lines upstream of the feedwater regulating valves. The NPSH '

available for the startup feedwater pump is greater than the required NPSH in :
either suction source alignment.

,
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On a loss of feedwater and reactor trip, the startup feedwater pump can be
started manually to maintain steam generator level. On a loss of offsite
power with a turbine trip, the startup feedwater pump will be supplied power
from the alternate ac source (gas turbine generator). For each steam
gt.erator, one feedwater regulating valve is provided to control feedwater
flow to the economizer nozzles; one regulating valve on each steam generator
is provided to control feedwater flow to the downcomer nozzles upstream of
each feedwater regulating valve. A motor-operated isolation valve is provided
for isolation of each line to the steam generators. The system descriptions,
design and performance characteristics, and flow diagrams are given in
CESSAR-DC Section 10.4.7, Table 10.1-1, and Figures 10.1-1, 10.1-2, and
10.4.7-1, respectively. The classification of systems, structures,and
components is provided in CESSAR-DC Table 3.2-1

Except for that portion of the feedwater piping used by the EFWS, the only
safety-related function performed by any portions of the CFS is containment
isolation. The non-safety portions of the systems are designed to Safety
Class NNS, non-seismic requirements. As identified in CESSAR-DC Table 3.2-1,

| the valves, piping, and associated supports and restraints of the main
feedwater system from and including the outboard MFIVs to the steam generator
feedwater nozzles are seismic Category I and designed to Safety Class 2 (ASME
Section III, Class 2) requirements; they are subject to the quality assurance
requirements of 10 CFR Part 50, Appendix B. In the DSER, the staff stated
that changes in safety classification were not indicated on the flow diagram
(standard safety analysis report (SSAR) Figures 10.1-2 and 10.4.7-1; The
piping and instrument diagrams should clearly indicate where class changes.
This was identified as DSER Open Item 10.4.7-1 in the DSER. ABB-CE now
provides representative flow diagrams in CESSAR-DC Figures 10.1-2 and 10.4.7-1
with the changes in safety classification. On this basis, DSER Open Item
10.4.7-1 is resolved.

L The systems are designed such that adverse environmental conditions such as
tornado missiles and floods will not impair their safety function. The
safety-related components are designed to seismic Category I to withstand the
effects of earthquakes and perform their safety functions to achieve and
maintain safe shutdown conditions. The nonessential portions of the systems
are designed in accordance with 1.29, " Seismic Design Classification"
(Position C.2), and as stated in CESSAR-DC Table 3.2-1. Therefore, the staff
concludes that the systems meet the requirements of GDC 2 with respect to
safety-related portions being capable of withstanding the effects of
earthquakes and other natural phenomena.

The systems meet the requirements of GDC 4 with respect to the environmental
and dynamic effects associated with normal operating maintenance, testing, and
postulated conditions. Components and piping are designed, protected from, or ,

located to protect against the effects of high and moderate energy pipe I

ruptures, whip and jet impingement.

The feedwater system is protected against the dynamic effects associated with
possible fluid flow instabilities (e.g., water hammers) by having the
feedwater system designed in accordance with the guidance contained in
BTP ASB 10-2, " Design Guidelines for Avoiding Water Hammers In Steam
Generators," thereby reducing the possibility of water hammers in steam
generators. In response dated January 24, 1992, to the staff's RAI Q210.92, |

|
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ABB-CE supplied steam generator design information including the design
features to help maintain the top feedwater (downcomer) line full of water.,

The System 80+ feedwater system'and steam generators utilize both a downcomer :

and economizer feedwater line. Each steam generator economizer and downcomer
feedwater line nozzle is equipped with a 90-degree elbow, and check valves
upstream of the feedwater line connections to the steam generators (refer to
CESSAR-DC Figure 10.4.7-1 and Section 10.4.7.2.6). The requirement for tests
to verify that unacceptable.feedwater hammer will not occur using plant
procedures is incorporated into CESSAR-DC Chapter 14. In a letter dated '

January 24, 1992, ABB-CE responded to the staff's RAI Q410.134 and committed
to more fully address water hammer in CESSAR-DC Sections 10.4.7.2.5,
10.4.7.2.6, and 10.4.7.2.7, especially addressing the requirements for i
incorporating water hammer concerns into plant operating and maintenance i

procedures, system pipe routing, and selecting stroke times for the feedwater
regulating valves. Incorporation of this information in CESSAR-DC was
identified as Confirmatory Item 10.4.7-1 in the DSER. In CESSAR-DC, ABB-CE i
now states that (1) the COL applicant will make provisions to avoid water '

hammer including the development of system operating and mainter,ance
,

procedures, (2) a 90-degree elbow facing downward is attached to each steam
generator feedwater nozzle which would aid in the prevention of water hammer *

and deaerator, and connected piping is designed to prevent water hammer and
(3) main feedwater pipe routing design and the feedwater regulating valve ,

stroke times are such that water hammer is precluded. ABB-CE has adequately
addressed feedwater control valve and controller designs with respect to water
hammer potential and has added a COL action item to review operating and !

maintenance procedures to ensure that precautions taken will minimize or >

O
eliminate water hammers. On this basis, Confirmatory Item 10.4.7-1 is-
resolved.

Although the System 80+ design can be used at either single-unit or multiple- :
unit sites, ABB-CE states, in CESSAR-DC Section 1.2.1.3, that the independence ,

of all safety-related systems and their support systems will be maintained '

between (or among) the individual plants. In the DSER, the staff _ stated that
should a multi-unit site be proposed, the COL applicant must apply for the
evaluation of the units' compliance with the requirements of GDC 5 with
respect to the capability of shared structures, systems, and components to

,

perform their required safety functions. This was identified as COL Action
Item 10.4.7-1 in the DSER. Upon further review, the staff has determined that
the design described in CESSAR-DC does not share structures, systems, or ,

components with other nuclear power units. Therefore, the CFS meets the
requirements of GDC 5, and COL Action Item 10.4.7-1 is unnecessary.

,

The system has redundant MFIVs. Each valve actuator is physically and
electrically independent. This meets the single-failure criterion for iso-
lating feedwater piping interconnecting the steam generators to preclude
blowdown of both steam generators following a postulated pipe rupture. MFIVs .

are designed for complete termination of forward feedwater flow within
5 seconds of receiving an MSIS. Steam generator overfill due to a system
malfunction is prevented by automatic closure of the MFIVs upon receiving a '

MSIS (signal is generated when the high steam generator water level setpoint ;

is reached). The MFIVs in each feedwater line are remotely operated and -

capable of maintaining less than 1000 cc/ hour leak rate. Also, redundant
feedwater system check valves, in both economizer feedwater lines and the !

downcomer feedwater lines, provide abrupt, complete termination of an existing ;
!
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reverse flow condition (total reverse leak rate of the valves from each steam
generator is less than 1000 cc/ hour). Therefore, ABB-CE has met the require- )
ments of GDC 44, " Cooling Water," by providing a redundant and isolable system !
capable of transferring heat loads from the reactor system to a heat sink i

under both normal and accident conditions. (The EFWS provides heat removal i

during accident conditions and is evaluated in Section 10.4.9 of this report.) |

On this basis, the CFS can provide sufficient cooling water to transfer the
heat load of the reactor system under normal operating conditions and under ;

accident conditions assuming loss of offsite power and a single failure. !

Portions of the system can be isolated so that the safety function of the -

system will not be compromised.
4

ASME Code Section III, " Rules for Construction of Nuclear Power Plant
Components," and Section XI, " Rules for Inservice Inspections of Nuclear Power
Plant Components," are used to inspect and test ASME Code Section III Class 2
piping. ASME Code Section III Class 2 valves are periodically inservice 1

tested for exercising and leakage in accordance with ASME Code Section XI,
Subsection IWV. Therefore, ABB-CE has met the requirements of GDC 45,
" Inspection of Cooling Water System," by designing a feedwater system that
permits inservice inspection of safety-related components.

In the DSER, the staff stated that ABB-CE had not included the functional {
testing of the systems and components to ensure structural integrity and leak- |
tightness, operability and performance of active components, and the capabi-
lity of the integrated system to function as intended during normal, shutdown,
and accident conditions. Therefore, compliance with GDC 46, " Testing of

1

Cooling Water System," regarding functional testing of the CFS and its i
components, was identified as DSER Open Item 10.4.7-2. ABB-CE now states in !
CESSAR-DC Section 10.4.7.4 that the CFS testing includes the functional
testing of the systems and components to ensure structural integrity and leak-
tightness, operability and performance of active components, and the capabi-
lity of the integrated system to function as intended during normal, shutdown,
and accident conditions. On this basis, DSER Open Item 10.4.7-2 is resolved.

In a letter dated January 24, 1992 (the response to the staff's RAI Q410.234
listed. in Appendix B of this report), ABB-CE stated that the completion of
detailed plant operating and maintenance procedures is outside the scope of
design certification; however, a statement was added to the CESSAR-DC
requiring that adequate provisions for avoidance of water hammer be provided
in developing plant operating and maintenance procedures. The staff agrees
with this approach since the referenced procedure is site-dependent. In
CESSAR-DC, ABB-CE now states that the COL applicant shall develop the system

| operating and maintenance procedures for avoidance of water hammer for NRC
| review. This is COL Action Item 10.4.7-2.

The design of the CFS and supporting systems conforms with the Commission
regulations given in GDC 2, 4, 5, 44, 45, and 46. The design of the CFS meets
the guidance of SRP Section 10.4.7, and is, therefore, acceptable.

10.4.8 Steam Generator Blowdown System

The SGBS controls the quality of water on the shell side of the steam genera-
tors by removing chemical impurities and radioactive materials which accumu-
late as a result of primary to secondary and condenser tube leaks and corro-
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g sion of the steam generator materials. A continuous high-flow blowdown
controls the concentration of these impurities.

U'
Each steam generator has its own blowdown line with the capability of blowing
down the hot leg and/or the economizer regions of the steam generator shell
side. The system accommodates a continuous blowdown of either 0.2% or
1 percent of the maximum steam flow rate and up to 10 percent for a short
period of time, not exceeding 2 minutes. The blowdown fluid passes to a flash
tank where the flashed steam is separated and directed to the low-pressure
feedwater heaters. The liquid portion is processed by passing it first
through a heat exchanger and then through a blowdown filter where the major
portion of solid impurities is filtered out. After filtration, the blowdown
fluid is directed to cation and mixed-bed demineralizers where ionic species
are removed. The processed fluid, which should meet the secondary water
chemistry specifications, is then returned to the condenser. The system
continuously processes the blowdown fluid at a rate of 0.2 percent of each
steam generator's maximum steam flow, for full-power operation and normal
steam generator chemistry, and 1 percent when the chemistry is outside the
normal limits. There is a provision to isolate the portion of the blowdown
system exiting the containment by the redundant blowdown line isolation valves
that would close upon a MSIS, containment isolation signal, or emergency
feedwater actuation signal.

The staff reviewed the design for the SGBS in accordance with SRP Sec-
tion 10.4.8. The scope of review included a piping and instrument diagram,
seismic and quality group classifications, design process parameters, and
ABB-CE's evaluation of the proposed system operation.

O The SGBS design meets the primary boundary material integrity requirements of
GDC 14 as it relates to maintaining acceptable water chemistry control during
normal and anticipated operational occurrences by reducing corrosion of steam
generator tubes and materials, thereby reducing the likelihood and magnitude
of primary-to-secondary coolant leakage.

The SGBS is seismic Category I and ANS Safety Class 2 (which is equivalent to
Quality Group B) from its connection to the steam generator inside the primary
containment up to and including the first isolation valve outside the contain-
ment in accordance with RGs 1.26 and 1.29, since this portion of the SGBS is
considered an extension of the primary containment. The SGBS downstream of
the outer containment isolation valves is not safety-related and not seismic
Category I, and meets the quality standards of Position C.1.1 of RG 1.143.
The SGBS meets the quality standards requirements of GDC 1 and the seismic
requirements of GDC 2.

ABB-CE revised the CESSAR-DC to specify that the portions of blowdown piping
material with potential exposure to two-phase blowdown fluid will be made of
stainless steel or other corrosion resistant material. On this basis, DSER
Open Item 10.4.8-1 is resolved.

10.4.9 Emergency Feedwater System

The EFWS is an independent, dedicated, safety-related means of supplying
( secondary-side, quality feedwater to the steam generators for heat removal,
v and of preventing reactor core damage during emergencies. The system is
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designed to actuate automatically or manually in the event of a loss of normal
feedwater, including a loss of normal onsite and offsite power. The system
can initiate, following a major LOCA, with operator action to keep the steam
generator tubes covered to minimize potential containment bypass leakage with
a pre-existing condition of primary to secondary leakage. The system is
located within the Nuclear Island (NI) structures, including the containment,
reactor building, and nuclear annex. During normal plant operation, the
system has no function; the separate non-safety startup feedwater system with
a non-safety-grade startup feed pump is used for normal startup and shutdown
(refer to Section 10.4.7 of this report).

The EFWS includes all safety-related equipment from the emergency feedwater
tanks to the connections with the steam generators. The EFWS contains two
emergency feedwater storage tanks (EFWSTs). Each of the EFWSTs is intended to
supply secondary coolant to one steam generator, although the capability to
cross-connect the two EFWSTs by non-safety grade piping with a non-safety
grade gravity feed condensate source for makeup is provided. Each EFWST is
connected to one of the two steam generators through independent divisions of
the EFWS consisting of two parallel pump lines. These pump lines discharge to
a common header that injects into the main feedwater downcomer lines inside
the containment as the last connection before the lines enter the steam
generators. In each division of the EFWS, one pump is a full-capacity motor-
driven pump and the second pump is a full-capacity turbine-driven pump. Steam
for the turbine-driven pump is supplied by its respective steam generator.
All controls, instrumentation, and valves that are essential to the emergency
operation of the steam-driven pump subtrains are powered by battery-backed
Class 1E power. The batteries are capable of powering the steam-driven pump
subdivisions for an SB0 of up to eight hours with appropriate load shedding.
In addition to the batteries, an alternate ac source of standby power is
provided for an extended SB0 period. Each EFWS pump is capable of providing
100 percent of the required minimal flow of 1893 L/ minute (500 gpm) plus an
additional 644 L/ minute (170 gpm) for recirculation flow, to meet the design-
basis heat removal requirements. The divisional cavitating venturi in each
common emergency feedwater (EFW) header restricts the output of two pump flow
as well as the individual pump runout flow to the steam generator. The system
description, system design and performance characteristics, and flow diagram
are provided in CESSAR-DC Section 10.4.9, Tables 10.4.9-1 through 10.4.9-5,
and Figure 10.4.9-1, respectively. The classification of systems, structures,
and components is provided in CESSAR-DC Table 3.2-1 for the EFWS.

As identified in CESSAR-DC Table 3.2-1 (revised in response to the staff's
RAI Q210.1), all components (including pumps, turbines, and tanks) and piping
from, and including, the EFWSTs, up to the containment isolation valves are
designed to be Safety Class 3 and seismic Category I. All components
(including the cavitation venturi and its associated piping from, and
including, the containment isolation valves to the steam generators, and the
portion of the main feedwater lines used by the EFWS) are Safety Class 2 and
seismic Category I. The EFWS components are located in seismic Category I
structures (the reactor building and the nuclear annex) which also protect the
components from such external environmental hazards as tornadoes, hurricanes,
floods, and external missiles. All essential components of the EFWS are
(1) designed to account for, (2) located to protect against, or (3) otherwise
protected from, the effects of internal flooding, internal missiles, effects
of earthquakes, or the effects of high or moderate energy line breaks (as

ABB-CE System 80+ FSER 10-28 June 1994



_ _ - - _ _ _ _ _ _ _ _ _ _ --______________ __ -

described in CESSAR-DC Chapter 3). The flood protection (high water levels),

(Vn) protection against the effects on internally and externally generated
missiles, and protection against the effects of pipe whip and jet impingement
due to high- and moderate-energy pipe breaks are evaluated in Sections 3.4.1,
3.5.1.1, 3.5.1.4, 3.5.2, and 3.6.1 of the DSER. The use of safety-grade
dedicated EFWSTs eliminates any direct reliance on the non-safety-grade
condensate storage system. However, connections to the condensate system do
exist. These connections to the condensate storage system and the condensate
cleanup and makeup sources (the demineralized water system) are all through
Safety Class 3 isolation valves, with the 4xception of the return lines from
the condensate cleanup to the EFWSTs and the overflow lines that are connected
to the condensate storage system. These connections are located above the61.3 x 10 L (350,000 gal) level in the EFWSTs. These provisions and
design features comply with requirements of GDC 2 and 4 with respect to
protection against the effects of earthquakes and pipe breaks and missiles.
Acceptability of GDC 2 is based on meeting Position C.1 of RG 1.29 for safety-
related portions and Position C.2 for non-safety-related portions.

Although the System 80+ design can be used at either single-unit or multiple-
unit sites, in CESSAR-DC Section 1.2.1.3, ABB-CE states that the independence
of all safety-related systems and their support systems will be maintained
between (or among) the individual plants. In the DSER, the staff stated that
should a multi-unit site be proposed, the COL applicant must apply for the
evaluation of the units' compliance with the requirements of GDC 5 with
respect to the capability of shared structures, systems, and components to ;perform their required safety functions. This was identified as COL Action '

Item 10.4.9-1 in the DSER. Upon further review, the staff has determined that || (p the design described in the CESSAR-DC does not share structures, systems, or ;| j

components with other nuclear power units. Therefore, the EFWS meets the |
v

requirements of GDC 5, and COL Action Item 10.4.9-1 is unnecessary. I

The EFWS can be actuated either manually or automatically by the ESFAS or an
alternate feedwater actuation signal from the alternate protection system.
The initiation signal starts all EFW pumps and supporting systems, aligns the
EFW sources, and opens flow paths from the EFW pumps to the steam generators.
The instrumentation and controls are provided in the main control room and at
the remote shutdown panel. This feature enhances the capability of system
instrumentation and controls for prompt hot shutdown as is required by
BTP RSB 5-1, " Design Requirements Of The Residual Heat Removal System." The
instrumentation and controls provisions in the main control room and at the

|remote shutdown panel include (1) discharge and suction pressure, and
discharge and recirculation flow for motor driven pumps; (2) suction pressure,
turbine inlet pressure, turbine governor control speed, and discharge and
recirculation flow for steam driven pumps; (3) temperature and level for
EFWSTs; and (4) steam generator level. These and additional instrumentation
and control provisions are identified in CESSAR-DC Table 10.4.9-4. ABB-CE
does not discuss the availability of redundant instrumentation in order to
limit or terminate EFW flow to a depressurized steam generator. However, each
division of the EFWS contains a flow-limiting device and a cavitating venturi
in the injection lines before the connection to the main feedwater downcomer
lines. This venturi is sized to limit the flow to a damaged steam generator.

n The venturi begins to cavitate at 2461 L/ minute (650 gpm) (with minimum EFWST
l(d level) and is designed to limit the EFW flow to 3028 L/ minute (800 gpm) under

maximum flow conditions (both pumps in the division operating, the EFWST at
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the maximum level, and the secondary side of the steam generator at
atmospheric conditions). Since two separate EFWSTs are provided, one for each
division, the flow to the intact steam generator in a main feedwater line
break is unaffected by the amount of flow allowed to be transferred to the
damaged steam generator. Therefore, the EFWS complies with the applicable
requirements of GDC 19, " Control Room |" criteria as related to the design
capability of system instrumentation and controls for prompt hot shutdown of
the reactor and potential capability for subsequent cold shutdown.

Redundancy of the system is maintained by using two independent divisions,
each dedicated to one of the two steam generators. Within each division, two
full-capacity pumps (one motor-driven and one turbine-driven) and two
100-percent-capacity EFWSTs are provided.

,

i Diversity is provided by using two types of pump drives (steam turbines and
! electrical motors), and dc and emergency electrical power sources. The
i turbine-driven pump train is capable of operating independent from the
l availability of either onsite or offsite de power. Steam supply valves for

the turbine are air-operated and fail open on the loss of either air or dc
power. The EFWS injection valves in the turbine-driven pump section of each
division are dc powered, with each division receiving power from different dc
power divisions. The motor-driven pumps are powered from Class IE power
supplies, and again, the pumps and associated valves in the two divisions are
powered from separate diesel generator-backed divisions. CESSAR-DC
Table 10.4.9-2 identifies the valve operators, type and sizes. The emergency
power requirements for the controls, indications, and alarms for EFWS
components are identified in CESSAR-DC Table 10.4.9-5.

Separation is maintained between divisions through the separation of the power
supplies for each division and through the separation of the instrumentation
and control subsystems by having appropriate measures which preclude interac-
tion between subsystems. Also, the design incorporates independent piping
subsystems, protected at interconnection points with appropriate isolat M or
check valves or both to ensure a high degree of piping separation, redundancy,
and diversity. The two divisions are connected at only two points. The
EFWSTs.are connected through a non-safety-grade pipe that is isolated at each
tank by a locked closed Safety Class 3 manual isolation valve. The discharges
of the pump subtrains are cross-connected through a single Safety Class 3

; pipe. This pipe is isolated from each pump subdivision by two Safety Class 3
locked closed manual isolation valves.'

Each safety-grade EFWST contains 1.3 x 10' L (350,000 gal) sufficient
inventory. This is to provide enough EFW flow to get the primary system to

i conditions that would permit the operation of the shutdown cooling system
I under the following conditions: feedwater flow to an unisolated steam gene-

rator with a feedwater line break for 30 minutes, refill of the intact steam
generator, eight hours of operation at hot standby, and a six-hour cooldown to
shutdown cooling conditions.

| The design, therefore, enables the system to remove decay heat from the
reactor coolant system under loss-of-offsite-power conditions, assuming a
single active failure, and gives adequate isolation for the divisions of the
EFWS (both from non-safety-related portions and from the other division). The
design-basis heat removal requirements have also been adequately identified.
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p Therefore, the system design meets the guidelines of BTP ASB 10-1, " Design
Guidelines for Auxiliary Feedwater System Pump Drive and Power Supply,

Diversity for Pressured Water Reactor Plants," (regarding diversity of motive
power), the guidelines of NUREG-0611, and the requirements of GDC 34 and 44
regarding the capability to transfer heat loads during normal operation and
accident conditions assuming a loss-of-offsite power and any single active
failure.

The descriptions of the protected locations of EFWS components, in CESSAR-DC
Sections 10.4.9.1.2 and 10.4.9.2.2.3, did not address protection
from sabotage. In CESSAR-DC Section 10.4.7.2.3, the ABB-CE states that the
alternate ac source will provide backup power to the startup feedwater pump.
The staff considers that this additional redundancy reduces the risk of
radiological sabotage associated with loss-of-offsite power compared to
present reactors. Nevertheless, the staff considers (NRC Review Guideline 17,
" Definition of Vital Areas," Rev.1), that the seismic Category I EFWS is a
vital system; therefore, as required by 10 CFR 73.55(c), access to all EFWS
components essential to the emergency function, including power to motor-
driven pumps, steamlines to steam-driven pumps, suction and discharge piping
and valves, valve motor control centers, and EFW storage tanks, should require
passage through two barriers. (Locked security doors controlling access
between two adjacent vital areas are not desired, if access to each vital area
is otherwise controlled). In the DSER, designation of the EFWS as a vital
system was identified as DSER Open Item 10.4.9-1. ABB-CE now states in
CESSAR-DC Section 10.4.9.1.2 that the EFWS system is a vital system. On this
basis, DSER Open Item 10.4.9-1 is resolved.

Before initial plant startup, a comprehensive performance test is performed to
verify that the design performance of the system and individual components ares

attained. After the plant is brought to operation, periodic tests and inspec-
tions of the EFWS components and subsystems are performed to ensure proper
operation. These tests include a complete checkout at the component level
during normal operation. Satisfactory operability of the complete system can
be verified during the plant's refueling shutdown. To the extent practicable, ,

the pumps, valves, heat exchangers, and piping in the system are designed and ;

located to facilitate periodic inspection. All four pumps in the system have i

recirculation lines that will allow the operability testing of the pump during !
normal plant operation. The failure mode and effects analysis is presented in i
CESSAR-DC Table 10.4.9-3. These provisions comply with the requirements of
GDC 45 and 46 regarding design provisions to permit periodic inservice
inspection and appropriate functional testing of the system and components.
However, the discussion in CESSAR-DC Chapter 10 did not discuss the 48-hour i

endurance test required to meet the guidance in NUREG-0611. Incorporation
of this requirement into the inspection and tests section of CESSAR-DC
Section 10.4.9 was identified as DSER Open Item 10.4.9-2 in the DSER. ABB-CE
now states in Section 10.4.9.4.2 that the EFW pumps shall be tested, in i

accordance with the recommendations of NUREG-0611. A 48-hour endurance test !
will be performed to demonstrate that the pumps have the capability for i
continuous operation over an extended time period without failure. On this
basis, DSER Open Item 10.4.9-2 is resolved.

As part of the probabilistic risk assessment (PRA) submitted for the Sys-
tem 80+, "PRA for the System 80+ Standard Design" (January 1991), ABB-CE
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performed a reliability analysis of the EFWS in accordance with the require-
ments of Item II.E.1.1 of NUREG-0737, "TMI Action Plan Requirements." ABB-CE

1

evaluated the EFWS reliability for seven postulated transient and accident )
scenarios (a loss of main feedwater, a loss-of-offsite power, an SB0, the loss i

of a 416-V ac bus, the loss of a 125-V dc bus, the loss of one component |
cooling water train, and a main steam line break / steam generator tube |
rupture). Overall, system unavailability for each of these cases was
determined using the methodology described in NUREG/CR-2815, "Probabilistic
Safety Analysis Procedures Guide," and NUREG/CR-2300, "PRA Procedures Guide,"
and using component failure rates from several generally accepted generic data
bases. The staff primarily reviewed ABB-CE's reliability evaluation on the
loss of main feedwater, loss-of-offsite power, and SB0 scenarios.

TheEFWSunavailability,asestimgtedinABB-CE'sPRA,meetstheSRP
acceptance criteria of 10'' to 10' per demand. Only 1n the SB0 scenario is
the EFWS unavailability greater than 10'', at 3 x 10'3 Such a relatively.

small number for this scenario is due to the existence of two turbine-driven
: pumps in the System 80+ design. It should be noted that ABB-CE did not take
! credit for the startup feedwater pump. The only identified weakness of the
! analysis is that common-cause failures of the injection valves were not

handled in a comprehensive and consistent manner for all of the cases
analyzed. However, the incorporation of a more comprehensive and consistent
valve common-cause model would not affect the conclusions of the analysis.

The review of the EFWS reliability was based on the information contained in
the PRA submitted as part of the CESSAR-DC. However, CESSAR-DC Section 10.4.9
references the reliability analysis presented in CESSAR-DC Appendix 10A. This
appendix did not contain the same analysis as that submitted in the PRA, and
did contain seme modeling mistakes and different results from the PRA
analysis, which is more recent. Incorporation of the more recent analysis
into Appendix A, providing consistency between the Chapter 10 EFWS reliability
analysis and the PRA analysis, was identified as Confirmatory Item 10.4.9-1 in
the DSER. ABB-CE now provides the results from the PRA analysis (ABB-CE
letter dated October 16, 1992) in CESSAR-DC Appendix 10 A and Section
19.6.3.7. On this basis, Confirmatory Item 10.4.9-1 is resolved.

In a letter of January 24, 1992, ABB-CE responded to the staff's RAI Q210.8
concerning the potential destructive water hammer during startup by giving the
overview of the design criteria to minimize water hammer in the EFW piping.
These criteria include a 90-degree elbow at each steam generator nozzle;
continuously rising EFW piping to each steam generator with the provision of a
check valve in each EFW line; adequate filling and venting provisions; valvet

( operating times in equipment specification; and preoperational testing of
l feedwater and EFW systems to preclude water hammer during startup, normal, and

transient operations. ABB-CE stated that the detailed design (piping and
support layout drawings, stress reports, operating procedures, etc.) is
dependent on the vendor-supplied information and site specific details of the
piping and plant design. IN CESSAR-DC, ABB-CE now states that the COL
applicant will make information available on the provisions for avoidance of
water hammer in the EFW piping for NRC review. This is COL Action Item
10.4.9-2.

O
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ABB-CE committed to prepare a distribution system design guide to ensure that I(q the final design for the COL applicant would be completed consistent with thes

V design basis and methodology in the CESSAR-DC.

The staff agrees with this approach, since the additional information is site
dependent and is to be provided by the COL applicant. Therefore, the staff
will evaluate the EFW system piping issue on water hammer on a site-specific
basis during COL review. ABB-CE's commitment te prepare the distribution
system design guide concerning water hammer in EFW system piping was
identified as Confirmatory Item 10.4.9-2 in the DSER. ABB-CE submitted the
distribution system design guide for staff review and the guide was evaluated
in Chapter 14 of this report. On this basis, Confirmatory Item 10.4.9-2 is
resolved.

In a letter of January 24, 1992, responding to the staff's RAI Q730.4
concerning the steam binding of the EFWS pumps, ABB-CE stated that the
temperature sensor located between the flow control valve and the isolation
valve on each subtrain is continuously monitored and audibly alarmed in the
control room. The COL applicant will include the provision of local
monitoring of the temperature sensor upon loss of control room indication in
its plant operating procedures. The temperature readings shall be recorded at
least once per shift and before and after each EFW pump run. The system is
designed for continuous system venting through the EFW storage tanks and by
use of normally closed isolation valves upstream of the interface with the
main feedwater system. The COL applicant's plant operating procedures will
include the provision of the plant operato)'s action to vent the EFW pumps

p upon audible indication, as discussed above. These site-specific provisions
j provide guidance for recognizing the effects of steam binding of the EFW pumpsg

and for restoring the system to operable status following a steam bindings

incident.

The staff agrees with the ABB-CE's guidance concerning the provisions for
steam binding of EFW pumps and considers the surveillance and operating
procedures site-specific. In CESSAR-DC, ABB-CE states that the COL applicant
will make information available for NRC review on the provisions for avoidance
of steam binding in the EFW pumps. This is acceptable and is designated COL
Action Item 10.4.9-3.

The design of the EFWS and supporting systems meets the Commission's
regulations given in GDC 2, 4, 5, 19, 34, 44, 45, and 46 with respect to
protection against natural phenomena and environmental effects, shared
systems, operational capability from the control rcom, decay heat removal and
cooling water capability, and inservice inspection and functional testing; the
guidelines of RG 1.29 and BTPs ASB 10-1 and RSB 5-1 concerning seismic
classification, power diversity, and design of decay heat removal systems; and
the recommendations of NUREG-0611 concerning generic improvements to the EFWS
system design and reliability. The system conforms to the acceptance criteria
of SRP Section 10.4.9 and is, therefore, acceptable.

10.4.10 Turbine Dise Integrity

The staff has reviewed the information submitted by ABB-CE in CESSAR-DC
( Sections 10.2.3 and 3.5.1 to ensure turbine disc integrity ano a low
L probability of turbine disc failure with the generation of missiles. Standard
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Review Plan (SRP) Section 10.2.3, " Turbine Disk Integrity," provided guidance
for review of this section. The areas reviewed included materials selection, I
fracture toughness, preservice inspection, turbine disc design, and in-service |
inspection. See Section 3.5 of this report. The staff's DSER Open
Items 10.2-1 to 10.2-6 in the DSER are resolved as follows: I

In CESSAR-DC, ABB-CE commits to perform Charpy testing in accordance with
American Society for Testing and Materials (ASTM) A-370, " Standard Methods and
Definitions for Mechanical Testing of Steel Products," and no exceptions were
noted. This will provide adequate assurance that Charpy testing is performed
correctly. On this basis, DSER Open Item 10.2-1 is resolved.

ABB-CE specifies the acceptance criteria for material fracture toughness for
the low-pressure turbine disc material as a 50 percent fracture appearance
transition temperature (FATT) at temperatures no higher than -18 *C (0 *F) for
low-pressure turbine discs. The Charpy V-notch energy at the minimum
operating temperature of each low-pressure disc in the tangential direction
was specified to be at least 82 J (60 ft-lb). On this basis, DSER Open
Item 10.2-2 is resolved.

The fracture toughness, J,T,he material fracture toughness (K ') value will be
is determined by testing a three-point bend

specimen per ASTM E-813.
3

obtained from a relation between K
This test method for determining J,, and J , in paragraph 9.4 of ASTM E-813.3 i

is acceptable to the staff. ABB-CE has
proposed that these tests be perfor,med on the actual disc material at ambient
temperature, with the added requirement that, for the specified material, the
ratio of K , to the maximum tangential stress at speeds from normal to design3

overspeed has to be at least 2.1 Vin for discs with the maximum operating
temperature below 100 *C and 2.2 Vin for discs with the maximum operating
temperature at or above 100 *C. SRP Section 10.2.3 states that this ratio be
at least 2.0 Vin at operating temperature. The turbine discs should possess
adequate fracture toughness, considering that (1) the fracture toughness of
this material increases slightly with an increase in temperature, (2) the
material might not be completely on upper-shelf at ambient temperature, and
(3) the higher ratio requirement and the increase in ratio above 100 *C is an
acceptable alternative approach. On this basis, DSER Open Item 10.2-3 is
resolved.

In CESSAR-DC, ABB-CE describes the method of determining the yield strength of
the material of the wheels and rotors. ABB-CE specified this to be the
" minimum yiald strength in the tangential direction." This ensures that
adequate strength of these materials is provided in the weak direction of the

| materials. On this basis, DSER Open Item 10.2-4 is resolved.

Each finish-machined forging is subjected to 100-percent volumetric (ultra-
sonic), surface, and visual examinations using the manufacturer's acceptance
criteria. ABB-CE commits in CESSAR-DC to perform surface crack testing on all
parts critical to rotor integrity, such as weld inspection holes, balancing
holes, and geometric transitions. The disc is not keyed to the rotor in this
design and high stress regions are limited in location; these commitments
should ensure that in-service inspection of all high-stress regions is
facilitated. On this basis, DSER Open Items 10.2-5 and 10.2-6 are resolved.
In describing the steam turbine design, ABB-CE states that unlike most
domestic nuclear steam turbine rotor designs, the turbine does not use a

t
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,m) shrunk-on disc design nor a one-piece forged rotor design. Instead, this

(V turbine design uses barrel construction, which consists of a series of welded
ring forgings. This design is.in effect a one-piece, welded, hollow rotor
design, with the end forgings having shaft protrusions. Each forging is
chemically analyzed and mechanically tested for strength and toughness, and
each has an upset ratio of ~at least two. Each is separately heat treated and
inspected before the final welding process.

Forgings to be used in the welded rotor are rough machined with minimum stock
allowance before heat treatment. All individual rough machined rotor forgings
to be used for the welded rotor are subjected to 100-percent volumetric
(ultrasonic) examination. Because each forging is oversized, indications
found during the ultrasonic testing may be removed during final machining of
the forging. The manufacturer's acceptance criteria includes the requirement
that subsurface sonic indications be evaluated to ensure that they will not
grow to a size that compromises the integrity of the unit during the service .

life. Before welding, all surfaces that would not be accessible after welding
will be surface examined. After welding and final machining, all surfaces
exposed to steam will be surface examined, with particular attention placed on
the areas of stress risers and welds. The welds will be ultrasonically
examined in the radial and radial-tangential sound beam directions. On this
basis, DSER Open Item 10.2-7 is resolved.

The turbine assembly is designed to withstand normal conditions and antici-
pated transients, including those resulting in a turbine trip, without loss of
structural integrity. The highest anticipated turbine speed resulting from a
loss of load is 110 percent of rated speed. The design overspeed is approxi-

( mately 5 percent above this highest value (115 percent of rated speed). The
turbine shaft bearings are designed to retain their structural integrity under
normal operating loads and anticipated transients, including those leading to
turbine trips. The natural critical frequencies of the turbine shaft
assemblies existing between zero speed and 20 percent overspeed are controlled
in the design and operation to prevent distress to the unit during operation.

The maximum tangential stress in wheels and rotors resulting from centrifugal
forces, interference fit, and thermal gradients does not exceed 0.75 of the
yield strength of the materials at 115 percent of rated speed.

Each fully bucketed turbine rotor assembly is spin tested for three minutes at
120 percent of rated speed. This is above the maximum speed anticipated
following a turbine trip from full load (110 percent).

The ratio of K , at ambient temperature, to the maximum tangential stress forj
wheels and rotors at speeds from nornial to 115 percent of rated speed, is at
least 2.1 Vin for discs operating below 100 *C and at least 2.2 Vin fcr discs
operating at 100 *C or above. Fracture toughness properties are obtained by
destructively testing material taken from the rotor forgings (see the previous
discussion in the resolution of DSER Open Item 10.2-3).

Turbine wheels and rotors are made from vacuum-degassed Ni-Cr-Mo-V alloy steel
by processes that mir.imize the occurrence of flaws and maximize fracture

;

m toughness. Phosphorous, sulfur, vanadium, and tin are controlled to reason-
ably low levels. Charpy tests are performed to determine the 50 percent FATT. |

|
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ABB-CE states in CESSAR-DC Section 3.5.1.3 that the COL applicant must submit
,

to the NRC a summary of the turb'ine maintenance and inspection program and the '

'results of the probabilistic calculations of turbine missile generation. In
CESSAR-DC Section 10.2.4, ABB-CE describes the in-service inspection program
for the turbine and the turbine preservice inspection and maintenance program.
Turbine missile generation and probabilistic determination are discussed in
Section 3.5.1.3 of this report.

ABB-CE's in-service inspection program meets SRP Section 10.2.3 and is
acceptable. The in-service inspection program for the turbine assembly
includes disassembly of the turbine's last two stages of blades in stages over
an interval of approximately ten years or less during plant shutdowns, so that
the entire turbine is inspected within ten years. This includes complete
inspection of all normally inaccessible parts, such as couplings, coupling
bolts, turbine shafts, low-pressure turbine buckets, low-pressure wheels, and
high-pressure rotors. This inspection consists of visual, surface, and
volumetric examinations.

ABB-CE has met the requirements of GDC 4 (10 CFR Part 50) with respect to the
| use of materials with acceptable fracture toughness and elevated temperature

properties, adequate design, and the requirements for preservice and in-
service inspections. ABB-CE has described its program for ensuring the
integrity of low-pressure turbine discs by the use of suitable materials of
adequate fracture toughness, conservative design practices, and preservice and
in-service inspections. These provisions provide reasonable assurance that
the probability of failure with missile generation is low during normal
operation and transients up to design overspeed.

i

O
|
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11 RADI0 ACTIVE WASTE MANAGEMENT'

11.1 Summary Description / Source Terms :

The radioactive waste (radwaste) management systems for the ABB-CE System 80+
standard design control the handling and treatment of liquid, gaseous, and
solid radioactive wastes. '

Liquid radwaste from equipment and floor drains, reactor-grade laboratory ,

drains, steam generator (SG) blowdown, condensate polisher regeneration, |
chemical wastes, laundry, and showers is collected and processed in the liquid
waste management system. The system comprises collection tanks, process pumps
and vessels, monitor tanks, and appropriate instrumentation and controls. The
principal waste treatment process is ion exchange.

The gaseous waste management system collects, processes, and monitors gaseous
releases. The process gas subsystem receives fission gases and uses charcoal
delay beds to retain and delay the process gases for decay before release.
The process vent subsystem collects low-activity aerated gas streams from the i

potentially contaminated vent header and releases the gaseous effluents
through monitored filtered paths to the common plant vent.

Solidification, packaging, and storage of radioactive wastes before shipment
to offsite burial grounds are controlled by the solid waste management system
(SWMS) that handles radioactive wastes generated during station operation.

t

The process and effluent radiological monitoring and sampling system encom- !

passes the detection and measurement of radioactive materials in plant process
,

and effluent streams, i
;

This evaluation is based on the staff's review of CESSAR-DC Chapter 11, which ,

includes _ applicable portions of ABB-CE's January 24,199?., response to staff's :
request for additional information (RAI) and ABB-CE's response to~ combined
license (COL), confirmatory and open items identified in Chapter 11 of the ;

draft safety evaluation report (DSER) of September 1992. The staff used the i

acceptance criteria in NUREG-0800, Standard Review Plan (SRP) Sections 11.1 |
through 11.5 as the basis for its evaluation. The subject SRP sections i

include compliance with 10 CFR Part 50, Appendix I and applicable general ;

design criteria (GDC) as acceptance criteria. Additionally, in lieu of 10 CFR '

20.106, which the subject sections include as an acceptance criterion, the i

staff used compliance with Section 20.1302, which is the current requirement. j
For evaluating the source terms, the staff reviewed the adequacy of informa-

|tion in the CESSAR-DC against the requirements spelled out in 10 CFR Sec-
tions 50.34 and 50.34a.

The staff evaluated the capability of the liquid and gaseous radwaste manage-
ment systems to keep radioactive effluents as low as is reasonably achievable
in accordance with 10 CFR Part 50, Appendix I requirements, based on radwastes
expected to oe produced over the life of the plant. Additionally, the staff
evaluated the capability.of the systems to maintain releases below the limits
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of 10 CFR Part 20, Section 1302, during periods of fission-product release, I
and the system's abilities to meet processing demands during normal operation, j
including anticipated operational occurrences (A00s). The staff also eval- luated the quality group and seismic design classification applied to equipment j
and structures housing these systems, compliance of design features with GDC 3
for protecting gaseous waste handling and treatment systems from the effects i

of an explosive mixture of hydrogen and oxygen, GDC 60 for controlling !

radioactive releases to unrestricted areas, and GDC 61 for assuring adequate
safety under normal and accident conditions. Further, the staff evaluated the
waste gas processing system's compliance with Branch Technical Position
Effluent Treatment Systems Branch (BTP ETSB) 11-5, " Postulated Radioactive
Releases Due to Waste Gas System Leak or Failure."

In its evaluation of the solid radwaste management system, the staff consid-
ered design objectives, including volumes and activities of wastes processed
for offsite shipment, conformance to Federal packaging regulations, provisions
for controlling potentially radioactive airborne dusts generated during
compacting operations, and provisions for onsite storage before shipping.

Because specific compliance with 10 CFR Part 50, Appendix I, and the guide-
lines in American National Standards Institute (ANSI) N13.1, " Guide to
Sampling Airborne Radioactive Materials in Nuclear Facilities;" Regulatory
Guide (RG) 1.21, " Measuring and Reporting Radioactivity in Solid Wastes and
Releases of Radioactive Materials in Liquid and Gaseous Effluents From
Light-Water-Cooled Nuclear Power Plants;" and RG 4.15, " Quality Assurance for
Radiological Monitoring Programs (Normal Operation)--Effluent Streams and the
Environment," are not totally within the scope of the CESSAR-DC, the staff
will review COL applications on a plant-specific basis, to ensure their
conformance with 10 CFR Part 50, Appendix I, ANSI N13.1, and RGs 1.21 and
4.15. Therefore, the subject conformance was identified as COL Action Item
11.1-1 in the DSER. CESSAR-DC Section 11.1 (Amendment Q) calls for the COL
applicant to ensure the above conformance. Therefore, COL Item 11.1-1 is
acceptable.

The staff calculated the expected releases of radioactive materials via liquid
and gaseous effluents using the pressurized-water reactor (PWR) GALE code
methodology described in NUREG-0017, " Calculation of Releases of Radioactive
Materials in Liquid and Gaseous Effluents From Pressurized Water Reactors,"
Revision 1, April 1985. The calculations in the code for estimating the
liquid and gaseous effluents during normal plant operation, including A00s,
are based on: (1) data from operating reactors; (2) field and laboratory
tests; (3) standardized primary coolant activities and adjustment factors
derived from the American Nuclear Society 18.1 Working Group recommendations;
(4) standardized secondary coolant activities for a PWR with U-tube SGs
derived from the above groups' recommendations; (5) release and transport
mechanisms that result in the appearance of radioactive material in liquid
streams; and (6) the plant's radwaste system design features used to reduce
the quantities of radioactive materials ultimately released to the environs.
The principal parameters used in these calculations, based on the tables given
in CESSAR-DC Sections 11.1,11.2, and 11.3 are listed in Table 11-1 of this
report. Based on these calculations, the staff finds the liquid and gaseous
effluents given in CESSAR-DC Tables 11.2-1 and 11.3-4, acceptable.

Before the DSER was issued, the staff found that the earlier version of

ABB-CE System 80+ FSER 11-2 June 1994

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ -__________ _ ____



CESSAR-DC and the ABB-CE's response to RAI gave the staff useful information.( q for evaluating the releases of radioactive material via liquid and gaseousd effluents during normal plant operation, including A00s. However, at that
time, ABB-CE failed to provide a few details (e.g., cation bed flowrate on an
average basis; liquid radwaste adjustment to account for anticipated occur-
rences such as operator errors resulting in unplanned releases; demonstration
of corppliance with applicable 10 CFR Part 20 concentration limits for radioac-

tive materials in liquid and gaseous effluents based on one-percent failp/ min)
d

fuel of fission products; explanation of the choice of 0.03 m3/ min (1 ft
for flow rate of carrier gas (charcoal delay-bed system); effective decontami-
nation factor for each waste kind; release point description for gaseous
effluents) to enable the staff to evaluate independently the system's compli-
ance with 10 CFR Part 20, 10 CFR 50.34a, and 10 CFR Part 50, Appendix I and
applicable GDC. Therefore, the staff identified the lack of the above
information as DSER Open Item 11.1-1.

Also, at that time, ABB-CE indicated that the radwaste systems would be
designed on 0.25-percent failed fuel (ABB-CE's response to Q410.136d and
Q410.137b) and had used the same basis for determining compliance with the
applicable 10 CFR Part 20 concentration limits for radionuclides in liquid and
gaseous effluents. SRP Sections 11.2 and 11.3 state that the radwaste systems
should have the capability to process wastes based on one-percent failed fuel.
The failed fuel percentage used by ABB-CE was identified as DSER Open
Item 11.1-2. Subsequently, by amendments up to and including Amendment U to
CESSAR-DC Sections 11.2 and 11.3, ABB-CE provided the requested details. The
staff has reviewed the details and finds them acceptable because these details

p comply with the acceptance criteria of SRP Sections 11.2 and 11.3 (for

(v) specific information on the subject compliance of the liquid and gaseous waste
management systems, see Sections 11.2 and 11.3 of this report). Therefore,
DSER Open Items 11.1-1 and 11.1-2 are resolved.

The staff noted a discrepancy in the earlier version of CESSAR-DC regarding
the value for the shim bleed rate. Different subsections and tables in
Section 11.2 of the document gave different values. However, the staff found
that ABB-CE calculated equilibrium primary coolant concentrations correctly
using the bleed rate and not the environmental discharge rate. So, the DSER
called for ABB-CE to correct the discrepancy and identified it as Confirmatory
Item 11.1-1. Subsequently, by amending CESSAR-DC Section 11.2, ABB-CE
resolved the discrepancy. Therefore, DSER Confirmatory Item 11.1-1 is
resolved.

On this basis, the staff concludes that ABB-CE has submitted sufficient
information with regard to source terms in accordance with requirements of
10 CFR 50.34 and 50.34a. The staff concludes that CESSAR-DC radwaste source
terms for evaluating radwaste management systems meet the acceptable criteria
of SRP Section 11.1, as discussed in Sections 11.2 and 11.3 of this report, '

and are, therefore, acceptable.

11.2 Liouid Waste Manaaement System

11.2.1 System Description and Review Discussion
n
(d The liquid waste (radwaste) management system (LWMS) consists of processn

equipment and instrumentation necessary to collect, process, monitor, and
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recycle or discharge the processed liquid radwastes. The staff used the
acceptance criteria given in SRP Section 11.2, which are system compliance
with 10 CFR Sections 34.a and 20.1302 (Section 20.1302 in lieu of Sec-
tion 20.106), 10 CFR Part 50, Appendix A, GDC 60 and 61, and 10 CFR Part 50,
Appendix I (for information on these requirements, see Section 11.1 of this
report) as its basis for evaluating the LWMS. The LWMS comprises the fol-
lowing subsystems: (1) high-level waste subsystem; (2) low-level waste
subsystem; (3) laundry and hot shower (LHS)/ chemical waste subsystem; and
(4) containment cooler condensate subsystem. Tha high-level waste subsystem
processes the boron-containing wastes from the chemical and volume control
system (CVCS) and reactor coolant system (RCS), namely, the shim bleed and

Additionally, itequipment drains from the reactor and equipment drain tanks.
processes the clean wastes which consist of reactor-grade laboratory drains
and aerated equipment drains. The low-level waste subsystem processes the
dirty wastes which come from the plant floor drains, fuel pool liner leakage, -

steam generator (SG) drains and equipment, and area non-detergent decontamina-
tion water. Occasionally, containment cooler condensate tank contents also
may be processed by the low-level waste subsystem. The LHS/ chemical waste
subsystem processes the chemical wastes (i.e., decontamination wastes,
chemical samples, and chemical lab drains) and the LHS (detergent) wastes.
The containment cooler condensate subsystem collects the containment cooler
condensate in one of the two containment cooler condensate tanks, each of
capacity 16.1 m3 (4,252 gal) and, generally, discharges the tank contents to
the industrial waste discharge, since normally, the contents have low radioac-
tivity. However, if radioactivity is detected when the contents are sampled,
the contents are dispatched to the low-level waste subsystem to be processed
along with other low-level wastes described above. SG blowdown is processed
by the SG blowdown treatment system, and the processed blowdown is normally
totally recycled in the plant. Therefore, in the System 80+ design, the SG
blowdown normally does not contribute to any liquid radwaste discharge to the
environs.

The LWMS comprises collection tanks, process pumps and vessels, monitor or
sample tanks, and appropriate instrumentation and controls to permit most of
the process to be conducted remotely. All waste collection and waste monitor
tanks are equipped with continuous level indication with provisions for high-
level alarm both locally and in the radwaste control room. Each type of
liquid waste is segregated to minimize the potential for mixing with other
types, and contaminating non-radioactive streams. Each of the high- and low-
level waste subsystems contains two waste collection tanks, and two waste
monitor tanks, each of capacity 128.7 m3 (34,000 gal). The LHS/ chemical waste
subsystem has two chemical waste collection tanks and two chemical waste
sample tanks, each of capacity 36 m3 (9,600 gal) and two LHS collection tanks
and two LHS sample tanks, each of capacity 25 m3 (6,700 gal). The collection
and monitor tanks for the high-level, low-level, and LHS/ chemical waste
subsystems are provided in pairs so that one will be available to receive

Eech waste stream haswaste while the other is being processed or discharged.
a centrifugal pump that can be cross-connected to another pump in case of pump
failure.

The principal process equipment for treating liquid radwaste is a set of non-
regenerative ion exchangers or demineralizers. Each of the three major
wastes, namely, the high-level, low-level and LHS/ chemical waste is processed
by its respective processing equipment. The processing equipment for the
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r three subsystems are identical and each consists of at least one waste process
f filter per collection tank downstream of the tank, one carbon bed filter (to

enhance process filtration), and four ion exchangers all in series. The waste
process filters are bag-type polyethylene filters and they are skid mounted in
groups of two or four. The four ion exchangers are made up of one specific
ion demineralizer (e.g., demineralizer loaded with Zeolite or other sluicible
media to enhance ion exchange adsorption for cesium and rubidium), one cation
bed, and two mixed bed demineralizers. The system piping permits connection
of mobile processing equipment.

Additional details on management of the high-level, low-level and LHS/ chemical
wastes are given below.

The shim bleed and equipment drains from the reactor and equipment drain tanks
are first collected in a 1,646 m3 (435,000 gal) capacity holdup tank after
being processed by a pre-holdup mixed bed ion exchanger. Approximately
90 percent of the tank inventory is processed by a boric acid concentrator and
the distillate is cycled back to the RCS. The concentrates end up in the
boric acid storage tank. The balance of 10 percent is dispatched to one of
the two high-level waste collection tanks mentioned above. The waste is
processed by the high-level waste processing equipment described above. The
processed waste is collected in one of the two high-level waste monitor tanks,
sampled, and discharged if found acceptable for discharge. The staff esti-
mates that approximately 10 percent of the shim bleed and equipment drain
wastes that are generated, normally will be processed by the high-level waste
processing equipment and then discharged to the environment. The staff agrees
with ABB-CE that the normal generation rate of the shim bleed and equipment

i drain wastes requiring processing will be approximately 0.8 m3/ day (218 gpd).
' The capacity of the limiting processing equipment in this system is 327 m3/ day

(86,400 gpd). This provides adequate margin for processing a surge in the
shim bleed and equipment drain waste generation rate.

As stated above, clean wastes are also processed by the high-level waste
subsystem. The wastes are collected in one of the two high-level waste
collection tanks, processed by the subsystem processing equipment, discharged
and subsequently collected in one of the two subsystem monitor tanks, and dis-
charged (if found acceptable for discharge), after sampling. The staff esti-
mates that approximately 10 percent of the processed clean wastes will be
discharged to the environs and the balance will be recycled in the plant. The
staff agrees with ABB-CE that the normal generation rate of the clean wastes
will be approximately 2.7 m3/ day (700 gpd). The capacity of the limiting
processing equipment is 327 m3/ day (86,400 gpd) as stated above. The :ombined
normal generation rate of the shim bleed, equipment drains, and clean waste
that require processing by the high level waste processing equipment is
3.5 m3/ day (918 gpd). Considering the capacity of the limiting processing
equipment in the subsystem, the staff finds that there is adequate margin for
processing a surge in the normal generation rates of these wastes.

Dirty wastes identified above are collected in one of the two low-level waste
collection tanks, processed by the subsystem processing equipment, subse-
quently collected in one of the two subsystem monitor tanks, and discharged
if found acceptable for discharge), after sampling. The staff estimates that

O a(ll of the processed dirty waste will be discharged to the environs. The
staff agrees with ABB-CE that the normal generation of dirty wastes will be
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approximately 12.1 m3/ day (3,200 gpd). The capacity of the limiting process-
ing equipment is 327 m3/ day (86,400 gpd) in this subsystem. This provides
adequate margin for processing a surge in the dirty waste generation rate.

,

|

|
Chemical wastes described above are collected in one of the two chemical waste |
collection tanks, and LHS wastes are collected in one of the two LHS collec-
tion tanks. Normally, these wastes are discharged to the environs without any
processing, if such discharge is found acceptable after sampling. However, if
required, these wastes can be processed by one of the two respective tank |

filters and subsequently by the subsystem carbon bed filter and set of four
demineralizers in series. The processed chemical waste is collected in one of
the two chemical sample tanks, and the processed LHS waste is collected in one
of the two LHS sample tanks. The tank contents are sampled and discharged to
the environs (if found acceptable for discharge). The staff estimates the
detergent and decontamination wastes to be 2 m3/ day (540 gpd) and ABB-CE
estimates these wastes to be 3 m3/ day (800 gpd). In estimating the releases
from this subsystem, ABB-CE has assumed no credit for processing the wastes,
except for cesium radionuclides in the waste stream prior to their release.

|
The tanks provided in this subsystem ensure adequate margin to collect any
surge in the generation of chemical and LHS wastes. The capacity of thei

limiting processing equipment is 327 m3/ day (86,400 gpd) in this subsystem.
This provides an adequate margin for processing any surge in the LHS/ chemical
waste generation rate.

In addition to these LWMS subsystems, liquid radwaste can also be released to
the environs from discharge of condensate cleanup system polisher regenerant
solution. The System 80+ design uses regenerative condensate polishers in the
condensate cleanup system (see CESSAR-DC Section 10.4.6 and Section 10.4.6 of
this report). Regenerant wastes that come from the operation of the conden-
sate cleanup system are collected in one of the two 435 m3 (115,000 gal)
capacity regenerant solution neutralization (collection) tanks located in the
turbine building and then discharged to the environs without processing (if
found acceptable for such discharge) after sampling the tank contents.
Howevar, if processing is requ'. red, the wastes are dispatched to the low-level
waste subsystem for processing and discharge to the environs. ABB-CE states
that all of the condensate cleanup system polisher regenerant wastes will be
discharged to the environs. ABB-CE estimates the waste generation to be
approximately 149 m3/ day (39,300 gpd), and the staff agrees with this conser- |

'vative estimate. The capacity of the equipment for discharging this waste
(the discharge pump) is 1,363 m3/ day (360,000 gpd). The collection tank
capacity and the discharge pump capacity assure a reasonable margin for
collecting and discharging a surge in the conservatively estimated generation;

i rate for this waste. In estimating the liquid radwaste release to the
environs from the condensate cleanup system waste, ABB-CE has assumed no
credit for processing the waste prior to its release to the environs.

As discussed above, liquid waste processed prior to release, as applicable, is |released to the environs from any monitor, sample, or collection tank only |
after sampling the subject tank contents shows that such a release is permis-
sible. The LWMS and the regenerant waste system intermittently discharge
liquid effluent in batches to the environment. All LWMS discharges of
detectable radioactivity are made through a single discharge line to the

,

environs. The condensate cleanup system polisher regenerant waste is dis- |

charged through another discharge line to the environs. All liquid waste |
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3discharges are diluted by a dilution flow of at least 2.8 m3/sec (100 ft / j

sec). All releases to the environs are monitored prior to dilution and 4

discharge by two radiation monitors, one on the common discharge line for the'

LWMS discharges and the other on the discharge line for the condensate cleanup
system polisher regenerant waste discharge. These monitors are located
downstream of the waste monitor or sample tanks for the LWMS and downstream of
the'regenerant waste collection tank for the regenerant wastes. Each of these
radiation monitors will terminate liquid waste releases to unrestricted area
before the discharge concentration via the associated discharge line exceeds a
pre-determined setpoint for the applicable monitor, to comply with 10 CFR
Part 20, Appendix B, Table 2, Column 2 limits for liquid effluent concentra-
tions of radionuclides in unrestricted areas. To ensure such compliance,
CESSAR-DC Section 11.2.5 calls for the COL applicant to provide the opera-
tional setpoint for the radiation monitors in the plant-specific offsite dose
calculation manual (0DCM). ABB-CE has further indicated that the operational
setpoints should ensure that the sum of the ratios of instantaneous discharge !
concentrations of radionuclides in an unrestricted area to the liquid effluent
concentration limits given for the corresponding radionuclides in the table j

column referenced above does not exceed 10. The staff finds this approach '

acceptable for demonstrating compliance with the subject regulation. As
discussed above, the radiation monitors provide for control and monitored

.

release of liquid radwastes to unrestricted areas as required by GDC 60 and i

64.

ABB-CE has calculated the annual liquid effluent releases (CESSAR-DC
Table 11.2-1) using PWR-GALE code methodology. The standard design parameters

O for running the subject computer program to calculate expected primary and
secondary coolant radionuclide concentrations and liquid effluents are given
in CESSAR-DC Tables 11.1.1-1, 11.2-2, and 11.2-6. Table 11.2-6 lists such
LWMS equipment as number of collection and monitor or sample tanks, and
filters ar.d demineralizers and their design parameters, such as capacity and
flowrates. The parameters in the other tables include. (but are not limited
to) collection rates, effective primary coolant activity (PCA) fractions,
collection and process times, effective process decontamination factors (DFs)
for different categories of radionuclides, and discharge fractions for all the

|
waste streams (shim bleed, equipment drains, clean wastes, dirty wastes,

| chemical and LHS wastes, and regenerant wastes). Staff's review of the
|

subject tables, Section 11.2 and Figures 11.2-1 and 11.2-2 of CESSAR-DC shows
that the primary and secondary coolant radionuclide concentrations given in,

| CESSAR-DC Table 11.1.1-2 are in accordance with GALE code methodology.

In reviewing ABB-CE's response to DSER Open Item 11.1-1, the staff also finds
that the design does not have a cation bed in the primary purification system
to remove preferentially cesium and rubidium radionuclides from the primary
system. The staff finds this acceptable since there is no regulatory require-
ment that a cation bed should be provided. Further, the staff finds that
other parameters including the DFs for the shim bleed stream and process times
have been properly calculated. Additionally, to the total radionuclide
release to the environment via liquid effluent obtained from running the GALE
code, ABB-CE has conservatively added the contribution due to an assumed
release of 189 m3/yr (50,000 gal) to the environment of secondary coolant at
secondary coolant radionuclide concentration levels. For these reasons, the
staff finds the radionuclide releases given in CESSAR-DC Table 11.2-1, whichb include liquid radwaste adjustment quantity of 5,920 MBq/yr (0.16 Ci/yr) to
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account for such anticipated occurrences as operator errors resulting in
unplanned releases, acceptable. Therefore, the staff agrees with ABB-CE that
the total liquid effluent during normal plant operation, including A00s, will
notexceep34,780MBq/yr(0.94Ci/yr)forradionuclidesotherthantritiumand
1.52 x 10 MBq/yr (410 Ci/yr) for tritium for the System 80+ design. This
finding, in conjungtion with the ABB-CE assumed minimum dilution flow of
2.8 m3/sec (100 ft /sec), provides reasonable assurance that the LWMS for the
System 80+ design will meet applicable Appendix I dose guidelines for liquid
effluents. However, since demonstration of specific compliance with Appendix
I dose guidelines are not within the scope of the standard design, the staff
will review such compliance demonstration on a plant-specific basis for each
COL applicant. As stated in Section 11.1 of this report, CESSAR-DC has
identified a COL action item in this regard, which the staff finds acceptable.

Using primary coolant concentrations corresponding to one-percent failed fuel
or expected values (as given by GALE code run), whichever is greater for
fission products, and expected values for corrosion products, annual liquid
effluent data as given by GALE code run, and minimum liquid effluent dilution
flow of 2.8 m3/sec, ABB-CE has demonstrated that the sum of the ratios of the
annual average liquid effluent concentrations of radionuclides in any unre-
stricted area to the liquid effluent concentration limits for the respective
radionuclides given in 10 CFR Part 20, Appendix B, Table 2, Column 2, is well
below 1.0 (CESSAR-DC Table 11.2-5 value is 0.091). The staff has indepen-
dently verified that the annual average liquid effluent concentrations in an
unrestricted area for the System 80+ plant will be well below the limits
specified in the subject table column. Therefore, the staff finds that the
System 80+ design will comply with 10 CFR Part 20, Section 20.1302, since the
subject section requires that the annual average concentrations of radioactive
materials in effluents in an unrestricted area do not exceed the limits
specified in the subject table column.

The LWMS is a non-safety-related system and it has no accident mitigation
functions. The system is located in the radwaste building. The system and
the structure housing the system, are designed in accordance with the applica-
ble guidelines of Positions C.1, C.4, C.5, and C.6 of RG 1.143, " Design
Guidance for Radwaste Management Systems, Structures, and Components Installed
in Light-Water-Cooled Nuclear Power Plants," with respect to the specific
guidelines for liquid radwaste systems design, construction and testing
criteria for radwaste management systems in general, seismic design criteria
for the system and the structure housing the LWMS and quality assurance (QA)
for radwaste management systems. CESSAR-DC Section 11.2.1.2 details how the
design of the system and its housing structure comply with the applicable
guidelines of RG 1.143. Specifically, the subject section states that the
LWMS is designed and tested to the codes and standards listed in Table 1
supplemented by guidelines 1.1.2 and 1.1.4 of RG 1.143. It further states
that the foundations and walls of structures housing the LWMS are designed in
accordance with Position C.5 (seismic design criteria) of the guide to a
hiight sufficient to contain the maximum liquid inventory expected to be in
tne radwaste building. It also states that all tanks inside and outside have
level indicators; all tank overflows, drains, and sample lines are routed to
the LWMS for collection and processing; all indoor tanks have curbs or |

elevated thresholds with floor drains routed to the LWMS for collection and
processing; and outdoor tanks, such as the boric acid storage tank have a |

seismic retention pond or dike to prevent an uncontrolled release of
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radioactive liquid to the environs should the tanks overflow or fail. Addi-p) tionally, the section states that systems with potential for containing(V radioactive liquids are segregated from nonradioactive systems to minimize the
potential for the spread of contamination into unmonitored and non-radioactive
systems and ductwork in the area. The subject section states that the QA
program for the installation, procurement and fabrication of the system
components will comply with the Position C.6 of RG 1.143, and that the COL
applicant will demonstrate such compliance. On the basis of this information
and the staff's review of CESSAR-DC Section 11.2, particularly, Section
11.2.1.2, the staff finds that ABB-CE has addressed all aspects of RG 1.143
satisfactorily and that the LWMS complies with the applicable guidelines of RG
1.143, and thus complies with GDC 60 and 61 and 10 CFR 50.34a inefar as they
relate to control of radioactive materials released to the environment via
liquid effluents assuring adequate safety of equipment that may contain liquid
radwastes under normal and postulated accident conditions, and adequacy of
design information for the LWMS, respectively.

ABB-CE has also reviewed the applicability of IE Bulletin (IEB) 80-05, " Vacuum
Conditions Resulting in Damage to Chemical Volume Control System (CVCS) Holdup
Tanks (Sometimes Called ' Clean Waste Receiver Tanks')" to the System 80+
standard design. The subject bulletin addresses the issue concerning the
release of radioactive material or other adverse effects as a result of low-
vacuum conditions causing tank buckling. The low-vacuum condition is created
by cooling hot water in a low pressure tank. On the basis of its review,
ABB-CE has included its findings in CESSAR-DC Sections 11.2.2.2.1 and
11.2.2.2.2. The subject sections state that all tanks have either: (1) tank
vents sized adequately to prevent the collapse of the tank during draindown orp) (2) a vacuum breaker, as necessary. The staff finds these features adequately(

V address the conorn identified in IEB 80-05 and are, therefore, acceptable.
These design features comply with GDC 61, insofar as they assure adequate
safety for the subject tanks under normal and postulated accident conditions.

After reviewing the version of CESSAR-DC Section 11.2 that preceded the
issuance of DSER, the staff identified DSER Confirmatory Item 11.2-1. The
subject item called for ABB-CE to incorporate its January 24, 1992, response
to the staff's RAI relating to the LWMS for the System 80+ standard design, in
amended CESSAR-DC Section 11.2. The staff has reviewed CESSAR-DC and finds
that ABB-CE has incorporated in Section 11.2 that part of the response that
continues to be valid currently. Therefore, DSER Confirmatory Item 11.2-1 is

i

resolved. '

In the earlier version of CESSAR-DC Section 11.2, the staff found that ABB-CE |

- had demonstrated compliance of liquid radwaste discharge concentrations in
unrestricted areas with 10 CFR Part 20, Appendix B, Table ii, Column 2 maximum j
permissible concentrations (MPC), based on 0.25-percent failed fuel instead of
one-percent failed fuel; the staff found no indication that the liquid
radwaste adjustment quantity of 5920 MBq/yr (0.16 Ci/yr) to account for
anticipated occurrences had been included in assessing the total annual liquid
radwaste release to the environs, and the staff found the quoted DFs for the
shim bleed stream was significantly higher than the DFs for other streams.
For these reasons, the staff designated the above concerns as DSER Open
Items 11.2-1 and 11.2-2. In response to these concerns, CESSAR-DC Sec-p) ,

tion 11.2 has been amended. As discussed above, the amended Section 11.2 |;

(> demonstrates compliance with 10 CFR Part 20, Appendix B, Table 2, Column 2 )
|
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(which lists the liquid effluent concentration limits for radionuclides at the
boundary of the unrestricted area), based on one-percent failed fuel and also
includes the liquid radwaste adjustment quantity in the calculated total
liquid effluent. Further, the amended Table 11.2-2 and Figure 11.2-2 have
deleted the originally included credit due to CVCS purification demineralizer
in determining the effective DF for processing the shim bleed stream by the
high-level waste processing equipment. The credit for the CVCS purification
demineralizer has, however, been included in determining the equilibrium
primary concentrations of radionuclides, which is proper. On this basis, DSER
Open Items 11.2-1 and 11.2-2 are resolved.

In the earlier version of CESSAR-DC Section 11.2, the staff did not find an
adequate discussian on how the design meets all the guidelines of RG 1.143,
including Position C.6 that addresses the QA aspects of radwaste management
systems. Therefore, the staff designated this lack of information as DSER
Open Item 11.2-3. As discussed above, the staff finds that all aspects of
RG 1.143 have been satisfactorily addressed in amended CESSAR-DC. On this
basis, DSER Open item 11.2-3 is resolved. In the earlier version of CESSAR-DC
Section 11.2, the staff found no information on the disposition of shim bleed
and clean wastes that are not discharged to the environs. Therefore, the
staff designated this issue as DSER Open Item 11.2-4. Amended Figure 11.2-2
shows the disposition (for additional information see the review discussion on
shim bleed and clean wastes given above). On this basis, DSER Open Item 11.2-
4 is resolved.

11.2.2 Conclusion

In its evaluation of the LWMS, the staff considered: (1) the capability of
the system to maintain concentrations of radionuclides in liquid effluents in
unrestricted areas below their respective liquid effluent concentration limits
referred to in 10 CFR Part 20, Section 20.1302, during periods of fission-
product leakage at design levels from the fuel (i.e., one percent); (2) the
capability of the system to meet the processing demands of the station during
A00s; (3) the quality group and seismic design classification applied to the
equipment, components, and structures housing the system; (4) the design
features that are incorporated to comply with GDC 60 as it relates to control
of radioactive materials released to the environment via liquid effluents; and
(5) the design features to comply with GDC 61 as it relates to assuring
adequate safety for the equipment in the LWMS under normal and postulated
accident conditions. The staff reviewed all applicable information provided
in CESSAR-DC Section 11.2, and the ABB-CE submittal dated January 24, 1992, in
response to the staff's RAl.

On the basis of its review, as discussed in Section 11.2.1 of this report, the
staff concludes that ABB-CE has submitted sufficient design information for
the System 80+ LWMS in accordance with 10 CFR 50.34a requirements. Addition-
ally, the staff concludes that the CESSAR-DC LWMS includes the equipment and
design features necessary to control the releases to unrestricted areas of
radioactive materials in liquid effluents, in accordance with GDC 60, and
assure adequate safety under normal and postulated accident conditions in
accordance with GDC 61. The staff further concludes that the LWMS meets the
requirements of 10 CFR Part 20, Section 20.1302 with respect to liquid
effluent concentration limits in unrestricted areas. On this basis, the staff
concludes that the System 80+ LWMS meets the applicable acceptance criteria of
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p SRP Section 11.2 and is, therefore, acceptable.
\
v 11.3 Gaseous Waste Manaaement System !

11.3.1 System Description and Review Discussion

The gaseous waste management system (GWMS), and the plant ventilation exhaust
systems control, collect, process, store, and dispose of gaseous radioactive
wastes generated during normal operation, including A00s. The staff has used
the acceptance criteria given in SRP Section 11.3 which are system compliance
with 10 CFR Part 50, Section 50.34a and 10 CFR Part 20, Section 20.1302
(Section 20.1302 in lieu of 20.106), 10 CFR Part 50, Appendix A, GDC 3, 60,
and 61, and 10 CFR Part 50, Appendix I (for information on these requirements,
see Section 11.1 of this report) for its evaluation of the GWMS.

The GWMS comprises two subsystems: the process gas subsystem and the process
vent subsystem. In the writeup that follows, the staff includes in the GWMS,
not only the management of process gas and process vent (described below), but
also the management of building ventilation, containment purge, and condenser
evacuation system exhausts in so far as they relate to gaseous effluents to
environs. The process gas portion of the GWMS receives fission gases from the
process gas header (PGH) and uses charcoal adsorber beds to retain and delay
the process gases for decay before release to the plant vent to the environs
via the nuclear annex ventilation exhaust. The primary input sources to the
PGH are gases stripped continuously from the RCS by the CVCS gas stripper, and
the volume control tank. The reactor drain tank and equipment drain tank

3 process vent surge volumes constitute the balance of the hydrogenated gaseous

.] inputs to the PGH. The flow in the PGH primarily consists of hydrogen and
\ noble gases with some trace quantities of other fission gases and water vapor.

The continuous removal of fission gases from the RCS by the gas stripper keeps
the RCS fission gas concentrations at a low level. The process gas subsystem
uses charcoal at ambient temperature to delay the passage of radioactive gases
through the system. The process gas subsystem includes a charcoal guard bed
and six charcoal adsorber beds. A condenser cocis the stripped gases and
condenses and removes water vapor to a dew point below 7 *C (45 "F) before the
gas enters the charcoal adsorber beds. Furthermore, downstream of the cooler
condenser, the system has a humidity analyzer which detects inadequate ;

moisture removal . The design data for the process gas subsystem, including '

the design pressure of the charcoal beds and cooler condenser, are given in
CESSAR-DC Table 11.3-7.

The process gas subsystem has radiation monitors which monitor the discharge
from the charcoal beds upstream of the discharge to the nuclear annex
ventilation system. The discharge is automatically terminated when the
radiation level in the discharge reaches a pre-determined setpoint set by the
COL applicant for the radiation monitor. Thus, the system is consistent with
GDC 60 with regard to control of radioactive release to unrestricted areas.

In its calculation of gaseous effluent from the process gas subsystem, ABB-CE
used delay times of 30 days and 3 days for xenon and krypton radionuclides,
respectively. Using a charcoal mass of 6,940 kg (15,300 lb) in the adsorber

r beds and a carrier gas flowrate of 0.028 m3/ min (1 scfm) through the adsorber
( beds, ABB-CE calculated the above delay times. Since ABB-CE offered no basis
L for the chosen flow rate in the earlier version of CESSAR-DC Section 11.3, the
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staff designated the lack of basis for the chosen flow rate as DSER Open
item 11.3-1. In a letter dated November 4, 1993, ABB-CE stated that the
chosen value was based on Chapter 12 specifications for PWRs given in the
Electric Power Research Institute Utility Requirements Document for advanced
light water reactors. ABB-CE further stated that operating experience at PWRs
that use charcoal delay beds for waste gas treatment (e.g., Surry and Beaver
Valley units) showed less than 0.0028 m3/m (0.1 scfm) average flow rate
through the delay beds, and that the higher chosen value was therefore
conservative, since delay time varies inversely as the flow rate. On the
basis of this satisfactory response, DSER Open item 11.3-1 is resolved. The
staff also finds that the ABB-CE calculated delay times are in agreement with
NUREG-0017, Revision 1, methodology. The process gas subsystem effluent is
additionally processed, if required, by the nuclear annex filtration system,
which consists of a pre-filter, high-efficiency par'.iculate air (HEPA)
filters, and a charcoal adsorber before it is discharged to the plant vent via
the nuclear annex ventilation system. Thus, by including charcoal delay beds,
the process gas subsystem is consistent with GDC 60 with regard to control of
radioactive release to unrestricted areas.

The GWMS is a non-safety-related system and has no accident mitigation func-
tions. The process gas portion of the system is l xated in the nuclear annex,
which is a seismic Category I structure and, therefore, designed to withstand
a safe-shutdown earthquake (SSE). The process gas subsystem and the structure
housing the subsystem are designed in accordance with the applicable Posi-
tions C.2, C.4, C.5, and C.6 of RG 1.143 with respect to specific guidelines
for gaseous radwaste systems; general guidelines for design, construction, and
testing criteria for radwaste systems; specific seismic design criteria for
gaseous waste management system; general seismic design criteria for struc-
tures housing radwaste systems; and general guidelines for providing QA for
radwaste management systems. CESSAR-DC Subsection 11.3.1.2 provides a
detailed discussion of how the design of the subsystem and its housing
structure meet the applicable guidelines of RG 1.143. Specifically, the
subject section states that the GWMS (i.e., process gas portion) is designed
and tested to the codes and standards listed in Table 1 of RG 1.143 supple-
mented by Guidelines 2.1.2 and 2.1.4 of RG 1.143. It further states that the
foundations and walls of the structures housing the charcoal adsorber beds and
the supports for the beds are designed to meet the seismic design criteria
specified in Position C.5 of RG 1.143. The subject section states that the QA
program for the installation, procurement, and fabrication of the system
components will comply with the Position C.6 of RG 1.143 and that the COL
applicant will demonstrate such compliance. The earlier version of CESSAR-DC
Section 11.3 did not address the QA compliance.

On the basis of the above information and its review of amended CESSAR-DC
Section 11.3, particularly Subsection 11.3.1.2, the staff finds that ABB-CE
has addressed all aspects of RG 1.143 satisfactorily and that the GWMS
complies with the applicable guidelines of RG 1.143, and thus complies with
GDC 60 and 61 and 10 CFR 50.34a, insofar as they relate to control of radioac-
tive materials released to the environment via gaseous effluents, assuring
adequate safety under normal and postulated accident conditions for the
equipment that may contain gaseous radwastes, and adequacy of design informa-
tion for the GWMS, respectively. On this basis, DSER Open Item 11.3-2 (lack
of sufficient details in the earlier version of CESSAR-DC, Section 11.3 to

'

demonstrate GWMS compliance with applicable guidelines of RG 1.143) is
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p resolved.
\
\ Since the potential exists for buildup of explosive mixtures of hydrogen and

oxygen in the orocess gas subsystem, the subsystem has to be either designed
to withstand he effects of a hydrogen explosion, or must have design features
to preclude the formation or buildup of explosive mixtures. The earlier
(i.e., prior to the issuance of System 80+ DSER) version of CESSAR-DC
addressed the issue by identifying the design provisions to prevent the
formation or buildup of explosive mixtures in the GWMS. Specifically, the
earlier version stated that the system would include gas analyzars with alarm
capability to detect the formation of explosive gas mixtures, and that
nitrogen would be added when required to dilute the gas mixture and thus
prevent it from becoming explosive. However, the earlier version did not give
sufficient details on the remedial actions that would have to be performed,
the automatic control function of the analyzers, control settings of the
alarms, and the details of the nitrogen system, for the staff to conclude that
the system will meet GDC 3 with respect to protection of the system from the
effects of hydrogen explosion. Therefore, the staff designated the lack of
details pertaining to the protection of the GWMS against possible hydrogen
explosion as DSER Open Item 11.3-3. Subsequently, ABB-CE amended CESSAR-DC
Section 11.3, in response to this concern. As amended, Section 11.3 states
that the charcoal vessels, condenser cooler, piping, components, and valves
within the GWMS will be designed to withstand a hydrogen explosion (i.e., the
system design pressure will be 20 times the normal operating pressure of the
system as stated in SRP Section 11.3, Acceptance Criterion B.6.a). Further-
more, one oxygen and one hydrogen analyzer will be installed in the system and

A an alarm will be annunciated in the control room when the oxygen concentration
f in the system reaches one percent by volume.

Section 11.3 also states that such remedial actions as manually eliminating
the source of oxygen entry into the system and/or adding nitrogen diluent will
be performed, upon receipt of the high alarm at one-percent oxygen. The
analyzers will be within the detonation resistant pressure boundary of the
system. As amended, CESSAR-DC Section 11.3 addresses the staff's concerns
identified above satisfactorily, and demonstrates that the process gas portion
of the GWMS will comply with GDC 3 as it relates to protecting the subject
portion of the GWMS from the effects of an explosive mixture of hydrogen and
oxygen. On this basis, DSER Open Item 11.3-3 is resolved.

The process vent portion of the GWMS collects low-activity aerated gas streams
from the potentially contaminated vent headers in the nuclear annex and
radwaste building. The process vents, except those from the condenser
evacuation system, are monitored, filtered as required through the nuclear
annex ventilation filters, and released through the common plant vent. The
condenser evacuation system exhaust is monitored and discharged through the
common plant vent. Other gaseous streams exhausted to the common plant vent
through HEPA and charcoal adsorber filters are: the containment high- and
low-purge exhausts and the exhausts of the plant ventilation systems for the
fuel building and the auxiliary building (i.e., the reactor subsphere, the
nuclear annex, and radwaste building). ABB-CE has submitted a simplified
diagram of all gaseous effluents in CESSAR-DC Figure 11.3-2 which shows that

A the ventilation exhausts from the fuel building, radwaste building, and

(] nuclear annex will be filtered, as required. The turbine building exhaust
\ will not be filtered or monitored r.ince it is not expected to have detectable
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radioactivity. It is released to the environs via turbine building vents.

In the earlier version of CESSAR-DC Section 9.4, ABB-CE described the exhaust
filtration systems for the plant ventilation systems identified above, except
for the radwaste building ventilation system. The filtration system includes
a prefilter, an upstream HEPA filter, a charcoal adsorber, and a downstream
HEPA filter. However, from the earlier version of CESSAR-DC Chapters 9 and
11, it was not clear whether the radwaste building exhaust filtration system
would have all the aoove components, since CESSAR-DC Chapter 11 indicated that
the subject system would have all the components whereas Section 9.4 did not
have such infornation. Therefore, the staff designated this as DSER Confirma-
tory Item 11.3-2. Amended CESSAR-DC Section 9.4 includes all the components
in the radwaste building exhaust filtration system. On this basis, DSER
Confirmatory Item 11.3-2 is resolved.

CESSAR-DC Section 9.4 and Table 11.3-2 state that the design and testing of
~

the ventilation exhaust filtration systems will meet the guidelines of
RG 1.140, " Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light Water Cooled
Nuclear Power Plants," or RG 1.52, " Design, Testing and Maintenance Criteria
for Post-Accider.t Engineered Safety Feature Atmosphere Cleanup System Air
Filtration and Adsorption Units of Light Water Cooled Nuclear Power Plants,"
whichever is appropriate. The subject table gives the design data on the
ventilation exhaust filtration systems and containment internal cleanup
filtration system. RG 1.52 is referred to above, since the exhausts from
containment high purge, reactor subsphere and fuel building during normal
operation including A00s will be through a filtration system, designed and
tested in accordance with RG 1.52 guidelines. Furthermore, CESSAR-DC includes
Tables 9.4-5 and 9.4-6 which demonstrate compliance of engineered-safety-
feature (ESF) grade and non-ESF grade filtration systems with RG 1.52 and
RG 1.140 guidelines, respectively. On this basis, the ventilation exhaust
treatment systems, where provided, comply with the guidelines of RG 1.52 or
RG 1.140, whichever is appropriate. Therefore, the systems comply with GDC 60
and 61, as they relate to control of the release of radioactive material from
plant areas, including the fuel storage and handling area, to the environs.

ABB-CE has calculated the annual gaseous effluent releases (CESSAR-DC
Table 11.3-4) using PWR-GALE code methodology. The standard design parame-
ters for running the subject computer program are given in CESSAR-DC
Tables 11.1.1-1, 11.2-2, and 11.3-2, and Sections 11.3.2.1 and 11.3.6.1.
Staff resiew of the subject tables and sections shows that the expected
primary a id secondary coolant radionuclide concentrations given in CESSAR-DC
Table 11.1.1-2 are in accordance with GALE code methodology. Further, the
staff finds that filter efficiencies for removal of radioiodine and particu-
lates from effluent streams from different building ventilation systems, and
containment internal cleanup filter efficiencies used in the GALE run, are in
accordance with RGs 1.52 or 1.140 guidelines, whichever is appropriate. Also,
the staff finds that the dynamic adsorption coefficients for krypton and xenon
in the delay beds used in the GALE run have been conservatively calculated.
These, in conjunction with a conservatively assumed carrier gas flow rate,
result in conservatively calculated delay times for krypton and xenon in the
charcoal delay beds. For these reasons, the staff finds acceptable the
radionuclide releases to the environs via gaseous effluents during normal
plant operation, including A00s, given in CESSAR-DC Table 11.3-4. Therefore,
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m the staff agrees with ABB-CE that the expected gaseous effluent will not
7 3

(V) exceed 8.65 x 10 MBq/yr (2,337 Ci/yr) for noble gases,' 2.66 x 10 MBq/yr
(0.072 Ci/yr) for iodings, 2.63 x 10 MBq/yr (7.1 x 10' Ci/yr) for 6particulates, 4.44 x 10 MBq/yr (1,200 Ci/yr) for tritium, 1.26 x 10 MBq/yr i

(34 Ci/yr) for Argon-41 and 2.7 x 10 MBq/yr (7.3 Ci/yr) for Carbon-14. All !5

these releases will be via the monitored unit vent. Since the ingestion,
inhalation, and ground contamination doses to applicable organs of an offsite
individual resulting from release of radioiodines, radioactive material in
particulate form, tritium and Carbon-14 via airborne effluents depend upon a
number of site-specific parameters and population exposures and associated
cost-benefit analysis also depend upon site specific parameters, the staff has
limited its evaluation of CESSAR-DC compliance with Appendix I guidelines to
GWMS compliance for external doses (due to noble cas radionuclides in gaseous
effluents) in unrestricted areas. Gaseous effluent data given in CESSAR-DC
Table 11.3-4 in cop unction with ABB-CE assumed atmospheric dispersion factorj
(x/Q) of 7.2 x 10' sec/m3 and RG 1.109, " Calculation of Annual Doses to Man
from Routine Releases of Reactor Effluents for Purpose of Evaluating Compli-
ance With 10 CFR Part 50, Appendix 1," Revision 1, dose factors for noble
gases assure that GWMS for System 80+ design will meet Appendix 1 dose
guidelines for external doses from gaseous effluents in unrestricted areas for
sites that have y/Q equal to or less than the above quoted value. For the
assumed y/Q, the doses will be well within the applicable Appendix I dose
guidelines as shown in CESSAR-DC Table 11.3-5. However, since demonstration
of specific compliance with Appendix I dose guidelines are not within the
scope of the standard design, the staff will review such compliance demonstra-
tion on a plant-specific basis for each COL application. As stated in

O Section 11.1 of this report, ABB-CE has identified COL Action Item 11.1-1 in
this rega.rd, which the staff finds acceptable.

The earlier version of CESSAR-DC Table 11.3-5, compared the radionuclide
concentrations in gaseous effluents to unrestricted areas with the applicable
10 CFR Part 20 MPC. The table showed that the sum of the fractions of
radionuclide concentrations in effluents to unrestricted areas to their
respective MPCs was a very small fraction (0.0013) of the allowable total
(i.e., 1.0). In the DSER, the staff identified the following concerns
relating to the analysis:

(1) The conversion factor should be 3.17 x 10 8 instead of 3.17 x 10'".
The conversion factor represents the multiplication factor to be applied
on the product of the annual release of radionuclides in Ci/yr via
gaseous effluents and atmospheric dispersion factor in sec/m to obtain
the gaseous effluent radionuclide concentrations in Ci/cc.

The atmospheric dispersion factor 4.97 x 10'' sec/m3 is inappropriat(2) and also contradicts the long-term annual average value of 7.2 x 10'g
,

sec/m3 given in CESSAR-DC Section 11.3.6.3.
,

(3) The SRP Section 11.3 guidelines state that for PWRs, demonstration of
compliance of radionuclide concentrations in gaseous effluents in
unrestricted areas, with 10 CFR Part 20 gaseous effluent concentration i

'limits in unrestricted areas, should be based on design basis source
p terms, i.e., one percent failed fuel for fission products. Therefore,

the multiplication factor of seven applied to the gaseous effluent,

\ values listed in CESSAR-DC Table 11.3-4 to obtain the gaseous effluent

!
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values corresponding to the design basis source terms is incorrect,
since the Table 11.3-4 gaseous effluent values do not correspond to 0.14
percent failed fuel for all fission products. This is because the Table
11.3-4 effluent values are based on System 80+ primary coolant concen-
trations of radionuclides under normal operating reactor conditions
(obtained by running the PWR GALE code with System 80+ parameter inputs)
which, in turn, are based on measured primary coolant radionuclide
concentrations for PWRs and adjustments for System 80+ specific parame-
ters.

,

(4) The values in CESSAR Table 11.3-4 are partly based on a carrier gas flow
rate of 0.03 m3/ min (1 scfm) through the delay beds and ABB-CE has not
explained the basis for this flow rate.

In the DSER, the staff stated that ABB-CE needed to resolve all the items
listed above, revise the analysis and table, and demonstrate that the total
fraction is less than 1.0 for the staff to conclude the GWMS design is in
compliance with 10 CFR 20.106. The subject regulation requires that the
annual average radionuclide concentrations in gaseous effluents at the
boundary of the unrestricted area do not exceed their respective unrestricted
area MPC listed in 10 CFR Part 20, Sections 20.1 through 20.602, Appendix B,
Table ii, Column 1 (these sections and this table are in the 1993 version of
10 CFR, but these have been deleted in the 1994 version of 10 CFR). There-
fore, the staff designated its concerns as DSER Open Item 11.3-4. By Amend-
ment U to CESSAR-DC Section 11.3, ABB-CE responded to these concerns by
revising the analysis to demonstrate GWMS design compliance with 10 CFR
20.1302 (which is mandatory effective January 1, 1994), in lieu of 10 CFR
20.106. Specifically, using primary coolant concentrations corresponding to
one-percent failed fuel, or expected primary coolant concentrations (as given
by GALE code run) whichever is greater, for fission products, and expected
primary coolant concentrations for corrosion products, annual gaseous effluent
data as given by GALE code run, long-term annual average atmospheric disper-
sion factor of 7.2 x 10 ~5 sec/m3, same carrier gas flow rate of 0.028 m3/ min
(acceptable to staff as discussed above through the charcoal delay beds and
correct conversion factor of 3.17 x 10'), ABB-CE has demonstrated that the
annual average gaseous effluent concentration of radionuclides in exclusion
area boundary (EAB) (CESSAR-DC Table 11.3-6) will be below the gaseous
effluent concentration limits listed in 10 CFR Part 20, Appendix B, Table 2,
Column 1. Table 11.3-6 shows that the sum of the ratios of annual average
gaseous effluent concentrations of radionuclides at the EAB to their respec-
tive concentration limits given in the subject 10 CFR Part 20 table is less
than 1. For these reasons, the staff considers that the DSER Open Item 11.3-4
is resolved and that the System 80+ GWMS design complies with 10 CFR 20.1302.

ABB-CE included a process gas subsystem failure analysis in the earlier
version of CESSAR-DC to demonstrate that the system design meets the guide-
lines of BTP ETSB 11-5. The subject BTP stipulates that the total body dose
at the EAB due to release of radioactivity for 2 hours resulting from postu-
lated failure of the process gas subsystem, calculated in accordance with the
BTP assumptions, should not exceed 5 mSv (500 mrem). The staff noted that in
the analysis, ABB-CE had multiplied the gaseous effluents (calculated using
NUREG-0017, Rev, 1 methodology) by seven to obtain the design-basis source
terms for use in the analysis. The earlier analysis was not conservative
since the gaseous effluents calculated using NUREG-0017, Revision 1,

1
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r methodology does not corresoond to 0.14-percent failed fuel for all noble
f gases. Since the BTP explicitly states that the source term should correspond
' to one-percent failed fuel, the staff considered that ABB-CE should submit a

revised analysis. Therefore, the staff designated the need for reanalysis of
the process gas subsystem failure as DSER Open Item 11.3-5.

By Amendment V to CESSAR-DC Section 11.3, ABB-CE responded to the above
concern of the staff by revising the analysis to demonstrate the process gas
subsystem design compliance with the subject BTP's dose criterion mentioned
above. Using a short term (0-2 hour) x/Q of 1.0 x 10-3 sec/m3 and other
assumptions in accordance with the BTP, the subject section has calculated a
0-2 hour total body dose at the EAB, which is well within 5 mSv (500 mrem).
The staff has independently analyzed the above failure and has determined that
the 0-2 hour total body dose at the EAB will be well within 5 mSv (500 mrem).
Therefore, DSER Open Item 11.3-5 is resolved.

After reviewing the version of CESSAR-DC Section 11.3 that existed prior to
tFe issuance of the DSER, the staff identified DSER Confirmatory Item 11.3-1.
The subject item called for ABB-CE to incorporate its January 24, 1992,
response to staff's RAI relating to the GWMS for the CESSAR-DC standard
design, in amended System 80+ Section 11.3. The staff has reviewed CESSAR-DC
and finds that ABB-CE has incorporated in Section 11.3 that part of the
response that continues to be valid currently. Therefore, DSER Confirmatory
Item 11.3-1 is resolved.

11.3.2 Conclusion

In its evaluation of the GWMS design, the staff considered: (1) capability of
2 ~ the system to maintain gaseous effluents in unrestricted areas below the

limits in 10 CFR Part 20, Section 20.1302, during periods of fission product
leakage at design levels from the fuel (i.e., one percent); (2) the capability
of the system to meet the processing demands of the station during A00s;
(3) the quality group and seismic classification applied to the equipment,
components and structures housing the system; (4) the design features incorpo-
rated to control the releases of radioactive materials to environs via gaseous
effluents in accordance with GDC 60; (5) the design features incorporated to
comply with GDC 61, insofar as it relates to assuring adequate safety under
normal and postulated accident c;nditions for the equipment that may contain
gaseous radwastes; (6) the design features incorporated to comply with GDC 3
as it relates to protecting the process gas portion of the GWMS from the
effects of an explosive mixture of hydrogen and oxygen; and (7) the design
features to ensure the process gas subsystem design compliance with BTP ETSB
11.5 guidelines. The staff reviewed all applicable information submitted in
CESSAR-DC Section 11.3.

On the basis of this review, as discussed in Section 11.3.1 of this report,
the staff concludes that the System 80+ GWMS complies with 10 CFR 20.1302,
10 CFR 50.34a, and GDC 3, 60, and 61. Therefore, the staff concludes that |
System 80+ GWMS design meets the acceptance criteria of SRP Section 11.3 and
is, therefore, acceptable.

11.4 Solid Wa_ste Manaaement System(q)
U 11.4.1 System Description and Review Discussion
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The SWMS consists of equipment and instrumentation to collect, segregate,
store, process, sample, and monitor solid wastes. The staff has used the
acceptance criteria given in SRP Section 11.4, which are system compliance
with 10 CFR 50.34a as it relates to providing adequate system design informa-
tion, 10 CFR 20.1302 (in lieu of Section 20.106 which is deleted in the 1994
version of 10 CFR) as it relates to ensuring concentrations of radionuclides
in gaseous and liquid effluents to unrestricted areas arising from SWMS
operation within the limits specified in 10 CFR Part 20, Appendix B, Table 2,
Columns 1 and 2, respectively, 10 CFR Part 60, Appendix A, GDC 60 and 64 as
they relate to controlling and monitoring the release of radioactive materials
to the environment, GDC 63 as it relates to monitoring radiation levels and
leakage, 10 CFR Part 71 as it relates to packaging of radioactive materials,
and 10 CFR Part 61 as it relates to classifying, processing, and disposing
solid wastes, as the basis for its evaluation of the SWMS design. The SWMS
processes both wet solid wastes (e.g., spent resins, filter cartridges and bag

~

filters used in the LWMS), and dry active wastes (e.g., rags, paper, clothing)
for shipment to a licensed burial site.

The wet solid wastes consist of high-activity spent resins from fuel pool
demineralizers, and other demineralizers used to process primary reactor
coolant, such as, the purification and pre-holdup ion exchangers in the CVCS,
high-activity cartridge filters, low-activity spent resins from the LWMS
demineralizers, low-activity LWMS bag filters, and low-activity resins from
the secondary side regenerant condensate polishers and SG blowdown deminerali-
zers. The dry solid wastes consist of heating, ventilation, and air condi-
tioning (HVAC) system air cleanup system filters and compactible wastes such
as rags, contaminated clothing, and paper.

One spent resin tank of volume 13.6 m3 (3,600 gal) and two spent resin tanks
each of 13.6 m3 (3,600 gal), collect and hold high and low activity spent
resins, respectively. Additionally, there are two spent resin surge tanks,
each of capacity 5.3 m3 (1,400 gal), one each for the low and high activity
spent resins. These surge tanks provide surge space in the otherwise closed
loop resin transfer systems for the low and high activity spent resins. Each
spent resin tank has a stainless steel spent resin transfer pump which
transfers the spent resins from the various demineralizers to the spent resin
tank. Spent resin filters are provided on each spent resin transfer pump
discharge line. Each spent resin tank also has a stainless steel positive
displacement spent resin forwarding pump to forward resin slurries to the wet
solid radwaste dewatering processing area. In the dewatering processing area,
the spent resins are dewatered and stored in high integrity containers (HICs)
for eventual shipment to a licensed burial facility. The radwaste building
includes a solidification processing area, and should solidification of the
spent resins before packaging them in shipping containers be required by the
burial facility, the spent resins will be solidified in the solidification
processing area using an approved solidification agent. Filled shipping
containers are stored in a shielded storage area of the radwaste building
until they are shipped.

When the high-activity cartridge filter (which is on the discharge line of the
high-activity spent resin transfer pump) needs replacement, it is removed by a
remote handling device from the filter housing and put in a shielded con-
tainer, as necessary, after the housing contents are flushed to the equipment
drain tank, if required, and the housing is vented and drained. Subsequently,
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thecprtridgeistransportedandloweredintoashippingcontainer(HICor(o 0.21m (55 gal. drum)) in a filter bunker. After sufficient decay, the
% container is removed from the bunker and transported to a shielded storage

space in the radwaste building for eventual shipment to a licensed burial
facility. The low-activity bag filters (which are on the discharge lines of
low-activity spent resin transfer pumps) that need replacement are lifted from
their housing apd placed in adjacent shielding containers (usually HICs,
although 0.21 m (55 gal.) drums may be used) by remote handling tools, after
water is purged from the filter housing and the filter medium is dewatered
using compressed process air. The filled containers are stored in a shielded
storage area for eventual shipment to a licensed burial facility.

As stated in Section 11.2 of this report, regenerant polishers will be used in
the condensate cleanup system. The secondary side resins from these polishers
will be processed as necessary and packaged for disposal if the resins become
physically broken or the DF is reduced. At this time, the resins will be
sluiced into the shipping container and dewatered in the turbine building.
HICs will be used only as necessary to ensure compliance with the Department
of Transportation (D0T) regulations. The SG blowdown treatment demineralizer
resins will also be processed in the turbine building similar to the conden-
sate cleanup system resins; however, these resins will not be regenerated. A
spent resin decanting tank of sufficient capacity is installed in the turbine
building to facilitate processing of the secondary side resins, as necessary,
based on sampling of the tank contents.

Dry solid wastes, such as contaminated cloth, paper, and plastic are compacted

(q by a dry solid compactor in the low-level waste handling and packaging area.

-) Theseandnon-compatib]edrywastes,includingHVACsystemfilterassemblies
are packaged in 0.21 m (55 gal drums) and stored in a low-level solid waste
storage area of the radwaste building for eventual shipment.

The spent resin tanks and the shipping containers are sampled and surveyed to
verify that the dewatering or solidification (if required) and packaging are
complete and meet the guidelines of BTP ETSB 11-3, which provides the design
guidance for SWMS. Additionally, the wet solid wastes will be processed and
disposed in accordance with 10 CFR Part 61 requirements with regard to waste
classification (Section 61.55 gives the criteria for determining whether the
wastes are Class A, B, or C and the criteria which the different waste classes

should satisfy for disposal) and waste characteristics (Section 61.56 spells
out the various characteristics the processed wet wastes should satisfy). To
ensure the above compliance, ABB-CE has identified a COL activity (CESSAR-DC
Section 11.4.1.1, Item F) which calls for the owner operator to process and
classify the packaged waste in accordance with 10 CFR Part 61 requirements.
Specifically, the COL activity calls for the owner operator to develop
operating procedures (i.e., boundary conditions for a set of process parame-
ters such as settling time, drain time, drying time, etc.) for processing the
wet solid wastes to assure that 10 CFR Part 61 requirements are met. The
staff recognizes that such development of procedures (i.e., process control
program (PCP)) to ensure that the SWMS will operate as intended is within the
scope of the COL applicant. The staff will, therefore, review the PCP,
including dewatering or solidification (if performed), on a plant-specific
basis against BTP ETSB 11-3 guidelines and 10 CFR Part 61 requirements. Since

n}( ABB-CE did not identify this COL responsibility in the earlier version of
A- CESSAR-DC Section 11.4, the staff designated the lack of such identification
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| for ensuring compliance with 10 CFR Part 61 requirements, as DSER COL Action
| Item 11.4-1. CESSAR-DC Section 11.4 has been subsequently amended to include

the subject COL action item as discussed above. Therefore, COL Action
Item 11.4-1 is acceptable. In this context, the staff notes that CESSAR-DC
Section 11.4.1.1 states that all solid waste material will be packaged in

I accordance with 10 CFR Part 71 and DOT regulations prior to their shipment to
I a licensed burial site and that the COL applicant will develop procedures to

comply with these regulations. The staff finds this acceptable since it
recognizes developing packaging procedures is within the scope of the COL
applicant.

The liquid and gaseous effluents resulting from the SWMS operation are
released during normal operation, and during A00s to unrestricted areas
through the LWMS and the radwaste building ventilation system, respectively.

| The SWMS is designed so that liquids removed during the dewatering process of
-

! wet solid waste are routed back to the LWMS to be processed before release to
| the environment. Liquids released from a SWMS component failure are collected

and routed to the LWMS for processing. In addition, curbing surrounds the
major components, such as the resin storage tanks, to contain their contents
in the event of a failure. The resin-storage tanks and shipping containers
have non-clogging wire screens to prevent inadvertent discharge of resin beads
to the environment. The gases collected in the dry active storage waste
processing area are discharged through the radiation building ventilation
system to the plant vent. Gases resulting from other operations of the SWMS
are also discharged through the radiation building ventilation system to the
plant vent. The dry solids compactor has an air filtration system which
includes a HEPA filter. A fan draws air through the HEPA filter and the
exhaust gases generated by compaction are also passed through the plant vent
via the radiation building ventilation system, preventing an unfiltered
release of airborne contamination to the environment. There are area radia-
tion monitors in the radwaste building areas, radwaste building loading bay,
and solid waste drum storage area. The liquids and gases that result from the
SWMS operation are monitored before the release to environs by the LWMS and
GWMS monitors. As concluded in Sections 11.2 and 11.3 of this chapter, the
liquid and gaseous effluents comply with 10 CFR 20.1302. On the basis of the
above discussion, the staff finds that the SWMS complies with GDC 63, 60, and
64 with respect to controlling monitoring leakages, and controlling and
monitoring releases of radioactive materials to the environment, respectively.
Also, the staff concludes that the system complies with 10 CFR 20.1302.

The SWMS is a non-safety-related system and has no accident mitigation func-
tions. The system is located in the radwaste building, which is a seismic
Category 11 building; however, it is designed for the SSE using scismic
Category I criteria. The system, and the structure housing the system, are
designed in accordance with the applicable guidelines C.3, C.4, C.5, and C.6
of RG 1.143 with respect to specific guidelines for solid radwaste systems;
general guidelines for design, construction, and testing criteria for radwaste
systems; general seismic design criteria for structures housing radwaste
systems; and general guidelines for providing QA for radwaste management
systems. CESSAR-DC Section 11.4.1.2 provides a detailed discussion of how the
design of the system and its housing structure are consistent with the
applicable guidelines of RG 1.143. Specifically, the subject section states
that the SWMS is designed and tested to the codes and standards liste' in
Table 2 of RG 1.143, supplemented by Guidelines 3.1.2 and 3.1.4 of RG 1.143.
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O It further states that the foundations and adjacent walls of the structures
! I housing the SWMS are designed to meet the requirements specified in Regulatory 4

V Position 5 of RG 1.143 to a height sufficient to contain the maximum liquid
inventory in the building. The subject section states that an analysis will
be performed to demonstrate the compliance with the above guideline. As
stated above, curbing surrounds such major components as resin-storage tanks
to contain their contents in the event of a failure. Accident releases due to
a major component failure or SWMS leak will be contained in the radwaste
building. Section 11.4.1.2 additionally states that the QA program for the
installation, procurement and fabrication of the system components will comply
with the Regulatory Position C.6 of RG 1.143 and that the COL applicant will
develop a QA program for construction and operations to demonstrate such
compliance. On the basis of this information and the staff's review of
CESSAR-DC, particularly, Section 11.4.1.2, the staff finds that ABB-CE has
addressed all aspects of RG 1.143 satisfactorily, and that the SWMS meets the
applicable guidelines of RG 1.143, and thus complies with GDC 60, 63, and j

| 10 CFR 50.34a. In the earlier version of CESSAR-DC, Section 11.4 did not j
address the QA compliance. This finding by the staff also resolves the DSER'

Open item 11.4-1 (lack of sufficient details in the earlier version of
CESSAR-DC Section 11.4 to demonstrate SWMS compliance with guidelines of
RG 1.143) identified in the DSER.

On the basis of annual reports of radioactive materials released from nuclear
i

power plants (NUREG/CR-2907, " Radioactive Materials Released From Nuclear
Power Plants," Volumes 9 and 11 for the years 1988 and 1990 - only PWRs were
considered), the staff estimates the processed wet wastes (i.e., spent resins

and filter cartridges and low-activity bag type filters) that will hp)ve to bep] shipped annually from the System 8p+MBq (340 Ci).
PWR to be about 47 m3 (1,700 fts

\ containing approximately 1.26 x 10 ABB-CE, based on 4-year

annual shj)pment data for scvan nuclear units,7
estimates this to be 55.2 m3

(1,950 ft containing approximately 1.2 x 10 MBq (320 Ci). ABB-CE estimates
about 25 percent of this volume will be made up of high-activity spent resins
which, in turn, includes (but is not limited to) primary reactor coolant
cleanup spent resins. The remaining 75 percent will be made up of low-
activity spent resins from LWMS demineralizers and secondary side condensate
and steam generator blowdown cleanup resins. On the basis of these reports,

the staff estimates the processed dry wastes that will have })o be shippedannually from the Systpm 80+ PWR to be about 96 m3 (3,400 ft containing

(2,060 cf) containing approximately 5.6 x 10, estimates this to be about 58 m3
approximately 4.8 x 10 MBc (13 Ci). ABB-CE

MBq (15 Ci). In the earlier
CESSAR-DC version of Section 11.4, ABB-CE gave a low dry waste volume and did
not explain how that volume was determined. Further, the earlier version did
not give the curie content of both the dry and wet wastes that will require to
be shipped annually to a licensed burial facility. The staff, therefore,
designated these concerns as DSER Open Item 11.4-2. Subsequently, by Amend-
ment 0 to Section 11.4 of CESSAR-DC, ABB-CE has revised the dry and wet waste
volumes it expects to be shipped annually and their curie content. These are
given above. The subject section further has explained the basis for the |values, i.e., has provided operating data for seven nuclear units for 4 recent

|'years. ABB-CE estimates are in reasonable agreement with staff's independent
estimates as shown above. Therefore, DSER Open Item 11.4-2 is resolved. <

r |

CESSAR-DC Section 11.4 states that the radwaste building includes adequate |
space for processing the dry and wet wastes, as well as, storing the processed j

'

|
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wet and dry wastes that can be expected to be generated annually at normal i

generation rate (given above). Specifically, the subject section and
CESSAR-DC Figure 11.4-1 show the various storage areas, some of which are
shielded (to store HICs, high-activity cartridge filters, etc.) and which
include (but are not limited to) sorting and staging space to separate contam-
inated from uncontaminated material. On the basis of this discussion, and the
staff's estimate of processed waste volumes that can be expected to be shipped
annually (given above), the staff finds that the available storage space is
sufficient to accommodate one full offsite waste shipment of dry wastes and
30 days of wet waste generation at normal generation rate in accordance with
BTP ETSB 11-3, Positions 8.111.2 and 3. On the basis of the capacities of the
spent resin storage tanks in the radwaste building (given above), and the
expected annual generation of spent resin, the staff finds that the capacities
of the tanks accumulating spent resins are consistent with BTP Position B.II.1
(storage of primary system spent resins generated in 60 days and other spent
resins generated in 30 days).

i

In Generic Letter (GL) 81-38, " Storage of Low-Level Radioactive Wastes atl

Power Reactor Sites," the staff provided guidance to licensees on the addition
of onsite storage facilities for low-level radioactive wastes generated
onsite. The staff recognizes that the need for additional onsite storage
capacity for low-level radioactive wastes beyond what has been provided for in
the System 80+ standard design is a site-specific issue, since it will depend
upon offsite low-level waste storage space availability for the site's wastes.
Therefore, when such a need is identified by a COL applicant, and the COL
applicant submits the details of its proposed onsite low-level radioactive
waste storage facility to the NRC, the staff will review and evaluate such a
proposed site-specific facility against the guidelines in GL 81-38. The staff
notes that the guidance in the subject GL is similar to the guidance in
Appendix ll.4-A to SRP Section 11.4.

As discussed above, because of surge tanks, and the capacity to store pro-
cessed wastes beyond the one month requirement, the staff finds that the SWMS
is designed with sufficient storage to accommodate surges in normal waste
generation. The radwaste building has additional space for placement of
leased temporary equipment to accommodate modifications to the SWMS as new
processes and configurations become available. The SWMS also contains
connections for use of vendor supplied services such as rapid dewatering or
waste drying systems when it is determined that the use of these methods ,

represents cost savings over permanently installed alternatives. |

In the DSER, the staff requested ABB-CE to incorporate its January 24, 1992,
response to the staff's RAI relating to the SWMS for the System 80+ standard

,

design, in amended CESSAR-DC Section 11.4. This was identified as DSER '

Confirmatory Item 11.4-1. The staff has reviewed the amended CESSAR-DC and
finds that ABB-CE has incorporated, in Section 11.4 that part of the response
that continues to be currently valid. Therefore, DSER Confirmatory
Item 11.4-1 is resolved.

1

11.4.2 Conclusion i

|

In its evaluation of the SWMS, the staff considered: (1) the capability of a ;

the system in conjunction with LWMS and GWMS to maintain any liquid or gaseous !
effluents in unrestricted areas, arising from the system operation, below the
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p limits in 10 CFR 20.1302; (2) the capability of the system to meet the
i processing demands of the station during A00s; (3) system design objectives in

terms of expected types, volumes, and activities of wastes processed for
offsite shipment; (4) quality group and seismic classification applied to the
structures housing the system; (5) provisions for onsite storage of processed
solid wastes before shipment; and (6) design features to comply with GDC 60,
63, and 64. The staff reviewed all the information provided in CESSAR-DC
Section 11.4. CESSAR-DC Section 11.4 information also includes COL action
items for compliance with 10 CFR Parts 61 and 71.

On the basis of this information, as discussed above in Section 11.4.1 of this
report, the staff concludes that the System 80+ SWMS design complies with
10 CFR 20.1302, and GDC 60, 63, and 64. The staff further concludes that
CESSAR-DC Section 11.4 contains sufficient design infonnation in accordance
with 10 CFR 50.34a requirements. Additionally, the staff concludes that the
SWMS design will comply with 10 CFR Parts 61 and 71 requirements, and DOT !
regulations; however, since demonstration of such compliance falls within the
scope of the COL applicant, the staff will review compliance of SWMS design
with 10 CFR Parts 61 and 71 on a plant-specific basis for each COL applica-
tion. For these reasons, the staff concludes that the System 80+ SWMS design
conforms with the acceptance criteria of SRP Section 11.4 and is, therefore,
acceptable.

11.5 Process and Effluent Radioloaical Monitorina and Samplina System

11.5.1 System Description and Review Discussion

O The process and effluent radiological monitoring and sampling system is used
to measure, record, and control releases of radioactive materials in plant
process streams and effluent streams. The system consists of permanently
installed sampling and monitoring equipment designed to indicate routine
operational radiation releases, equipment or component failure, system

'malfunction or misoperation, and potential radiological hazards to plant
personnel or to the general public. ,

The staff has reviewed ABB-CE's response of January 24, 1992, to the staff's
RAI of October 10, 1991, relating to the system; ABB-CE's submittal dated r

November 4, 1993, relating to the system; and amended CESSAR-DC Section 11.5.
The staff has used the acceptance criteria given in SRP Section 11.5, which
are system compliance with 10 CFR 20.1302 (in lieu of 10 CFR 20.106 which has
been deleted in 1994 version of 10 CFR) as it relates to ensuring concentra-
tions of radionuclides in gaseous and liquid effluents to unrestricted areas
within the limits specified in 10 CFR Part 20, Appendix B, Table 2, Columns 1
and 2, respectively,10 CFR Part 50, Appendix A, GDC 60 and 64 as they' relate
to controlling and monitoring the release of radioactive materials to the ,

environment via gaseous and liquid effluents, and GDC 63 as it relates to '

monitoring fuel and waste storage areas, as the basis for its evaluation of
the process and effluent radiological monitoring and sampling system. A
description and discussion of the system based on the staff's review are given
below.

The radiation monitoring system (RMS) is designed to provide: (1) early
warning to station of personnel equipment, component, or system malfunction or :

misoperation, or potential radiological hazards within the station consistent
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with 10 CFR Part 20 and 10 CFR Part 50, Appendix I; (2) continuous monitoring
of radioactive liquid and airborne releases consistent with the requirements
of 10 CFR Part 20, 10 CFR Part 50, GDC 60, 63, and 64, and the guidelines of
RG 1.21, " Measuring, Evaluating and Reporting Radioactivity in Solid Waste and
Releases of Radioactive Materials in Liquid and Gaseous Effluents From Light
Water Cooled Nuclear Power Plants;" and (3) monitoring of airborne activity in
selected locations and effluent paths for postulated accidents in accordance
with the requirements of 10 CFR Part 50, and the guidelines of NUREG-0737,
" Clarification of TMI Action Plan Requirements," and RG 1.97, " Instrumentation
for LWR Nuclear Power Plants To Assess Plant and Environs Conditions During
and Following Accident ." The RMS monitors normal and potential paths for
release of radioactive materials to give continuous indication and recording
of gaseous and liquid radioactivity levels leaving the plant.

Gaseous process and effluent monitors are provided for: (1) the process gas
subsystem discharge line; (2) the unit vent discharge line during normal
operation; (3) the unit vent discharge line during accident situations;
(4) the containment high purge exhaust and low-purge exhaust; and (5) the
condenser evacuation system discharge.

Liquid process and effluent monitors are provided for: (1) the component
cooling water system discharge (two monitors); (2) the liquid waste discharge;
(3) the SG blowdown sample; (4) the reactor coolant gross activity (process
sampling system); (5) the turbine building drains; (6) the station service
water system; (7) the containment cooler condensate tank effluent; (8) the
neutralization tank (condensate polisher regenerant waste) discharge; and
(9) SG blowdown system discharge.

Airborne radiation monitors are provided for: (1) the containment atmosphere;
(2) the radwaste building ventilation system discharge; (3) radwaste building
atmosphere (six monitors - monitored locations include HIC dewatering /
washdown/ inspection labelling areas, dry waste compaction area, tool / equipment
decontamination area, general access areas at El 15.2 m (50 ft) and 21.3 m (70
ft) and counting room); (4) the fuel building ventilation exhaust system
inlet; (5) the ventilation systems multisampler (monitors 12 locations on a
rotating basis); (6) nuclear annex building ventilation exhaust; (7) the
control room air intake (two monitors for each intake); (8) reactor building
annulus air; (9) the reactor building subsphere ventilation exhaust; (10) the
portable airborne monitor (on a mobile cart); and (11) the emergency opera-
tions facility ventilation air inlet.

The stream which is monitored, the detector type, the typical range the
detector will see, the power supply to the detector, the seismic category of
the detector, the automatic function associated with the monitor, if any, and
the configuration / location of all the gaseous process and effluent monitors,
all the liquid process and effluent monitors, and all the airborne radiation
monitors are given in CESSAR-DC Tables 11.5-1, 11.5-2, and 11.5-3. The staff
has reviewed these tables and finds that they cover all the applicable gaseous
and liquid effluent paths, and liquid and gaseous process streams identified
in SRP Section 11.5, Tables 1 and 2 and that the tables in CESSAR-DC provide
the required information on the monitors. Therefore, the staff finds that
these monitors comply with GDC 64 with regard to monitoring of liquid and
gaseous effluents frem the plant to unrestricted areas.
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The area RMS monitors the radiation levels in selected areas throughout the
plant. Most of these are designed to provide normal operation indication of
radiological events; however, some are for post accident monitoring. A list
of 18 areas with area radiation monitors is given in CESSAR-DC Table 11.5-4.
The subject table gives the typical range, power source and seismic category
of these monitors. These areas include (but are not limited to) new fuel
storage area, spent fuel pool bridge, fuel building area, solid waste drum
storage and handling area, and other radwaste building areas. These area
monitors are designed to provide normal operation indication of unusual
radiological events to operators and station personnel se that they can
complete corrective actions in a timely manner. Some area monitors are
designed for post-accident indication of radiation levels if access to these
areas for maintenance work on equipment important to safety is needed. Area
radiation monitors will have local visual and audible alarms. On this basis,
the staff finds that the process and effluent monitoring and sampling system
for CESSAR-DC design provides the needed monitoring for fuel and radioactive
waste storage and thus complies with GDC 63.

Besides the area radiation monitors in the 18 areas listed in CESSAR-DC
Table 11.5-4, special-purpose area monitors are used for process monitoring
functions or other special monitoring applications. These locations include:
(1) the main steamlines upstream of the safety relief valves (two monitor:);
(2) the reactor coolant purification filters area (two monitors) (3) the RCS
hot leg (two monitors); (4) the high-range containment area away from the RCS
(two monitors); and (5) Nitrogen-16 steam lines (two monitors - one per SG).
Typical rar.ges, power sources, and seismic categories for these monitors are
listed in CESSAR-DC Table 11.5-5.

The RMS initiates such control actions, as reducing or terminating releases to
the environment on detection of high radiation by the monitors. Specifically,
the process gas subsystem discharge monitor, liquid waste discharge'(from the
LWMS monitor tank, detergent waste collection or sample tank, chemical waste
collection or sample tank) monitor, neutralization tank discharge monitor, the
containment high and low purge exhaust monitors, the turbine building drains
effluent monitor, SG blowdown system discharge monitor, and containment cooler
condensate tank discharge monitor initiate control actions to terminate the
applicable discharge on detection of high radiation by the respective monitor.
The control room air intake monitors cause the isolation of their respective
air intake upon detection of high radiation level by the applicable air intake
monitor. The fuel building ventilation exhaust monitor, located upstream of
the fuel building exhaust filtration system, initiates control action to
automatically divert the exhaust through-the filtration system on detection ofi

,
high radiation in the exhaust. Other radiation monitors, such as the radwaste

| building and nuclear annex building ventilation exhaust monitors, facilitate
the manual diversion through the respective exhaust filtration system by theI

plant operator, if the applicable monitor detects high radiation on the
applicable exhaust. The containment cooler condensate tank and neutralization
tank discharge monitors. facilitate manual diversion of the discharges to the-
low purity waste processing system by the operator, if so required. On this
basis, the staff finds that the Systen 80+ design provides for control and
monitoring of radioactivity releases to the environs in accordance with GDC 60
and 64. To comply with the numerical objectives in 10 CFR Part 50, Appendix I

( for the offsite doses due to gaseous and liquid effluents during normal plant
operation including A00s, plants will be required to limit annual and three-
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month offsite doses. Also, the plants will be required to use treatment i

systems (e.g., waste gas treatment by delay beds; demineralizers to treat I
liquid radwastes; ventilation exhaust filtration systems), if the monthly dose |
is likely to exceed about 25 percent of the Appendix I annual dose guidelines |

prorated for one month. These requirements will be specified in a plant- |
controlled document and will be implemented. Additionally, plants will be |
required to limit instantaneous discharge concentrations from the process gas
subsystem and LWMS to comply with 10 CFR Part 20, Section 1302. Plants will i

be required to provide the associated set points for the applicable radiation
monitors in the plant-specific ODCMs. These requirements, in conjunction with
the automatic control (i.e., termination of the discharge) features of
applicable effluent monitors, will ensure System 80+ effluent monitors are
designed in compliance with 10 CFR 20.1302. The staff finds this acceptable.
The staff will review the plant-specific radiological effluent technical
specifications (RETS) that will be provided in the plant-controlled document
as well as setpoints in the plant-specific ODCM on a plant-specific basis for
each COL application.

The process and effluent radiological monitoring and sampling system has the
capability to sample process and effluent streams during normal plant opera-
tion, including A00s. These are summarized below.

The system provides for continuous representative sampling for airborne
particulate and iodine radioactivity for the unit vent discharge. Addi-
tionally, the unit vent has grab sampling provisions. The major gaseous
streams which have provisions for periodic grab sampling of iodine and
particulate radioactivity are: (1) building ventilation system exhausts,
(2) process gas subsystem exhaust, (3) main condenser evacuation system
exhaust, and (4) containment purge exhausts. In CESSAR-DC Section 11.5,
AB8-CE states that the sampling systems for airborne radioactivity will be
designed in accordance with ANSI N13.1-1969 guidelines. The major liquid
wastes that have provisions for grab sampling for gross radioactivity determi-
nation, identification, and concentration of principal radionuclides and alpha
emitters are: (1) LWMS collection and monitor tanks, (2) neutralization tank,
(3) component cooling water, (4) service water, and (5) SG blowdown. Efflu-
ents from LWMS collection (if applicable) and monitor tanks, neutralization
tank, service water system, and component cooling water system (if applicable)
are also grab sampled for tritium. Additionally, service water system,
component cooling water system, and turbine building drains have continuous
sampling provisions. The sampling provisions for gaseous and liquid process
and effluent streams are provided in CESSAR-DC Tables 11.5-6 and 11.5-7,
respectively. On the basis of its review of these tables, the staff finds
that the applicable liquid and gaseous process and effluent streams will be
sampled as specified in SRP Section 11.5, Tables 1 and 2.

Periodic sampling supplements the function of the process and effluent
radiation monitors. The sampling programs will be designed in accordance with
RG 1.21 and the sampling requirements defined in the Technical Specifications.
All continuous effluents that are potentially radioactive will be periodically
sampled and analyzed. All stored wastes will be sampled, and samples will be
analyzed before the wastes are released to the environment. Comparisons will
be made between gross radioactivity measurements of continuous monitors and
analyses of specific radionuclides as required by RG 1.21.
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Because specific compliance with Appendix 1 to 10 CFR Part 50 and the guide-
( lines given in ANSI N13.1, " Guide to Sampling Airborne Radioactive Materials

,_ d in Nuclear Facilities;" RG 1.21, " Measuring and Reporting Radioactivity in
i Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous

Effluents From Light-Water-Cooled Nuclear Power Plants;" and RG 4.15, " Quality
Assurance for Radiological Monitoring Programs (Normal Operation)--Effluent
Streams and the Environment," are not within the scope of the ABB-CE ,

'System 80+ design, the staff will review COL applications to ensure their
conformance with Appendix I to 10 CFR Part 50, ANSI N13.1, and RGs 1.21 and
4.15. The earlier version of CESSAR-DC, Section 11.5 did not identify any COL
action item in this regard. Therefore, the staff designated demonstration of
the subject conformance as COL Action Item 11.5-1 in the DSER. Amended
CESSAR-DC Section 11.5.1.1 contains a COL action item which calls for the COL !

applicant to demonstrate the subject conformance. Therefore, COL Action Item
11.5-1 is acceptable.

Prior to the issuance of the DSER for the CESSAR-DC design,.ABB-CE proposed

|
revising the CESSAR-DC to specify that COL applicants will prepare written
procedures for sample collection, preparation, and analysis in accordance with!

Position C of RG 4.15. ABB-CE further proposed that procedures should also be
prepared for the use of radioactivity reference standards, detector calibra-
tion and checks of radiation monitor systems, and for reduction, evaluation,
and reporting of data. Therefore, the staff identified this as COL Action
Item 11.5-2 in the DSER. Subsequently, ABB-CE has incorporated the above ,

proposal in CESSAR-DC Section 11.5.1.4. The subject section, Sec-
-

tion 11.5.2.2, and Tables 11.5-6 and 11.5-7 further state that the frequency

O
of sampling and other sampling procedural requirements will be specified in
the applicable plant's technical specifications. On this basis, COL Action
Item 11.5-2 is acceptable. The staff will review the sampling programs,
including the written procedures, on a plant-specific basis against the
guidelines given in ANSI N13.1-1969, RGs 4.15 and 1.21, for each COL applica-
tion. The review will include (but will not be limited to) major features of
the sampling program, such as sampling frequency, type of analysis that will
be performed on the samples, sensitivity of analysis, and purpose of sampling.
On the basis of this discussion relating to sampling of gaseous and liquid
process and effluent streams, the staff finds that the CESSAP,-DC Tables 11.5-6
and 11.5-7 in conjunction with COL applicant's written procedures mentioned
above, and COL applicant's demonstration of compliance of monitoring and
sampling programs with ANSI N13.1, RGs 1.21 and 4.15 and Appendix I, assure
that all applicable (to the System 80+ standard design) liquid and gaseous
process and effluent streams listed in SRP Section 11.5, Tables 1 and 2 will
be sampled as specified in the tables. For this reason, the staff finds that

the sampling system for the radwastes in the CESSAR-DC design complies with
GDC 64, insofar as it relates to monitoring all radioactive effluent discharge
paths.

| In the_ earlier version of CESSAR-DC Section 11.5, ABB-CE did not provide
sufficient information (in tabular form) on monitors and sampling provisions'

4

for liquid and gaseous process and effluent streams. Furthermore, it was not
j clear that all liquid and gaseous process and effluent streams listed in SRP j

| Section 11.5, Tables 1 and 2 which are applicable to the System 80+ design,
l were considered with regard to monitoring and sampling provisions for them
I streams. Therefore, the staff designated this lack of information as DSER

|
- Open Items 11.5-1 and 11.5-2. In response to the DSER open items, ABB-CE
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amended CESSAR-DC Section 11.5 and provided Tables 11.5-1 through 11.5-7. On

the basis of the staff's review of the amended CESSAR-DC Section 11.5 and
ITables 11.5-1 through 11.5-7, as discussed above, the staff considers DSER

Open Items 11.5-1 and 11.5-2 resolved.

System 80+ post-accident radiation monitors, consistent with RG 1.97, are the
high-range containment area monitors, primary coolant monitors, main steamline
monitors, unit vent monitor, unit vent post-accident monitor, and selected iarea radiation monitors which cover areas where access may be required to

'
|

service equipment important to safety. The post-accident area radiation
monitor locations are selected on the basis of the post-accident shielding
analysis and design information about equipment location and access require-
ments, as discussed in Chapter 12 of CESSAR-DC. ABB-CE states that post-
accident radiation monitors meet the special requirements of RG 1.97, includ-
ing equipment qualification, redundancy, power source, channel availability, !

QA, display and recording, range, interfaces, testing, calibration, and human
factors. In its response to the staff's RAI relating to post-accident
monitoring instrumentation, ABB-CE stated that these instruments are discussed
in CESSAR-DC Section: 7.1.2.26 and 7.5.2.5. Also, ABB-CE submitted additional
information regarding the instruments. The earlier version of CESSAR-DC
Section 11.5.1.2.1 referred to Sections 7.1.2.26 and 7.5.2.5 for the addi-
tional information given in the response. Since the staff found that the
earlier version of the referred sections did not convey the response fully, it
recommended the incorporation of the response in CESSAR-DC Section 11.5.1.2.1
and designated the issue as DSER Confirmatory Item 11.5-1. Subsequently,
ABB-CE incorporated the applicable portion of the response in CESSAR-DC Sec-
tion 11.5.1.2.1. Also, ABB-CE revised Section 11.5.1.1, added a new Sec-
tion 11.5.2.6, and amended Table 11.5-1. On the basis of its review of
amended CESSAR-DC Section 11.5.1, the staff finds that the unit vent has a
high-range noble gas monitor to monitor noble gas concentrations in effluents
during and following an accident, and has the capability to continuously
sample plant effluents for iodine and particulates during and following an
accident. For the System 80+ standard design, only the effluent through unit
vent has to be considered since all radioactive plant releases go through the
unit vent. The staff finds the specific ranges for the high-range and normal
range noble gas effluent monitors and containment area high-range monitor
conform to the ranges required and specified for such monitors in NUREG-0737,
Three Mile Island (TMI) Item II.F.1, Attachments 1 and 3. The staff further
finds that ABB-CE has identified a COL action item (Subsection 11.5.2.6) which
states that the COL applicant should provide an operation and maintenance
manual that describes or demonstrates (as appropriate) the following:
(1) procedures and/or methods for converting radiation measurement into
release rate of gaseous discharge through the unit vent; (2) sampling tech-
niques used to monitor and sample effluent gases to assure that a representa-
tive sample is taken, and that the sampling system provided is capable of
maintaining isokinetic conditions during and following an accident as speci-
fied in NUREG-0737, Item II.F.1, Clarification 3 of Attachment 2; (3) collec-
tion technique used to extract a representative sample of radioactive iodine
and particulates during and following an accident (the information obtained
from these samples will be used to quantify the releases for dose calculations
and assessments as specified in NUREG-0737, Table II.F.1-2); (4) calibration

,

frequency and techniques for radiation monitors based on vendor information ;
for procured equipment; and (5) design of the sampling system in compliance '

with regulatory shielding requirements for low- radiation exposure during

1
'
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p post-accident conditions specified in NUREG-0737, Item II.F.1, Clarification 2

V) of Attachment 2. On the basis of this information, DSER Confirmatoryr

Item 11.5-1 is resolved.

The staff also finds that the accident monitoring instrumentation provided in
the System 80+ design for monitoring noble gases in effluents, and sampling
continuously and analyzing the plant effluent for post-accident releases of
radioiodine and particulates in conjunction with the COL applicant's operation
and maintenance manual, prepared as discussed above, will meet the require-
ments of NUREG-0737, TMI Item II.F.1, Attachments 1 and 2 and, therefore, will
comply with the applicable portions of 10 CFR 50.34(f)(2)(xvii) (these
incorporate the subject TMI requirements). The staff will review the plant-
specific operation and maintenance manual discussed above on a plant-specific
basis for each COL application.

The staff has reviewed the System 80+ design regarding the issues identified
in NRC Bulletin 80-10, " Contamination of Nonradioactive System and Resulting
Potential for Unmonitored, Uncontrolled Release to the Environment." Specifi-
cally, the staff has reviewed the CESSAR-DC design features (CESSAR-DC
Sections 9.4, 11.2, 11.3, 11.5 and 12.3) to: (1) detect the contamination of
non-radioactive systems and (2) prevent the potential for unmonitored and
uncontrolled release of radioactive material to the environment. On the basis
of such a review, as discussed in this section and Sections 11.2 and 11.3 of
this chapter, the staff finds that in the System 80+ design, the radioactive
systems are segregated from non-radioactive systems, and all radioactive or
potentially radioactive effluent pathways are monitored before the effluents

p are released to the environment. The staff further finds that such normally
( non-radioactive systems as containment cooler condensate tank contents or the
N turbine building drains are monitored prior to their release. If found

radioactive, their normal release paths are isolated and the streams are
diverted to the LVMS to be processed and released to the environment. The
LWMS discharges and the condensate polisher regenerant waste stream are
provided with radiation monitors which automatically terminate any liquid
radwaste discharge when pre-set limits are exceeded. From its review of the
System 80+ design for ventilation systems (CESSAR-DC Section 9.4), the staff
finds that the ventilation system air flow patterns are designed so that the
air flows from areas of lower radioactivity contamination to areas of higher
potential contamination to prevent the spread of contamination in usually
uncontaminated areas. The radwaste building, nuclear annex, subsphere, fuel
building and containment purge exhausts are released via monitored unit vent
and are further filtered, as necessary, for removal of radioiodine and
particulate from the effluent streams, before release to the environs (for
further information on ventilation systems, see Section 9.4 of this report).
The staff also finds that CESSAR-DC Section 12.3 has additional details
regarding radioactivity contamination in plant areas and source term control
(for further information, see Section 12.3 of this report). On the basis of
this discussion, the staff considers that CESSAR-DC Sections 9.4, 11.2, 11.3, |
11.5, and 12.3 satisfactorily address the concerns raised in NRC Bulle- i

tin 80-10 and that the design features in the System 80+ design are adequate
to: (1) detect the contamination of non-radioactive systems and (2) prevent
the potential for unmonitored and uncontrolled release of radioactive material

p to the environment,

11.5.2 .{onclusion
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On the basis of this discussion, the staff concludes that the System 80+
process and effluent radiological monitoring and sampling system complies with
10 CFR 20.1302, and with GDC 60, 63, and 64. The staff also concludes that
the system design complies with 10 CFR 50.34(f)(2)(xvii) as it relates to
monitoring gaseous effluents for noble gases, and sampling and analyzing
gaseous effluents for radiciodine and particulates, during and following an
accident (NUREG-0737, TMI Item II.F.1, Attachments 1 and 2 requirements).
Thus, the system meets the acceptance criteria of SRP Section 11.5 and is,
therefore, acceptable. As stated above, the staff will review the RETS, ODCM,
and the operation and maintenance manual (the subject manual for demonstrating
compliance with the THI requirements referred to above), and specific compli-
ance with the guidelines of ANSI N13.1-1969 and RGs 1.21 and 4.15, on a plant-
specific basis for each COL application.

O
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Table 11-1 Principal parameters used in the calculation
of gaseous and liquid effluents for CESSAR-DC

Parameter Value

Thermal Power, MWt 3931
Total Steam Flow Rate, kg/h 8.0E6 (1.764E7 lb/h)
Primary Coolant Mass, kg 3.0E5 (6.643E5 lb)
Letdown Purification Rate, L/ minute 272.5 (72 gpm)
Number of U Tube Steam Generators (SG) 2

' Mass of Water in each SG, kg 9.675E4 (2.133E5 lb)
SG Blowdown Rate, kg/h 1.6E4 (3.53E4 lb/h)
Con. Demin. Regeneration Time, days 21.6
Feedwater Fraction Through Con. Demin. 0.65
Steam / Water Concentration: ,

Halogens 0.01
Particulates 0.005

Liauid Waste Inouts

Shim Bleed Waste *

Waste Collection Rate, m3/ day 7.3 (1931 gpd)
DF for Halogens; Cs and Rb; Others** IE4; 2E3; IE4
Collection Time; Process Time, days 80; 0.315

O
Fraction Discharged 0.1

Eauipment Drain Waste *

Waste Collection Rate, m3/ day 0.946 (250 gpd)
PCA Fraction 1.0
DF for Halogens, Cs and Rb; Others lE4; 2E3; 1E4
Collection Time; Process Time, days 80; 0.315
Fraction Discharged 0.1

Clean Waste

Waste Collection Rate, m3/ day 2.65 (700 gpd)
PCA Fraction 0.2
DF for Halogens; Cs and Rb; Others lE3; IE3; IE3
Collection Time; Process Time, days 30; 0.315
Fraction Discharged 0.1

pirty Waste

Waste Collection Rate, m3/ day 12.1 (3200 gpd)
PCA Fraction 0.021
DF for Halogens; Cs and Rb; Others IE3; IE3; IE3
Collection Time; Process Time, days 8.5; 0.315
Fraction Discharged 1.0

O
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Parameter Value

Receneration Waste

Waste Collection Rate, m3/ day 148.7 (39300 gpd)
DF for Halogens; Cs and Rb; Others 1; 1; 1

Collection Time; Process Time, days 2.34, 0.256

Fraction Discharged 1.0

Chemical /LHS Waste

DF for Cs, Others 10, 1

Gaseous Waste Inputs

Full Letdown Flow Gas Stripping Continuous

Holdup Time for xe and kr Stripped 30, 3

from the Primary System, days

Waste Gas System-Particulate Filter 99
Efficiency, %

Auxiliary (Radwaste/ Nuclear Annex / 90, 99
Subsphere) Bldg. - Iodine and
Particulate Filter Efficiencies, %

Fuel Bldg. - Iodine and Particulate Filter 95, 99
Efficiencies, %

Containment Inputs for Gaseous Waste

Free Volume, m3 9.46E4 (3.34E6 cf)
Internal Cleanup-Iodine and Particulate
Filter Efficiencies, % 90, 99

Internal Cleanup Flow Rate, m3/ min 1700 (60000 cfm)
Low-Volume Purge-Total Time in a Year, % 1.0
Low-Volume Purge Flow Rate, m3/ min 35.4 (1250 cfm)
Low-Volume Purge-Iodine and Particulate Filter 70, 99
Efficiencies, %

Number of High-Volume Purges per year 2

High-Volume Purge-Iodine and 95, 99
Particuiate Filter Efficiencies, %

Note

*10 percent of the shim bleed and equipment drain wastes collected are
processed by the LWMS. The remaining 90 percent are processed by the boric
acid concentrator (see Section 11.2.1 of this report for further information).

** Excludes dissolved noble gases and tritium.
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12 RADIATION PROTECTION 1

In Chapter 12 of its standard safety analysis report for design certification
'(CESSAR-DC) for the System 80+ plant design, ABB-CE describes the radiation

protection measures of the plant design and operating policies. The staff
reviewed this information against the criteria given in Chapter 12 of the
Standard Review Plan (SRP) (NUREG-0800). The radiation protection measures
incorporated into the System 80+ design are intended to ensure that internal
and external radiation exposures to station personnel, contractors, and the
general population from plant conditions (including anticipated operational
occurrences (A00s)), will be within the limits of regulatory criteria and as
low as reasonably achievable (ALARA). ABB-CE's radiation protection design
and program features should also be consistent with the guidelines of Regula-
tory Guide (RG) 8.8, "Information Relevant to Ensuring lhat Occupational
Radiation Exposures at Nuclear Power Stations Will Be as Low as Is Reasonably
Achievable" (Rev. 3).

The basis of the staff's acceptance of the material reviewed is that doses to
personnel will be maintained within the limits of 10 CFR Part 20, " Standards
for Protection Against Radiation." On May 21, 1991, the Commission revised
the system of radiation dose limitation in 10 CFR Part 20. The occupational

A dose limits for whole-body radiation exposure changed slightly from 12.5 mSv
t 1 (1.25 rem) per quarter year (with a provision to extend to 120 mSv (12 rem)
V per year) to 50 mSv (5 rem) per year (with a provision to extend to 100 mSv

,

(10 rem) per year). The limits in the previous 10 CFR Part 20 for doses from'

licensed radioactive material inside the body (deposited through injection,
absorption, ingestion, or inhalation) were separate from the dose limits for
exposure to licensed sources outside the body. The new Part 20 limits the sum
of the external whole-body dose (deep dose equivalent) and the committed
effective equivalent doses resulting from radioactive material deposited
inside the body. In addition, the new Part 20 requires this sum (the total
effective dose equivalent) to be maintained ALARA for each individual. These
changes to the regulation do not affect the acceptance criteria used by the
staff to review the System 80+ plant design. The SRP acceptance criteria
ensure that the radiation doses resulting from exposure to licensed radio-
active sources outside the body and inside the body can each be maintained
well within the limits of 10 CFR Part 20 and the principle of ALARA. The
balancing of internal and external exposure necessary to ensure that their sum
is ALARA is an operational concern that will be reviewed in conjunction with a
combined license (COL) application. Part 20, as amended, contains a number of
new programmatic requirements that do not affect plant design. As discussed
below, programmatic and operational radiation protection concerns will be
addressed by an applicant seeking a COL.

.

The staff has been given sufficient information by ABB-CE to conclude that the |
radiation protection measures incorporated in the design will offer reasonable )

o assurance that occupational doses will be maintained ALARA and within the ;
I

( limits of 10 CFR Part 20 during plant operations.
J

I
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The bases for the staff's conclusions follow, i

12.1 Ensurina That Occupational Radiation Doses Are as low as Is Reasonably

Achievable j

The staff has reviewed the information in CESSAR-DC for adherence to (1) the l
guidelines in RG 1.70, " Standard format and Content of Safety Analysis Reports
for Nuclear Power Plants," and (2) the criteria in SRP Section 12.1, regarding
the radiation protection aspects of the System 80+ design. The staff reviewed
CESSAR-DC Section 12.1 to ensure that ABB-CE had either committed to adhere to
the criteria of the regulatory guides and staff positions referenced in SRP
Section 12.1 or had provided acceptable alternatives. In addition, the staff
selectively reviewed CESSAR-DC against acceptance criteria of the SRP, using
the review procedures given there.

12.1.1 Policy Considerations

In CESSAR-DC Section 12.1.1, ABB-CE describes the design, construction, and
operational policies it has implemented to ensure that the ALARA philosophy is
factored into each stage of the System 80+ design process. ABB-CE commits to
ensure that the System 80+ plant will be designed and constructed in a manner
consistent with the guidelines of RG 8.8. This consistency will be achieved
by reviewing plant design during the design phase and inspecting the shielding
and piping layout during the construction phase. These policy considerations
are consistent with the guidelines of RG 8.8 and are acceptable.

The amended 10 CFR Part 20 requires that all applicants develop, document, and
implement a radiation protection program. This program should encompass the
ALARA concept and includes provisions for maintaining radiation doses and
intakes of radioactive materials ALARA. The detailed policy considerations
regarding overall plant operations and implementation of such a radiation
protection program are outside the scope of this review. The operational
ALARA policy forms the basis for the station ALARA inanual. In order to
maintain doses to plant personnel ALARA, the COL applicant will review all
plant procedures and modification plans that involve personnel radiation
exposure to ensure that the ALARA philosophy is applied. The COL applicant's
operational ALARA policy will conform to the requirements of 10 CFR Part 20
and the recommendations of RG 8.8, RG 1.8, " Qualification and Training of
Personnel for Nuclear Power Plants" (Rev. 2), and RG 8.10, " Operating Philoso-
phy for Maintaining Occupational Radiation Exposure as low as Is Reasonably
Achievable." COL applicants seeking an operating license by referencing the
System 80+ certified design will be required to address these operational
considerations to ensure radiation doses are ALARA. This is designated COL
Action Item 12.1.1-1.

12.1.2 Design Considerations

The objectives of the general design considerations and shielding are to
minimize the time employees need to spend in radiation areas and to minimize
radiation levels in routinely occupied plant areas housing equipment that
requires employee attention. ABB-CE states that these design considerations
are consistent with the guidelines in RG 8.8 and RG 8.10.

Additional functions of the plant shielding (1) ensure that occupational
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(O)
radiation exposures are maintained ALARA, (2) maintain radiation exposure to |control room operators within the limits of 10 CFR Part 50 (Appendix A, '

(.) Criterion 19) after an accident, and (3) protect certain components from |

excessive activation or excessive exposure to radiation. ABB-CE states that
it will not provide a detailed shielding analysis as part of the certification
document since plant components have not been procured and pipe routing is not
complete. The staff designated this as DSER Open Item 12.2.1-1 in the draft
safety evaluation report (DSER). ABB-CE has addressed this issue (which is
further discussed in Section 12.2.1 of this evaluation) in Section 3.2
(" Radiation Protection") of its Certified Design Material (CDM). Before
loading fuel into the reactor, the COL applicant will submit a detailed
shielding analysis. The COL applicant's radiation protection staff will
assess the station design during design and construction. The COL applicant's
staff will also ensure that the final design incorporates lessons learned from
previous nuclear plant designs. This is designated COL Action Item 12.1.2-1.

The System 80+ design incorporates numerous design features to satisfy the
design objectives of the plant radiation protection program. The use of
highly reliable equipment reduces the frequency of maintenance and the associ-
ated personnel exposure. An example is the use of reliable extended service
lighting in high-radiation areas to reduce the frequency of relamping.
Careful attention is paid to environmental qualification of equipment to
withstand conditions such as radiation, humidity, and temperature. Electrical
components containing radiation-sensitive materials are well shielded or are
located in low-radiation areas. Except in cases where no proven alternative
material exists, materials in contact with the reactor coolant have cobalt
impurities of no more than 0.05 weight percent (wt percent) and a low nickelp) content, thus minimizing the production of cobalt-60 and cobalt-58, which are5

L' the major sources of radiation exposure during shutdown, maintenance, and
inspection activities. Adequate spacing and laydown areas around equipment
facilitatas maintenance and inspection activities. A transport path and
adequate rigging are furnished for removing and replacing equipment. Radioac-
tive systems are separated from nonradioactive systems, and high-radiation
sources are located in separate shielded cubicles. Equipment requiring
periodic servicing or maintenance (pumps, valves, and control panels) is
separated from more radioactive sources (tanks and piping). Valves located in
high-radiation areas are equipped with reach roos or motor operators to
minimize operator exposure. Tanks, valves, and piping are designed with
smooth interior surfaces; drains are located at low points; and flushing
connections minimize the buildup of crud in these components. Systems that
produce radioactive waste are located close to radwaste processing systems to
minimize the length of piping runs carrying highly radioactive material. This
proximity also minimizes the potential for pipe plugging. These design
features are consistent with the guidelines in RG 8.8 and are acceptable.

In addition to the design features just described, the System 80+ design
incorporates several design features that represent an improvement over the
design features used at many currently operating plants. Blanket-type thermal
insulation for components carrying radioactive fluids use Velcro" fasteners,
where practical, to facilitate removal, thereby reducing personnel exposures.
The plant is designed to accommodate the use of robotic technology for ;

maintenance and surveillance in high-radiation areas. The System 80+ design '

(oV) minimizes the use of evaporators; these have historically needed frequent I
maintenance, exposing operating and maintenance personnel to substantial |

|
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levels of radiation. These features to minimize personnel exposures comply )with the guidelines of RG 8.8 and are acceptable.

At the time that the DSER was prepared, CESSAR-DC Sections 12.1 and 12.3 did
not meet the acceptance criteria of the SRP with respect to the description of
plant ALARA design features. This lack of detail was designated as DSER Open
Item 12.1.2-1. In Amendments K and T to these sections of the CESSAR-DC,
ABB-CE has submitted a more detailed listing and description of plant ALARA
design features that are part of the System 80+ plant design. Several of
these added design features were initially described only in the System 80+
Design Certification ALARA Guideline Manual, which is not part of the Design
Certification Document. With the addition of these ALARA design features to
the CESSAR-DC, the staff considers DSER Open Item 12.1.2-1 to be resolved.

12.1.3 Operational Considera' ions

The System 80+ radiation protection program ensures that radiation exposures
to employees are maintained ALARA in accordance with the requirements of
10 CFR Part 20 and the recommendations of RGs 8.8 and 8.10. Most exposure to
radioactivity at operating plants occurs from maintenance and inspection
activities during plant outages. Those outage activities that could involve
significant radiation exposure are carefully planned by radiation protection
personnel, will utilize previous operating experience, when applicable, and
will be performed using appropriate exposure reduction techniques. Management
will appropriately change techniques or procedures to reduce exposures during
activities that require such reduction.

To reduce doses during outage activities, systems and major pieces of equip-
ment subject to crud buildup are equipped with connections to flush and/or
chemically decontaminate the system or piece of equipment to reduce the crud
levels. Mockups will be used to train employees before they engage in
potentially high-dose jobs. Equipment such as sound-powered telephones or
closed-circuit television will be used during long-duration jobs to permit
supervisors to communicate with workers from a lower radiation area and avoid
exposure to an area that has higher radiation levels. Entry-exit areas are
established in lower radiation areas to minimize the dose when workers don and
remove protective clothing. These operational considerations comply with the
guidance in RG 8.8 and are acceptable:

SRP Section 12 lists the following regulatory guides that the COL applicant
should address:

RG 8.2, " Guide for Administrative Practices in Radiation Monitoring"

RG 8.3, " Film Gadge Performance Criteria"

RG 8.7, " Occupational Radiation Exposure Records System"

RG 8.9, " Acceptable Concepts, Models, Equations, and Assumptions for a
Bioassay Program"

RG 8.15, " Acceptable Programs for Respiratory Protection"

RG 8.20, " Applications of Bioassay for I-125 and 1-131"
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RG 8.26, " Applications of Bioassay for Fission and Activation Products"

b RG 8.27, " Radiation Protection Training for Personnel at Light-Water-Cooled
Nuclear Power Plants"

RG 8.28, " Audible-Alarm Dosimeters"

RG 8.29, " Instructions Concerning Risks From Occupational Radiation Exposure"

The staff is revising some existing RGs and developing additional RGs to |
address some of the new issues in the revised 10 CFR Part 20. Some of the new |

or revised RGs that pertain to Chapter 12 of CESSAR-DC are listed below:

RG 8.7, " Instructions for Recordkeeping and Recording Occupational Radiation
Exposure Data" (Revised)

RG 8.9, " Acceptable Concepts, Models, Equations, and Assumptions for a |
Bioassay Program" (Revised)

RG 8.25, " Air Sampling in the Workplace"

RG 8.34, " Monitoring Criteria and Methods to Calculate Occupational Radiation
Doses"

RG 8.35, " Planned Special Exposures"
,

RG 8.36, " Radiation Dose to the Embryo / Fetus"

k RG 8.38, " Control of Access to High and Very High Radiation Areas in Nuclear
Power Plants"

Since addressing these RGs is outside the scope of this design certification
review, the staff has designated this omission as COL Action Item 12.1.3-1.
In any application for a COL, the COL applicant shall state whether it will
follow the guidance in these RGs or state what alternative guidance will be
used.

ABB-CE's policy and design considerations meet the criteria of SRP
Section 12.1 and are acceptable. However, the submittal of detailed opera-
tional considerations regarding the implementation of a radiation protection 1

program is outside the scope of the design certification document. COL
applicants seeking an operating license by referencing the Syster 80+ certi-
fied design will be required to address these operational considerations to
the level of detail recommended in RG 1.70 (ar, discussed herein in Sec-
tion 12.1.1).

The DSER for Section 12.1 identified a single Open Item 12.1.2-1. ABB-CE |

addressed this open item, and the staff considers it resolved, as discussed in
Section 12.1.2 of this report. The staff's review of Section 12.1 of
CESSAR-DC is complete, and no open items remain unresolved.

,

!
O 12.2 B_adiation Sources

U)
i

The staff reviewed the descriptions of the radiation sources given in
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CESSAR-DC Section 12.2 and CESSAR-DC Chapter 11 for completeness against the
guidelines in RG 1.70, and against the criteria in SRP Section 12.2. The
contained source terms are used as the basis for the radiation design calcula-
tions and for personnel dose assessment. The airborne radioactive source
terms are used in the design of ventilation systems and for assessing person-
nel dose. The staff confirmed that ABB-CE had either committed to follow the
guidelines of the RGs and staff positions given in SRP Section 12.2 or had
given acceptable alternatives.

12.2.1 Contained Sources

In CESSAR-DC Section 12.2.1, ABB-CE describes plant components that can become
significant sources of radiation during plant operations, including shutdown.
To calculate the source terms used for shielding design, ABB-CE assumed
0.25-percent fuel cladding defects at full-power operation. The principal -

source of radiation in the containment, other than the reactor core, is the
reactor coolant system. Sources of radiation in the reactor coolant system
are fission products released from defective fuel cladding, activation
products, and corrosion products. Of these radiation sources, the activation
product nitrogen-16 (N-16) is the predominant radionuclide in the reactor
coolant pumps, steam generators, and reactor coolant piping during plant
operations. The staff reviewed ABB-CE's estimates of N-16 activity levels in
various parts of the reactor coolant system and found them comparable to
activity levels measured at operating plants. ABB-CE based its estimates of
corrosion product activity on the assumptions contained in NUREG-0017,
" Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Pressurized Water Reactors," April 1975. After plant shutdown,
the predominant long-term sources of radiation in the containment are the
spent fuel assemblies.

All large contained sources of radiation in the reactor building subsphere and
nuclear annex, and in the fuel, turbine, auxiliary, and radwaste buildings are
listed in CESSAR-DC. For each of these contained sources, the list includes
the associated maximum activity levels by isotope. However, at the current
stage in the System 80+ design, ABB-CE does not have the specifications for
the "as-built" systems and the "as-procured" hardware for a completed plant.
Therefore, ABB-CE cannot describe the radioactive system components, which
will be significant in-plant radiation sources, to the level of detail
specified in RG 1.70 and in SRP Section 12.2. This was designated DSER Open

Item 12.2.1-1 (see also Section 12.1.2 of this evaluation). Although the
staff needs these details, such as radioactivity content, source geometry, and
plant location, to verify the adequacy of the radiation shielding provided,
the staff has determined that providing this information goes beyond the
design requirements specified in 10 CFR Part 52.

To address this open item, ABB-CE submitted tier-one information design
acceptance criteria (DACs) in Table 3.2-1 of ABB-CE's CDM. The purpose of
these DACs is to ensure that the COL holder verifies the adequacy of the plant
shielding as built before fuel is loaded in the reactor. These DACs specify
the methods and assumptions for determining the actual source terms and
shielding calculational methods to be used. These source terms and calcula-
tional methods will be verified by the inspections, tests, analyses, and
acceptance criteria (ITAACs) during plant construction. The methods and
assumptions used to calculate the source terms in Section 12.2 and the methods
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n\ and assumptions specified in the DACs are consistent with the SRP acceptance

(O criteria and will ensure that the System 80+ plant meets the relevant require-
ments of 10 CFR Part 20,10 CFR 50.34(f), and General Design Criterion (GDC)
61. DSER Open Item 12.2.1-1 is, therefore, resolved by ABB-CE's issuance of
DAC 3.2. The DAC process is evaluated in Section 14.3 of this report.

12.2.2 Airborne Radioactive Material Sources

In CESSAR-DC Section 12.2.2, ABB-CE discusses the sources of airborne radio-
activity for the System 80+ design. Airborne radioactive source terms are
used in the design of ventilation systems and for personnel dose assessment.
In RG 1.70, the staff states that this section should include a tabulation, by
nuclides, of the calculated concentrations of airborne radioactive material
expected during normal operation and A00s for equipment cubicles, corridors,
and operating areas normally occupied by operating personnel. The level of
design detail in the CESSAR-DC does not include system layouts within rooms or
cubicles, or detailed information about the type and size of components in
these systems. Since leakage characteristics of this unidentified equipment
are not known, the concentrations of airborne radioactive material in equip-
ment rooms or cubicles cannot be given. This lack of information was identi-
fied as DSER Open Item 12.2.2-1 (see also Section 12.3.4 of this chapter). To
address this open item, ABB-CE has listed DACs in Table 3.2-1 of its CDM.
These DACs will require the COL applicant to determine source-term parameters
that will be verified by the ITAACs during plant construction. DACs describ-
ing the bases for the source term are consistent with the SRP acceptance
criteria. Compliance with DACs, supplemented with the information in

( CESSAR-DC Sections 12.2 and 12.3, will demonstrate that the System 80+ design
can meet the related requirements of 10 CFR Part 20,10 CFR 50.34(f), and*

GDC 61. DSER Open Item 12.2.2-1 is, therefore, resolved by ABB-CE's issuance
of DAC 3.2. The DAC process is evaluated in Section 14.3 of this report.

12.2.3 Sources Used in NUREG-0737 Postaccident Shielding Review

The initial core releases that will be used to determine postaccident radia-
tion levels will be equivalent to the source terms recommended in draft
NUREG-1465, RG 1.7, and SRP Section 15.6.5. This is in accordance with
10 CFR 50.34(f)(2)(vii) (Item II.B.2 of NUREG-0660 and NUREG-0737).
Item II.B.2 of NUREG-0737 states that applicants should identify systems that
contain high levels of radioactivity in postaccident situations. Since ABB-CE
does not have the specifications for either the as-built systems or the
as-procured hardware for a completed plant, CESSAR-DC Section 12.2.3 does not
list such postaccident sources. This lack of information was identified as
DSER Open Item 12.2.3-1. To address this open item, ACB-CE has listed DACs in
Table 3.2-1 of its CDM. These DACs specify the methods and assumptions for
determining the postaccident source terms and state that analyses will be
perfcrmed to determine the radiation levels in areas which require access for
mitiSation of or recovery from a design-basis accident. The methods and
assumptions used to calculate the postaccident source terms in Section 12.2,
and the methods and assumptions specified in the DACs are consistent with the
SRP acceptance criteria and will ensure that the System 80+ plant meets the
requirements of 10 CFR 50.34(f)(2)(vii) (Item II.B.2 of NUREG-0660 and

A NUREG-0737). DSER Open Item 12.2.3-1 is, therefore, resolved by ABB-CE's
issuance of DAC 3.2. The DAC process is evaluated in Section 14.3 of this(]\ report.
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In OSER Section 12.2, the staff designated the following as open items: Open
items 12.2.1-1 (also discussed in Section 12.1),12.2.2-1 (also discussed in
Section 12.3), and 12.2.3-1 (also discussed in Section 12.3). All three of
these open items were subsequently addressed and resolved by the issuance of
DAC 3.2. On this basis, the staff's review of Section 12.2 of CESSAR-DC is
complete and no open items remain unresolved.

12.3 Radiation Protection Desian

The staff reviewed the facility design features, shielding, ventilation, and
area and airborne radiation monitoring instrumentation described in CESSAR-DC
for adherence to the guidelines in RG 1.70 and the criteria in SRP Sec-
tion 12.3. This review ensured that ABB-CE had either committed to follow the
guidelines of the regulatory guides and staff positions referenced in SRP
Section 12.3 or given acceptable alternatives. In addition, the staff selec-
tively reviewed the System 80+ design features for radiation protection
against the acceptance criteria of the SRP, using tne review procedures given
there.

12.3.1 Facility Design Features

The facility design features incorporated into the System 80+ design are
intended to help maintain occupational radiation exposures ALARA in accordance
with the guidance in RG 8.8. The design features are based on the ALARA
design considerations described in CESSAR-DC Section 12.1.

The reactor coolant pumps (RCPs) for the System 80+ design use cartridge-type
RCP seals that are reliable and easy to replace. Permanent platforms around
the RCPs further facilitate seal replacement, thereby reducing maintenance
time and exposure. Steam generators in the System 80+ plant are designed to
use automatic /robotic equipment for inspection and maintenance activities. In
addition, these steam generators have adequate pull and laydown areas,
permanent platforms, hand holes, 53-cm (21-in.) manways, and removable
insulation to improve accessibility and reduce overall exposure during
maintenance and inspection activities. Mechanical snubbers rather than
hydraulic snubbers are used in radiation areas to reduce maintenance and
inspection needs. Slurry piping systems have remote backflushing capabilities
to reduce personnel exposure during servicing. Pumps and connected piping are
flanged, where feasible, to facilitate pump removal. Floor drains connecting
rooms that have significantly different airborne radioactivity levels are
separated or have water-filled loop seals to prevent cross-contamination.

Like the equipment, the layout is designed to reduce personnel exposures.
Each inspection and maintenance station has adequate work and laydown space.
Rigging and lifting equipment is provided to facilitate the removal, trans-
port, or replacement of equipment or portable shielding during maintenance
activities. To improve worker efficiency, adequate illumination and support

j services (e.g., power, service, air, water, ventilation, and communications)
are available at work stations. Strippable coatings or high-pressure water
are used to decontaminate refueling canal surfaces after refuelings. Tube

| pull areas for components that handle radioactive fluids are designed with
curbs, drains, and coated floors to prevent the spread of contaminaticn in the

,

I event of spilh . Valves associated with highly radioactive components are
| separated fro.m other components and are located in shielded valve galleries.
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Radioactive piping is not field routed, but is routed through pipe chases to

(s minimize employee exposures. These equipment and layout design features
conform with the guidelines of RG 8.8 for maintaining occupational radiation |
exposures ALARA and are acceptable.

The System 80+ design incorporates several features to minimize the buildup,
transport, and deposition of activated corrosion products in the reactor |

coolant and auxiliary systems. Except in cases where no proven alternative
exists, materials in contact with the primary coolant have low cobalt
impurities and low nickel content to reduce the amounts of cobalt-60 and ;

cobalt-58 introduced in the reactor coolant system. Cobalt and nickel levels
are reduced or eliminated in bearing journals, valve seats, and steam genera- .

tor tubes. The System 80+ design minimizes the presence of antimony in the
RCP journal bearings. The presence of antimony in RCP journal bearings in ,

some current generation plants has resulted in an increase in the number of
hot particles at these plants. Crud traps in welds are minimized by using
butt welds in lieu of socket welds. Pump casing drain lines and valves in
radioactive service have smooth internal surfaces to minimize internal
radioactivity deposition. Tanks containing radioactive liquid have drain -

pipes connected at the lowest part of the tank and have a convex or sloped-
bottom design to minin 'ze radioactivity deposition. Piping systems used to '

transport process resira are designed to minimize pipe plugging. Equipment
and piping containing radioactive materials has provisions for draining and
flushing. These methods for reducing crud are based on the guidelines in ;

RG 8.8 and are acceptable. ;
,

O At the staff's request, ABB-CE furnished oversized drawings of the plant
layout that indicate the five radiation zones used in the plant design. These
radiation zones serve as a basis for classifying occupancy and access restric- ,

tions for various areas within the plant during normal operations and accident
'

conditions. Maximum design dose rates established for each zone are used as ;

input for shielding of the respective zones. This method of plant zoning is
consistent with the guidance in RG 1.70 and the SRP and is generally accept- '

able to the staff. However, since ABB-CE has not given the staff sufficient
information regarding shielding design (see Section 12.3.2), the staff is

"

unable to verify the zone designations given in the CESSAR-DC. This was
designated as DSER Open Item 12.2.1-1 (see Section 12.2.1 of this chapter).
As stated in Section 12.2.1, ABB-CE addressed this open item in Table 3.2-1 of :

its CDM. ]
During the review of the plant layout drawings, the staff identified seven ;

apparent deficiencies, which were categorized as DSER Open Items 12.3.1-1
through 12.3.1-7. These items are discussed below. .

When the staff prepared the DSER, the CESSAR-DC did not have detailed plant
layout drawings with radiation zone designations for the radwaste, turbine, i
and service buildings. This deficiency was designated as DSER Open
Item 12.3.1-1. In Amendment Q to CESSAR-DC, ABB-CE furnished the requested
layout drawings with radiation zone designations. Therefore, DSER Open

,

'Item 12.3.1-1 is resolved.

The plant layout drawings in the CESSAR-DC did not initially indicate the

O major personnel traffic patterns used to access plant areas during normal j

operations and used to access vital areas during postaccident condi+1ons. I
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This was designated DSER Open Item 12.3.1-2. In subsequent amendments to
CESSAR-DC, ABB-CE revised the figures in Chapter 1 to indicate portions of the
plant that needed to be accessed for routine plant maintenance. In Amend-
ment Q to CESSAR-DC, ABB-CE modified the plant layout drawings in Chapter 12
to show personnel routes used to access vital areas during postaccident
conditions. Therefore, DSER Open Item 12.3.1-2 is resolved.

The initial plant layout drawings did not clearly show the locations of
personnel locker and changeout rooms. This was designated DSER Open
Item 12.3.1-3. Since the location of these areas was later clarified by
ABB-CE, DSER Open Item 12.3.1-3 is resolved.

The personnel decontamination area on elevation 115 + 6 of the reactor
building did not contain an uncontaminated exit point to the uncontrolled
area. This was designated DSER Open Item 12.3.1-4. In Amendment Q to CESSAR-
DC, ABB-CE revised the layout of this area to correct this problem. There-
fore, DSER Open Item 12.3.1-4 is resolved.

Several areas in the maintenance / outage area could apparently only be accessed
through areas that had higher radiation zones. This was designated DSER Open
Item 12.3.1-5. ABB-CE modified the CESSAR-DC in Amendment R to state that the
areas in question typically require infrequent access. When access to these
areas is required, radiation protection personnel would conduct radiation
surveys of the areas to detect any high radiation areas. Temporary shielding,
or other controls, will then be used, if necessary, to minimize doses to
personnel requiring access to these areas. Therefore, DSER Open Item 12.3.1-5
is resolved.

The access area to the spent fuel transfer tube on the 115 + 6 elevation of
the reactor building has the potential for lethal dose rates when a spent fuel
assembly is transferred through the adjacent portion of the spent fuel
transfer tube. The initial plant layout drawing depicting this access area
was not sufficiently detailed for the staff to judge the adequacy of the
access area shielding and surrounding dose rates. This lack of detail was
designated DSER Open Item 12.3.1-6. ABB-CE subsequently gave the staff
detailed layout drawings depicting the cubicle dimensions and shielding used
in this access area. These drawings show the addition of a wire cage with
locked door to restrict accer,s to the spent fuel transfer tube. These revised
layout drawings, however, do no7 adequately depict the radiation levels in the
access area to the spent fuel transfer tube. To address this issue, ABB-CE
has submitted DACs in Table 3.2-1 of the CDM. The purpose of these DACs is to
ensure that the adequacy of the plant shielding, as built, is verified by the

. COL holder before fuel is loaded in the reactor. Compliance with these DACs,
| supplemented with the information in CESSAR-DC Sections 12.2 and 12.3, will
| demonstrate that the System 80+ design can meet the related requirements of

10 CFR Part 20, 10 CFR 50.34(f), and GDC 61 which pertain to the adequacy of
the plant shielding and fuel storage, both during normal operating and
postaccident conditions. Therefore, DSER Open Item 12.3.1-6 is resolved.

|

|
At the time of the DSER review, the plant layout drawings depicted the primary
chemistry lab area on elevation 50 as a radiation zone 3 area. Since this lab

i will be frequently occupied during normal operations and is classified as a
vital area, it should be designated as a radiation zone 2 area. This was
designated DSER Open Item 12.3.1-7. In Amendment Q to CESSAR-DC, ABB-CE

ABB-CE System 80+ FSER 12-10 June 1994
|



revised the radiation zone designation for this laboratory area from a zone 3
(e) to a zone 2 area. This revision effectively resolved DSER Open Item 12.3.1-7.
w/

Source-term information that should be used for calculating postaccident
radiation levels is described in 10 CFR 50.34(f)(2)(vii) (Item II.B.2 of
NUREG-0660 and NUREG-0737). This section also states that the postaccident
plant dose rates should be such that the dose to plant personnel should not
exceed 5 x 10'2 sieverts (5 rem) whole body, or its equivalent to any part of
the body, for the duration of the accident (per GDC 19). The dose rate in
areas requiring continuous occupancy (vital areas) should be less than

415 x 10 sieverts/hr (15 mrem / hour) averaged over 30 days. In the CESSAR-DC,
ABB-CE states that personnel exposures will meet GDC 19 and NUREG-0737
guidelines. Issue II.B.2 of NUREG-0737 also recommends that the CESSAR-DC
list all vital areas (areas requiring continuous occupancy during the course
of an accident) in the plant. In CESSAR-DC, ABB-CE initially gave only a
partial listing of System 80+ vital areas. This, along with other missing
information described in Section 12.2.3 of this evaluation, was designated
USER Open Item 12.2.3-1. In Amendment S to CESSAR-DC, ABR-CE gave more
complete listing of vital areas, resolving the staff's concern. A complete
list of all plant vital areas will be developed by the COL applicant on the
basis of site-specific emergency procedures (COL Action Item 12.3.1-1). The
staff's other concerns in DSER Open Item 12.2.3-1 were addressed in
Table 3.2-1 of ABB-CE's CDM.

In Item II.B.2 of NUREG-0737, the staff states that an applicant must summa-
rized the integrated doses to personnel in each of the plant areas requiring
either continuous occupancy or infrequent access for the duration of the

(O accident (these doses should include exposure received while in transit) between vital areas) and a listing of the dose rates in these areas I hour,1v
day, I week, and 1 month after an accident. ABB-CE did not give this informa-
tion in CESSAR-DC. This lack of was designated DSER Open Item 12.2.3-1 (other
parts of this open item are addressed in Sections 12.2.3 and 12.3.2 of this
evaluation). In response to this open item, ABB-CE submitted DACs in
Table 3.2-1 of its CDM. These DACs specify the methods and assumptions for
determining the postaccident source terms and state that the COL applicant
will perform analysis to determine the radiation levels in areas that require
access for mitigation of or recovery from a design-basis accident. On the
basis of the information in DAC Table 3.2-1, DSER Open Item 12.2.3-1 is
resolved. The DAC process is evaluated in Section 14.3 of this report.

12.3.2 Shielding

The function of the plant's radiation shielding is to protect pieni. personnel
and the public against radiation exposure from the various sources of ionizing
radiation in the plant during normal operation (including A00s and mainte-
nance) and during accident conditions. The System 80+ design also includes
shielding, where required, to mitigate the possibility of radiation damage to
material s. Radioactive components and piping will be separated from non-
radioactive components and piping to minimize personnel exposure during
maintenance and inspection activities. Major radioactive piping will be
located in shielded pipe chases. Where necessary pumps and other support

n equipment for components that contain radioactive material will be located
outside the component cubicle in separate shielded cubicles. Shielded

(Y] compartments will have labyrinth entrances to minimize radiation streaming
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directly through access openings. Cubicles containing radioactive materials
will be shielded overhead to minimize skyshine. Penetrations will be located
so that the radioactive source will not be in a direct line to adjacent areas
that may have employees in them. Space will be allocated, where needed, for
the erection of temporary shielding. These shielding techniques comply with
the shielding guidelines contained in RG 8.8 and are acceptable.

ABB-CE states that the certification document will not include a description
of the physical dimensions and compositions of the radiation shielding in the

,

| System 80+ design since this information will not be available at the time of
design certification. Since RG 1.70 and the acceptance criteria of the SRP
require this information be provided to permit the staff to conduct confirma-

| tory calculations of shielding effectiveness, the staff designated this as
part of DSER Open Item 12.2.3-1 (see Sections 12.2.3 and 12.3.1 of the
evaluation for other parts of this open item). As stated earlier, ABB-CE

~

submitted DACs in Table 3.2-1 of its CDM to respond to this open item. These
DACs require the COL applicant to verify the adequacy of (1) the shielding
around rooms, corridors, and operating areas during normal operations and
shutdown conditions, (2) the shielding in plant areas where maintenance is
performed, and (3) the shielding around areas that must be accessible for
mitigation of or recovery from a design-basis accident. The analysis assump-
tions, methods, and acceptance criteria in these DACs are consistent with the
criteria in the SRP. Therefore, the staff concludes that compliance with
these DACs, as supplemented with the information contained in CESSAR-DC
Section 12.3.2, is acceptable to adequately address the relevant requirements
of 10 CFR Part 20, 10 CFR 50.34(f)(2)(vii) (Item II.B.2 of NUREG-0660, and
NUREG-0737), and GDC 61 which require that shielding design reviews be
performed to ensure adequate access to necessary plant areas during normal
operating and postaccident conditions.

There have been several overexposures or near overexposures at pressurized-
water reactors (PWRs) in recent years. Several overexposures have occurred
near the spent fuel transfer tube. People working in areas adjacent to the
spent fuel transfer tube can be exposed to potentially lethal levels of
radiation when spent fuel assemblies pass through this tube. Overexposures
have also occurred in the reactor cavity area. In CESSAR-DC, ABB-CE did not
list accessible plant areas where, during normal operations and A00s, person-
nel could receive 1 gray (100 rad) or more in 1 hour; this was designated DSER
Open Item 12.3.2-1. In response to this open item, ABB-CE, as part of
Amendment S to the CESSAR-DC, added a table listing all accessible plant areas
where personnel could receive 1 gray (100 rad) or more in 1 hour. ABB-CE
revised the CESSAR-DC, in Amendment Q, to include a detailed layout drawing of
the access hatch to the spent fuel transfer tube. ABB-CE also described the
configuration of the shielding around the spent fuel transfer tube access
hatch to minimize doses to personnel from spent fuel bundles being transported
through the tube. Another accessible plant area that could have dose rates of
1 gray (100 rad) or more in 1 hour is the reactor cavity incore chase during
incore instrument withdrawal. In Amendment T to CESSAR-DC, ABB-CE described
the positive access controls used to prevent personnel entry to this area
during instrument withdrawal. Access to the incore chase is controlled by a
lockable access door. This door has a warning light that lights up when the
incore instrumentation is being withdrawn. In addition, an electrical

interlock will prevent personnel entry to the incore chase through this door
during instrument withdrawal . When the incore instrumentation are withdrawn,
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iO radiation protection personnel will post a high-radiation sign outside the
! entrance to the incore chase area. An area radiation monitor located in the I

b) incore chase gives indication and alarm during withdrawal of incore instrumen-
tation. On the basis of this additional information, DSER Open Item 12.3.2-1
is resolved.

'

The SRP states that an applicant must describe how the shielding parameters
are determined, including pertinent codes, assumptions, and techniques used in
the shielding calculations. In response to an August 3, 1991, staff request,
ABB-CE revised the CESSAR-DC in Amendment J to describe the shielding codes to
be used to determine the adequacy of the station shielding design. ABB-CE
will use the shielding codes ANISN, DOT, MORSE, and SABINE to verify the
effectiveness of the primary shield (around the reactor core). In CESSAR-DC,
ABB-CE also describes shielding codes used to verify gamma-source shielding
elsewhere in the plant. The ANISN, D0T, and MORSE calculational codes are
recommended in the SRP and are acceptable to the staff. SABINE is an updated
code that is also acceptable to the staff. The SABINE code is used to perform
neutron and gamma ray shielding analyses with removal-diffusion methods. This
is a commonly acceptable shielding code that has been used and accepted by NRC
to design the shielding in several operating nuclear plants in the U.S.

12.3.3 Ventilation

The System 80+ ventilation systems are designed to protect people and equip-
ment from extreme environmental conditions and to ensure that exposure to
airborne radioactivity levels is minimized and maintained ALARA. Design

p features incorporated to maintain personnel exposures ALARA include the
g following:

(1) Ventilation air is supplied directly to the clean areas of the plant and
the air from the potentially contaminated areas is exhausted, thereby
creating a positive flow of air from the clean areas to the potentially
contaminated areas.

(2) Appropriate use of negative and positive pressure in plant areas
respectively prevents exfiltration or infiltration of possible airborne
radioactive contamination.

(3) A dual fresh-air-filtered intake system for the control room ventilation
supplies uncontaminated air regardless of wind direction.

These design criteria conform to the guidelines of RG 8.8 and are acceptable
to the staff. However, ABB-CE does not list the concentrations of airborne
radioactive contamination in cubicles, rooms, and corridors. This was
designated DSER Open Item 12.2.2-1. However, as discussed in Section 12.2.2
of this chapter, this open item was resolved through the issuance of the DACs
in Table 3.2-1 of ABB-CE's CDM. These DACs require the COL applicant to
perform analyses to predict airborne concentrations in rooms, corridors,
equipment cubicles, and operating areas requiring personnel access during
normal operations and resolve DSER Open Item 12.2.2-1.

12.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

D The area radiation monitoring equipment alerts cperators and other station
!
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personnel of changing or abnormally high radiation conditions in the plant to
prevent possible overexposures. Control room displays give information on
monitor readings, alarm setpoints, and operating status. The area radiation
monitors are comprised of microprocessors and Geiger-Mueller tubes or ioniza-
tion chambers for detecting gamma-radiation. Some plant areas may require
extended or high-range detector configurations to cover special operational or
postaccident monitoring functions. Area radiation monitors will have both
local visual and audible alarms. Area radiation monitors located in high
noise areas may have additional visual indication, if necessary, to ensure
that nearby personnel promptly recognize high-radiation conditions. Area
radiation monitors are calibrated once every refueling cycle. This descrip-
tion of the System 80+ area radiation monitoring system is acceptable since it
meets the acceptance criteria in SRP Section 12.3 regarding area and airborne
radiation monitoring description, location, sensitivity, readout and calibra-
tion.

1

ABB-CE states that the area radiation monitors are located according to the
potential for significant radiation levels in an area and according to the
expected occupancy of the area. Area radiation monitors will also be located
in places where postaccident access to safety-related equipment may be
required and around new fuel handling and storage areas for criticality
accident detection to meet the requirements of 10 CFR 70.24. Area radiation
monitors are not located in high-radiation areas that are normally not
accessible or in frequently accessed areas that are typically not radioactive.

| In SRP Section 12.3, the staff states that an applicant should locate fixed
| area radiation monitors in accordance with American National Standards
! Institute (ANSI)/American Nuclear Society-HPSSC-6.8.1. Because ABB-CE had not

f listed where fixed area radiation monitors were located when the DSER was pre-
I pared, this was designated DSER Open Item 12.3.4-1. In response to this open

item, ABB-CE has given, in Amendments Q and S, a list of generic locations of
the fixed area radiation monitors that will be used in the System 80+ plant
design. ABB-CE states that the exact area radiation monitor locations cannot

|
be determined until information on pipe routing, equipment location, and
equipment leak rates is known. This generic listing of fixed area radiation'

monitor locations is acceptable and DSER Open Item 12.3.4-1 is resolved. COL

applicants seeking an operating license by referencing the System 80+ certi-
fied design will be required to give the exact locations of these radiation
monitors (COL Action Item 12.3.4-1).

In Section II.F.1-3 of NUREG-0737, the staff recommends that the reactor
containment be equipped with two physically separated radiatipn monitoring
systems that are capable of measuring up to 0.72 c/kg/sec (10 R/hr) in the

|

! containment after an accident. In the CESSAR-DC, ABB-CE states that the Sys-
tem 80+ design incorporates two physically separated and electrically indepen-
dent ion chambers located inside the reactor containment to measure high-range
gamma radiation. The design and qualification of these monitors complies with
the guidelines of RG 1.97. ABB-CE states that the high-range containment area
monitors also meet all of the recommendations of 10 CFR 50.34(f)(2)(xvii)
(Item II.F.1-3 of NUREG-0660 and NUREG-0737), including detector range,
response, redundancy, separation, onsite calibration, and environmental design
qualification. However, since ABB-CE had not specified the location of these
high-range monitors on the plant layout drawings at the time of the DSER
review, the lack of monitor location was designated DSER Open Item 12.3.4-2.
In Amendments Q and S, ABB-CE has since specified the location of the c9ntain-
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O ment high-range monitors on the plant layout drawings. Therefore, DSER Open

( Item 12.3.4-2 is resolved.

The airborne radiation monitoring equipment is in selected areas and ventila-
tion systems to give plant operating personnel continuous information about
the airborne radioactivity levels throughout the plant. ABB-CE states that
the airborne radioactivity monitors are upstream of the filter trains so that
they monitor representative radioactivity contentrations from the areas being
sampled. However, since the airflow diagrams in CESSAR-DC did not initially
indicate the locations of the airborne radioactivity monitors, this was
designated DSER Open Item 12.3.4-3. In Amendment Q, ABB-CE has modified the
ventilation flowpath figures in CESSAR-DC to indicate the locations of these
airborne radioactivity monitors. On this basis, DSER Open Item 12.3.4-3 is
resolved.

In response to an August 3, 1991, staff request, ABB-CE states that plant
airborne radioactivity monitors are capable of detecting the time-integrated
change of the most limiting particulate and iodine species equivalent to '

10 CFR Part 20, Appendix B concentrations in each monitored plant area within
10 MPC-hours. This monitor sensitivity is in agreement with the monitor
sensitivity criteria in SRP Section 12.3. SRP Section 12.3 also states that
the CESSAR-DC must provide the criteria and methods for obtaining representa-
tive in-plant airborne radioactivity concentrations in all work areas. ABB-CE
states that insufficient design information is available to discuss the
dilution of air from specific areas or rooms. Consequently, the CESSAR-DC
does not list representative airborne radioactivity concentrations for rooms
or other areas that may be occupied by employees. This was designated part ofp) DSER Open Item 12.2.2-1. As discussed in Section 12.2.2 of this chapter, this(

b open item was resolved through the issuance of the DACs in Table 3.2-1 of
ABB-CE's CDM.

At the time of the DSER review, CESSAR-DC did not describe how the airborne
radioactivity monitoring system satisfied the criteria contained in ANSI
N13.1-1969, " Guide to Sampling Airborne Radioactive Materials in Nuclear
Facilities" (as referenced in NUREG-0800). This was identified as DSER Open
item 12.3.4-4. ABB-CE has since amended the CESSAR-DC to state that the
airborne radioactivity monitoring system complies with all the associated
acceptance criteria contained in ANSI N13.1-1969. Therefore, DSER Open
Item 12.3.4-4 is resolved.

In 10 CFR 50.34(f)(2)(xxvii) (Issue III.D.3.3 of NUREG-0660 and NUREG-0737),
each applicant is required to provide equipment and associated training and
procedures for accurately determining the airborne iodine concentrations in
areas within the facility where personnel may be present during an accident.
In response to an August 3,1991, staff inquiry, ABB-CE stated that a portable
airborne monitor will be available to allow accurate determination of airborne
iodine concentrations in potentially occupied areas that would not be directly
covered by fixed instrumentation. ABB-CE stated that this portable airborne
monitor will also meet the equipment recommendations given in Issue III.D.3.3
of NUREG-0737, including recommendations on sample media, purging, and
calibration. This commitment complies with the criteria in Issue III.D.3.3 of

r NUREG-0737. However, COL applicants seeking an operating license by referenc-

|d ing CESSAR-DC should provide additional information concerning specific
\ equipment to be used and procedures that will be followed to implement
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Issue 111.D.3.3 of NUREG-0737. This is COL Action item 12.3.4-2. ,

In DSER Section 12.3, the staff designated the following 12 open items;
12.3.1-1, 12.3.1-2, 12.3.1-3, 12.3.1-4, 12.3.1-5, 12.3.1-6, 12.3.1-7,
12.3.2-1, 12.3.4-1, 12.3.4-2, 12.2.4-3, and 12.3.4-4. On the basis of
subsequent information submitted by ABB-CE, the staff considers all of these
resolved, as discussed in the foregoing sections. DSER Section 12.3 also
contained portions of DSER Open Items 12.2.2-1 and 12.2.3-1. As discussed in
the staff's evaluation, these two open items were addressed and resolved by
the issuance of DAC 3.2.

12.4 Dose Assessment

The staff has reviewed ABB-CE's dose assessment for the System 80+ design for
completeness against the guidelines in RG 1.70 and against the criteria in SRP
Section 12.4. This review consisted of ensuring that ABB-CE has either
committed to follow the criteria of the RGs and staff positions in SRP
Section 12.4 or has given acceptable alternatives. In addition, the staff
selectively compared ABB-CE's dose assessment for specific functions against
the experience of operating PWRs.

In CESSAR-DC Section 12.4, ABB-CE describes design features that will be
incorporated into the System 80+ design to ensure that occupational radiation
exposures are maintained ALARA and no more than the goal of 1 person-sievert /
yr (100 person-rem /yr). Many of these ALARA design features were described
earlier in CESSAR-DC Chapter 12. In order to reduce the source of cobalt in
the primary system, cobalt alloys and cobalt-based hardfacing materials are
minimized (except in cases where no proven alternative material exists) in all
primary system materials in contact with primary coolant. Piping and equip-
ment in direct contact with the reactor coolant system have a cobalt content
of less than 0.05 wt percent. Steam generator tubes have a cobalt content of
less than 0.015 wt percent. The System 80+ design minimizes the use of
antimony in the RCP journal bearings. In addition, all other pump parts that
are wetted by reactor coolant have minimal or no antimony content. Leakage
from the System 80+ fuel is expected to be less than 0.1 percent. The
System 80+ design specifies the use of elevated pH levels in the primary
system. Elevated pH levels reduce equilibrium corrosion rates and the buildup
of activated corrosion products on primary system surfaces. Such features
reduce the source term and, therefore, the radiation levels in the primary
system. Other System 80+ design features described in this section of CESSAR-
DC include the use of an extended fuel cycle, improved equipment access-
ibility, and the use of more reliable equipment to reduce the frequency of
maintenance work. Such features, in use at many currently operating power,

plants, are intended to reduce occupational radiation exposures and are
acceptable.

ABB-CE estimates that the average annual collective dose for the System 80+
design will be 7.9 x 10" person-sieverts (79 person-rem). In arriving at
this estimate, ABB-CE used 1989 dose data, broken down by work group and task,
for seven PWRs operated by Duke Power. The resulting dose estimates for each
work group and task category were then multiplied by dose reduction factors to
obtain dose estimates for the System 80+ design. ABB-CE states that these
dose reduction factors, which were based on engineering judgment, took into
account the numerous ALARA design features incorporated into the System 80+
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design. Because ABB-CE did not adequately explain the basis for determining
these ALARA dose reduction factors, this was designated DSER Open Item 12.4-1.

( In Amendments J and S to the CESSAR-DC, ABB-CE modified these dose reduction
factors and justified their use in a more detail. On the basis of this new
information, DSER Open Item 12.4-1 is resolved.

,

The level of detail of ABB-CE's dose assessment is inconsistent with the level,

j of detail prescribed in the acceptance criteria of Section 12.4 of the SRP,
nor does it meet the intent of RG 8.19. Both of these documents require
detailed information as to expected occupancy of plant radiation areas as well
as estimated doses associated with major job and work functions. In response
to the staff's concerns, ABB-CE stated that a formal dose assessment could not '

be made until a detailed shielding analysis was performed, in-plant radio- |

active airborne concentrations were calculated, and information was obtained
on plant occupancy times and reliability data. ABB-CE's DACs in Table 3.2-1
of the CDM require that the COL applicant perform a detailed shielding |

analysis and airborne concentration calculation before fuel is loaded into the _!
reactor. The DAC process is evaluated in Section 14.3 of this report. '

Compliance with these DACs will ensure that the COL applicant will have
sufficient information to perform a formal dose assessment. This is COL
Action Item 12.4.5-1.

In Section 12.4 of RG 1.70, the staff states that, for areas with expected
airborne radioactivity concentrations, an applicant list the estimated
inhalation exposure to personnel. Since this information was not included in
Section 12.4 of CESSAR-DC, this was designated DSER Open Item 12.4-2. ABB-CE
states that this information will not be given as part of the design certifi-

O cation since the information necessary to calculate airborne radioactivity
levels is not available at this stage of the design. However, ABB-CE's DACs
in Table 3.2-1 of the CDM require that the COL applicant perform an analysis
to predict airborne radioactive concentrations in rooms, corridors, equipment
cubicles, and cperating areas throughout the plant before fuel is loaded.
Compliance with these DACs will ensure that the COL applicant will have
sufficient information to calculate estimated inhalation exposures to plant
personnel. On the basis of these DACs, DSER Open Item 12.4-2 is resolved.

The DSER for CESSAR Section 12.4 designated Open Items 12.4-1 and 12.4-2. On
the basis of subsequent amendments to the CESSAR-DC and the submittal DAC 3.2,
both of these open items are resolved.

12.5 Oroanization

The organization required to implement an effective health' physics program and
ensure that radiation exposures are within the limits of 10 CFR Part 20 and
are ALARA is outside the scope of this review. COL applicants seeking an
operating license by referencing the System 80+ certified design will be
required to address this concern to the level of detail discussed in RG 1.70.
This is COL Action Item 12.5-1.

O
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(v)
13 CONDUCT OF OPERATIONS

13.1 Oraanizational Structure of Site Operator

This section describes the staff's final review and evaluation of ABB-CE's
CESSAR-DC Section 13.1, " Organizational Structure of Site Operator," and finds
that ABB-CE's statement related to the combined license (COL) organizational
structure is acceptable. The staff agrees that the information in this area
is outside the scope of the System 80+ standard plant design. The COL
applicant referencing the System 80+ certified design will be required to
submit site-specific information at the COL phase described in 10 CFR
52.79(b). COL Action Item 13.1-1 is acceptable.

Shift Staffina

By letter dated December 18, 1992 (LD-92-120), ABB-CE addressed Generic Safety
Issue (GSI) HF1.1, " Shift Staffing." ABB-CE indicated that the System 80+
Technical Specifications (CESSAR-DC Chapter 16) identify minimum shift
staffing requirements (Section 5) in accordance with NUREG-1432, " Standard
Technical Specifications for Combustion Engineering Plants" (January 1991).
Further, ABB-CE noted that the COL applicant will document implementation of
this requirement in accordance with Regulatory Guide (RG) 1.114 as part of the +
site organization. The staff interprets this requirement to be a part of COL

(A) Action Item 13.1-1. On this basis, COL Action Item for GSI HF1.1 is accept-
'" abl e.

13.2 Trainina

This section describes the staff's final review and evaluation of CESSAR-DC
Section 13.2, " Training." The review was based on current regulatory require-
ments established in 10 CFR 52.47, 10 CFR 50.34(g), and 10 CFR 50.34(f), and
the guidance contained in Standard Review Plan (SRP) Sections 13, NUREG-0700,
" Guidelines for Room Design Reviews" (September 1981), and NUREG-0933, "A
Prioritization of Generic Safety Issues" (August 1987). Additional review
criteria were developed to provide a basis for review of aspects of the ABB-CE
System 80+ human factors engineering (HFE) program that were not fully
addressed by the previously mentioned documents. These criteria are contained
in the staff's "HFE Program Review Model and Acceptance Criteria," (HFE PRM),
which was forwarded to the Commission in SECY-92-299, " Development of Design
Acceptance Criteria (DAC) for the Advanced Boiling Water Reactor (ABWR) in the
Areas of Instrumentation and Controls (I&C) and Control Room Design" (Au-
gust 27, 1992). The HFE PRM considered aspects of training as it pertained to
the verification and validation (V&V) of the main control room (MCR) and
remote shutdown system designs.

ABB-CE does not include training development within the scope of the Sys-
tem 80+ design certification application and states that development af

A training would be the responsibility of the COL applicant. However, in

('v) response to the staff's draft safety evaluation report (DSER), information
regarding the incorporation of vendor technical information into the plant
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designer's training information plan as part of the Operational Support
Information Program (OSIP) were submitted to the staff for review. The staff
reports on its review of OSIP in Chapter 18 of this report.

Although training is not considered to be part of the information required for
certification of the System 80+ design, the staff noted several issues related
to training during the review of CESSAR-DC Chapter 18, " Human Factors Engi-
neering." Items regarding training materials, the use of a simulator for
training, and the incorporation of operational experience into training
programs were identified. Each of these items is discussed below.

13.2.1 Training Materials

In the DSER, the staff stated that it " expects CE to develop and submit for
certification a detailed program description for developing the training
material as part of the design certification for the System 80+." After
issuing the DSER, the staff determined that training materials were already a
part of the established licensing review process under 10 CFR Part 50 for the
COL applicant and, therefore, did not need to be addressed in the System 80+
design certification review under 10 CFR Part 52. The staff agrees that the
submittal of training materials is outside the scope of the System 80+ design
certification. Therefore, this part of COL Action Item 13.2-1 is acceptable.

13.2.2 THI Action Item I.A.4.2

10 CFR 50.34(f)(2)(i) corresponds to TMI Action Item I.A.4.2, "Long Term
Simulator Training Upgrade," on simulator capabilities. The staff agrees that
the information in this area is outside the scope of the System 80+ standard
plant design. The COL applicant referencing the System 80+ certified design
will be required to submit site-specific information at the COL phase de-
scribed in 10 CFR 52.79(b). On this basis, this part of COL Action
Item 13.2-1 is acceptable.

13.2.3 TMI Action Item I.C.5

The staff reviewed THI Action Item 1.C.5, " Feedback of Operating Experience,"
on the incorporation of operational experience into the training and procedure
development programs. The staff has determined that development of detailed
procedures and training materials is outside the scope of the System 80+
design certification and is the responsibility of the COL applicant. The COL
applicant referencing the System 80+ certified design will be required to
submit site-specific information at the COL phase described in
10 CFR 52.79(b). ABB-CE has included the training and procedure development
process as COL license information items in CESSAR-DC Sections 13.2 and 13.5,
respectively. Therefore, part of COL Action Items 13.2-1 and 13.5-1 are
acceptable.

13.2.4 TMI Action Item I.G.1

The staff has reviewed TMI Action Item I.G.1, " Training Requirements for
Preoperational and Low-Power Testing." The staff determined that I.G.1 is
outside the scope of System 80+ certification and is the responsibility of the
COL applicant. The COL applicant referencing the System 80+ certified design
will be required to submit site-specific information at the COL phase as
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described in 10 CFR 52.79(b). Therefore, this part of COL Action Item 13.2-1
is acceptable.

In summary, the staff finds ABB-CE's approach to training development as
stated in CESSAR-DC Section 13.2 acceptable since it will be addressed by the
COL applicant and is identified as a COL responsibility in the System 80+
design certification application. On this basis, the COL Action Item 13.2-1
discussed above is acceptable.

13.3 Emeroency Plannina |

The staff reviewed CESSAR-DC Section 13.3 and ABB-CE's responses to the
staff's request for additional information (RAI). By letters dated March 15,
1991, and January 24, January 29, and February 28, 1992, ABB-CE responded.
The staff confirmed that the responses to the staff's RAls were incorporated
in Amendment J of CESSAR-DC. This was designated as Confirmatory Item 13.3-1.
On the basis of the staff's review of this revision, DSER Confirmatory
Item 13.3-1 is acceptable.

In CESSAR-DC Section 13.3, ABB-CE indicates that emergency planning is outside
the scope of the System 80+ standard design, and that emergency planning
information will appear in the site-specific safety analysis report. The
staff agrees that emergency planning will be addressed by the COL applicant
referencing the System 80+ standard design and will significantly depend upon
plant-specific and site-specific characteristics. This was designated as COL
Action Item 13.3-1 in the DSER.

Nevertheless, certain design features, facilities, functions, and equipment
' - necessary for emergency planning must be considered in the design basis of a ,

standard plant. These are addressed in CESSAR-DC Section 13.3, which de-
scribes and gives specifications for the Technical Support Center (TSC) and
the Operations Support Center (OSC). The TSC and OSC are shown in Drawing .

'

No. 4248-00-1607.00, Revision 1, G200-05, " Nuclear Island General Arrangement
Plan at El. 130+6." In Amendment Q to the CESSAR-DC, this drawing appears as
Figure 1.2-8. :

Section 13.3.3, "B0P Interfaces," of the CESSAR-DC, supplies design consider- <

ations for the TSC and OSC which are acceptable in that the facilities and
equipment therein are compatible with the control room and meet the applicable
criteria of NUREG-0696, " Functional Criteria for Emergency Response Facilities
Final Report" (February T981), which provide the NRC staff positions for
acceptable emergency response facility features.

ABB-CE initially considered other facilities that support emergency planning
outside the scope of the System 80+ standard design. These included: (1) a
near-site Emergency Operations Facility (EOF) for the management of overall
licensee emergency response, including coordination with Federal, State, and '

local officials; (2) onsite decontamination facilities (0DFs) located in the
nuclear annex (El. 91+9) and in the radwaste facility; and (3) laboratory ,

facilities to support efforts to monitor and analyze plant systems and
environmental samples. In CESSAR-DC Section 13.3, ABB-CE describes a typical
EOF, as well as decontamination and laboratory facilities and the interface

O design.
requirements that must be met to ensure adequacy with the System 80+ standard

The staff agrees that the EOF is outside the scope of the System 80+

ABB-CE System 80+ FSER 13-3 June 1994 '



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

standard design, but must be addressed by a COL applicant referencing the
System 80+ standard design. This was designated as COL Action Item 13.3-2.
In the DSER, the staff stated that the ODFs and laboratory facilities are
within the scope of the System 80+ design. This was designated DSER Open
Item 13.3-1. In Amendment J to the CESSAR-DC, additional information was
submitted concerning the description and specifications of onsite decontamina-
tion and laboratory facilities. In Amendment T to the CESSAR-DC, Table 1.9-1
was amended to reflect layout and equipment for the onsite decontamination and
laboratory facilities. On the basis of the staff's review of this revision, |

iCOL Action Item 13.3-2 is acceptable.

Additionally, CESSAR-DC Section 1.8 indicates that the Nuclear Regulatory Com-
mission's (NRC's) RG 1.101, " Emergency Planning for Nuclear Power Plants," has
been " withdrawn" and is not applicable to the System 80+ design. ABB-CE has
stated that the criteria in NUREG-0654, " Criteria for Preparation and Evalua-
tion of Radiological Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants" (November 1980)/FEMf-REP-1, as endorsed by RG 1.101,
serve as the basis for NRC licensees and S' ate and local governments to
develop acceptable radiological emergency p'ans and improve emergency pre-
paredness and are, therefore, not applicable to the System 80+ design. The
staff did not agree. " Planning Standards and Evaluation Criteria," Sec-
tion II.H of NUREG-0654, " Emergency Facilities and Equipment," are applicable
to the System 80+ design, as discussed above. In the draft safety evaluation

J report, the staff stated that ABB-CE should include NUREG-0654 in CESSAR-DC
Section 1.8 and CESSAR-DC Table 1.8-1. This was designated as DSER Open
Item 13.3-2. In Amendment T to CESSAR-DC, Table 1.8.1 of Section 1.8 was
revised to include RG 1.101 and to show NUREG-0654 as applicable with respect
to System 80+ emergency response facilities described in Sections 13.3.3.1 and
13.3.3.3 of the CESSAR-DC. On the basis of the staff's review of this
revision, DSER Open Item 13.3-2 is resolved.

Desian Certification Material

The requirements for the TSC and OSC are covered in the inspections, tests,
analyses, and acceptance criteria (ITAACs). This was designated as a generic
open item in DSER Open Item 14.1-1, " Review of ITAAC[s] will be provided in
the FSER". ABB-CE submitted a revised set of design descriptions and ITAACs. j

l The adequacy and acceptability of the System 80+ design description and ITAACs
are discussed in Section 14.3 of this report. On the basis of this evalua-
tion, the emergency preparedness portion of DSER Open Item 14.1-1 is resolved.

10 CFR 50.34.f: TMI-Related Items
i

CESSAR-DC Section 13.3 addresses TM1 Action Plan (NUREG-0660, "NRC Action Plan
Development as a Result of TMI-2 Accident," July 1980) Item III.A.I.2

I (10 CFR 50.34(f)(xxv)). This item requires licensees to upgrade their
emergency support facilities by establishing a TSC, an OSC, and a nearsite E0F
for command and control, support, and coordination of onsite and offsite
functions during reactor accident situations. As discussed in Section 13.3 of
this chapter, the System 80+ design has a TSC and an OSC. The staff considers
the nearsite E0F outside the scope of the System 80+ standard plant design.
The COL applicant referencing the System 80+ standard plant design will have
to address the nearsite EOF; this has been designated COL Action Item 13.3-2.
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p 13.4 Doerational Review

V) This area is outside the scope of the System 80+ design certification and
\

CESSAR-DC. This area will be addressed by a COL applicant. This is COL
Action Item 13.4-1.

13.5 Plant Procedures

This section describes the staff's final review and evaluation of CESSAR-DC
Section 13.5. The review was based on current regulatory requirements
established in 10 CFR 52.47, 10 CFR 50.34(g), and 10 CFR 50.34(f), and on the
guidance contained in SRP Chapter 13, NUREG-0700 and NUREG-0933. Additional
review criteria were developed to provide a basis for review of aspects of the
System 80+ HFE program that were not fully addressed by the previously

,

mentioned documents. These criteria are contained in the staff's "HFE Program
Review Model and Acceptance Criteria" (HFE PRM), which was forwarded to the ,

Commission in SECY-92-299 dated August 27, 1992. The HFE PRM considered
aspects of plant procedures as it pertained to the V&V of the MCR and remote
shutdown system designs.

ABB-CE has not included procedure development within the scope of its Sys-
tem 80+ design certification application. Procedure development is identified
as a COL responsibility in CESSAR-DC Section 13.5.1. ABB-CE's description of
this COL license information item is consistent with the staff's HFE PRM -
Element 7, " Procedures", developed to support the review of the System 80+ HFE
effort. Details of the staff's review of ABB-CE's application of Element 7

p appear in Section 18.7 of this report. This part of COL Action Item 13.5-1 is
resolved.

Although plant procedures are not considered to be part of the information
required for certification of the System 80+ design, the staff found several
issues that were related to procedure development when it reviewed CESSAR-DC
Chapter 18, " Human Factors Engineering." Items regarding procedure develop-
ment, as well as differences between Element 7 of the HFE PRM and CESSAR-DC
Section 13.5.1, are discussed below.

(1) Elimination of General Criterion 6

General Criterion 6 of Element 7 of the HFE PRM states: "An analysis
shall be conducted to determine the impact of providing computer-based
procedures and to specify where such an approach would improve procedure
utilization and reduce operating crew errors related to procedure use."
ABB-CE indicates that an analysis of computer-based procedures is not
envisioned as part of the certified design process and that there was no
intention to develop computer-based procedures as part of the System 80+
operating ensemble. Because ABB-CE has decided to preclude the develop-
ment of computer-based procedures as part of the System 80+ design
process, the staff considers elimination of this criterion acceptable.

Although plant procedures are not considered to be part of the information
required for design certification of the System 80+, the staff found several

n additional issues related to procedures during the review of ABB-CE's HFE

(V) program. Issues regarding procedure guidelines for updating procedures
(HF-4.4), short-term accident procedures review (TMI Item I.C.1),
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incorporation of operating experience (TMI Item I.C.5) and a long-term plan
for upgrading procedures (TMI Item I.C.9) were noted. Each of these items is
addressed below.

USI/GSI Item HF-4.4. and TMI Action Items I.C.l. I.C.5 and I.C.9

The staff has reviewed HF-4.4, " Guidelines for Upgrading Other Procedures";
TMI Item I.C.1, "Short-term accident and procedures review"; TMI Item I.C.5,

" Feedback of Operating Experience"; and TMI Item I.C.9, "Long Term Plan for
Upgrading Procedures." The staff determined that development of detailed
procedures is beyond the scope of the System 80+ certification and is the |

responsibility of the COL applicant. ABB-CE has included the procedure
development process as a COL license information item in CESSAR-DC Sec-
tion 13.5.1. CESSAR-DL Section 13.5.1 states that the methods and criteria
for the development, V&V, implementation, maintenance, and revision of proce-
dures will include considerations of I.C.1, I.C.5, and I.C.9. On this basis,

COL Action Items 13.5-1 is acceptable.

In summary, the staff finds ABB-CE's approach to procedure development as
described in CESSAR-DC Section 13.5.1 acceptable since it will be addressed by
the COL applicant referencing the System 80+ certified design. The COL appli-
cant will be required to submit site-specific information described in
10 CFR 52.79(b) at the COL stage. COL Action Item 13.5-1 is found to be
acceptable.

13.6 Industrial Security

In CESSAR-DC Section 13.6, ABB-CE states that site security is within the
scope of the COL applicant. By letter dated February 28, 1992, ABB-CE
proposed a new CESSAR-DC Section 13.6.1 that will specify site-specific
interface requirements to be addressed in COL applications that reference the
System 80+ design. (These requirements will not be interface requirements in
the sense of 10 CFR 52.47(a)(vii), but will be instead action items that must
be addressed in the COL applications.)

In CESSAR-DC Section 13.6.l(A), ABB-CE requires the physical security system
design to conform to the eight regulatory documents listed in Part II of SRP
Section 13.6, Revision 2 (NUREG-0800, " Standard Review Plan for the Review of
Safety Analysis Reports for Nuclear Power Plants," July 1981); however, one
item did not reflect a recent regulatory change. For employee screening
requirements, ABB-CE should reference 10 CFR 73.56 and RG 5.66, " Access

,
Authorization Program for Nuclear Power Plants" (June 1991), in lieu of

| ANSI N18.17. Updating access authorization references in CESSAR-DC Sec-
; tion 13.6.l(A) was designated as Open Item 13.6-1. By CESSAR-DC Amendment Q,

ABB-CE changed the reference for authorization accession in CESSAR-DC Sec-
tion 13.6.l(A) to 10 CFR 73.56 and RG 5.66. These are the appropriate
references and DSER Open Item 13.6-1 is resolved.

In Section 13.6.1(B), a COL applicant is required to submit a comprehensive
listing and evaluation of vital equipment, vital piping, vital power sources,
vital water storage facilities, etc. The listing and evaluation must include
all support functions vital to equipment operation (e.g., diesel generator
(DG) cooling water; DG fuel; heating, ventilation, and air conditioning (HVAC)
considerati=s for vital electrical equipment (DG); cooling water for
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component cooling). COL applicants must identify in their security plans(mG) equipment to be protected as vital. However, for a standard design, the staff
expects that most of this list of vital equipment would not be site specific,
and, therefore, should be included in the design certification application.

i

The CESSAR-DC did not contain a complete, clearly identifiable listing of I

vital equipment. Requiring that a System 80+ standard set of vital systems be I

included in CESSAR-DC's vital equipment and vital area listing was designated
,

as DSER Open Item 13.6-2. The staff's position and resolution is discussed in i

Section 13.6.2 of this chapter.

In CESSAR-DC Section 13.6.1(C), ABB-CE requires an evaluation to ensure that
security system access restrictions do not interfere with safety, considering
all modes of plant operation. The requirement did not explicitly require
consideration in this evaluation of an access control system failure, such as
a security power failure or a local card reader failure. Requiring consider-
ation of impact of access control system failures in COL applicants' security
system evaluations was designated as DSER Open Item 13.6-3. In CESSAR-DC
Amendment Q, ABB-CE added information requiring the COL applicant's design of
the security system to include an evaluation of access control system fail-
ures. The staff considers this appropriate and DSER Open Item 13.6-3 is
resolved.

In RAI Q500.17, the staff expressed its concern that the CESSAR-DC requires
significant component compartmentalization for control of access to safety
equipment, including single controlled access points to each channel equipment
room. By letter dated December 17, 1991, ABB-CE responded:

'

; The intention is to allow the Owner-Operator to incorporate subcom-
partmentalization techniques to protect vital equipment (using
barriers provided for other purposes such as fire and flood protec-
tion) or to protect larger areas or groups of components, as may be
necessary to meet the site-specific security program in a balance
with maintenance functions. Several options would be available for
emergency over-ride of failed security components.

Although ABB-CE's position, as stated in its reply to the RAI, is consistent
with existing regulations, the staff concluded that ABB-CE should amend
CESSAR-DC to delete possible contradictions to that position and to provide
clarification on the proper balance that ensures that safety considerations
are given priority. For example, the statements in Section 2.2 of CESSAR-DC
Appendix 13A, that " Type I areas shall be minimized," and in Section 6.0 (I)
of Appendix 13A, that physical access control separates each channel of the
safety systems, may be too limiting in allowing COL applicants to address
potential concerns regarding security system interference with emergency
procedures. This was designated DSER Open Item 13.6-4. In CESSAR-DC Amend-
ment Q, ABB-CE amended the CESSAR-DC guidelines for component compartmental-
ization for control of access to safety equipment. This revision permits the
COL applicant to incorporate subcompartmentalization techniques to protect
vital equipment or protect larger areas, as may be necessary to meet the site-
specific security program. The revised sections eliminated the noted possible
contradictions to this position and did provide clarification that safety
considerations are given priority with respect to security considerations.(a The staff considers this appropriate and DSER Open Item 13.6-4 is resolved.

N

ABB-CE System 80+ FSER 13-7 June 1994

____-_ . - - - - - _ _ _ _ _ ..



In CESSAR-DC Section 13.6.1(D), ABB-CE requires that security system facili-
ties and equipment be located within the protected area.

In CESSAR-DC Section 13.6.l(E), ABB-CE requires security officers to have
equipment for continuous communication with the alarm stations and the plant
control room to have dedicated communications to the central alarm system
(CAS) and the secondary alarm system (SAS). The staff was not satisfied that
ABB-CE had adequately addressed ensuring the transmissibility of radio signals
as well as equipment shielding to prevent radios from interfering with plant
equipment. This issue was designated as part of DSER Open Item 9.5.2-3. The
staff's resolution of this issue is discussed in Section 9.5.2 of this report.

The staff intends to review satisfactory compliance with interface require-
ments 13.6.l(A) through (E), as resolved in the final safety analysis report,
during its review of COL applications referencing the System 80+ standard
design. These reviews will be part of the site-specific review of security,
contingency, and guard training plans required by 10 CFR 50.34 and 10 CFR
Part 73.

13.6.1 Description of Sabotage Protection

in CESSAR-DC Appendix 13A Section 1.0, " Introduction," ABB-CE states that
specific design criteria were developed to be consistent with the sabotage
protection requirements of 10 CFR Part 73, as well as to give additional
protection against a knowledgeable insider. These criteria were then imple-
mented in the design as it proceeded. Sabotage resistance is described as
comprising prevention, which is provided by control of access to vital
equipment, and mitigation, which is provided by features to minimize the
consequences of an event, should prevention fail. ABB-CE reviewed sabotage by
considering the extent of diversity and defense in depth available for
"certain key sabotage scenarios."

In CESSAR-DC Appendix 13A Section 2.1, " General Sabotage Design Assumptions
and Criteria," ABB-CE describes the following as " general design criteria:"

A. The knowledgeable insider has no weapons or explosives.

B. The intrusion detection system cannot be covertly disabled.

C. Prevention and mitigation systems are designed assuming an insider can
initiate an event and disable multiple safety and non-safety systems,
unless precluded by design features or prevented by plant security.

D. Security resources are effective in preventing outsiders from assisting in
insider sabotage.

E. Equipment inside the containment is inaccessible to a saboteur during
power operations.

F. Although the control room will be protected as a vital area in accordance
with 10 CFR Part 73, the continued presence of multiple employees pre-
cludes an act of sabotage in the control room.

G. During unit shutdown, a security area can be devitalized if justified in
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(m the physical security plan.

H. Other single failures or initiating events do not have to be considered to
occur coincidentally with sabotage events.

I. Security system design generally needs to meet 10 CFR Part 50 (Appendix B)
quality assurance standards.

J. Security access controls must be compatible with access needed for fire
protection, health physics, and actions operators take to mitigate events,
considering loss of site power. Operator functions during normal operat-
ing modes should not be excessively impeded.

K. The site security plan developed by the COL applicant will list all vital
areas and equipment and identify the security systems protecting these
areas and equipment.

L. The site security plan developed by the COL applicant will include an
evaluation of the security systems impact on plant operations, testing and
maintenance during all modes of operations.

In CESSAR-DC Appendix 13A Section 2.2, " Access Control Design Criteria,"
ABB-CE describes the following as " plant layout and access control criteria:"

A. Plant layout should allow access to all vital areas without requiring
passage through a different vital or non-vital area.

O) B. Protection of vital areas should be prioritized according to rankings of(
systems and components.v

C. The plant layout should include space for security equipment.

D. Outdoor locations within the protected area to be protected against
sabotage include: HVAC outside air suction for such inhabited spaces as
the control room, CAS and SAS; diesel fueling ports and vents; diesel fuel
storage and delivery systems; diesel cooling water systems; intake cooling
water structures and systems; ultimate heat sink systems and structures;
atmospheric steam dump valves and steam condenser bypass valves and con- >

'trols; steam generator safety valves; auxiliary or startup transformers or
both.

E. Support systems for vital systems should be protected to the same degree
as the served system.

F. Penetrations through vital area boundaries should have appropriate intru-
sion barriers. >

G. Layout guidelines for separating and compartmentalizing equipment do not
apply inside the containment.

H. Control room layout should keep routine administrative activities not j

requiring contact with control room operators outside the control complex !

(JO) security boundary. ;

|
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I. Control room design will include bullet resistance requirement of
10 CFR 73.55.

In CESSAR-DC Appendix 13A Section 3.0, " Approaches to Access Control,"
ABB-CE's initial submittal described the options for access control assuming
that positive identification is required to obtain access, so that tailgating
is not possible. Access control options are described as: team zoning (e.g.,
two-man rule); area zoning, in which vital systems are segregated in separate
vital areas and " access to opposing redundant system or component trains is
controlled on a team basis, where one team has access to one train"; opera-
tional zoning (access to a component is restricted until its redundant
component is demonstrated operable); time zoning (access is restricted to
certain time periods when sabotage is less likely or more easily detected);
and function zoning (activities personnel can perform are restricted). In
Amendment Q, ABB-CE amended CESSAR-DC to remove the reference to various
zoning access control options. The revised sections state the design was
developed in a manner which permits and supports the deployment of several
access control approaches. The design allows the COL applicant to determine
the appropriate access control for the specific site requirements. In Section
3.0 above, ABB-CE stated that the flexibility of the design and layout can
support various access control approaches.

In CESSAR-DC Appendix 13A initial submittal, Section 4.0, " System 80+ Standard
Design Sabotage Protection Strategies and System Rankings," ABB-CE described
revising the Sandia National Laboratory Report SAND 82-7053, " Ranking of Light
Water Reactor Systems for Sabotage Protection," to apply to the System 80+
design. Four other protection strategies were described, each of which is
intended as a strategy for assuring the availability of a minimal but suffi-
cient set of equipment to mitigate insider-induced transients and to either
prevent or mitigate insider-induced loss-of-coolant accidents. Importance of
the various plant systems was ranked according to how fast they would be
required to function following a sabotage attempt; that is, whether automatic
system actuation was necessary or whether there was time for manual actions,
such as manually starting a pump or realigning a backup system. ABB-CE
deleted this section when the sabotage vulnerability analysis contained in its
revised Section 7 entitled, " System 80+ Standard Design Sabotage Protection
Strategies" was updated by Amendment T. The CESSAR-DC instead uses the
probabilistic risk assessment (PRA) insights fer determining the suscepti-
bility to sabotage and minimal set of equipment for each protection strategy.
Section 7 describes the protection strategies for the System 80+ design.

In CESSAR-DC Appendix 13A initial submittal, Section 5.0, " Evaluation of
Damage Control Measures," ABB-CE evaluated 27 potential design modifications,
referred to as damage control measures (DCMs), against 8 specific scenarios
involving sabotage of certain components. This information was placed in
Appendix 13A Sectiun 8 and Table 13A-1. In Section 8.3, ABB-CE states that
evaluating the DCMs against these scenarios revealed that the System 80+
design already incorporates the necessary DCMs to mitigate the scenarios.

In CESSAR-DC Appendix 13A initial submittal, Section 6.0 (revised Sec-
tion 4.0), " Design features for Sabotage Resistance," ABB-CE described
System 80+ features represented as improving inherent resistance of the design
to sabotage over traditional designs. These features include redesign of the
emergency feedwater system (EFWS), with two emergency feedwater storage tanks
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m located inside the auxiliary building. The refueling water storage tank is

(dI located inside the containment. The safety injection system (SIS) can
function at higher pressures. The Nuplex 80+ instrumentation and controls
design includes on-line monitoring and testing features making detection of
sabotage attempts more likely.

In CESSAR-DC Appendix 13A revised Section 5.0, " Plant Layout for Sabotage '

Resistance," ABB-CE states that the plant layout follows the access control
criteria of Appendix 13A Section 2.2. ABB-CE states that there is "signifi-
cant component compartmentalization which can provide additional access
control options, thereby permitting the deployment of a variety of access
control strategies."

F

13.6.2 Evaluation

10 CFR 52.47 requires an application for design certification to contain the
" technical information which is required of applicants for... operating
licenses by...[10 CFR Part] 73..., and which is technically relevant tc the
design and not site-specific." In addition, in its " Policy Statement on
Severe Reactor Accidents Regarding Future Designs and Existing Plants,"
August 8, 1985, the Commission stated: "The Commission also recognizes the
importance of such potential contributors to severe accident risk as human
performance and sabotage. The issues of both insider and outsider sabotage
threats will be carefully analyzed and, to the extent practicable, will be
emphasized in the design and in the operating procedures developed for new
plants." The discussion in CESSAR-DC Appendix 13A initially was deficient for
the following three reasons:

\ (1) Vital Areas

Applicants for operating licenses must identify equipment to be protected as
vital in their security plans. For a standard design, the staff expects that
most of this list of vital equipment would not be site specific, and, there-
fore, should be included in the design certification application. The
CESSAR-DC did not contain a complete, clearly identifiable listing of vital
equipment. This was designated DSER Open Item 13.6-2.

In accordance with SRP Section 13.6 and Review Guideline 17 of the NRC
Security Plan Evaluation Report Workbook, the staff considers that all seismic
Category I systems should be designated as vital equipment in the sense of
10 CFR Part 73. By letter dated September 28, 1989, responding ta RAI Q500.7,
ABB-CE committed to revise CESSAR-DC Section 7.1.2.16.A to reference Appen-
dix 13A and to update original Section 7 which has been incorporated into
Section 5 of Appendix 13A to add:

"The following separate vital plant areas are defined for the System 80+
standard design:

MCR*

remote shutdown control room=
!

Channel A equipment room.

Channel B equipment room*

(- Channel C equipment room*

( Channel D equipment room"=
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"In addition, the following separate plant areas are also provided and
contain restricted plant entry as well as measures to impede forced entry:

computer rooma

Channel X equipment room*

Channel Y equipment room"*

"The Motor Control Centers (MCCs) are similarly located in physically
separate rooms according to control channel assignment (A, B, C, D). Each
room has a single controlled access point to restrict entry."

In RAI Q500.21, the staff then requested the following:

"Considering the guidance of NRC Review Guideline 17 and Utility Require-
ments Document (URD) Chapter 9 Section 5.2.3, include in CESSAR-DC Sec-
tion 13.6 a standard list of vital systems and vital areas for System 80+
to be incorporated into site-specific security plans in place of the list
provided in Response 500.7. Provide a sound technical basis for any
seismic Category I systems that would not be contained within vital
areas."

By letter dated December 17, 1991, ABB-CE replied: "Section 12.3.1.3 of
CESSAR-DC lists the control room, the TSC and the DG rooms as vital areas."
This was not a complete list. The list of vital areas is addressed as part of
DSER Open Item 13.6-2.

The staff notes that ABB-CE addresses guidance dealing with postaccident
radiation levels in pathways to areas vital to postaccident operator activi-
ties (CESSAR-DC Section 12.3.1.3). These are not necessarily the same areas
as those that would be designated as vital for the purpose of meeting the
requirements of 10 CFR 73.55 for physical protection against radiological
sabotage.

In addition to the vital areas listed above, ABB-CE's letter of February 28,
1992, included a proposed Section 1.2.1.4.1.5 (G), which specified that the
combustion turbine generator (CTG) building and its related auxiliary struc-
tures will be designated vital areas, because the CTG provides backup security
system power.

ABB-CE did not clearly identify a standard list of equipment that would be
included in all COL at.plicant lists of vital equipment. In addition, the

equipment that ABB-CE indicated would be identified in the CESSAR-DC as vital
was incomplete; it did not include all seismic Category I equipment. The
staff considers that the systems required to place the reactor in safe
shutdown are vital systems; therefore, the seismic Category I SIS, reactor
protection system, emergency DG and its fuel storage and transfer system,
emergency power storage system, emergency onsite power distribution system,
EFWS, atmospheric steam dump system, safety depressurization system, station
service water system, and component cooling water system should be included in
the System 80+ standard list of vital equipment. In addition, the staff

considers that components necessary for protecting the integrity of the
reactor coolant system (RCS) boundary should be considered vital equipment,
including piping, valves, motor-control centers, and power distribution
components necessary for isolating the RCS. Control stations for vital
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equipment, including the MCR and the remote shutdown panel (RSP), should also '

be in one or separate vital areas. In addition, the spent fuel pool should be
considered vitc1, as well as any other equipment that conforms to the defini-
tion of vital equipment in 10 CFR 73 2 and NRC Review Guideline 17. ABB-CE
needed to submit an acceptable standard list of vital equipment, and develop a
sound technical basis for any seismic Category I systems that would not be .

contained within a vital area. This was designated DSER Open Item 13.6-2. By
Amendments Q and U, ABB-CE added CESSAR-DC Appendix 13B Tables 138-1
through 138-29 that listed vital equipment by major plant systems within the
standard design scope. These tables containing seismic Category I equipment '

defined as vital equipment are consistent with NRC Review Guideline 17. On
this basis, DSER Open Item 13.6-2 is resolved.

(2) y_u_lnerability Analyses

In its " Policy Statement on Severe Reactor Accidents Regarding Future Designs
and Existing Plants," August 8, 1985, the Commission stated: "The issues of
both insider and outsider sabotage threats will be carefully analyzed and,
to the extent practicable, will be emphasized in the design and in the
operating procedures developed for new plants." In Volume II, Chapter 9, Sec-
tion 5.2.2.1 (Rev.1) of the URD, Electric Power Research Institute (EPRI) ,

states: "To optimize system design and compatibility of plant arrangement and -

#system design with sabotage protection, a sabotage vulnerability analysis
shall be conducted prior to finalizing design." In its summary and recommen-
dations on design and equipment, the staff noted in NUREG-1267, " Technical
Resolution of Generic Safety Issue A-29, ' Nuclear Power Plant Design for

O Reduction of Vulnerability to Industrial Sabotage,'" (September 1987) the
potential for insider access to and sabotage of redundant safety systems,
particularly of " systems in standby mode that lack a status ' indicator in the
control room," and recommended a systematic evaluation to identify these types
of vulnerabilities and possible corrective actions.

In CESSAR-DC Appendix 13A Section 6.0 (revised Section 4.0), Item H, ABB-CE
notes that the Nuplex 80+ instrumentation and controls design incorporates
"on-line monitoring of fluid and electrical systems making detection of
sabotage attempts more likely." In RAI Q500.25(b), the staff asked if this
system would enable operators to detect mispositioning of manual isolation .

valves in these systems, and, if not, ABB-CE was asked to discuss the timeli-
ness of discovery should a locked valve outside the containment be either ;

mistakenly or deliberately mispositioned. ABB-CE's February 18, 1992, ;
response to this RAI failed to address timeliness of discovery. Timely -

detection of mispositioned manual valves was designated DSER Open
Item 13.6.2-1. In Amendment T, ABB-CE updated the list of valves in CESSAR-DC
Appendix 13A Section 6 with position indications in the control room. The NRC
staff's review of the list noted that it contained the minimum number of
valves with indication in the control room for vital systems. The additional ;

valve position indication has enhanced the plant design to detect misposi-
tioning of manual isolation valves in a timely manner. On this basis, DSER
Open Item 13.6.2-1 is resolved.

'

, In the discussion of sabotage protection in Appendix 13A revised Section 8.0,
ABB-CE analyzes potential design alternatives but failed to examine the
proposed design for potential sabotage vulnerabilities that perhaps could be i

eliminated by practical design changes. Neither the sabotage ranking analysis

'
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nor the DCM analysis in Appendix 13A considered:

vital components and addressed whether or not they would be susceptible*

to tampering by an insider with authorized access

whether or not timely means would be available to discover and compensate*

for tampering

whether there were any practical design or procedure changes that could*

be made to decrease or eliminate opportunities for tampering or to ensure
the ability to compensate for tampering

Performance of an insider vulnerability analysis was designated as DSER Open
Item 13.6.2-2.

In Amendment T, ABB-CE revised Appendix 13A to incorporate the review for
vulnerabilities to sabotage. The review used the System 80+ PRA as the basis
for determining the vulnerabilities to sabotage. Each dominant accident
sequence was reviewed to identify which sequences could be influenced by an
act of sabotage.

For each accident sequence that could be affected, a strategy was developed to j
limit the effect. The strategy included a review of the design features with '

respect to limiting the effects of acts of sabotage by considering design
enhancements or additional detection of sabotage. Section 7.0 of Appendix 13A
describes the results of this review for each dominant accident sequence.
From this review, ABB-CE incorporated additional valves that will be alarmed
in the control room and would enhance the ability to detect valve mispositions
in critical systems. These valves are listed in Section 6.0 of Appendix 13A.
The final design, however, will still have to rely on site-specific installed i

security systems. As noted in Section 13.6.1 F of CESSAR-DC, a site-specific
vulnerability analysis is required by the COL applicant to ensure that
significant changes do not occur in the sabotage effects on each dominant
accident sequence and, where practical, attempt to optaize the specific site
system arrangements and design with respect to sabotage protection before'

| finalizing the design. The staff intends to review the site-specific vulnera-
bility analysis and final design during its review of the COL site-specific
security, contingency, and guard training plans required by 10 CFR 50.34 and
10 CFR Part 73.

| In its February 18, 1992, response to RAI Q500.32, ABB-CE described alarms
that would indicate to operators in the MCR when the RSP room is accessed.
ABB-CE stated that the four transfer switch rooms previously shown in
CESSAR-DC Figure 9.5.1-3 to be in close proximity to the RSP have been

| eliminated. In Chapter 10, Section 4.9.3.8 of the URD, EPRI stated:
l

Any action taken to enable a remote shutdown station or transfer
| control to it shall be annunciated in the MCR. The man-machine

interface system designer shall make an assessment, using analysis!

and active simulation (including appropriate assumptions regarding
support from security personnel), that the annunciation in the MCR
provides adequate time for the operators and plant security to take
action to prevent a serious accident in the case of unauthorized use
of a remote shutdown station.
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(] With revision to the locations of the transfer switches, ABB-CE considered

(V| that unauthorized transfer of all control to the RSP is not practical. An
adversary outside the MCR cannot prevent reactor trip by operators because the
manual reactor trip pushbuttons in the MCR are never disabled. Controls that
can be transferred from outside the MCR require access to five channelized
instrumentation and control (I&C) equipment rooms and the RSP in separate
locations. Alarms are generated in the MCR when a door to the RSP or to any
of the I&C equipment rooms are opened. In addition, alarms are generated in
the MCR if any of the channel transfers is actuated. The staff agrees that
unauthorized transfer of all control to the RSP is not practical and finds
ABB-CE's response acceptable.

(3) Safetv/Safeouards

ABB-CE paid insufficient attention to possible security system interference
with safe operation of the plant. The access control design criterion
initially described in Appendix 13A Section 2.2, stated that Type I areas
should be minimized, and the approaches to access control presented in
Section 3.0, may result in overcompartmentalization. The staff was concerned
that overcompartmentalization could hinder rapid operator access to safety
equipment.

In its response to RAI Q500.17, ABB-CE proposed several modifications to
Appendix 13A, including adding the following to Section 2.1:

L. The site-specific security plan developed by the site operator shall

O) include an evaluation of the security systems impact on plant operation,
testing, and maintenance, considering all operational modes and/ori

V emergency conditions.

However, in its response to RAI Q500.7, ABB-CE proposed amendments that would
provide each I&C equipment room and each MCC with "a single controlled access
point to restrict entry and incorporate measures to impede forced entry."
Measures to impede forced entry implies a locked door at each point of access
to equipment. In Chapter 9, Section 5.2.4.1 (Rev. 3) of the URD, EPRI
specifies that security doors will not be required for controlling personnel
access between the divisions of vital components.

ABB-CE amended CESSAR-DC to clarify that the System 80+ plant should be
protected against sabotage without relying on locked security doors between
adjacent vital equipment. This was designated as part of DSER Open
Item 13.6-4. In CESSAR-DC Amendments Q and T, ABB-CE revised Sections 1 and 3
to enable the COL applicant to incorporate subcompartmentalization techniques
as necessary to meet the site-specific security program in a balance with
normal and emergency plant operational needs.

Protection for the seismic Category I SIS as described in CESSAR-DC Sec-
tions 6.3.1.2.3 and 6.3.2.6, did not address protection against sabotage.
The staff considers that the SIS is a vital systeni; therefore, as required by
10 CFR 73.55 (c), access to all SIS components, in:luding MCCs and electrical
buses, should require passage through two barriers. (Locked security doors
controlling access between two adjacent vital areas are not desirable, if

.V) access to each vital area is otherwise controlled.) Vital designation of the
SIS system was included in DSER Open Item 13.6-2. By Amendment U, ABB-CE
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designated the SIS as a vital system in CESSAR-DC Section 6.3.1.2.3. The i
inclusion of vital equipment list as described in CESSAR-DC Appendix 13B and I
classification of SIS as a vital system resolves this item.

'

|

O

i

l

|

i

I

I

O
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14 VERIFICATION PROGRAMS

14.1 Preliminary Safety Analysis Report Information

Section 14.1 of a standard safety analysis report is specified in Regulatory
Guide (RG) 1.70, " Standard Format and Content of Safety Analysis Reports," and
the standard review plan (SRP). However, the preliminary safety analysis
report information specified by RG 1.70 is not applicable to either a final
design approval (FDA) or a design certification under 10 CFR Part 52, and
therefore, no information is contained in this section of the CESSAR-DC.

14.2 Initial Test Proarams

The staff reviewed CESSAR-DC Section 14.2, " Specific Information in Final
Safety Analysis Reports," and the applicant's response of February 18, 1992,
to the NRC's request for additional information (RAI), in accordance with
Section 14.2 of the Standard Review Plan, and RG 1.68, Revisica 2, " Initial
Test Programs for Water-Cooled Nuclear Power Plants." SRP Section 14.2
applies to operating license applications. Therefore, some areas of review,
such as an administrative manual that a combined license (COL) applicant would
use to delineate plant operational conditions at which tests are conducted
have not been evaluated. However, the staff identified these issues as COL
action items that have been incorporated into the CESSAR-DC. These will be
addressed by the COL applicant.

In CESSAR-DC Section 14.2, ABB-CE describes the initial test program (ITP) for
the System 80+ plant. The ITP consists of a series of tests categorized as
prerequisite tests, preoperational tests, fuel loading and post-core hot
functional tests, initial criticality and low-power physics tests, and power
ascension tests. The prerequisite tests determine proper installation and
functional operability of equipment. Preoperational tests are those tests '

normally conducted before fuel loading to demonstrate that plant systems
operate in accordance with the design. Fuel loading and post-core hot
functional tests offer a systematic approach for safely accomplishing and
verifying the initial fuel loading and offer additional assurances that plant
systems function as expected. Initial criticality and low-power physics tests
ensure that criticality is achieved in a safe and controlled manner and verify
selected core design parameters. Power ascension tests demonstrate that the
integrated plant operates in accordance with the design. This section
documents the staff's evaluation of the System 80+ ITP, including the ABB-CE
responses to the staff's RAI.

,

The ITP described in CESSAR-DC Section 14.2 offers sufficient detail with
respect to all test descriptions to enable the staff to determine the adequacy
of all the test abstracts. The staff concludes that the described ITP is
generally comprehensive, answers all the RAI questions and all the open and
confirmatory items from the draft safety evaluation report (DSER), and covers
all areas of staff concern. The evaluation includes the resolution of theO CESSAR-DC sections that the staff initially found needed modifications andV additional information.
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The section numbers in this Chapter correspond to those in the CESSAR-DC, as
closely as possible.

14.2.1 Test Program and Objectives

The ITP includes testing activities commencing with the completion of
construction and installation, and ending with the completion of the power
ascension testing. This test program demonstrates that components and systems I
operate in accordance with design requirements and meet the requirements of |
SRP Section 14.2. It also aids in the establishment of baseline performance |
data and serves to verify that normal operating and emergency procedures |

accomplish their intended purposes. The ITP consists of prerequisite testing l

plus the following four phases:
|

Phase I: Preoperational Testing
,

.

Phase II: Fuel Loading and Post-Core Hot Functional Testing !
a

Phase III: Initial Criticality and Low-Power Physics Testing=

Phase IV: Power Ascension Testing=

Prerequisite testing consists of tests and inspections required to ensure
construction is complete and that systems are ready for Phase I testing.

Phase I demonstrates that structures, systems, and components (SSCs) operate
in accordance with design operating modes throughout the full design operating
range. Where required, simulated signals or inputs are used to demonstrate
the full range of the systems that are used during normal operation. Systems
that are not used during normal plant operation, but that must be in a state
of readiness to perform safety functions, are checked under various modes and
test conditions before fuel is loaded. Preoperational testing ensures that
systems and equipment perform in accordance with the safety analysis report.
Test results are analyzed to verify that systems and components are performing
satisfactorily, and if they are not, to provide a basis for recommended
corrective actions. Upon completion of the spect 'ic preoperational testing, a
series of integrated system tests, typically termed " pre-core hot functional
testing," is performed to verify proper systems operation before fuel is
loaded.

Phase II is a systematic process for safety accomplishing and verifying the
initial fuel loading. The post-core hot functional tests are performed
between initial fuel loading operations and initial criticality to verify that
plant systems necessary for normal plant operation function as expected and to
obtain performance data on core-related systems and components.

Phase III of the startup test program assures that criticality it achieved in
a safe and controlled manner. After initial criticality is achieved, a series
of low-power physics tests are performed to verify selected core design
parameters. These tests substantiate the safety analysis and technical
specifications. They also demonstrate that core characteristics are within
expected limits and produce data for benchmarking the design methodology used
for predicting core characteristics later in life.

Phase IV brings the reactor to full power. Testing is performed at plateaus
of approximately 20 , 50 , 80 , and 100-percent power to demonstrate correct
performance of the facility during steady-state conditions and such
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anticipated t ansients as reactor trips (scrams) from full power and loss of ig .

t i offsite power.

The objectives for the ITP stated in CESSAR-DC Section 14.2.1 conform to the I

applicable parts of SRP Section 14.2.

14.2.2 Organization and Staffing

In CESSAR-DC, ABB-CE adequately describes the typical licensee's organization
and staffing for a System 80+ plant. The management organization designates a
senior level manager who has overall responsibility for defining the
responsibilities, requirements, and working relationships necessary to safely
and efficiently design, construct, start up, operate, maintain, and modify the
nuclear power plant. This manager is assisted by other senior level managers
responsible for developing test procedures and other related documentation for
the ITP. ITP procedures are developed by the Operations Department with
assistance from the nuclear steam supply system vendor, the architect-
engineer, and other vendors as required. The startup organization comprises
system engineers who have assigned responsibility for specific systems and
startup engineers who have responsibility for testing activities and specific
tests. Other groups assisting in the development of the ITP include the Test
Working Group which gives advice on the technical adequacy of the ITP and the
Plant Review Board which provides high-level review and approval of the ITP.
In accordance with the review guidance provided in SRP Section 14.2 and
RG 1.68, Revision 2, the staff finds that the description of the site
organization and staffing is acceptable. The COL applicant is responsible for
developing the specific organization and staffing levels appropriate for itsn

(V) facility. The plant organizational staff will be utilized to the extent
practicable during the conduct of the ITP.

14.2.3 Test Procedures

In CESSAR-DC, ABB-CE describes the methods the COL applicant can use for
preparation and organizational approval of prerequisite test procedures,
Phases I through IV test procedures, and special test procedures. The staff
concludes that the methods described for preparing and approving test
procedures are acceptable.

The COL applicant is responsible for assurir.g tne preparation and designation
of the approval process for prerequisite ar,d Phases I and IV test procedures.
The COL applicant will also submit precperational and startup test summaries
that contain testing objectives and acceptance criteria applicable for its
secpe of the plant design. The COL appiicant will need to submit the
following for NRC staff review:

(1) Phase I preoperational test procedures approximately 60 days before
their intended use and Phases II through IV startup test procedures

1

approximately 60 days before fuel loading. This is COL Action !
Item 14.2.3-1. ;

(2) the scoping documents (i.e., preoperational and startup test ;

specifications) containing testing objectives and acceptance criteria(s applicable to its scope of design responsibility. This is COL Action
Item 14.2.3-2.'
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(3) the startup administrative manual (procedures) and any other documents
that delineate plant operational conditions where tests are to be
conducted, testing methodologies to be utilized, specific data to be
collected, and acceptable data-reduction techniques to be reviewed by
the staff at the time of the combined license. This is COL Action
Item 14.2.3-3.

(4) any reconciliation methods needed to account for test conditions,
methods, or results if testing is performed at condition other than
representative design operating conditions. This is COL Action
Item 14.2.3-4.

14.2.4 Conduct of Test Program

In CESSAR-DC, ABB-CE describes a general methodology for carrying out test
procedures once they have been cleared for performance. This includes
descriptions of such plant personnel as the test director, the startup
engineer, the operating shift supervisor, and other plant testing staff
responsible for conducting the test program in a safe manner. ABB-CE also
discusses methods to control signoff provisions, maintenance and modification
procedures, and test performance.

In accordance with the review guidance provided in SRP Section 14.2 and
RG 1.68, Revision 2, the staff concludes that the provisions described by
ABB-CE for conducting the test program are acceptable. The COL applicant is
responsible for planning the plant startup program appropriate for its
facility. This is COL Action Item 14.2.4-1.

14.2.5 Review, Evaluation, and Approval of Phases I Through IV Test Results

In CESSAR-DC, ABB-CE states that test results for each phase of the test
program should be reviewed and verified to be complete and satisfactory before
the next phase is started. This is the responsibility of the COL applicant.
Preoperational testing on a system will not normally begin until all
applicable prerequisite tests have been completed, reviewed, and approved.
Before initial fuel loading and the commencement of initial criticality, the
Test Working Group will conduct a comprehensive review of required completed
preoperational procedures. This review will ensure that required plant
systems and structures will be capable of supporting the initial fuel loading
and subsequent startup testing.

It is intended that Phase I testing be completed before commencing initial
fuel loading. If prerequisite and Phase I testing are incomplete at initial
fuel loading, provisions for carrying over testing will be planned and
approved in accordance with the site-specific administrative procedures.

The staff asked ABB-CE to modify CESSAR-DC Section 14.2.5 to state that
Phase I testing (including the review and approval of the test results) must
be completed before fuel loading and, if portions of any preoperational tests
are intended to be conducted, or their results approved, after fuel loading,
to require the COL applicant referencing the System 80+ design certification
to (1) list each test, (2) state which portions of each test will be delayed
until after fuel loading, (3) give technical justification for delaying these .

'

portions, and (4) state the power level at which each test will be completed.
I
,
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ABB-CE revised CESSAR-DC Section 14.2.5, " Review, Evaluation, and Approval ofc

( Phases I Through IV Test Results," by adding the following paragraph:
v

A listing will be provided in the Phase I Test Results Report
stating which tests or portions of a test will be delayed until
after fuel loading. A technical justification will be provided
along with the anticipated power level / mode [at which] the test
will be performed. This will be approved by the plant review
bcard as stated previously in Section 14.2.2.8.

The staff found this change unacceptable and asked ABB-CE to clearly
acknowledge in CESSAR-DC Section 14.2.5 or CESSAR-DC Section 14.2.11 that
Phase I testing (including the review and. approval of the test results) is
required before fuel loading. The staff concluded that any preoperational
tests or portions of these tests to be carried over after fuel load must be
identified, and appropriate justification must be given during the application
process. It is not appropriate to make such changes to the ITP during the
conduct of preoperational testing. This was designated as DSER Open
Item 14.2.5-1.

ABB-CE revised CESSAR-DC Section 14.2.5 in Amendment L. The staff reviewed
the revision and noted that all Phase I preoperational and prerequisite
testing would be completed before fuel would be loaded and that any required
carryover testing will be identified, justified, approved, and made available
for NRC review before commencement of fuel loading. In accordance with the
review guidance provided in SRP Section 14.2 and RG 1.68, Revision 2, the

o staff finds this changi acceptable. On this basis, DSER Open Item 14.2.5-1 is
(q,-) resolved,

,

| 14.2.6 Test Records

The operator of the plant is responsible for retaining the test records for
the life of the plant. This is COL Action Item 14.2.6.1.

14.2.7 Conformance of Test Program With Regulatory Guides

The ITP is consistent with the recommendations of the following regulatory
guides associated with startup (with exceptions as noted and revisions as
specified in CESSAR-DC Table 1.8-1): 1.9, 1.18, 1.20, 1.30, 1.41, 1.52, 1.68,
1.68.2, 1.68.3, 1.79, 1.108, 1.116, 1.118, and 1.140.

The staff had determined, however, that the applicant needed to address the
following specific issues:

(1) The exception to RG 1.68, " Initial Test Programs for Water-Cooled
Nuclear Power Plants," Revision 2, Appendix A, Section 5.a. should have
been revised to include testing at 20-percent and 80-percent power for
the first-of-a-kind plant. For follow-on plants, reduced testing
(50-percent, 100-percent) is appropriate only if more-stringent
requirements are met for these conditions.

ABB-CE stated that the System 80+ plant is considered a " follow-on" l
(m) plant for which testing at 50-percent and 100-percent power, to '

V determine that power reactivity coefficients are in accordance with the
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design safety analysis, is acceptable only if more-stringent
requirements are met for these conditions.

The staff determined that the applicant should have described these
more-stringent requirements in the appropriate test abstract (s). This j
was designated as DSER Open item 14.2.7-1. 1

By reviewing the applicant's revision to CESSAR-DC Section 14.2.7.1.4,
" Reference Appendix A, Section 5.a" (Amendment L), the staff verified
that reduced power reactivity coefficient testing for follow-on plants
can be performed at 50-percent and 100-percent power levels if
measurements of temperature reactivity coefficients at essentially zero

.

|
reactor power are within the acceptance criteria established for follow-
on plants. Reactivity coefficients are given in CESSAR-DC Table 14.2-6,
" Physics (Steady State) Test Acceptance Criteria Tolerances." The staff
concludes that the power and temperature reactivity coefficient
acceptance criteria tolerances in CESSAR-DC Table 14.2-6 are acceptable.
In accordance with the review guidance provided in SRP Section 14.2 and
RG 1.68, Revision 2, the staff concludes that the changes to CESSAR-DC
Section 14.2.7.1.4 (including the reactivity coefficients and
tolerances) are acceptable. On this basis, DSER Open Item 14.2.7-1 is
resol ved.

(2) RG 1.95, " Protection of Nuclear Power Plant Control Room Operators
Against an Accidental Chlorine Release," should have been listed among
the applicable guides in accordance with SRP Section 14.2.

ABB-CE stated their intent to revise CESSAR-DC Section 14.2.7 to address
RG 1.95. The staff reviewed the proposed changes and determined they
were acceptable subject to incorporation into a CESSAR-DC amendment.
This was designated as DSER Confirmatory Item 14.2.7-1.

The staff reviewed CESSAR-DC Section 14.2.7, Amendment L, and verified
that RG 1.95 has been added to the list of applicable regulatory guides.
The staff finds this change acceptable. On this basis, DSER
Confirmatory Item 14.2.7-1 is resolved.

(3) RG 1.139, " Guidance for Residual Heat Removal," should have been listed
among the applicable guides in accordance with SRP Section 14.2.

ABB-CE stated their plan to revise CESSAR-DC Section 14.2.7 to address
RG 1.139.

:
' The staff reviewed the proposed changes and determined they were

acceptable subject to incorporation into a CESSAR-DC amendment. This
| was designated as DSER Confirmatory Item 14.2.7-2.

The staff reviewed CESSAR-DC Section 14.2.7, Amendment L, and verified
that RG 1.139 has been included in the list of applicable regulatory
guides. The staff finds this change acceptable. On this basis, DSER
Confirmatory Item 14.2.1-2 is resolved.

14.2.8 Utilization of Reactor Operating and Testing Experience in the
Development of Initial lest Program

ABB-CE System 80+ FSER 14-6 June 1994
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ABB-CE will continually send feedback to its startup organization during the[ ,) development and execution of the ITP. This information reflects both ABB-CE
(/ operating and test experience and industrywide experience concerning

pressurized-water reactors.

This review is performed by circulating licensee event reports (LERs) or i
summaries of LERs and NRC bulletins, circulars, and information notices to
appropriate personnel so that pertinent information can be utilized in the
startup program.

!

The utilization of reactor operating and testing experience in the development |of the test program complies with Section 14.2 of the SRP. |

14.2.9 Trial Use of Plant Operating and Emergency Procedures

In the CESSAR-DC, ABB-CE states that the COL applicant will develop a schedule
for the development of plant operating and emergency procedures. This will
allow sufficient time for trial use of these procedures during the ITP. The
objectives for using the operating and emergency procedures during the ITP are
to familiarize the plant operating and technical staff with the operation of
the facility and to verify by trial use, to the extent practical, that the
plant operating and emergency procedures are adequate. The COL applicant will
need to develop a method to accomplish these objectives. This is COL Action
Item 14.2.9-1.

14.2.10 Initial Fuel Loading and Initial Criticality

n) ABB-CE described the methods the COL applicant will use to control initial(
\_/ fuel loading and initial criticality. ABB-CE also describes the safe loading

criteria, fuel loading procedures, and the safe criticality criteria. In
accordance with the review guidance provided in SRP Section 14.2 and RG 1.68,
Revision 2, the staff concludes that the description of the methods that the
COL applicant will use to control initial fuel loading and initial criticality
is acceptable. Overall direction, coordination, and control of the initial
fuel loading and initial criticality activities are the responsibility of the
COL applicant. ABB-CE will provide any technical assistance needed during the
initial fuel loading and initial criticality activities. The COL applicant
will need to prepare a startup administrative manual (procedures) and any
other documents that delineate the methods of controlling prefuel load checks,
initial fuel loading, precritical testing, and initial criticality. The NRC
staff will review this information before issuing a combined license. This is
COL Action Item 14.2.10-1.

14.2.11 Test Program Schedule

The test program schedule for plant startup will be developed by the COL
applicant to allow sufficient time to systematically perform the required
testing for Phases I through IV testing. Phase I test procedures are
scheduled to be approved and available for NRC review approximately 60 days
before their intended use. Phases II through IV test procedures are scheduled
to be approved and available for NRC review approximately 60 days before fuel
loading. In accordance with the review guidance provided in SRP Section 14.2.pi and RG 1.68, Revision 2, the staff concludes that this is acceptable. The COL

V applicant will also need to prepare a startup administrative manual and other ;

1
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documents that delineate the test program schedule for staff review. This is
COL Action Item 14.2.11-1.

14.2.12 Test Abstracts

14.2.12.1 Individual Test Descriptions

In CESSAR-DC Section 14.2.12 and in a letter dated February 18, 1992,
responding to an NRC request for additional information, ABB-CE submitted an
abstract of the individual preoperational tests, post-core hot functional
tests, low-power physics tests, and power ascension tests.

The staff asked ABB-CE to modify CESSAR-DC Section 14.2.12 so that the test
abstracts address the following concerns:

(1) Preoperational test prerequisites include the requirement that support
systems required for system testing are complete and operational. This
level of detail in the test abstracts is insufficient to determine
conformance with RG 1.68, Position C.2. The staff asked the applicant
to address generic support system requirements in CESSAR-DC
Section 14.2.12.1, and advised that the individual test abstracts should
address specific support system requirements.

In CESSAR-DC Section 14.2.12.1, ABB-CE states that the test descriptions
(scenarios) are test guides or abstracts that identify the scope of
testing. They are not intended to give detailed information on the
conduct of each test. The test guidelines developed from these
abstracts will produce the level of detail necessary to describe
(identify) more " specific" support system requirements. People who have
appropriate technical background and experience will develop detailed
preoperational test procedures from these guidelines. Therefore,
support system wording will remain as is. Those tests that do not
address construction activities completely (to the degree that
outstanding construction items could not be expected to affect the
validity of test results) will be modified in the next revision of
CESSAR-DC Chapter 14 in order to support RG 1.68, Position C.2.

In the DSER, the staff asked ABB-CE to identify support systems required
to be available for designated test phases as prerequisites for that
test phase, and additional support systems required to be available for
individual tests as prerequisites for these tests. This was designated
as DSER Open Item 14.2.12.1-1.

By reviewing ABB-CE's response dated January 26, 1993, the staff verified that
the preoperational test abstracts identified general prerequisites. The staff
also verified that the preoperational testing sequence ensures that required i

,

supporting systems are available and operable to the extent necessary to |

perform a specific test. Upon completion of preoperational testing, plant
systems are essentially operational and, consequently, available to support
the subsequent post- core hot functional, low-power physics and power
ascension testing. ABB-CE's response also stated that detailed test
procedures would summarize specific prerequisites based on the associated test
methodology. ABB-CE also submitted CESSAR-DC Table 14.2.7, " Matrix of Support
Systems Recommended for Preoperational Tests," to identify the major support |

|
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m systems (not all inclusive) required for each preoperational test.

The staff concludes that test prerequisites for support systems contained in ,

'CESSAR-DC Section 14.2.12.1, "Preoperational Tests," should also be
incorporated into CESSAR-DC Table 14.2.7. The individual preoperational test
abstracts should also be modified to include the applicable prerequisite
information from Table 14.2.7. The applicant responded in a letter dated
April 21, 1993, by appropriately clarifying Table 14.2.7, and the prerequisite
information in Section 14.2.12.1. The revisions to Table 14.2.7 and
Section 14.2.12.1 were subsequently incorporated into CESSAR-DC in
Amendment O. The staff verified that the applicant included the appropriate
test prerequisite requirement revisions in Section 14.2.12.1 and Table 14.2.7.
Based on this verification, the staff concludes that the revisions are
acceptable in accordance with the review guidance provided in SRP Section 14.2
and RG 1.68, Revision 2. On this basis, DSER Open Item 14.2.12.1-1 is
resolved.

(2) Several test abstracts contain imprecise acceptance criteria (e.g.,
' acceptable," " allowable," " anticipated," " design," " estimated,"
" expected," " manufacturer's instructions," " proper," " selected,"
"specified," "within assumed uncertainties," "within limits"). The
staff asked the applicant to modify individual test abstracts to specify
the bases for determining acceptable system and component performance.
Acceptable criteria include specific references to regulatory guides,
technical specifications, assumptions used in the safety analysis, other
sections of the CESSAR-DC, and applicable codes and standards.

U) ABB-CE stated that the preoperational test acceptance criteria have been
reviewed and the criteria identified in CESSAR-DC Sections 14.2.12.1,
14.2.12.2, 14.2.12.3, and 14.2.12.4 require revision. ABB-CE stated
that CESSAR-DC Chapter 14 would be revised to reference test acceptance
criteria compliance with regulatory guides, technical specifications,
assumptions used in safety analysis, other CESSAR-DC sections, and
applicable codes and standards. This was designated as DSER Open
Item 14.2.12.1-2.

The staff reviewed the revised test abstracts submitted by ABB-CE and
determined that several acceptable changes had been made, but that not all of
the test abstracts werc inodified with the appropriate acceptance criteria
information. The staff asked ABB-CE to modify the acceptance criteria
information for the test abstracts listed below to specify the bases for
determining acceptable system and component performance.

Test 14.2.12.1.6, CVCS Purification Subsystem Test*

Test 14.2.12.1.9, Chemical Addition Subsystem Test*

Test 14.2.12.1.50, Remote Shutdown Panel*
s

Test 14.2.12.1.58, Pre-Core Reactor Coolant System Heat Loss*

Test 14.2.12.1.75, Feedwater Heater and Drains System Test*

i

Test 14.2.12.1.91, Heat Tracing Systems Test !
*

Test 14.2.12.1.137, Mid-Loop Operations Verification Test*

Test 14.2.12.3.1, Low-Power Biological Shield Survey Test*

o Test 14.2.12.4.5, Turbine Trip Test*

i *

(d Test 14.2.12.4.6, Unit Load Rejection Test

i
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By letter dated April 21, 1993, ABB-CE submitted a draft that included the
appropriate cross-reference to other sections of CESSAR-DC that describe
acceptance criteria in Chapter 14 for eight of the tests listed above.
Adequate cross-references were not submitted for CESSAR-DC
Sections 14.2.12.4.5, " Turbine Trip Test," and 14.2.12.4.6, " Unit Load
Rejection Test." By letter dated May 4, 1993, ABB-CE submitted cross-
references to acceptance criteria for these two tests in CESSAR-DC Chapter 15.
All of the cross-references were incorporated into CESSAR-DC in Amendment 0.
The staff also found additional CESSAR-DC cross-references for various testing
methods and their associated acceptance criteria for 37 preoperational and
startup tests that needed to be incorporated into CESSAR-DC Section 14.2.'

These additional cross-references were sent in a letter to the applicant dated
September 9, 1993. In response, ABB-CE submitted additional cross-references
in CESSAR-DC Amendments T and U. The changes to CESSAR-DC are acceptable. On
this basis, DSER Open Item 14.2.12.1-2 is resolved.

(3) By letter dated February 18, 1992, ABB-CE submitted test abstracts in a
response to RAI Q640.6. The staff reviewed the responses to verify that
the test abstracts provided more detailed test acceptance criteria and
found them acceptable in accordance with the review guidance provided in
SRP Section 14.2 and RG 1.68, Revision 2. However, the CESSAR-DC needed
to be updated to reflect ABB-CE's response. This was designated as DSER
Confirmatory Item 14.2.12.1-2.

ABB-CE incorporated the test abstracts into the CESSAR-DC (Amendment J), and
the staff finds this acceptable. The status of the acceptability of each of
these test abstracts is the subject of DSER Open Item 14.2.12.1-1 and
14.2.12.1-2 indicated above, and also the DSER open items described below
under Section 14.2.12.2 of this report. On this basis, DSER Confirmatory
Item 14.2.!2.1-1 is resolved.

The staff asked ABB-CE to identify startup tests listed in CESSAR-DC
Section 14.2.12.2 that are not essential to the demonstration of conformance
with design requirements for structures, systems, components, and features,
but that meet any of the following criteria:

startup tests that will be used for safe shutdown and cooldown of the*

reactor under normal plant conditions and for maintaining the reactor in
a safe condition for an extended shutdown period

startup tests that will be used for safe shutdown and cooldown of thea

reactor under transient (infrequent or moderately frequent events)
|

conditions and postulated accident conditions and for maintaining the
reactor in a safe condition for an extended shutdown period following
such conditions

startup tests that will be used for establishing conformance with safety=

limits or limiting conditions for operation that will be included in the
facility technical specifications

startup tests that are classified an engineered safety features or willa

be used to support or ensure the operations of engineered safety
features within design limits
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startup tests that are assumed to function or for which credit is taken*

(n in the accident analysis for the facility, as described for thei
V System 80+ standard design

startup tests that will be used to process, store, control, or limit the !=

release of radioactive materials

ABB-CE identifies Startup Test 14.2.12.2.1, " Post-core Hot Functional Test
Controlling Document," as the only test that belongs in this category since it
is an administrative procedure used to direct the operation of the plant
systems during the post-core load testing period. This item is acceptable
subject to its incorporation into the CESSAR-DC. This was designated as DSER
Confirmatory Item 14.2.12.1-2.

The staff later determined that the information concerning tests not essential
to the demonstration of conformance with design requirements for SSCs but that
meet one of the preceding criteria, was not required to demonstrate compliance
with RG 1,68 (Rev. 2). The information was not needed for the staff to make a
safety determination. On this basis, DSER Confirmatory Item 14.2.12.1-2 is
resolved.

The staff also determined that both the pre-core and post-core hot functional
tests controlling documents are administrative test procedures used to
demonstrate the integrated operation of plant primary, secondary, and
auxiliary systems preceding initial criticality. Therefore, these
administrative procedures are essential to the demonstration of conformance

p with design requirements for SSCs and features important to safety. These
; y procedures also address the guidance of RG 1.68, Position C.4, " Test
V Procedures." The applicant responded in Amendment T by adding

Section 14.2.7.1.13, " Test Procedures," which stated " Test
summaries 14.2.12.2.1, Post-Core Hot Functional Test Controlling Document
and 14.2.12.1.48, Pre-Core Hot Functional Test Controlling Document are
essential to the demonstration of conformance with requirements for SSCs and
features important to safety." Further discussions on clarifications to
RG 1.68 commitments with respect to the use of the controlling documents were
also given in CESSAR-DC Section 14.2.7. The staff also determined that more
details on the controlling documents would be included in the startup
administrative manual which will be supplied by the COL applicant. Therefore,
the clarifications in CESSAR-DC Section 14.2.7 are acceptable.

14.2.12.2 Conformance of the CESSAR-DC With RG 1.68, Revision 2

The staff reviewed the preoperational and startup test phase descriptions and
found that the operability of several of the systems and components listed in
RG 1.68 may not be adequately demonstrated by the tests described in the
CESSAR-DC.

The staff asked ABB-CE to either expand the test descriptions to address the
following items, insert cross-references in CESSAR-DC Section 14.2.12 if
complete test descriptions for the following items are given elsewhere in the
CESSAR-DC, or modify CESSAR-DC Section 14.2.7 and CESSAR-DC Table 1.8-1, as

n\ appropriate, to provide technical justification for any exception to RG 1.68, !

(d Revision 2. Therefore, the following items should be reflected in a revision |
to the CESSAR-DC. (Note: Each item is numbered in accordance with RG 1.68, 1

!

i
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Revision 2.)

1.h.(4) Hydronen mitication systems (Revision to Sections 14.2.12.1.112 and
14.2.12.1.lln

ABB-CE revised CESSAR-DC Sections 14.2.12.1.112 and 14.2.12.1.113 in
Amendment J to address tests and acceptance criteria for the hydrogen|

| mitigation system and the containment hydrogen recombiner system. In
' accordance with the review guidance provided in SRP Section 14.2 and RG 1.68,

Revision 2, Appendix A, Regulatory Position 1(h).(4), the staff finds the
proposed revisions to the test abstracts and their acceptance criteria are
acceptable.

1.h.(5) Cold water interlock 1

ABB-CE stated that cold water interlocks are not applicable.
-

ABB-CE was asked to identify this exception to RG 1.68, Appendix A, in
CESSAR-DC Section 14.2.7, "Conformance of Test Programs With Regulatory
Guides."

By letter dated April 21, 1993, ABB-CE submitted a draft of
Section 14.2.7.1.9, which states " Cold Water interlocks are not applicable to
the System 80+ design. This testing will not be performed as it is not
appl icable. " This is acceptable. This information was incorporated into
CESSAR-DC in Amendment O. On this basis, DSER Confirmatory Item 14.2.12.2-1
is resolved..

l.h.(8) Holdun volume tank and cavity floodino system.

ABB-CE revised CESSAR-DC Section 14.2.12.1.42 in Amendment J to include tests
for the holdup volume tank and the cavity flooding system. The staff reviewed
the new material; it is acceptable.

1.1.(2) Containment isolation valve functional and closure timino.

ABB-CE added Section 14.2.12.1.140 in Amendment J of the CESSAR-DC to include
valve functional and closure timing tests. The staff reviewed the new
material; it is acceptable.

1.1.(8) Primary and secondary containment isolation actuation system (CIAS)
logic

*

ABB-CE stated that containment isolation actuation testing is performed as
part of the engineered safety features component control system (ELF-11CCS)
test, CESSAR-DC Section 14.2.12.1.25.

The staff has determined that CESSAR-DC Section 14.2.12.1.25 does include
testing of the trip logic and actuation for the CIAS. This is acceptable.

1.i.(21) Containment penetration coolina system

ABB-CE stated that a containment penetration cooling system is not applicable
because System 80+ does not require such a system.
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The staff asked the applicant to identify this exception to RG 1.68, Appendix-m

(V) A, in CESSAR-DC Section 14.2.7, "Conformance of Test Programs With Regulatory
Guides." This was designated as DSER Confirmatory Item 14.2.12.2-2.

By letter dated April 21, 1993, ABB-CE submitted a draft of
Section 14.2.7,1.10, which stated "A containment penetration cooling system is
not a design requirement for the CE System 80+. This testing will not be
performed as it is not applicable." This information was incorporated into
CESSAR-DC in Amendment 0. This is acceptable. On this basis, DSER |
Confirmatory Item 14.2.12.2-2 is resolved. ;

1

1.j.(7) Leak detection systems used to detect failures in emeraency core

coolina system (ECCS) and containment recirculatina sorav systgma
located outside containment.

In Amendment J, ABB-CE revised CESSAR-DC Section 14.2.12.1.84 to address sump
level instrumentation. Alarms and interlocks are tested and verified operable
per design for the equipment and floor drainage system. These changes are
acceptable.

1.j.(12) Failed fuel detection system.

In Amendment J, ABB-CE revised CESSAR-DC Sections 14.2.12.1.19 and
14.2.12.1.118 to include test objectives, prerequisites, and acceptance
criteria for the letdown process radiation monitor system and acceptance i

criteria for the airborne and area radiation monitors. These changes are '

n acceptable.

1.J.(20) Instrumentation used to detect external and internal floodino
conditions

In Amendment J, ABB-CE revised CESSAR-DC Section 14.2.12.1.84 to address this
issue. Objectives and test methods were revised to demonstrate that system

,

I

segregation is maintained in the equipment and floor drainage system. These
changes are acceptable. |

1.j.(22) Instrumentation that can be used to track the course of oostulated
accidents.

In Amendment J, ABB-CE added CESSAR-DC Section 14.2.12.1.141, " Post Accident
Monitoring Instrumentation Test," to address this issue. This change is '

acceptable.

1.k.(2) Personnel monitors and radiation survey instruments

ABB-CE stated that personnel monitors and radiation survey instruments are
site-specific items to be addressed by the COL applicant.

The staff asked ABB-CE to identify this item as a site-specific item for which
the COL applicant referencing the System 80+ design certification will submit
the required test abstract.

,O ABB-CE sent a letter to the NRC dated January 18, 1992, to address this as ab COL applicant issue. ABB-CE proposed to add the following statement in their

ABB-CE System 80+ FSER 14-13 June 1994

-



_ - _

draft revision, " Personnel monitors and radiation survey instruments are site-
specific items to be addressed by the COL applicant. The COL applicant will
define the appropriate testing to demonstrate proper operation of personnel
monitors and radiation survey instruments." This response is acceptable.
This DSER open item created COL Action item 14.2.12.2-1. ABB-CE incorporated
this COL applicant information into the CESSAR-DC in Amendment L. On this
basis, DSER Open Item 14.2.12.2-1 is resolved,

l.m.(8) Fuel handlina eauipment operability at 100-oercent load.

In Amendment J, ABB-CE revised CESSAR-DC Section 14.2.12.1.99, " Fuel Handling
Cranes Test," to address operability of cranes at 100-percent load.
Additional test methods include a 150-percent static load test, a 100-percent
rated load test, and verification on operability of protective and safety
devices. This is acceptable.

1.n.(8) Seal water systems

ABB-CE stated that the reactor coolant pump (RCP) seal injection system is
included as part of the chemical and volume control system (CVCS) charging
subsystem and testing described in CESSAR-DC Section 14.2.12.1.8.

The staff has verified that CESSAR-DC Section 14.2.12.1.8 does include
adequate testing of the RCP seal injection functions of the CVCS. This
response is acceptable.

1.n.(15) Shield coolina systems

ABB-CE stated that shield cooling systems are not applicable because no such
system is required for System 80+.,

| In the DSER, the staff asked ABB-CE to identify this exception to RG 1.68,
! Appendix A, in CESSAR-DC Section 14.2.7, "Conformance of Test Programs With

Regulatory Guides." This was designated as DSER Confirmatory
Item 14.2.12.2-3.

By letter dated April 21, 1993, ABB-CE submitted a draft of
Section 14.2.7.1.11, which states "A shield cooling system is not a design
requirement for the System 80+. This testing will not be performed as it is
not applicable." ABB-CE incorporated this information into CESSAR-DC in
Amendment 0. This is acceptable. On this basis, DSER Confirmatory Item
14.2.12.2-3 is resolved.

l.o.(1) Egactor component eauipment operability at 100-oercent load.

In Amendment J, ABB-CE revised CESSAR-DC Section 14.2.12.1.98, " Containment
Polar Crane Test," to include performing an operational test of the polar
crane at a 150-percent crane static load capacity test and a 100-percent crane
rated load test. This is acceptable.

2.g Final calibration and proper operation of associated alarms and
protective functions of source and intermediate rance neutron flux

monitors
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l

n In Amendment J, ABB-CE submitted a response to this item in CESSAR-DC
/V) Section 14.2.12.2.11. " Post-Core Ex-Core Nuclear Instrumentation Test." The

staff reviewed the changes submitted for source and intermediate range neutron
flux monitors in CESSAR-DC Section 14.2.12.2.11. These changes are
acceptable.

2.c Final functional testina of the reactor orotection system to demonstrate
proper trio ooints. loaic. and operability of scram breakers and valves:
operability of manual scram functions

ABB-CE stated their intent to add a new CESSAR-DC Section 14.2.12.2.11, " Post-
core Plant Protection (PPS) Test," to address this item. This was desigrated
as DSER Open Item 14.2.12.2-2.

The staff verified that Amendment J to CESSAR-DC contained test abstract
14.2.12.2.11, " Post-core Ex-core Nuclear Instrumentation System Test." This
test abstract verifies proper functional performance of the excore nuclear
instrumentation system. However, the applicant did not submit adequate
information concerning testing of the PPS in this test abstract.
Subsequently, ABB-CE included in CESSAR-DC (Amendment Q) post-fuel loa'd
testing of the PPS in CESSAR-DC Section 14.2.12.29, " Post-core Instrument
Correlation," including cross-reference acceptance criteria information to
CESSAR-DC Sections 7.2 and 7.7. This is acceptable. On the basis, DSER Open
Item 14.2.12.2-2 is resolved.

4.1 Operability of the control rod withdrawal and insertion secuencer and
i

- control rod withdrawal inhibit or block functions over the reactor oower i

l l level ranae durina which such features must be operable !(
ABB-CE stated that these features are not operable at low power; therefore, no
testing is performed. '

In the DSER, the staff asked ABB-CE to provide a test abstract to address this
item which is scheduled to be conducted at the appropriate reactor power level
range during which such features must be operable. This was designated as
DSER Open Item 14.2.12.2-3.

ABB-CE responded by letter dated January 26, 1993, and the staff verified that
control rod operability testing is specified in the CESSAR-DC test
abstract 14.2.12.2.4. This information was incorporated into CESSAR-DC in
Amendment O. This is acceptable. On this basis, DSER Open Item 14.2.12.2.3
is resolved.

i

1

Furthermore, the applicant was asked to identify this exception to RG 1.68,
Appendix A, in CESSAR-DC Section 14.2.7, "Conformance of Test Programs With
Regulatory Guides." This was designated as DSER Confirmatory
Item 14.2.12.2-4.

ABB-CE responded by letter dated January 26, 1993, and the staff noted that
ABB-CE intends to add Section 14.2.7.1.12, Reference Appendix A, Section 4.1,
to state: " Demonstration of the operability of control rod withdraw and
insertion sequence and control rod inhibit or block functions is performedp) during precritical functional testing. The reactor power level range during(V which such features must be operable is performed using simulated signals, as
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required." This response is acceptable. ABB-CE incorporated this information |
into CESSAR-DC in Amendment O. On this basis, DSER Confirmatory Item i

14.2.12.2-4 is resolved.
,

4

4.t Natural circulation tests of the reactor coolant system

In CESSAR-DC Table 14.2-5, ABB-CE identifies the natural circulation test, but
a test abstract for circulation was not submitted in CESSAR-DC
Section 14.2.12. The applicant prepared a new CESSAR-DC Section 14.2.12.4.23,
" Natural Circulation."

In accordance with the review guidance provided in RG 1.68, Revision 2,
Appendix A, Regulatory Position 4.t, the staff concludes that the new test
abstract in CESSAR-DC Section 14.2.12.4.23 is acceptable.

5.q Operation of failed fuel detection systems

ABB-CE stated that operation of the failed fuel detection system is included
in CESSAR-DC Section 14.2.12.4.4, " Reactor Coolant and Secondary Chemistry and
Radiochemistry Test."

The staff reviewed CESSAR-DC Section 14.2.12.4.4 and determined that the test
abstract does include testing of the failed fuel detection system. This is
acceptable.

5.w Demonstration that concrete temoeratures surroundina hot penetrations dq
not exceed desian limits with the minimum desian capability of coolina
system components available.

ABB-CE prepared a new CESSAR-DC Section 14.2.12.4.21, " Penetration Temperature
Survey Test," to address this issue.

The staff reviewed CESSAR-DC Section 14.2.12,4.21 to verify the test abstract
conformance to RG 1.68, Revision 2, Appendix A, Regulatory Position 5.W, and
the staff concludes that the test abstract is acceptable.

5.x Auxiliary systems reouired to support operation of enaineered safety
features adeauately perform under limitina accident conditions

ABB-CE stated their intent to prepare a new CESSAR-DC Section 14.2.12.4.22,
" Ventilation Capability," to address this issue.

The staff found this intended change should address all auxiliary systems that
are necessary to support operation of engineered safety features (ESF)
actuation equipment, not just heating, ventilation, and air conditioning
(HVAC) systems, (e.g., lube oil, bearing cooling, pneumatic devices). This
was designated as DSER Open Item 14.2.12.2-4.

( ABB-CE responded by letter dated January 26, 1993, and the staff noted that
functional performance of all ESF systems and their auxiliary support systems
is demonstrated during preoperational testing. The ventilation systems are
expected to be affected by plant operating conditions and as such are the only
ESF auxiliary support systems that will not be fully demonstrated by
preoperational testing. This response is acceptable. ABB-CE incorporated
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this information CESSAR-DC in Amendment 0. On this basis, DSER Open
[e) Item 14.2.12.2-4 is resolved.
'v

5.c.c Gaseous and liauid radioactive waste processina. storaae. and release
astems

ABB-CE stated that operability of gaseous and liquid radioactive waste
processing, storage, and release systems is verified in the preoperational
tests described in CESSAR-DC Sections 14.2.12.1.114 and 14.2.12.1.116.

The staff determined that these sections include testing of gaseous and liquid
radioactive waste systems during the preoperational test stage to satisfy most
of the design requirements described in CESSAR-DC Sections 11.3 and 11.2,
respectively. However, these tests are not performed during the power
ascension test phase as is recommended in RG 1.68 (Rev. 2), Appendix A,
Regulatory Position 5.c.c. The applicant responded by incorporating tests for
both these systems during the power ascension test phase in CESSAR-DC
Amendment U. The staff reviewed the test abstracts to verify their
conformance to RG 1.68, Revision 2, Appendix A, Regulatory Position 5.c.c. and
finds them to be acceptable.

5.f.f Ventilation and air-conditionina systems

ABB-CE prepared a new CESSAR-DC Section 14.2.12.4.22, " Ventilation
Capability," to address this issue.

p The staff reviewed CESSAR-DC Section 14.2.12.4.22 to verify the test abstract
( conformance to RG 1.68, Revision 2, Appendix A, Regulatory Position 5.f.f, and
N determined that the abstract was acceptable.

14.2.12.3 Conformance With Other Regulatory Guides

Reaulatory Guide 1.68.2. " Initial Startuo Test Proaram to Demonstrate Remote
Shutdown Capability for Water Cooled Nuclear Power Plants"

In the DSER, the staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.4.7,
" Shutdown From Outside the Control Room Test," to address the following items i

in accordance with RG 1.68.2: |

(1) Specify that plant systems are in the normal configuration with the
turbine generator in operation.

(2) Specify that the test is accomplished with the minimum shift crew
complement.

ABB-CE revised CESSAR-DC Section 14.2.12.4.7 in a markup to specify that plant
systems are in the normal configuration with the turbine generator in
operation and that the test is accomplished with the minimum shift crew
compliment in accordance with RG 1.68.2.

The staff reviewed the proposed changes and determined they were acceptable I

m subject to incorporation into the CESSAR-DC. This was designated as DSER
Confirmatory Item 14.2.12.3-1.
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The staff reviewed the changes that were incorporated into CESSAR-DC in
Amendment J; they are acceptable. On this basis, DSER Confirmatory
Item 14.2.12.3-1 is resolved.

Reaulatory Guide 1.68.3. "Preoperational Testina of Instrument and Control Air
Systems"

In the DSER, the staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.1.88,
" Compressed Air System Test," to address the following items in accorda.,ce
with RG 1.68.3:

(1) Determine that the total air demand at normal steady-state conditions,
including leakage from the system, is in accordance with design
requirements (Position C.5).

(2) Demonstrate that the plant equipment designated to be supplied by the
instrument air system is not degraded when supplied by the station air
system which may have less-restrictive air quality requirements
(Position C.9).

For Item 1 above, ABB-CE revised CESSAR-DC Section 14.2.12.1.88, " Compressed
" Air System Test," to reflect the guidance of RG 1.68.3, Regulatory
Position C.5. The staff reviewed the changes to tho ampressed air system
test in CESSAR-DC to verify test abstract conformance to RG 1.68.3, Regulatory
Position C.5 (Amendment Q); they are acceptable. On this basis, DSER
Confirmatory Item 14.2.12.3-2 is resolved.

For Item 2 above, ABB-CE stated that the instrument air system has no links to
any other air system and, therefore, the ingress of air of a lesser quality is
not possible and RG 1.68.3, Regulatory Position C.9, does not apply.

In the DSER, the staff asked ABB-CE to identify this exception to RG 1.68.3,
Regulatory Position C.9, in CESSAR-DC Section 14.2.7, "Conformance of Test
Programs With Regulatory Guides." This was designated as DSER Open
item 14.2.12.3-1.

ABB-CE identified this exception to RG 1.68.3, Regulatory Position C.9, in a
draft revision to CESSAR-DC Section 14.2.7, "Conformance of Test Programs With
Regulatory Guides." In the revision, ABB-CE stated that "the CE System 80+
Instrument Air System has no interconnection to any other air compressed
system; therefore, ingress of less quality air is not possible. Consequently,
Position C.9 does not anply." The applicant submitted this information in
CESSAR-DC (Amendment L). On this basis, DSER Open Item 14.2.12.3-1 is
resolved.

,

Beaulatory Guide 1.79. "PreoDerational Testina of Emeroency Core Coolina
Systems for Pressurized Water Reactors" i

The staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.1.22 (" Safety
Injection System Test"), CESSAR-DC Section 14.2.12.1.23 (" Safety Injection

i

Tank Subsystem Test"), CESSAR-DC Section 14.2.12.1.41 (" Integrated Engineered '

Safety Feature / Loss of Power Test"), CESSAR-DC Section 14.2.12.1.61 (" Pre-core
Safety Injection Check Valve Test"), or other test abstracts as appropriate to |

address the following items in accordance with RG 1.79:
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(1) Safety injection pump flow test under hot operating conditions|.

(Position C.I.a.(2)).

(2) Safety injection tank isolation valve test maximum differential pressure ,

conditions (Position C.I.c.(2)). CESSAR-DC Section 14.2.7.2 addresses ;

this testing but it is not specified in a test abstract. |

ABB-CE revised CESSAR-DC Section 14.2.12.1.61 in Amendment Q to test the
safety injection pump flow test under normal hot operating conditions to

,

address RG 1.79, Regulatory Position C.1.a.(2). The staff reviewed the 4

changes to CESSAR-DC Section 14.2.12.1.61 to verify the test abstract
tconformance to RG 1,79, Regulatory Position C.I.A(2), and the test abstract is

acceptable.

ABB-CE revised CESSAR-DC Section 14.2.12.1.23 in Amendment Q to test the
safety injection tank isolation valves under pressurized conditions. The test
method includes observation of pressure indications, controls, and alarms

.

needed to give the isolation valves the confirmatory open signal to address [
RG 1.79, Regulatory Position C.1.c.(2). The staff reviewed the changes to '

CESSAR-DC Section 14.2.12.1.23 to verify test abstract conformance to RG 1.79, ,

Regulatory Position c.l.c.(2); the test abstract is acceptable.
'

Reaulatory Guide 1.95. " Protection of Nuclear Power Plant Control Room
Operators Aaainst Accidental Chlorine Release"

The staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.1.103, " Control i

O Building Ventilation' System Test," to address the concerns of RG 1.95,
" Protection of Nuclear Power Plant Control Room Operators Against Accidental
Chlorine Release."

'

ABB-CE revised CESSAR-DC Section 14.2.12.1.103 in Amendment Q to address the
automatic transfer of the control building ventilation system to the emergency
operations mode when a toxic chemical release is detected in accordance with !

the recommendations of RG 1.95. The staff reviewed the changes to CESSAR-DC
Section 14.2.12.1.103; the test abstract is acceptable. ;

'
Feaulatory Guide 1.108. "Preoperational Testino of Diesel Generator Units as.
Onsite Power Systems at Nuclear Power Plants"

The staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.1.94, " Diesel i

Generator Electrical System Test," or other test abstracts as appropriate to
address the following items in accordance with RG 1.108: ;

(1) Design-accident-loading-sequence to design-load requirements capability
verification at full-load temperature conditions (Position C.2.a.(5)).

|
(2) Consecutive start demonstration (Position C.2.a.(9)).

ABB-CE revised CESSAR-DC Section 14.2.12.1.94 in Amendment J to add test
method 3.8 to address RG 1.108, Regulatory Position C.2.a.(5). The staff
reviewed the changes to CESSAR-DC Section 14.2.12.1.94 to verify test abstract

O
conformance to RG 1.108, Regulatory Position C.2.a.(5), and the staff
considers the test abstract acceptable. It should be noted that RG 1.108 has
been superseded by RG 1.9, Revision 3, and ABB-CE's test abstract is
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conformance with RG 1.9, Revision 3.

ABB-CE stated that the consecutive start demonstration of the diesel |

generators is performed in CESSAR-DC Section 14.2.12.1.94, " Diesel Generator {
Mechanical System Test." The staff verified that CESSAR-DC i

Section 14.2.12.1.93 (not CESSAR-DC Section 14.2.12.1.94 as stated) states !

that consecutive starts of the diesel generators will be performed. This is i
acceptable. i

RG 1.108 has been withdrawn and is now superseded by RG 1.9, Revision 3,
" Selection, Design and Qualification of Diesel Generator Units as Standby
(0nsite) Electric Power Systems at Nuclear Power Plants," published July 1993.
The contents of Section 14.2.12.1.94 are in accordance with the regulatory
positions provided in RG 1.9, Revision 3; therefore, they are acceptable to
the staff.

Requlatory Guide 1.139. " Guidance for Residual Heat Removal

The staff asked ABB-CE to revise CESSAR-DC Section 14.2.12.1.21, " Shutdown
Cooling System Test," to address the following items in accordance with
RG 1.139:

(1) RHR system isolation (Position C.2)

(2) RHR system pressure relief (Positions C.3)

ABB-CE revised CESSAR-DC Section 14.2.12.1.21 in Amendment Q to address
RG 1.139, Regulatory Positions C.2 and C.3. The staff reviewed the test
abstract and verified that the applicant addressed Position C.2 by providing
test method 3.5 which requires testing of the residual heat removal (RHR)
system isolation alarms and signals. This is acceptable.

ABB-CE should modify CESSAR-DC Section 14.2.12.1.21, test method 3.7 to state
" verify the relievina capacity and setpoint of the Low Temperature Over-
Pressure Protection (LTOP) relief valves" to comply with RG 1.139,
Position C.3. The applicant responded by stating that the LTOP relief valve
relieving capacity is conducted during bench testing before the valves are
installed in the RHP, system. Since the bench test verifies the relieving
capacity, preoperational testing of the LTOP relief valve relieving capacity i

is not necessary. The staff stated that to conform to RG 1.139, the applicant '

should add this information to the prerequisite section to state that "the
LTOP relief valves relieving capacity is verified by bench testing." The
applicant will incorporate this information into the test abstract
prerequisite section into the CESSAR-DC. This response is acceptable pending ,

incorporation into the CESSAR-DC. This was identified as part of FSER I
Confirmatory Item 1.1-1 (see Chapter 1 of this report) in the advanced version !
of this report. ABB-CE has revised the CESSAR-DC Amendment V to include this
information; this change is acceptable.

14.2.13 Security Considerations i

i

The startup test program described in CESSAR-DC Section 14.2 includes security )
lighting system and security radio system tests. In CESSAR-DC Section 9.5.2,
ABB-CE describes a security radio system for offsite communications. Security
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i

" lock-down" of the protected area and startup testing of the rest of the/n) security system (i.e., intrusion detection system, alarm assessment system, )
,

( /' access control system, etc.) were not addressed. In its December 17, 1991, I

response to RAI 0500.31, the applicant stated

Security 'lockdown' of the protected area and startup testing of l

the rest of the security system (i.e., intrusion detection system,
alarm assessment system, access control system, etc.) is considered
sensitive information which may be withheld from the public by the
directive of 10 CFR 2.790(d). Full disclosure and description of
these sensitive systems and their prerequisite testing will,
however, be a part of the site security plan to be submitted by the
utility.

The staff finds it acceptable that detailed description and NRC review of the
rest of the security system and its test and acceptance criteria be deferred
to the COL applicaat's security plan submittal required by 10 CFR 50.34. This
is COL Action Item 14.2.13-1. By letter dated January 26, 1993, ABB-CE noted
in CESSAR-DC Section 14.2.7.5 that the COL applicant will provide site-
specific security, contingency, and guard training plans. This is acceptable.

In RAI Q500.31, the staff noted that the security lighting system test
described in CESSAR-DC Section 14.2.12.1.85 was incomplete in that it does not
address testing on loss of normal power nor testing of its adequacy for
support of closed-circuit television (CCTV) security functions. In its
December 17, 1991 response, the applicant committed to amend subsections of
the security lighting system test method to read:

3.3 Demonstrate that loss of normal power results in proper activation
of the Security Lighting System for each affected room.

3.4 Demonstrate the Security Lighting System provides adequate
illumination levels, including, but not limited to, those required
to support plant Closed Circuit TV security functions.

These proposed changes did not adequately address the staff's concern
regarding demonstrating that the system as installed has the capability
described in the CESSAR-DC. In CESSAR-DC Section 9.5.3.1, ABB-CE states that
the security lighting system will provide " illumination required to monitor
isolation zones and all outdoor areas within the plant protected perimeter,
under normal conditions as well as upon loss of all ac power." The proposed
change addressed demonstrating lighting adequacy on loss of power "for each
affected room" but not where " required to monitor isolation zones and all
outdoor areas within the plant protected perimeter." This was designated as
DSER Open Item 14.2.13-1. By letter dated April 21, 1993, ABB-CE modified
CESSAR-DC Section 14.2.12.1.85 to require demonstration of the adequacy of
illumination for CCTV security functions on loss of normal lighting power for
monitored isolation zones and outdoor areas within the plant protected ;

perimeter. ABB-CE incorporated this test abstract information into CESSAR-DC
|

Amendment 0. On this basis, DSER Open Item 14.2.13-1 is resolved.

p1 Also in RAI Q500.31, the staff noted that the communications test described in |,

CESSAR-DC Section 14.2.12.1.87 did not address verifying communication I

.b capability and noninterference with equipment from normal security patrol,

1
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alarm response, and interdiction paths within the plant. In its December 17,
1991, response, the applicant committed to amend subsections of the
communications system test. This was designated as DSER Confirmatory
Item 14.2.13-1. By letter dated April 4, 1993, the applicant added the
following statement to CESSAR-DC Section 14.2.12.1.87:

3.4 Verify the Security Radio System functions properly at all
locations throughout the plant.

This is acceptable. On this basis, DSER Confirmatory Item 14.2.13-1 is
resolved.

14.2.14 Conclusion

On the basis of its review of the description of the ITP in CESSAR-DC, and the
responses to the RAI items, and DSER open and confirmatory items, the staff
concludes that the ITP is generally comprehensive and covers all areas of
staff concern. The staff also conducted an in-depth review of system-
specific testing requirements within each test abstract. The staff concludes
that ABB-CE submitted a sufficient level of detail to adequately describe
system-specific test prerequisites and acceptance criteria.

14.3 Certified Desian Material

Introduction

The objective of this section of the chapter is to give the basis for the
staff's approval of the certified design material (CDM) for the System 80+
design. This section is based on the staff's review of the ABB-CE document
titled " System 80+ Certified Design Material" and ABB-CE's Standard Safety
Analysis Report - Design Certification (CESSAR-DC) Section 14.3, " Certified
Design Material." The requirement to submit this information as part of an
application for design certification is in 10 CFR 52.47.

The ABB-CE document titled " System 80+ Certified Design Material," contains
the information that will be certified by the rule that approves the
System 80+ design. The CDM document has an introductory section, design
descriptions and corresponding inspections, tests, analyses, and acceptance
criteria (ITAACs) for the systems and structures of the design, additional
design material applicable to multiple systems of the design, additional
interface requirements, and site parameters for the System 80+ design.
This information is also referred to as " Tier 1" information. In CESSAR-DC
Section 14.3, " Certified Design Material," ABB-CE discusses the bases and
methods that were used to develop the information for each of these CDM items
for the System 80+. In this section, the staff documents its review of the
System 80+ CDM, as supported by the design information in the System 80+
CESSAR-DC.

The information in the CDM and CESSAR-DC Section 14.3 comes from the detailed
information in the CESSAR-DC. Further, the purpose of the ITAACs, which are
part of the CDM, is to verify that a facility that references the design cer-
tification has been built and will operate in accordance with the design
certification and the applicable regulations. Consequently, there is no
design information presented in the CDM or CESSAR-DC Section 14.3 that is not
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also in the appropriate sections of the CESSAR-DC. Therefore, the staff did
not base its safety evaluations of the design on the information in the CDM.

Basis for Aporoval of the CDM

The evolutionary reactor designs were the first designs to develop CDM for |
design certification. ABB-CE closely followed the development of the initial |CDM for the lead evolutionary design. Although the staff was able to make its
safety determinations for the design based on its review of the information in
the CESSAR-DC, the System 80+ CDM was among the first design material that had
been developed for certification. Therefore, there was only the precedent
established by the lead design for ABB-CE to follow to develop information for
the CDM. Furthermore, the staff had no formal regulatory guidance on which to
base its review, relying in many cases on the lessons learned from the review
of the CDM for the lead design. The staff sought and received Commission
guidance on several key issues associated with the design certification I

reviews in the staff requirements memorandum (SRM) dated February 15, 1991, |
relating to SECY-90-377, " Requirements for Design Certification Under 10 CFR |Part 52." These issues included the development of regulatory guidance, the '

-- role of ITAACs, the level of design detail needed for design certification,
issue finality, the two-tiered approach to the design certification rule
structure, and flexibility in the design change process. In its review, the
staff assessed the CDM in the context of Part 52 requirements and the )
Commission guidance contained in that SRM.

ABB-CE submitted the CDM to the staff in stages, so that lessons learned at
each stage could be incorporated into later submittals. The staff reviewedG the staff closely followed the developments and resolutions of CDM issues for
the material and sent comments on the CDM to ABB-CE at each stage. ABB-CE and

the lead design. The staff informed the Commission of the development of the
CDM for the lead design in many SECY papers issued in 1991 and 1992
(SECYs 91-178, 91-210, 92-053, 92-196, 92-214, 92-287 and 287A, 92-299, and
92-327). These papers are listed as references in Table 1.2 of this report.

In CESSAR-DC Section 14.3, ABB-CE described the process it used in the
development of the CDM, based on the design presented in the appropriate '

sections of the CESSAR-DC. ABB-CE provided the CDM based on the structures
,

and systems of the System 80+ design rather than based on the format of the
CESSAR-DC. In addition, ABB-CE adopted a graded approach to the level of
design detail for the information in the CDM, based on the safety significance
of particular structures, systems, and components (SSCs). ABB-CE applied
various selection criteria to the information in the CESSAR-DC to determine
the level of design information for a given structure or system in the CDM.
The results of this process were illustrated with cross-references from the
CESSAR-DC information to the CDM for important parameters that were selected )

,

for treatment in the CDM. Although many issues and analyses could have been !
cross-referenced, the listings in Section 14.3 were developed only for j
selected integrated plant safety analyses for the System 80+ design. ABB-CE j
provided additional cross-references of key insights and assumptions from
probabilistic risk assessments (PRAs) and analyses for severe accidents which
are in CESSAR-DC Section 19.15. ABB-CE provided more detailed cross-
references to the CDM for these analyses in a letter dated June 10, 1994.

O The staff also utilized a graded approach to the level of detail in its review
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of the CDM based on the safety significance of the SSCs. Thus, consistent
with the guidance of 10 CFR Part 52 and the SRM related to SECY-90-377, the
staff recognized that although many aspects of the design were important to
safety, the level of design detail in the CDM and verification of the key
design features and performance characteristics should be commensurate with
the significance of the safety functions to be performed.

The intent of the CDM is to ensure that the key characteristics and
performance requirements of safety-significant SSCs are implemented in an as-
built facility referencing the certified design. Although all these asper.ts
of the design are described in the CDM, not all can be verified by the ITAf.Cs
because Part 52 requires that the ITAACs be satisfied before fuel loading.
The initial test program (ITP) serves to verify the remaining aspects of the
design after fuel load, but before operation. Examples of these requirements
ara the post-fuel load startup and power ascension test program verification
of fuel, control rod, and core characteristics, as well as system and inte- -

grated plant operating characteristics. The treatment of these issues will be
similar to their treatment at facilities licensed under 10 CFR Part 50, in
that verification of the satisfactory completion of these requirements will be
a condition of the license.

The staff recognized that other programs also ensure the continued safe opera-
tion of a facility after fuel load. For example, the continued operability of
a facility after the ITAACs are satisfied is ensured through the technical
specifications, as well as various programs, such as the maintenance program,
quality assurance program, and the in-service inspection and testing program.
The operator ensures the facility is operated as designed, through the use of
appropriate plant operating and emergency procedures. Additionally, a utility
referencing the design is required by 10 CFR Part 50 (Appendix B) to have a
quality assurance (QA) program that ensures these SSCs are appropriately
designed and procured, and perform satisfactorily in service.

These considerations became an overall framework for ABB-CE's development of
the CDM and the staff's review. The staff utilized many sources of informa-
tion to determine the safety significance of SSCs in the CDM. Among these
sources were the SRP, applicable rules and regulations, general design
criteria (GDC), regulatory guides (RGs), unresolved safety issues (USIs) and
generic safety issues (GSIs), NRC generic correspondence, operating experi-
ence, NRC inspection programs, facility testing programs, PRA, and insights
from System 80+ safety analyses and severe-accident analyses. For selected
portions of the review, the staff also utilized the regulatory guidance from
the Commission related to SECY-90-016, " Evolutionary Light Water Reactor
Certification Issues and Their Relationship to Current Regulatory Require-
ments," as modified by the Commission guidance related to SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs."

Nonetheless, because the evolutionary designs were the first designs to
develop CDM for design certifications, because there was only the precedent of
the lead evolutionary design for ABB-CE to follow and no formal review guid-
ance for the staff to base its review on, and because of the iterative nature
of the ITAAC development process, considerable judgment was inherent in the
approval of the final material for the CDM.
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em Backaround
I t

V Part 52 of Title 10 of the Code of Federal Regulations was issued on April 18,
1989. The concept in Part 52 of certifying a design and specifying the
required ITAACs in a rule preceding construction of a facility had not been
attempted before. Consequently, the Nuclear Management and Resources Council
(NUMARC) held extensive discussions with the staff in 1990 and 1991 on the |

'CDM, especially the form and content of the ITAACs. After several senior
management meetings in mid-1991, an evolutionary design emerged as the lead
plant in the development of the first CDM for a standardized design.

The development of the CDM was an iterative process. ABB-CE submitted the CDM
to the staff for review in increments, so that lessons learned at each stage
could be incorporated into later submittals. The staff reviewed the material
as it was submitted and commented on the CDM to ABB-CE at each stage. Senior

,

managers from ABB-CE and the staff met periodically to resolve difficult I

policy and technical issues associated with the development and review of the
material. ABB-CE and the staff closely followed the developments and

,

resolutions of CDM issues for the lead design. j

ABB-CE first submitted the CDM, consisting of a set of ten " pilot" ITAACs on
April 30, 1992. The staff commented on this submittal in a letter dated
May 21, 1992, and after ABB-CE met with the staff to discuss the comments,
general agreement was reached on the pilot ITAACs in May 1992.

ABB-CE revised the pilot ITAACs on the basis of the staff's comments and ''

p lessons learned from the lead evolutionary design, and resubmitted them in a

(v) letter dated August 10, 1992. The staff commented to ABB-CE on the revised
CDM in a letter dated October 19, 1992, as well as during several senior
management meetings.

ABB-CE submitted the initial complete CDM for the System 80+ in letters dated
January 28 and February 1, 1993. However, in February 1993, a group comprised
of representatives from various vendors, utilities, and industry groups
submitted comments on the initial CDM to ABB-CE. ABD-CE revised the initial
CDM to incorporate the comments submitted by this review group, and sent a set
of " prototype" CDM for review by the NRC in March 1993. Subsequently, a team i
of NRC reviewers met with ABB-CE in March 1993 to review the prototype CDM.

ABB-CE submitted a revised, complete CDM that incorporated all previous I

lessons learned and review comments, in incremental submittals in April, May,
and June of 1993. In May 1993, the staff formed several task groups to
perform a multidisciplinary review of the CDM. The task groups sent extensive
comments on the submittals to ABB-CE in a letter dated September 2,1993. The
task groups met with ABB-CE on October 4 through 6, 1993, to discuss the |

comments, and the disposition of all of the comments was documented in a
meeting summary dated October 15, 1993.

ABB-CE submitted another revised, complete CDM that incorporated the comments
from the staff's task group review in a document titled " System 80+ Certified
Design Material," and dated December 31, 1993. Changes to the detailed CDM

p supporting information in the CESSAR-DC were contained in supporting amend-
t 1 ments to the CESSAR-DC.V
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The staff performed an independent review of the CDM and the CESSAR-DC in
January 1994 to ensure that the design information in the documents was
consistent. The staff performed this review because the information in the
CDM is certified by the System 80+ design certification rulemaking, is
incorporated into the rule and is therefore difficult to change, and
consequently must reflect the design accurately.

The independent review group completed its review in March 1994, and its
comments were provided to ABB-CE after review by the staff. ABB-CE provided
satisfactory resolutions to all the comments in a CDM submitted with CESSAR-DC
Amendment W. In addition to resolving the comments of the independent review
group, this revision of the CDM also included re:olutions to comments by the
ACRS and the staff.

Format of the CDM

ABB-CE developed the design certification information to comply with the
requirements of 10 CFR 52.47, including design descriptions and corresponding
ITAACs, interface requirements for the design, and bounding parameters for

| siting of the standard design. The CDM is the portion of the design informa-
tion that is certified by the rule certifying the design, and will be'

incorporated into the rule as the Tier 1 part of the design control document
j (DCD). The DCD is the master document that contains the information that must

be conformed with by an applicant who references the rule. The format fori

this material is listed below, and is discussed in more detail in subsequent
sections of this chapter.

(1) Introduction - Definitions of terms used in the CDM, and a listing of
| general provisions that are applicable to all CDM entries.

(2) System Desian Descriotions and ITAACs - System design descriptions and
ITAACs are provided for: (a) structures and systems that are fully
within the scope of the System 80+ design certification and (b) the in-
scope portions of those systems that are only partially within the scope
of the System 80+ design certification. The system design descriptions
are accompanied by the appropriate ITAACs.

(3) Additional Certified Desian Material - Design descriptions and their,

l related ITAACs for design and construction activities that are
| applicable to more than one system of the design. This additional

material was provided because in selected areas of the design, ABB-CE'

did not submit sufficient design detail in the CESSAR-DC. ABB-CE did
not submit complete design information in these areas because the
information was dependent on as-built or as-procured information. For
these areas, ABB-CE provided the design related processes in the CDM and^

in the CESSAR-DC, with appropriate codes and standards, that a COL
applicant or licensee would adhere to, in order to complete the design.

(4) Interface Reouirements - Requirements that must be complied with by the
site-specific portions of a facility that are not within the scope of
the certified design. This section also identifies the scope of the
design to be certified. Safety-significant interface requirements are
defined for: (a) systems that are entirely outside the scope of the
design, and (b) the out-of-scope portions of those systems that are only
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partially within the scope of the System 80+ design.

( (5) Site Parameters - Bounding parameters of the design to be used in the
selection of a suitable site for a facility referencing the System 80+
certified design. The design was evaluated in terms of these parame-
ters. A suitable site must be demonstrated to be within the bounding
parameters and characteristics, and a facility must be constructed at
the site in accordance with their use in the approved design. If a site
cannot conform to them, an exemption must be requested, and the facility
must be reevaluated in terms of these parameters for the actual selected

.

'

site.

14.3.1 Introduction

14.3.1.1 Definitions

This section of the CDM provides terms used in the CDM that could be subject
to various interpretations. The intent of the terms used in the CDM was to be
consistent and as closely aligned as possible with the terminology in the
CESSAR-DC, in common industry use, in industry codes and standards, and in NRC
rules, regulations, and guidance. Thus, should questions on terminology
arise, these references would aid in understanding the intent of the
information in the CDM.

14.3.1.2 General Provisions

n This section of the CDM provides general provisions that are applicable to the
design descriptions, figures, and the ITAACs.

14.3.1.2.1 Verifications for Basic Configuration for Structures and Systems

This section of the CDM includes provisions related to the verification of the
ITAACs for basic configuration for. systems and structures of the design.
These ITAACs are contained in the buildings and many of the systems described
in Section 2.0 of the CDM. The verification consists of an inspection of the
system functional arrangement in its final'as-built condition at the plant
site, and includes the elements of the design descriptions and the system
figures in the CDM. This functional arrangement inspection verifies, using
as-built system drawings, design documentation, and in situ plant walkdowns,
that the as-built facility is in conformance with the certified design and
applicable regulations. !

Several other aspects of the design were considered to have significance to
the performance of safety functions of SSCs of a facility. The basis for ~

selecting these aspects included its importance to safety as well as its past
experience with construction and operating problems. Thus, specific inspec-
tions for these aspects are part of the basic configuration ITAACs for systems
and structures. The other inspections to be conducted to satisfy these ITAACs
include, and are limited to, verification of the following:

,

(1) Quality of pressure boundary welds for ASME Code Class 1, 2, and 3

.I-
-

components and systems described in the design descriptions and figures.
Detailed . supporting information for verification of welding requirements( in accordance with ASME Code requirements is contained in CESSAR-DC
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Chapter 3. ;

(2) Dynamic qualification (e.g., seismic, LOCA, and safety / relief valve
discharge loads) of seismic Category I mechanical and electrical
equipment (including connected instrumentation and controls) described
in the design descriptions and figures. Detailed supporting information
for dynamic qualification requirements, including qualification records,
is contained in CESSAR-DC Chapter 3.

(3) Environmental qualification of Class IE electrical equipment described
in the design descriptions and figures. Detailed supporting information
for environmental qualification requirements is contained in CESSAR-DC
Chapter 3.

(4) Design qualification of motor-operated valves (MOVs) described in the
design descriptions and figures. Detailed supporting information for
design qualification of MOVs is contained in CESSAR-DC Chapter 3.

14.3.1.2.2 Treatment of Individual Items

A licensee referencing the standard design is not prohibited from utilizing an
item not described in the CDM. However, the as-built facility must be
consistent with the rule approving the design, including both tiers of
information. The change processes for the certified design are described in
the design certification rule for the System 80+.

The term " operate" as utilized in the CDM is intended to refer to the actua-
tion and running of equipment. This is not meant to include the term " opera-
ble" in the context of the ongoing reliability and availability of equipment.
In developing the ITAACs, the staff recognized that other programs ensure the
continued safe operation of a facility after fuel load, for example, the
continued operability of a facility after the ITAACs are satisfied is ensured
through the technical specifications, startup and power ascension test
programs, as well as through various programs such as the maintenance program,
quality assurance program, and the iii-service inspection and in-service
testing program. Also, the operator ensures the facility is operated as
designed, through the use of appropriate plant operating and emcrgency proce-
dures.

The term " exists," when used in the acceptance criteria, means that the item
is present and conforms to the design description. Detailed supporting
information oa what must be present to conclude that an item " exists" and
conforms to the design description is contained in the appropriate sections of
the CESSAR-DC.

14.3.1.2.3 Implementation of ITAACs

ABB-CE utilized a three column format for the ITAACs. The design commitments
in the first column are derived from the design information in the design
descriptions. The inspections, tests, and analyses in the middle column
denote the intended means of verifying the design commitment. The acceptance
criteria in the third column give the criteria used to determine whether the
design commitment is met.
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The licensee is required by 16 CFR Part 52 to perform the required inspec-
[m) tions, tests, and analyses for the design, and to certify to the NRC that the i

'V acceptance criteria have been met. A licensee may utilize the efforts of l
subordinate vendors, contractors, or consultants. However, the licensee i
referencing the certified design retains responsibility for ensuring that the i
ITAACs are met. Additionally, the ITAACs can be satisfied using other
programs, such as the pre-operational testing portion of the initial test
program (ITP) required by CDM Section 3.5, or the QA program required by
10 CFR Part 50, Appendix B.

The ITAACs may be satisfied at any time preceding fuel load, including before
issuance of a combined license. However, the primary intent of the ITAACs is
to verify that the as-built plant on the final site has been constructed and
will perform in accordance with the design certification and applicable
regulations.

14.3.1.2.4 Discussion of Matters Related to Operations

Descriptions in the CDM may refer to matters of operation, such as normal
valve or breaker alignment during normal operational modes. These descrip-
tions are not intended to require operators to take any particular action.
The operational matters referred to in the CDM are governed by existing
programs to ensure the ongoing safe operation of a facility, such as plant
operating and emergency procedures.

14.3.1.2.5 Interpretation of Figures

The design descriptions include the figures in the CDM, where the figures are
provided. They are intended to depict the functional arrangement of the
significant SSCs of the System 80+ design. An as-built facility referencing
the certified design must be consistent with the performance characteristics
and functions described in the design descriptions and figures. Any changes
to the detailed information in the CESSAR-DC must be made in accordance with
the "50.59-like" change process in the design certification rule for the
System 80+, which allows the COL applicant or licensee to make design changes,
provided the changes do not impact the information in the CDH.

14.3.1.2.6 Rated Reactor Core Thermal Power

The rated reactor core thermal power for the System 80+ is 3914 MW(th).

14.3.1.3 Conclusions

As discussed above, the staff reviewed the definitions and general provisions
that are contained in CDM Section 1.0, and the supporting information
contained in CESSAR-DC Section 14.3.1, in accordance with the requirements in
Part 52 and the guidance in SRMs related to design certification applications
provided by the Commission. Based on this, the staff concludes that the
definitions and general provisions in the CDM are appropriate to support the
design descriptions and ITAACs, and are acceptable.

14.3.2 Certified Design Material for Structures and Systems

V ABB-CE developed design descriptions and ITAACs for the structures and systems
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of the System 80+ design, and these are in CDM Section 2.0. General provi-
sions that apply to most of the structures and systems are in CDM Section 1.2.
Additional CDM material for design issues that apply to many of these 1

structures and systems are in CDM Section 3.0. Safety-significant interface
requirements for these systems are in the system design descriptions far the
in-scope portions of the systems. The safety-significant interface
requirements for the out-of-scope portions of the systems of the design are i

contained in CDM Section 4.0. |
,

14.3.2.1 Design Descriptions

The design descriptions address the most safety-significant aspects of each of
the systems of the design, and were derived fron the detailed design
information contained in the CESSAR-DC. The design descriptions include the
figures associated with the systems. ABB-CE's selection criteria and method-
ology for the system design descriptions are specified in CESSAR-DC Sec-
tion 14.3.2.1.

The Tier 1 design descriptions will serve as commitments for the lifetime of a
facility. Once completion of ITAACs and the supporting design information
demonstrate that the facility has been properly constructed, it then becomes
the function of existing programs such as the technical specifications
programs, the in-service inspection program, the in-service testing program,
the quality assurance program, and the maintenance program, to demonstrate
that the facility continues to operate in accordance with the certified design
and the license. Nevertheless, the Tier 1 design descriptions will remain in
effect throughout the plant life to assure that the plant does not deviate
from the certified design. In general, a COL applicant or licensee may change
the information in the CESSAR-DC in accordance with the "50.5S-like" change
process described in the rule certifying the design, provided that the change
does not impact the information in the design descriptions.

ABB-CE submitted the selection criteria for information in the design descrip-
tions in CESSAR-DC Section 14.3.2.1. Essentially, ABB-CE put the top-level
design features and performance standards that were most significant to safety
in the design descriptions. The criteria ABB-CE utilized in determining the
safety significance of SSCs in the design descriptions included the NRC's
regulations, whether or not the information pertained to safety-related SSCs,
the importance in the SRP, the relative importance based o. PRA or severe
accident analysis, operating experience, or the technical specifications.
ABB-CE also included other SSCs based on their importance to safety. Non-
safety aspects of SSCs were generally not discussed in the design descrip-
tions. Thus, the amount of information provided in the CDM for a given system
was based on the safety significance of the system.

ABB-CE provided additional certified design material applicable to the systems
of the design in CDM Section 3.0. The design descriptions in CDM Section 3.0
describe the scope and applicability of the additional CDM to the systems of
the design in CDM Section 2.0. Amplifying information on CDM Section 3.0 is
in CESSAR-DC Section 14.3.3, and the staff's review of CDM Section 3.0 is in
Section 14.3.3 of this chapter.

The CDM utilizes a system-based structure which is different from the struc-
ture of the CESSAR-DC. Consequently, developing the CDM design description
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n^ entries for any one system was based on a review of the multiple CESSAR-DC
chapters having technical information related to that system. The level of/V) design detail in any single system is proportional to the safety significance
of the system. ABB-CE discusses this in CESSAR-DC Section 14.3.2.1, and
illustrates the many design aspects of the systems, such as system
classification, modes of operation, indepenuence, and instrumentation that
were considered, and were derived from the information in several chapters of
the CESSAR-DC.

The staff was particularly interested in ensuring that the assumptions and
insights from key safety and integrated plant safety analyses in the
CESSAR-DC, where plant oerformance was dependent on contributions from
multiple systems of the design, were adequately considered in the CDM.
Addressing these assumptions and insights in the CDM ensures that the
integrity of the fundamental analyses for the design are preserved in an as-
built facility referencing the certified design. These analyses included
flooding analyses, overpressure protection, containment analyses, core cooling
analyses, fire protection, transient analyses and anticipated transients
without scram (ATWS), and radiological analyses.

ABB-CE submitted information about these analyses in tne CESSAR-DC, and
documented the important design information and parameters from the various
chapters of the CESSAR-DC that are addressed in the CDM in CDM Tables 14.3-1
through 14.3-7. These tables include PRA and severe accident analyses.
ABB-CE also provided cross-references in CESSAR-DC Section 19.15 showing how
key insights and assumptions from PRA and severe accident analyses are

o addressed in the CDM. ABB-CE provided more detailed cross-references to the

U) CDM for these analyses in a letter dated June 10, 1994. A COL applicant or(
licensee proposing to change design information in the CESSAR-DC that
pertained to these analyses via the "50.59-like" change process can use these
cross-references when considering whether the proposed change impacts the
treatment of these parameters in the CDM.

14.3.2.2 ITAACs

The purpose of the ITAACs is to verify that an as-built facility conforms to
the approved plant design and applicable regulations. When coupled in a COL
with the ITAACs for site-specific portions of the design, they constitute the
verification activities for a facility that must be successfully completed
before fuel load. If the licensee demonstrates that the ITAACs are complied
with and the staff agrees that this is so, then the licensee will be permitted
to load fuel.

The scope of the ITAACs is consistent with the SSCs that are in the design
descriptions. In general, each system has one ITAAC or more that verifies the
information in the design descriptions. This is not true in all cases.
Reasons for not requiring an ITAACs verification for a Tier 1 design
commitment include: (1) the information is only included for context,
(2) fulfillment of other ITAACs are sufficient to show verification of the
design commitment, (3) a single ITAACs can verify more than one design
commitment, or (4) the item can only be verified after fuel loading. For the

p last item, the staff reviewed the power ascension testing program described in
i CESSAR-DC Chapter 14 to ensure that all important design features and;V commitments that could not be verified before fuel load were addressed where
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appropriate.

The staff reviewed the system ITAACs to ensure that the verifications were l

consistent with the safety significance of the key design characteristics and
performance requirements of the SSC verified by that ITAACs. The certified
design descriptions for an SSC contain the significant functions and bases
for that SSC. Therefore, the ITAACs have been reviewed to ensure thty are
necessary and sufficient to provide the NRC with reasonable assurance that the
facility should be authorized to load fuel. As a result, the ITAACs verify
the significant design features from the design descriptions and the !
applicable requirements that are necessary and sufficient to authorize fuel ;

loading and subsequent operation.

The staff and industry reached agreement on a three-column format for ITAACs,
as discussed below.

Column 1 - Desian Commitment

This column contains the text for the specific design commitment that was
extracted from the design descriptions discussed above. Any differences in
text were minimized, unless intentional. Differences in text were generally
intended to better conform the commitments in the design description with the
ITAAC format.

Column 2 - Insoections. Tests. and Analyses

This column contains the specific method to be used by the licensee to
demonstrate that the design commitment in Column I has been met. The method
is either by inspection, test, or analysis, or by some combination of
inspections, tests, or analyses. Differences in text were generally intended
to better conform the commitments in the design description with the format of
the ITAACs.

The CESSAR-DC contains detailed supporting information for the CDM about
various inspections, tests, and analyses that can, and shculd be, used to
verify the Tier 1 design information and satisfy the acceptance criteria. If
questions on interpretation should arise, the material in the CESSAR-DC
provides the background material and context for the CDM. The CESSAR-DC
contains information reviewed by the staff which was the basis for the staff's
safety determination for the design. Therefore, the information in the
CESSAR-DC provides an acceptable means of satisfying an ITAACs.

Inspections are defined in CDM Section 1.1, and include visual and physical
observations, walkdowns, or record reviews. The inspections required for the
" Basic Configuration Walkdown" ITAACs invoke the general provisions contained
in CDM Section 1.2 for as-built structures and systems.

Tests are defined in CDM Section 1.1, and mean the actuation, operation, or
establishment of specified conditions to evaluate the performance or integrity
of the as-built SSCs. This includes functional and hydrostatic tests for the
systems. The term "as-built" is intended to mean testing in the final as-
installed condition at a facility. The term " type tests" is used in this
column to mean manufacturer's tests or other tests that are not necessarily
intended to be in the final as-installed condition. The results of pre-
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,m operational tests can be used to satisfy an ITAACs. In its review, the staff

(b did not rely on the pre-operational tests described in CESSAR-DC Section 14.2\
' or RG 1.68 to substitute for ITAACs. Where testing is specified, appropriate

conditions for the test should be established in accordance with the ITP
described in CDM Section 2.11, CESSAR-DC Section 14.2, and RG 1.68.
Conversion of the test results from the test conditions to the design condi-
tions may be required to satisfy the ITAACs.

During its review, the staff emphasized in-situ testing, where possible, of
the as-built facility as the preferred means to satisfy the ITAACs. Also, the
staff recognized that the results and documentation from facility programs
such as the quality assurance program or the ITP may be used to satisfy an
ITAACs.

Analyses are defined in CDM Section 1.1, and may refer to detailed supporting
information in the CESSAR-DC, simple calculations, or comparisons with
operating experience or design of similar SSCs. For example, detailed
analysis methods of dynamic and environmental qualification supporting CDM
Section 1.2 are in CESSAR-DC Chapter 3, and detailed piping design information
supporting CDM Section 3.1, are also in CESSAR-DC Chapter 3.

Column 3 - Acceptance Criteria

This column contains the specific acceptance criteria for the inspections,
tests, or analyses described in Column 2 which, if met, demonstrate that the
design commitment in Column 1 has been met.

( In general, the acceptance criteria were developed to be objective and
N unambiguous. In some cases, the acceptance criteria were more general because

the detailed supporting information in the CESSAR-DC did not lend itself to
concise verification. For example, the acceptance criteria for the design
integrity of piping and structures is that a report " exists" that concludes
the design commitments are met. In these cases, the CESSAR-DC provides the
detailed supporting information on multiple interdependent parameters that
must be provided in order to demonstrate that a satisfactory report exists.

Numeric performance values for SSCs were specified as ITAACs acceptance
criteria when the design commitment so lent itself, or when failure to meet
the stated acceptance criterion would clearly indicate a failure to properly
implement the design. The staff did not require that numeric performance
values be specified in the design description unless there was a specific :

reason to include them (e.g., important to be maintained for the life of the
facility).

ITAACs Imnlementation !
.

The ITAACs may be satisfied at any time before fuel load, as well as any time !
before the issuance of a combined license. However, the primary intent of the i

ITAACs is to verify the as-built facility on the final site has been
constructed and will operate in accordance with the design certification. I

The implementation of a construction verification program, including ITAACs,
and other licensee programs, is the responsibility of the licensee. The

v successful completion of the ITAACs in the combined license will constitute
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|

|
the basis for the NRC's determination to allow fuel loading for the facility.

The licensee will periodically certify to the NRC that the inspections, tests,
and analyses have been performed, and that the acceptance criteria have been
met. These notifications should document the basis for the successful

| completion of the ITAACs. In accordance with 10 CFR 52.99, the staff will
I ensure that the required inspections, tests, and analyses have been performed

and that the prescribed acceptance criteria have been met. At appropriate
intervals, the NRC will publish in the Federal Reaister, notices of the
successful completion of the inspections, tests, and analyses.

14.3.2.3 Staff Review Approach

ABB-CE developed the CDM based on the systems of the design rather than on the
format of the CESSAR-DC and SRP. In order to ensure that the safety-

I significant design information in the CESSAR-DC was adequately reflected in
| the CDM, the staff adopted a multidisciplinary review approach, rather than

the more traditional review approach based on the individual chapters of the
CESSAR-DC. The staff formed several task groups comprised of various disci-

i

| plines to ensure that the CDM would provide reasonable assurance that a
facility would be built and operated in accordance with the design certifica-
tion and applicable regulations.

The task groups were composed of various representatives from the technical
branches of the staff, depending on the primary area of review by the task
group. The task groups were formed according to the following discipline
areas: plant systems, reactor systems, electrical systems, human factors,
radiation protection, structural systems, and instrumentation and controls.

The task groups had primary review responsibilities for systems that were
predominantly in their discipline area, and secondary review responsibilities
for systems in other appropriate disciplines based on the safety significance
of the issues. Thus, the groups had overlapping review responsibilities. All !

information in the CDM was reviewed by one or more task groups. For example,
the safety injection system was reviewed primarily by the Reactor Systems Task
Group, and that task group received technical input and comments from the
Instrumentation and Controls Task Group. Specialists were designated to
provide input to the task groups for selected design issues. Examples of
these issues included severe accident issues; testing issues and the ITP;
treatment of alarms, displays, and controls; insights from PRA; and !

functionality of MOVs.
I

The task groups with primary review responsibility for particular systems
maintained overall responsibility for the reviews of those systems. Overall
continuity and consistency of the reviews was maintained through frequent
meetings with all task groups and with the projects branches. Significant
policy and technical issues, or issues of concern to multiple task groups,
were identified for discussion at periodic senior management meetings between
the staff and ABB-CE.

The staff developed preliminary draft guidance for use in the reviews of the
CDM, and incorporated lessons learned during the course of the reviews into
the draft guidance. The draft guidance contained checklists for use in the
reviews. The applicability of the issues identified in the checklists to the

ABB-CE System 80+ FSER 14-34 June 1994

._. _ ___ _ __ __ _- __ _ __-_



en systems was based on the safety significance of the specific SSCs. The draft !

guidance also contained standard ITAACs entries that were used to verifyl *

d selected issues in the appropriate systems of the design. Examples of these
,

standard ITAACs entries are those for the basic configuration of systems, l

verification of control room and remote shutdown features, and electrical
independence. The issues in the checklist and the use of the standard ITAACs
entries are discussed in the following sections of this report.

The task groups utilized multiple sources of information to determine the
safety significance of SSCs in the CDM. These sources included the SRP,
applicable rules and regulations, GDC, RGs, USIs and GSIs, NRC generic corre-
spondence, operating experience, NRC inspection programs, facility testing
programs, PRA, and insights from System 80+ safety and severe accident
analyses.

For selected portions of the review, the staff also utilized the regulatory
i guidance from the Commission related to SECY-90-016, " Evolutionary Light Water

j Reactor Certification Issues and Their Relationship to Current Regulatory
Requirements," and the Commission guidance related to SECY-93-087, " Policy,
Technical, and Licensing Issues Pertaining to Evolutionary and Advanced Light-
Water Reactor Designs." These issues included staff positions that deviated
from or were not embodied in current regulations applicable to the System 80+
design. The staff's positions and design-specific requirements are addressed
where appropriate in this section of this report, and in the System 80+ design
certification rule as " applicable regulations."

The staff determined that selected material in the CESSAR-DC that supports thep) CDM, if considered for a change by an applicant or licensee that references(
V the certified System 80+ design, would constitute an unreviewed safety

question and, therefore, would require NRC review and approval before
implementation of the change. The material supporting the CDM is discussed
where appropriate in this section, in the applicable chapters of this report,
and in the System 80+ design certification rule.

The task groups utilized a graded approach to the level of detail in reviewing
the CDM based on the safety significance of the SSCs. Thus, consistent with
the guidance of Part 52 and the SRM related to SECY-90-377, the staff
recognized that although many aspects of the design were important to safety,
the level of design detail in the CDM and verification of the key features and
performance characteristics should be commensurate with the significance of
the safety functions to be performed. In addition, the CESSAR-DC was reviewed
to ensure that the information was consistent with the design description and
that the information supporting the Tier 1 material was comprehensive and
technically adequate. Thus, the individual task groups reviewed the CDM based
on the safety significance of the material, as discussed in the following
paragraphs.

14.3.2.3.1 Plant Systems Task Group Review

The Plant Systems Task Group had primary review responsibility for most of the
fluid systems in CDM Section 2.0 that were not part of the core reactor
systems. The scope of the plant systems review included new and spent fuel

(n) handling systems, power generation systems, air systems, cooling water
systems, and heating, ventilation and air conditioning systems. The groupv
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also reviewed selected interface requirements within those systems. The group
reviewed issues that affect multiple SSCs, such as equipment qualification and
protection from fires, floods and tornado missiles, and had secondary review
responsibilities for radioactive waste systems, most of the fluid systems, and
the structures of the design.

The task group primarily utilized the SRP in its review of the CDM to deter-
mine the safety significance of SSCs. Other sources included applicable rules
and regulations, GDC, RGs, USIs and GSIs, NRC generic correspondence, PRA,
insights from System 80+ safety and severe accident analyses, and operating
experience. The task group also used the draft review guidance for the design
control document as an aid in its review of the systems. For selected
portions of the review, the staff also utilized the regulatory guidance from
the Commission related to SECY-90-016, " Evolutionary Light Water Reactor
Certification Issues and Their Relationship to Current Regulatory Require-
ments," as modified by the Commission guidance related to SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs." The task group reviewed the Tier I
submittals (including the design description, figures, and ITAACs) of the

,

design using the guidelines provided in the draft review guidance for the CDM |

as an aid for establishing consistency and completeness.

The task group reviewed the CDM for treatment of design information propor-
tional to the safety significance of the SSC for that system. Many items were
judged to be important to safety, and were thus included in the CDM. The .

following issues were identified to ensure comprehensive and consistent I

treatment in the CDM based on the safety significance of the system being i

reviewed:
:

system purpose and functions*

location of system=

key design features of the system-

seismic and ASME Code classificationsa

system operation in various modesa

controls, alarms, and displays.

logice

interlocks=

Class IE electrical power sources and divisionsa

equipment to be qualified for harsh environmentse

interface requirements=

numeric performance values=

accuracy and quality of figures*

Additionally, standard ITAACs entries were utilized to verify selected issues,
where appropriate. Examples of these included basic configuration, physical
separation, and divisional power supplies. In particular, the general
provision for environmental qualification aspects of SSCs invoked by the basic
configuration ITAACs was reviewed to ensure appropriate treatment in the CDM.

Environmental qualification (EQ) of safe-shutdown equipment is verified as
part of the basic configuration ITAACs for safety-related systems. EQ
treatment in the ITAACs is discussed under " General Provisions" in the CDM.
Verification includes type tests or a combination of type tests and analyses
of Class IE electrical equipment identified in the " Design Description"
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|

section or accompanying figures to show that the equipment can withstand the(p) conditions associated with a design-basis accident without loss of safety
,U function for the time that the function is needed. |

The task group reviewed integrated plant safety analyses such as fires, floods
and missile protection to ensure they were adequately addressed in the CDM.
The insights from these analyses that were addressed in the CDM are in !

CESSAR-DC Section 14.3. The issues of floods, fires, missiles, pipe failures,
and environmental protection are verified by the ITAACs on a system-specific
basis, rather than generically. Divisional separation (both physical and ;

electrical) is the primary means of ensuring protection of safety-related
equipment from these events. Divisional separation is verified as part of
both individual system ITAACs and building ITAACs. Physical and electrical
separation is verified in each safety-related system ITAACs and divisional
barriers are verified in the nuclear island structures ITAACs.

The design features in the CDM were selected to ensure that the integrity of
the analyses would be preserved in an as-built facility. For example,
3-hour-rated fire boundaries and divisional separation were shown in the
building figures. Also, flooding features such as structure elevations were
specified in the site parameters, flood doors and flood barriers were shown on
the building figures, and elevations were shown on the buildings to verify
that the approximate physical location of components and relative elevations

1

of buildings minimized the effects of flooding. An as-built reconciliation
report for fires to ensure consistency with the CESSAR-DC analyses is required
by the fire protection system ITAAC.

|

h Other specific issues that were addressed include heat removal capabilitiesb for design-basis accidents and tornado and missile protection. Heat removal
capabilities were verified through heat removal requirements for core cooling
system heat exchangers and interface requirements for site-specific systems.
Tornado and missile protection was provided by inlet and outlet dampers in
ventilation systems, and through the structural design of buildings.

The task group received information from other task groups such as the i
structural, electrical, and I&C task groups. The task group also reviewed the

;

ITAACs for consistency with the initial test program described in CESSAR-DC |
Chapter 14. In addition, specialists provided key insights and assumptions ifrom PRA and severe accident analyses, as well as inputs for issues such as

|treatment of alarms, displays and controls, and functionality of MOVs. A '

cross-reference from the CESSAR-DC to the CDM providing these key insights and
assumptions is in CESSAR-DC Section 19.15.

Containment isolation is addressed by a combination of the system's ITAAC and !
the containment isolation system ITAAC. The containment isolation valves are
shown on the system figures. The verification of the design qualification of
the motor-operated containment isolation valves will be verified by the basic
configuration check in the system ITAACs as discussed under " General
Provisions." In addition, in situ tests are required for containment
isolation M0V and check valves in each system ITAACs. The containment
isolation system ITAACs verifies that the containment isolation valves close

s on receipt of an isolation signal, verifies the electrical power assignment to
,

(v) the containment isolation valves, and verifies the failure response of the I

isolation valves, as applicable. Leak rate testing is addressed in the
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nuclear island structures.
l

The staff decided during the review of the ITAACs that the main control room I

(MCR) ITAACs would verify only the minimum inventory as derived from the
emergency operations guidelines (E0Gs), the requirements of RG 1.97, and PRA
insights. Other controls, indications and alarms are identified in the system |ITAACs and verified to exist in the MCR. The ability of these controls,
indications, and alarms to function will be checked during operation of the
system for the functional tests required by the system ITAACs. The operation
of the system during the completion of the functional tests required in the
system ITAACs will be conducted from the MCR. Therefore, it was decided that
the verification that the system can be operated from the NCR need not be a
separate ITAACs. The operation of equipment from the remote shutdown panel is
addressed in the remote shutdown panel ITAACs.

14.3.2.3.2 Reactor Systems Task Group Review

The reactor systems task group had primary review responsibility for the
reactor systems and core cooling systems in CDM Section 2.0. The group had
secondary review responsibilities for those systems that could affect the
operation of the reactor and core cooling systems.

The task group primarily used the SRP in its review of the CDM to determine
the safety significance of SSCs. The group also used applicable rules and
regulations, GDC, RGs, USIs and GSIs, NRC generic correspondence, PRA,
insights from System 80+ safety and severe accident analyses, and took
operating experience into account. The task group also used guidelines in the
draft review guidance for the design control document as an aid for
establishing consistency and completeness in its review of the systems. For
selected portions of the review, the staff utilized the regulatory guidance
from the Commission related to SECY-90-016, " Evolutionary Light Water Reactor
Certification Issues and Their Relationship to Current Regulatory Require-
ments," as modified by the Commission guidance related to SECY-93-087,
" Policy, Technical, and Licensing Issues Pertaining to Evolutionary and
Advanced Light-Water Reactor Designs."

The reactor systems task group review of the CDM systems was performed in a
manner similar to as the plant systems task group's review because the reactor
and core cooling systems were primarily fluid systems. Thus, the group
examined the systems for comprehensive and consistent treatment of the issues
listed in Section 14.3.2.3.1 of this chapter, according to the safety
significance of the respective systems being reviewed. The reactor systems
task group found that many of the systems in this area of review were
classified as safety related, and thus many of the characteristics and
features of these systems had safety significance. This is reflected in a
higher level of detail in the CDM for these systems.

The task group reviewed the CDM to verify that plant safety analyses, such as
for core cooling, transients, overpressure protection, and anticipated
transient without scram (ATWS), were adequately addressed. The task group
reviewed the tables in CESSAR-DC Section 14.3 to determine that the important
input parameters used in the transient and accident analyses were verified by
the ITAACs. The task group worked with specialists in PRA and severe accident
analyses to ensure insights and design features from these analyses were
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o\ incorporated into the CDM. For the severe accident analyses in particular,
I the basis for the staff's review was the Commission guidance related toCl SECY-90-016 and SECY-93-087. For both PRA and severe accident analyses, i

although large uncertainties and unknowns may have been associated with the
event phenomena, design features important for severe accident prevention and
mitigation resulting from these analyses were still selected for treatment in

-

the CDM. The supporting information regarding the detailed design and
analyses remained in the CESSAR-DC. For many of the design features, it was
impractical to test their functionality. Consequently, the existence of the
feature on a figure, subject to a basic configuration walkdown, was considered
sufficient CDM treatment.

The staff determined that the detailed supporting information in the CESSAR-DC
for the nuclear fuel system in the CDM, if considered for a change by a COL
applicant or licensee that references the certified System 80+ design, would
constitute an unreviewed safety question. This supporting information
comprises the fuel design, the control element assembly (CEA) design, and the
initial core design. Thus, the staff has concluded that any changes to the
initial reference design of these areas from that presented and evaluated in
CESSAR-DC Chapter 4 will require prior NRC review and approval, except for the
design features and design parameters in Tables 4.2-1 and 4.2-2 and changes
covered by applicable NRC-approved topical reports. Furthermore, prior NRC
review and approval will be required to change the NRC-approved analysis
methods used to demonstrate conformance of the fuel design, the CEA design,
and the initial core design to the design limits given in CESSAR-DC, except
for those changes to analysis methods that are covered by applicable NRC-
approved topical reports. The specific fuel, CEA, and core designs presented

g ) in CESSAR-DC Chapter 4 will constitute, based on staff review and approval, an
\> approved design that may be used for the COL first cycle core loading, without

further NRC staff review. If any other core design is requested for the first
cycle, the COL applicant or licensee will be required to submit for staff
review those specific fuel, control rod, and core design analyses as described
in CESSAR-DC Chapters 6 and 15.

Examples of the issues that the task group examined for treatment in Tier 1
included net positive suction head for key pumps (specified in the applicable
systems), and intersystem LOCA (the design pressure of the piping of the
systems that interface with the reactor coolant pressure boundary is specified
in the design descriptions of the applicable systems). The task group also
reviewed the ITAACs for consistency with the initial test program described in
CESSAR-DC Chapter 14.

14.3.2.3.3 Electrical Task Group Review

The electrical task group had primary review responsibility for the electrical
systems in CDM Section 2.6. The scope of the System 80+ electrical design
includes the entire Class IE portion of the electrical system as well as a
major portion of the non-Class 1E electrical system and portions of the plant
lighting system. The group also reviewed selected interface requirements. I

The group had some secondary review responsibilities for some systems using
Class 1E power.

\ In establishing the top-level requirements for the electrical design, theNl staff used the GDCs of Appendix A to 10 CFR Part 50; and 10 CFR 50.49,

|
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" Environmental Qualification;" and 10 CFR 50.63, " Station Blackout," as its
main bases. In addition, IEEE nuclear standards were used, as appropriate, to

i

further establish top-level requirements. The staff also considered
significant lessons learned from operating experience problems and insights
gained from the PRA for the System 80+ design. |

!

GDC 17, in part, requires that an onsite and an offsite electric power system )be provided to permit functioning of structures, systems, and components I

important to safety. It further requires that the onsite electric power i

system have independence and redundancy and that the electric power supplied
by the offsite system be supplied by two physically independent circuits.

10 CFR 50.49 requires that certain electrical equipment be qualified for
accident (referred to as "harth") environments.

10 CFR 50.63 requires that a nuclear power plant be able to withstand and
recover from a station blackout event.

IEEE 308, "IEEE Standard Criteria for Class IE Power Systems for Nuclear Power
Generating Stations," in conjunction with other related IEEE standards,
establishes specific design criteria for nuclear power plant electrical
systems and equipment.

The staff reviewed the System 80+ standard plant design to ensure, in part,
that the certified design contains top-level design, fabrication, testing, and
performance requirements for SSCs important to safety. Design descriptions
and ITAACs were established to verify that these top-level (Tier 1)
requirements (or design commitments) are met when the plant is built.

(1) Class lE Electrical Systems

The System 80+ Class 1E electrical systems include: (1) portions of the
Class IE electrical power distribution system, (2) the emergency diesel
generators, (3) the Class IE de power supplies, and (4) the Class 1E ac
instrument and control power supplies. Using the regulations listed above,
IEEE standards, operating experience, and PRA as its bases, ABB-CE established
top-level design commitments for the Class 1E electrical systems of the
System 80+ design to be included in the design descriptions and verified by
ITAACs.

The top-level design commitments for the Class IE electrical systems include
design aspects related to

equipment qualification for seismic and harsh environment*

redundancy and independence*

capacity and capability=

electrical protection features*

displays, controls, and alarmse

Enuipment Oualification

To ensure that the seismic design requirements of GDC 2 and the environmental
qualification requirements 10 CFR 50.49 have been adequately addressed, " basic
configuraton" ITAACs were established for applicable systems to verify these
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design aspects of electrical equipment important to safety.

U The design description identifies that Class IE equipment is seismic Cate-
gory I and that equipment located in a harsh environment is qualified. A

,

" basic configuration" ITAACs was developed to include these areas.

Redundancy and Indeoendence

To ensure that the Class IE electric systems meet the single-failure
requirements of GDC 17 (and other GDC), ITAACs were established to verify the
redundancy and independence of the Class IE portion of the electrical design.
For the electrical systems, ITAACs verified the Class IE divisional
assignments and independence of electric power by both inspections and tests.
The independence is established by both electrical isolation and physical
separation. The Class IE divisional equipment is identified to aid in
demonstrating the separation. (The detailed requirements are specified in the
CESSAR-DC. For example, separation distances and identification are outlined
in the CESSAR-DC.) These attributes are verified all the way to the
electrically powered loads by a combination of the electrical system ITAACs
and the ITAACs of the individual fluid, I&C, and HVAC systems which also cover
the electrical independence and divisional power supply requirements.

Capacity and Caoability

To ensure that the electrical systems have the capacity and capability to
supply the safety-related electrical loads, ITAACs were established to verify

p the adequate sizing of the electrical system equipment and its ability toI
(d respond (e.g., automatically in the times needed to support the accident

analyses) to postulated events. This includes the Class 1E portion and the
non-Class IE portion to the extent that it is involved in supporting the
Class IE system.

ITAACs are included to analyze the as-built electrical system and installed
equipment (diesel generators, transformers, switchgear, batteries, etc.) to
verify its ability to power the loads. In addition, the ITAACs also includes
tests to demonstrate the operation of the equipment.

To ensure that the Class 1E portion of the electrical power system has the
capability to respond to postulated events including LOCAs, loss of normal
preferred power, and degraded voltage conditions, ITAACs were established to
verify the initiation of the Class 1E equipment necessary to mitigate the
event.

ITAACs are included to analyze the as-built electrical power system for its
response to a LOCA, loss of voltage, combinations of LOCA and loss of voltage,
and degraded voltage. In addition, tests are included to demonstrate the
actuation of the electrical equipment in response to postulated events.

Electrical Protection Features

To ensure that the electrical power system is protected against potential
electrical faults, ITAACs were established to verify the adequacy of the

(o) electrical circuit protection included in the design. Operating experience
v and NRC electrical distribution system functional inspections (EDSFIs) have
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1
indicated some problems with the short-circuit rating of some electrical )
equipment and breaker and protective device coordination.

ITAACs are included to analyze the as-built electrical system equipment for
its ability to withstand and clear electrical faults. In addition, ITAACs are
included to analyze the protection feature coordination to verify its ability
to limit the loss of equipment due to postulated faults.

Disolavs. Alarms. and Controls

To help ensure that the electrical power system is available when required,
ITAACs are included to verify the existence of monitoring and controls for the
electrical equipment. The minimum set of displays, alarms, and controls is
based on the emergency operations guidelines. In some cases, additional
displays, alarms, and controls are specified based on special considerations
in the design or operating experience.

ITAACs are included to inspect for the ability to retrieve the displays and
alarms, and to control the electrical power system in the main control room
and at locations provided for remote shutdown.

(2) Other Electrical Eauioment Imoortant to Safety

In addition to the Class IE systems addressed above, other aspects of the
electrical design were deemed to be important to safety and the top-level
design commitments were included in the CDM.

Offsite Power

To ensure that the requirements of GDC 17 for the adequacy and independence of
the preferred offsite power sources within the System 80+ scope were met,
ITAACs were developed to verify the capacity and capability of the offsite
sources to feed the Class IE divisions, and the independence of those sources. j

l

ITAACs are included to inspect the direct connection of the offsite sources to ,

1the Class IE divisions and to inspect for the independence / separation of the
offsite sources. Lightning protection and grounding features are inspected as
part of the configuration ITAACs.

In addition, the design description includes " interface" requirements for the
portions of the offsite power outside of the System 80+ scope, however no
ITAACs are included for the interfaces. The interfaces define the
requirements that the offsite portion of the design (that is out of scope)
must meet to support and not degrade the in-scope design.

Containment Electrical Penetrations

To ensure the containment electrical penetrations (both those containing
Class IE circuits and those containing non-Class IE circuits) do not fail due
to electrical faults and potentially breach the containment, ITAACs were
developed to verify that all electrical containment penetrations are protected
against postulated currents greater than their continuous current rating.
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I e ITAACs are included to inspect and analyze the electrical penetrations and
their protection.

Combustion Turbine Generator

To ensure the availability of the combustion turbine generator (CTG) as an
|

| alternate ac source for station blackout events, ITAACs were developed to
verify its inclusion in the design and its independence from other ac sources.
In addition, the PRA has indicated that the CTG is relatively important from a
risk perspective.

ITAACs are included to inspect and test the CTG and its auxiliaries.

Liahtino

To ensure that portions of the plant lighting remain available during power
failures, ITAACs were developed to verify the continuity of power sources for
the lighting systems.

ITAACs are included to inspect and test the lighting and its power sources.

(3) Electrical power For Non-safety Plant Systems

To ensure that electrical power is provided to support the non-safety-related
plant systems, design descriptions cover portions of the non-Class IE

i

electrical systems. A basic configuration ITAACs verifies the functional !
arrangement and the Tier 1 design commitments for these areas. )
14.3.2.3.4 Human Factors Task Group Review

The human factors task group had primary review responsibility for the main
control room and remote shutdown room described in CDM Section 2.12, " Human
Factors." Additionally, the task group provided input to other task groups on
the minimum inventory of displays, controls, and alarms for the control room
and the remote shutdown room.

The basis for the task group's review in this area was a human factors
engineering (HFE) program review model (PRM) developed by the staff (i.e.,
"HFE Program Review Model and Acceptance Criteria for Evolutionary Reactors").
The staff informed the Commission of the development of the PRM and associated
acceptance criteria in SECY-92-299, " Development of Design Acceptance Criteria
(DAC) for the Advanced Boiling Water Reactor (ABWR) in the Areas of
Instrumentation and Controls (I&C) and Control Room Design," dated August 27,
1992. In addition, the task group utilized the SRP in its review of the CDM.
Other sources were applicable rules and regulations, RGs, USIs and GSIs, and
operating experience.

The staff developed the HFE PRM, discussed in Section 18.1.3 of this report, |
to serve as a technical basis for the review of the design information i

'proposed by ABB-CE for certification of the System 80+ control room and remote
shutdown room design. The HFE PRM is (1) based upon currently accepted HFE
practices, (2) well-defined, and (3) validated through experience with thep) development of complex, high-reliability systems in other industrial and(

\/ military applications. The review model identifies the important HFE elements
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1

in a system development, design, and evaluation process that are necessary and l
!sufficient requisites to successful integration of htman factors in complex

systems. The review model also identifies aspects of each HFE element that I
are key to a safety review, and describes acceptance criteria by which the HFE i

elements can be evaluated. The HFE PRM has eight program elements, each of
which contain both general and more specific acceptance criteria. These
elements are:

Human Factors Engineering Program Management*

Operating Experience Review*

Functional Requirements Analysis*

Function Allocation*

Task Analysis*

Human-System Interface Design*

Plant and Emergency Operating Procedures*

* Human Factors Verification and Validation

10 CFR Part 52 requires applicants for design certification to comply with the
TMI requirements in 10 CFR 50.34(f)(2)(iii) for designing a control room that
reflects state-of-the-art human factors principles. ABB-CE did not develop a
final control room and remote shutdown room design before design certification
because this is an area of rapidly changing technology. Instead, ABB-CE
submitted a combination of detailed design information and design process
requirements and acceptance criteria by which the main control room and remote
shutdown room would be developed, designed, and evaluated. In lieu of having
a completed control room design for review, the staff concluded that it could
make its safety determination if ABB-CE submitted for certification an
acceptable process for the design of the control room and remote shutdown
room.

ABS CI gave the staff detailed design information regarding several of the
prcy am review models elements (Human Factors Engineering Program Management,
Operating Experience Review, Functional Requirements Analysis, Function
Allocation, and Plant and Emergency Operating Procedure Development) which
enabled the staff to complete a safety determination for those design
elements. The staff's evaluation of these elements appears in Chapter 18 of
this report. Additionally for those areas that were not completed (Task
Analysis, Human-System Interface Design, and Human Factors Verification and
Validation), ABB-CE submitted a description of the design processes and
acceptance criteria necessary for the continuing detailed design effort in
Chapter 18 of the CESSAR-DC and high-level requirements for the implementation
of these processes in CDM Section 2.12.

To review the ITAAC proposed by ABB-CE, the staff was required to assess
whether all appropriate elements of the HFE PRM were included. ABB-CE's
ITAACs was compared to the major HFE PRM elements to determine if they were
captured. As noted above, the following five elements were excluded from the
ITAAC: Human Factors Engineering Program Management, Operating Experience
Review, Functional Requirements Analysis, Function Allocation, and Plant and
Emergency Operating Procedures. The first four exclusions were allowed
because the staff had previously reviewed and found acceptable ABB-CE's
detailed design documentation with respect to these HFE PRM elements.
Procedural development was determined to be the responsibility of the COL
applicant and was, therefore, designated as a COL action item. The remaining
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HFE PRM elements: Task Analysis, Human-System Interface Design, and Human/n Factors Verification and Validation are addressed in CDM Section 2.12. !4

G' |
In addition to the design process material, the staff requested that a minimum
inventory of displays, controls, and alarms be developed through a task
analysis of the operator actions necessary to carry out the E0Gs and PRA
critical actions. The staff's evaluation of the resulting minimum inventory
encompassed a multi-disciplinary effort consisting of human factors, I&C, PRA,
and plant, reactor, and electrical system engineering. The criteria used to
determine acceptability of the inventory included assuring that (1) the scope
of these items in the E0Gs and PRA effort were adequately considered, (2) the
task analysis was detailed and comprehensive, (3) RG 1.97, Category I
variables for accident monitoring were included, and (4) important system
indications and controls described in the Tier 1 system design descriptions
necessary for transient mitigation were included.

The minimum inventory list for the control room was included in CDM
Section 2.12.1, " Main Control Room." The controls and indicators required on
systems to remotely shut down the reactor were included in CDM Section 2.12.2,
" Remote Shutdown Room." Detailed supporting information is in Chapter 7 of
the CESSAR-DC. The staff reviewed the individual systems that contained the
sensors for the displays, controls, and alarms to ensure that standard ITAACs
entries were used to verify their function. The design processes and
acceptance criteria for I&C equipment CDM Section 2.5, particularly the
verification and validation aspects of the I&C acceptance criteria, will
verify proper operation of the I&C aspects of the equipment. Similarly, the
design processes requirements for HFE in CDM Section 2.12, particularly thep) availability and suitability verification, and validation aspects of theg

v control room and remote shutdown room, will verify proper design of the
equipment for human factors considerations.

The staff conducted a complete and thorough review of the CDM material to
ensure that the general criteria of the eight program elements in the HFE PRM
were appropriately addressed in the Tier 1 CDM. The Tier 2 CESSAR-DC material
contains more detailed guidelines and applicable guidance documents. The
staff also reviewed the CESSAR-DC material to ensure that the specific
acceptance criteria in the HFE PRM were appropriately addressed. The staff
reviewed the CDM and CESSAR-DC Section 14.3.3 in accordance with the require-
ments in 10 CFR Part 52 and the guidance in SRMs related to design
certification applications provided by the Commission, as discussed in the
background part of Section 14.3 of this report.

The material in CESSAR-DC Chapter 18 provides design information and defines
design processes for the four remaining HFE PRM elements that are acceptable
for use in meeting the acceptance criteria in the CDM. However, the CESSAR-DC
information may be changed by a COL applicant or licensee referencing the ;

certified design in accordance with a "50.59-like" process. The staff's |
evaluation of the System 80+ design for the control room is based on the |

design processes and acceptance criteria material as described in CDM 2.12 and !
Chapter 18 of the CESSAR-DC. Consequently, the staff indicated in Chapter 18 !

and Section 1.11 of this report that any proposed changes to CESSAR-DC I

O Sections 18.5, 18.6, 18.7, 18.8, and 18.9 constitutes an unreviewed safety

V) question and, therefore, must be submitted to the NRC for review and approval(
before implementation. These sections discuss
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" Functional Task Analysis," Section 18.5*

" Control Room Configuration," Section 18.6*

"Information Presentation and Panel Layout Evaluation," Section 18.7a

" Control and Monitoring Outside the Main Control Room," Section 18.8*

" Verification and Validation," Section 18.9 |
*

14.3.2.3.5 Radiation Protection Task Group Review

The radiation protection task group had primary review responsibility for the
liquid, gaseous, and solid radioactive waste management systems, process and
effluent radiological monitoring and sampling systems, and emergency response i

facilities in CDM Section 2.0; and the additional material in CDM Section 3.2,
" Radiation Protection," applicable to multiple systems of the design; and

,

selected site parameters. The staff's review of CDM Section 3.2 is in i
Section 14.3.3.2 of this chapter. The group had secondary review respons- 1

ibility for all other ITAACs which addressed the plant radiation protection I
design or systems relied upon in the design-basis accident (DBA) dose '

assessment. These ITAACs included buildings, ventilation and filtration
systems, primary containment, post-accident sampling system, and site
parameters (atmospheric dispersion).

The task group primarily used the SRP in its review of the CDM to determine
the safety significance of SSCs. Other sources included applicable rules and
regulations, GDC, RGs, USIs and GSIs, NRC generic correspondence, and
operating experience. The task group also used the draft review guidance for
the design control document as an aid for consistency in its review of the
systems.

The task group relied heavily on the material in CDM Section 3.2 during its
review of the design. The design processes and acceptance criteria in this
section were developed because ABB-CE did not submit sufficient information to
stipulate the source terms needed to verify the design of the shielding,
ventilation, and airborne radioactivity monitoring systems. Therefore, ABB-CE
extracted the most important acceptance criteria for these design features
from Chapter 12 of the SRP and put them into the DACs in CDM Section 3.2. A
COL applicant or licensee must meet these criteria in the design of the plant,
and the staff can audit the facility's design documentation to ensure that the
criteria are met. The DACs are general criteria which apply to the design of
shielding, ventilation, and airborne radioactivity monitoring systems
throughout the plant. Therefore, there are no references to the DACs in the
ITAACs for the buildings and systems.

The group reviewed the ITAACs for the radioactive waste management systems to
ensure that the ITAACs appropriately describe the systems features relied on !
by the staff in Chapters 11 and 12 of this report and to show that the plant
can comply with the effluent limits of 10 CFR Part 20 and the effluent dose
design objectives of Appendix I to 10 CFR Part 50. The group reviewed the
ITAACs for the process and effluent radiological monitoring and sampling
systems to ensure that effluents are monitored before being released to
unrestricted areas, that information is submitted on radiation dose rates in
the plant during normal operation and accidents, and that, the systems provide ;

signals to safety equipment and alarms to warn plant personnel of changes in
radiation dose rates. The group also reviewed the ITAACs for emergency
response facilities to ensure that adequate facilities are provided for the
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m technical support center (TSC) and operational support center (OSC), including |[d space, data retrieval, and communications equipment, and a ventilation system |
\

to provide radiation protection. |

The group had secondary review responsibility for the review of several
ITAACs. The review of these ITAACs was focused on verifying design features ]and assumptions upon which the radiological dose consequence assessment of the

Idesign-basis accidents (DBAs) in this report is based. Important examples of 4

these features and assumptions are discussed below. The maximum primary
containment leakage rate will be verified in the nuclear island structures
ITAACs. The minimum particulate removal efficiency of the particulate filters
will be verified by the annulus ventilation system ITAACs, the fuel building
ventilation system ITAACs, the containment purge ventilation system ITAACs,
and the subsphere building ventilation system ITAACs. The capability of the
annulus ventilation system to quickly draw a slight negative pressure on the
annulus will be verified by the ITAAC for that system. The minimum particu-
late and radiciodine removal efficiencies of the filters in the control room
and TSC ventilation systems will be verified by the control complex
ventilation system ITAACs. The size of flow-limiting orifices in the letdown
line will be verified by the chemical and volume control system ITAACs. The
location and separation of the two control room emergency air intakes will be
verified by the nuclear island structures ITAACs. The capability of the
control room intake monitors to select and close the most contaminated
emergency air intake will be verified by the ITAACs for that system. The
capability of the gaseous waste management system to withstand an internal
hydrogen explosion will be verified by the ITAACs for that system. The
capability of the gaseous waste management system to withstand collapse in ao) safe-shutdown earthquake will also be verified by the ITAACs for that system.(

U In addition, the meteorological dispersion values assumed in the accident
analyses were identified as parameters for a site in CDM Table 5.0, " Site
Parameters."

14.3.2.3.6 Structural Task Group Review

The structural task group had primary review responsibility for building
structures, chemical engineering systems, site parameters, piping DACs,
reactor vessel (RV), and the legends for figures. The piping DAC contained in
CDM Section 3.1 is discussed in Section 14.3.3.1 of this chapter. The task 1

group had secondary review responsibilities for other systems as they related '

to MOVs, check valves, hydrostatic tests, and seismic and safety classifi-
cation of systems, and for other structural aspects of systems. The task
group was composed of reviewers who had experience in structural, mechanical,
materials, and chemical engineering. In addition, the task group was aug-
mented by a specialist in MOVs, check valves, and pumps; a specialist in
seismic and safety classification; and a specialist in chemical engineering. l

iThe task group primarily consulted rules and regulations to review the top- |
level commitments in the CDM. Other sources included RGs, SRP guidelines, and '

PRA insights from System 80+ safety and severe accident analyses and operating
experience. For selected portions of the review, the staff also adhered to
policy discussions by the Commission in the SRM related to SECY-90-016,
" Evolutionary Light Water Reactor Certification Issues and Their Relationship

(oG) to Current Regulatory Requirements," as modified by the Commission guidance in i
i

the SRM related to SECY-93-087, " Policy, Technical, and Licensing Issues '

'
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Pertaining to Evolutionary and Advanced Light-Water Reactor Designs." In
addition, the task group reviewed the Tier 1 submittals (including the design
description, figures, and ITAACs) of the design using the guidelines in the
draft review guidance for the CDM as an aid for establishing consistency and
completeness.

The task group reviewed the design description for those assigned systems to
ensure that the certified design was consistent with the NRC regulations and
policy decisions as discussed in SECY-93-087. The task group reviewed the
Tier 1 material to assess whether a conclusion could be reached that the
ITAACs here necessary and sufficient to provide reasonable assurance that the
facility has been constructed and will be operated in conformity with the
license, the provisions of the Atomic Energy Act, and the Commission's rules
and regulations.

The task group reviewed the design descriptions, figures, ITAACs, and the
CESSAR-DC for consistency. The task group reviewed the CDM for all the
systems to ensure consistency with the seismic and safety classification
described in Section 3.2 of the CESSAR-DC. The task group ensured that the
seismic classification of the system as described in the design description
and the ASME Code Class boundaries of the system as depicted on the figures
was consistent with CESSAR-DC Section 3.2.

The task group reviewed the ITAACs tables for consistency with tha
preoperational tests specified in Chapter 14 of the CESSAR-DC. The task group
reviewed the tests identified in the ITAACs tables to determine whether those
tests have been appropriately included in CESSAR-DC Chapter 14 and also
whether the preoperational tests have been adequately incorporated into
ITAACs. The task group also reviewed tests in Chapter 14 of the CESSAR-DC or
in the ITAACs that would require an analysis to convert preoperational test
conditions to accident conditions to ensure that the methodology for
performing the analysis was specified adequately. In addition, the task group
reviewed all systems ITAACs to ensure that selected issues were adequately and
consistently treated in the CDM through the use of the standard ITAACs entries
for basic configuration, hydrostatic test, MOVs, and check valves.

The task group used the following general approach in reviewing the design
descriptions, figures, and ITAACs and for establishing what information should
reside in each tier. The certified design (design description) should contain
top-level design, fabrication, testing, and performance requirements for SSCs
important to safety. ITAACs are established, in part, to verify that these
top-level (Tier 1) design, fabrication, testing, and performance requirements
are adhered to when the plant is built.

Although the establishment of what specific information was to be included in
the design description was essentially a matter of judgment, the draft review
guidance provides some guidance for consistency in certain areas regarding
what information should be in which tier as well as whether an inspection,
test, or analysis is required to be performed. The draft review guidance also
provided a basis for the staff's judgment in selecting which tier the
information should reside in and why an ITAACs was deemed necessary. These
areas include component welding, equipment seismic qualification, pumps,
valves, and piping systems. The basis for selecting these areas was its
importance to safety as well as its past experience with construction and
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operating problems.m

Design descriptions and ITAACs were developed and grouped by systems and
building structures. These Tier 1 requirements for systems and building
structures are typically verified by inspections, tests, and analyses speci- ,

fied in the system ITAACs. For example, system-specific performance tests are
typically conducted to demonstrate that the system can perform its intended
function. For building structures, the structural capability is typically
verified by performing an analysis to reconcile the as-built data with the
structural design bases for each safety-related building. |

(1) Review of Components

For components, the verification of design, fabrication, testing, and perfor-
mance requirements are partially addressed in conjunction with the specific
system ITAACs. For example, a test is typically performed to verify the
ability of a motor-operated valve to close under design-basis fluid condi-
tions. However, performance tests are not practical for verifying certain
component design requirements such as its seismic design or safety classifica- *

tion. Therefore, ITAACs have been developed to verify certain areas in which
performance tests are impractical. These areas include seismic design

,

qualification and fabrication (i.e., welding) of components. The ITAACs for
seismic design qualification and fabrication of components are established on
a generic basis in the general provisions for verifying the basic configura-
tions of systems rather than on an individual component basis.

The staff reviewed the Tier 1 treatment of the design qualification and
(n) fabrication of components to ensure that the issues were verified by ITAACs as -

Nd discussed below:

Fabrication of Components

A basic configuration check (system) is required in each individual system
ITAACs. The configuration check includes an inspection of the welding quality
for all ASME Code Class 1, 2, and 3 piping systems. A hydrotest is also
required in each system ITAACs for ASME Code Class 1, 2, and 3 piping systems
to verify that, in the process of fabricating the overall piping system, the
welding and bolting requirements for ensuring the pressure integrity have been
met. The methods to be used by the COL applicant or licensee to verify the

,

acceptability of the welds are discussed in the CESSAR-DC in the sections
applicable to the specific component or structure.

Desian Oualification of Comoonents

(a) Safety Classification - The safety classification of SSCs are described i
in each system's design description. The functional drawings identify i
the boundaries of the ASME Code classification that are applicable to
the safety class. The piping DAC includes a verification of the design
report to ensure that the appropriate code design requirements for the
system's safety class have been implemented. ;

O
(b) Mechanical and Electrical Equipment (including I&C) - A basic !

configuration check (system) is required in each individual system
ITAACs. The configuration check includes an inspection of the as-built
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equipment (including anchorages) and a review of the qualification
records to verify that the equipment in its as-built condition is
seismically qualified. The material in CESSAR-DC Section 3.10.1
provides detailed supporting information for the CDM regarding the
methods to be used by the COL applicant or licensee for the dynamic
qualification of equipment. This material, if considered for a change
by an applicant or licensee that references the certified System 80+
design, would constitute an unreviewed safety question, and therefore,
would require NRC review and approval before implementation of the
change. This material supporting the CDM is discussed further in
Section 3.10 of this report.

(c) Valves - The design qualification of valves is verified in conjunction
with the basic configuration check for mechanical equipment as discussed
above. Specifically, for MOVs, a special inspection is required as a
part of the basic configuration check to verify the records of vendor
tests that demonstrate the ability of MOVs to function under design
conditions. In addition, in-situ tests are required for MOVs and check
valves in each system ITAACs. These tests will be performed during the
initial test program. The material in CESSAR-DC Section 3.9.6.2.2
provides detailed supporting information for the CDM regarding the
methods to be used by the COL applicant or licensee for the design,
qualification, and testing of MOVs to demonstrate their design-basis
capability. This material, if considered for a change by an applicant
or licensee that references the certified System 80+ design, would
constitute an unreviewed safety question, and therefore, would require
NRC review and approval prior to implementation of the change. This
material supporting the CDM is discussed further in Section 3.9.6 of
this report.

(d) Piping - The overall piping design, including the effects of high-
energy line breaks and the application of leak-before-break (as
applicable), is verified in conjunction with the piping DACs. The as-
built piping system is required to be reconciled with the design
commitments. The material in CESSAR-DC Section 3.12 provides detailed
supporting information for the CDM regarding the analysis methods and
design criteria to be used by the COL applicant or licensee to complete
the piping design. This material, if considered for a change by an
applicant or licensee that references the certified System 80+ design,
would constitute an unreviewed safety question, and therefore, would
require NRC review and approval before implementation of the change.
This material supporting the CDM is discussed further in Section 3.12 of
this report.

(2) Review of Structural Desian Intearity

The scope of structural design covers the major structural systems in the
System 80+ plant, including the RV, ASME Code Class 1, 2, and 3 piping
systems, and major building structures (primary containment, nuclear island
structures, turbine building, component cooling water (CCW) heat exchanger
structures, diesel fuel storage structures (DFSSs), and radwaste building).
The RV, piping systems, and primary containment are included because they
provide the defense-in-depth principle for nuclear plants. The major building
structures house those systems and components that are important to safety.
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In establishing the top-level requirements for structural design, the staff

, O design criteria pertaining to the major structural system design are GDC 1,
used the GDC of 10 CFR Part 50 (Appendix A) as its basis. The primary general

" Quality Standards and Records"; GDC 2, " Design Bases for the Protection
Against Natural Phenomena"; GDC 4, " Environmental and Dynamic Effects Design
Basis"; GDC 14, " Reactor Coolant Pressure Boundary"; GDC 16, " Containment
Design"; and GDC 50, " Containment Design Basis."

GDC 1 requires, in part, the need for structures, systems, and*

components important to safety to be designed, fabricated,
erected, ar.d tested to quality standards commensurate with the
importance of the safety functions to be performed.

GDC 2 requires, in part, the need to design structures, systems,*

and components important to safety to withstand the effects of
natural phenomena such as earthquakes, tornados, hurricanes, and
floods without loss of capability to perform their safety

,

functions, including the appropriate combinations of the effects 1

of normal and accident conditions with the effects of the natural
phenomena.

GDC 4 requires, in part, the need to protect structures, systems,*

and components important to safety from dynamic effects, including
the effects of missiles, pipe whipping, and discharging fluids
that may result from equipment failures and from events and
conditions outside the nuclear power unit.

O * GDC 14 requires, in part, the need for the reactor coolant
pressure boundary to be designed, fabricated, erected, and tested
so as to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture.

GDC 16 requires, in part, the need for the reactor containment to*

provide an essentially leak-tight barrier against uncontrolled,

l release of radioactivity to the environment.

GDC 50 requires, in part, the need for the reactor containment*

structure, including access openings and penetrations to be
designed so that the containment structure and its internal
compartments can accommodate, without exceeding the design leakage
rate and with sufficient margin, the calculated pressure and
temperature conditions resulting from any loss-of-coolant
accident.

Using these GDC as its basis, the staff established the following top- level
attributes to be verified by ITAACs:

pressure boundary integrity (GDC 14, 16 and 50)a

normal loads (GDC 2)*

seismic loads (GDC 2)*

flood, wind, and tornado (GDC 2)=

rain and snow (GDC 2)+

O +*
pipe rupture (GDC 4)
codes and standards (GDC 1)
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In addition, to ensure that the final as-built plant conforms to the certified
design, ABB-CE submitted ITAACs to reconcile the as-built plant with the
structural design basis. A summary of the top-level structural design
requirements for the major structural systems that are verified by the
structures and systems in CDM Section 2.0 and the piping design information in
CDM Section 3.1 is given below.

Pressure Boundary Intearity

To ensure that the applicable requirements of GDC 14,16, and 50 have been
adequately addressed, ITAACs were established to verify the pressure boundary
integrity of the RV, piping, and primary containment for the System 804
GDC 16 and 50 apply to the primary containment, and GDC 14 applies to the RV
and the reactor coolant pressure boundary piping systems. The pressure
integrity for these major structural systems are needed to ensure the defense-
in-depth principle.

For the RPV and piping, hydrostatic tests performed in conjunction with the
ASME Boiler and Pressure Vessel Code, Section III are required by ITAACs. For
the primary containment, a structural integrity test is required by ITAACs to
be performed on the pressure boundary components of the primary containment in
accordance with the ASME Boiler and Pressure Vessel Code, Section III.
Because the requirements of GDC 14, 16, and 50 do not apply to the other

'

nuclear island structures, turbine building, CCW heat exchanger structures,
DFSSs, and radwaste building ITAACs were not required for verifying the ;

pressure integrity of these other buildings. ,

Normal loads

To ensure that the applicable requirements of GDC 2 have been adequately
addressed, ITAACs were established to verify that the normal and accident
loads have been appropriately combined with the effects of natural phenomena.

1

For piping systems, ITAACs require an analysis to reconcile the as-built i
piping design with the design-basis loads (which include the appropriate |
combination of normal and accident loads). For the RV, the fabrication is l

performed primarily in the vendor's shop, where adherence to design drawings
is tightly controlled. Therefore, ITAACs for the as-built reconciliation of

normal loads with accident loads for the RV were deemed inappropriate.
Instead, ITAACs verify that the ASME Code-required reports exist to document
that the RV has been designed, fabricated, inspected, and tested to code !
requirements to ensure adequate safety margin. '

;

Similarly, for safety-related buildings, ITAACs require an analysis for
reconciling the as-built plant with the structural design-basis loads (which I

include the combination of normal and accident loads with the effects of .

natural phenomena). The analysis results are to be documented in a structural :

analysis report, the scope and contents of which are described in the 4

CESSAR-DC. The staff determined that the design of some structures did not
require verification by ITAACs, based on its safety significance. In
particular, these ITAACs apply only to safety-related structures and are not
applicable to the radwaste and turbine buildings.
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o Seismic loads

IV) To ensure that the applicable requirements of GDC 2 have been adequately
addressed, ITAACs were established to verify that the safety-related systems
and structures have been designed to seismic loadings. Component qualifica-
tion for seismic loads is addressed by ITAACs that were established for
verifying the basic configuration of systems.

As discussed above for normal loads on piping systems and the RV, ITAACs
require an analysis to reconcile the as-built piping design with the
design-basis loads (which include seismic loads). For the RV, ITAACs for the
as-built reconciliation of seismic loads for the RV were deemed to be inappro-
priate, as previously discussed. Instead, ITAACs verify that the ASME Code-
required reports exist for the RV, ensuring that the RV has been designed,
fabricated, inspected, and tested to ASME Code requirements.

For safety-related buildings, ITAACs require an analysis for reconciling the
as-built plant with the structural design-basis loads (which include seismic
loads). The analysis results are to be documented in a structural analysis
report, as discussed above. These ITAACs apply only to safety-related struc-
tures and are not applicable to the radwaste and turbine buildings. However,
because the leakage path for fission products includes components within the
turbine building, the turbine building is required to withstand the effects of
a safe-shutdown earthquake. Therefore, ITAACs were established to verify
that, under seismic loads, the collapse of the radwaste and the turbine
buildings will not impair the safety-related functions of any structures or
equipment located adjacent to or within the radwaste and turbine buildings.

O For non-seismic Category I SSCs, the need for ITAACs to verify that their
failure will not impair the ability of near-by safety-related SSCs to perform
their safety-related functions was assessed. Because the design detail and
as-built and as-procured information for many non-safety-related systems
(e.g., field-run piping and balance-of-plant systems) are not required for
design certification and the spatial relationship between such systems and
seismic Category I SSCs cannot be established until after the as-built design
information is available, the non-seismic to seismic (II/I) interaction cannot
be evaluated until the plant has been constructed. Accordingly, the design
criteria for assuring acceptable II/I interactions and a commitment for the
COL applicant to (1) describe the process for completion of the design of
balance-of-plant and non-safety-related systems to minimize II/I interactions,
and (2) provide procedures for an inspection of the as-built plant for II/I
interactions have been specified as a COL action item in the CESSAR-DC.

Flood. Wind. Tornado. Rain, and Snow

To ensure that the applicable requirements of GDC 2 have been adequately
addressed, ITAACs were established to verify that the safety-related systems
and structures have been designed to withstand the effects of natural pheno-
mena other than those associated with seismic loadings. The effects include
those associated with flood, wind, tornado, rain, and snow.

I
p These loadings do not apply to the RV, the ASME Code Class 1, 2, and 3 piping ;

I i systems and components, nor the primary containment, because they are allO housed within the safety-related buildings. For safety-related buildings,
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ITAACs require an analysis for reconciling the as-built plant with the struc-
tural design basis loads (which include the flood, wind, tornado, rain, and
snow loads). Based on their safety significance, these ITAACs apply only to

,

safety-related structures and are not applicable to the radwaste and turbine
buildings.

For flooding, site parameters are specified that require the maximum flood |
level and ground water level be below the finished plant grade level. ITAACs
also require inspections to verify that divisional flood barriers and water-
tight doors exist, and penetrations (except for water-tight doors) in the
divisional walls are sealed up to the internal and external flood levels. In
addition, for safety-related buildings, flood barriers are established up to
the finished plant grade level to protect against water seepage, and flood
doors and flood barrier penetrations are provided with flood protection
features.

Pine Break

To ensure that the applicable requirements of GDC 4 have been adequately
addressed, ITAACs were established to verify that the safety-related SSCs have
been designed to the dynamic effects of pipe breaks. Component qualification
for the dynamic effects of pipe breaks is addressed by ITAACs established for
verifying the basic configuration of systems.

For the RV, ITAACs that verify the basic configuration of the RPV system
require an inspection of the critical locations that establish the bounding
loads in the LOCA analyses for the RPV to ensure that the as-built areas do
not exceed the postulated break areas assumed in the LOCA analyses.

In addition, ITAACs have been established to verify by inspections of as-
built, high-energy pipe break mitigation features and of the pipe break
analysis report that safety-related SSCs be protected against the dynamic and
environmental effects associated with postulated high-energy pipe breaks.
ITAACs to verify pipe break loads are not required for the turbine and
radwaste buildings either because they are not safety-related structures or
there are no high-energy lines located within the structure.

Codes and Standards

To ensure that the applicable requirements of GDC 1 have been adequately
addressed, ITAACs were established to verify that appropriate codes and
standards were used in the design and construction of safety-related systems
and components. In general, the staff considered those codes and standards
endorsed by the regulations under IL CFR 50.55a in determining which codes and
standards were appropriate for Tier 1 verification. The ASME Boiler and
Pressure Vessel Code, Section III, for Code Class 1, 2, and 3 systems and
components was established as the code for the design and construction of
System 80+ piping systems and the RV. For safety-related building designs,
the staff based its safety findings on audits of System 80+ design calcula-
tions which relied on specific codes and standards. These codes and standards
are in CESSAR-DC Section 3.8, and were identified in Section 3.8 of this
report as material that, if considered for a change by an applicant or
licensee that references the certified System 80+ design, would constitute an
unreviewed safety question, and therefore, would require NRC review and
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approval prior to implementation of the change.

Inspections will be conducted as a part of ITAACs to verify that ASME Code-
required documents exist which demonstrate that the RV, piping systems, and
containment pressure boundaries have been designed and constructed to their )appropriate code requirements. For other ASME Code components and equipment,
code compliance will be verified in conjunction with the quality assurance i
programs and by the authorized inspection agency as required by the-ASME
Boiler and Pressure Vessel Code.

As-Built Reconciliation

To ensure that the final as-built plant structures are built.in accordance
with the certified design as required by 10 CFR Part 52, structural analyses
will be performed which reconcile the as-built configuration of the plant
structures with the structural design bases of the certified design. The
structural analyses will be documented in structural analysis reports.
Structural analysis reports will be verified in conjunction with ITAACs for
the primary containment and the other nuclear island structures, radwaste
building, CCW heat exchanger structures, DFSSs, and turbine building. The
detailed supporting information on what is required for an acceptable analysis
report is in CESSAR-DC Chapter 3.

Similarly, an as-built analysis will be performed for piping systems using the
as-designed and as-built information. ITAACs will verify the existence of
acceptable final as-built piping stress reports which conclude that the as-

p built piping systems are adequately designed.

For component qualification, tests or analyses, or a combination of tests and
analyses will be performed for seismic Category I mechanical and electrical

,

equipment (including connected instrumentation and controls) to demonstrate
that the as-built equipment and associated anchorages are qualified to
withstand design-basis dynamic loads without loss of safety function. These
tests and analyses will be performed as a part of ITAACs to verify the basic
configuration of the system in which the equipment is located.

14.3.2.3.7 Instrumentation and Controls (I&C) Task Group Review

The I&C task group's primary review responsibilities included a review of the
CDM for I&C systems involving core protection and control in CDM Section 2.5,
" Instrumentation and Control," other miscellaneous I&C systems, the I&C
material in CDM Sections 2.5 and 2.7.25 applicable to multiple systems of the
design, and selected interface requirements. The group's secondary review
responsibilities involves ESF systems, reactivity control systems, and other
systems using I&C equipment.

The figures in CDM Section 2.5 depict both safety-related and non safety- l

related systems of the design. The block concept was used for developing the I
system control interface diagram that was needed for depicting the configura-
tion of the I&C system architecture. The I&C design in the CESSAR-DC was
described to the level of control functional blocks and, therefore, the
configuration in the CDM was to the same level.

V The task group reviewed CDM entries to confirm that the safety-related I&C
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i

system conformed to the protection systems requirements of 10 CFR 50.55a(h), j
as well as the quality standards and records requirements of GDC 1; the
protection against natural phenomenon requirements of GDC 2; the environmental
and dynamic effects requirements of GDC 4; the instrumentation and control j
requirements of GDC 13; the control room requirements of GDC 19; the protec-

|tion system design requirements of GDC 20; the protection system reliability
and testability requirements of GDC 21; the protection system independence
requirements of GDC 22; the protection system failure modes requirements of
GDC 23; the protection system requirements for reactivity control malfunctions

.

of GDC 25; and the protection against anticipated operational occurrences i

requirements of GDC 29. To comply with the criteria of 10 CFR 50.55a(h)
(" Criteria for Protection Systems for Nuclear Generating Stations") and IEEE
Standard 279-1971, the CDM entries were reviewed considering the following
design issues:

General functional requirements for the system*

Single failure criterion.

Quality of components and modules (hardware and software)*

Equipment qualification
'

*

Channel integrity and channel independence*

Classification of equipment*

Isolation devices*

Single random failure*

System inputs*

Capability for sensor checks, tests and calibration*

Channel bypasses, operating bypasses, indication of bypasses, and*

access to means for bypassing

Completion of protective action once initiated*

Manual initiation*

Information presentation*

Identification*

Standard ITAACs entries for several attributes of the I&C system were devel-
oped and used for basic configuration, divisionalized power supply, electrical
isolatier: and physical separation (independence), and control room and remote
shutdown room configuration. For those systems reviewed that were not safety-
related systems, appropriate criteria from the SRP applicable to those systems
were used.

The staff used the SRP guidelines to review the I&C design information in the
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System 80+ CDM &nd SAR to confirm that both the safety-related and non-safety-
( related I&C systems complied with the appropriate acceptance criteria of the

,

|

SRP. The staff also used the Commission guidance contained in an SRM of )
July 15, 1993, related to SECY-93-087, " Policy, Technical, and Licensing
Issues Pertaining to Evolutionary and Advanced Light Water Reactor (ALWR)
Designs," dated April 2, 1993. The staff informed the Commission of the
development of the DAC in this area in SECY-92-299, " Development of Design
Acceptance Criteria (DAC) for the Advanced Boiling Water Reactor (ABWR) in the
Areas of Instrumentation and Controls (I&C) and Control Room Design," dated
August 27, 1992.

ABB-CE did not submit complete design ition in the CESSAR-DC for the
microprocessor and digital control tech,, ,y aspects of the I&C system design
of the System 80+ because the technology in this area is rapidly evolving and
it is, therefore, important that the certified design description and ITAACs
not " lock in" a design which could be obsolete at the time of construction.
The process to complete the I&C design, with appropriate acceptance criteria,
is specified in CDM Section 2.5, with detailed supr i 9ng information in
CESSAR-DC Chapter 7. Therefore, these process-rel TC design acceptance
criteria are discussed in this part of the chapter. are not addressed
separately. The issues discussed in that material include the plant protec-
tion system (PPS), engineered safety features (ESFs) system, supporting
systems, hardware and software development, electromagnetic compatibility,
instrument setpoint methodology, environmental qualification of I&C equipment,
and I&C system diversity and defense-in-depth considerations. Since the
process in these CDM sections to complete the design applies to both safety-

p related and non-safety-related I&C systems, the staff relied heavily on the
information in those CDM sections in its reviews +he I&C systems.

CDM Section 2.5 has multiple entries addressing three key issues associated
with the I&C design: the design of the safety systems, the development and
qualification processes for I&C systems, and design features that provide ,

diverse backup as protection against common-mode failures in the safety
systems. These issues and their relationships to other systems of the design
are illustrated in the block diagrams in CDM Section 2.5, which show the
safety system logic and control, a depiction of the integrated hardware and

,

software development process for I&C systems, and diagram the interfaces of
the safety systems with other I&C systems in the design. Detailed supporting
information for the CDM is in CESSAR-DC Chapter 7.

CDM Section 2.5.1, " Plant Protection System," and 2.5.2, " Engineered Safety
Features-Component Control System," contain material for the safety system
logic and control. The plant protection system (PPS) and the ESFs component
control system (ESF-CCS) integrate the automatic decision-making with trip
logic functions and manual initiation functions associated with the safety
actions of the safety-related systems. Safety-related trip logic and monitor-
ing of the PPS reside in the PPS and ESF-CCS equipment. The PPS and ESF-CCS
equipment comprises microprocessor-based, software-controlled signal proces-
sors that perform signal conditioning, setpoint comparison, trip logic, system
initiation and reset, self-test, calibration, and bypass functions.

bs The acceptance criteria in the appropriate subsections of the CDM describe
(1) design processes and acceptance criteria to be used for safety-related

( systems using programmable microprocessor-based control equipment, (2) a
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program to assess and mitigate the effects of electromagnetic interference on
I&C equipment, (3) a program to establish setpoints for safety-related
instrument channels, (4) a program to qualify safety-related I&C equipment for
in-service environmental conditions, and (5) the hardware and software
development processes to be used in the design, testing, and installation of
I&C equipment. The discussion which follows addresses the considerations made
in reviewing the entries for this section of the CDM.

The primary function of this development process is to implement the func-
tional I&C requirements described in the CDM and the CESSAR-DC for the systems
in the System 80+ design. The decomposition of the functional system (PPS,
ESF-CCS, etc.) requirements to specific computer hardware and software
components to perform the various tasks is accomplished by means of the
structured design process described below.

.

|
In the CDM, ABB-CE describes the design process for hardware and software i
development, design commitments, the inspections, tests, and analysis to be i

performed to verify that the design is consistent with the commitments, and
the appropriate acceptance criteria against which the design will be judged. .

These ITAACs describe attributes of the process to be used to develop the !software, as well as attributes of the final software product. The ITAACs !
entries for software and hardware describe the following design stages within i
the design process:

i Requirements analysis-

Design*

Implementation or coding*

Test-

Installation and Checkout*

Operation and Maintenance*

Retirement*

These stages are based on generic activities that represent software and
system life-cycle processes, and encompass expert opinions, existing national
standards, and input from ongoing efforts in the revisions of national and

; international standards for computer systems in nuclear power plants.

The CDM and CESSAR-DC contain criteria which describe the method to develop
detailed plans and procedures that will guide the design process throughout
the above life-cycle design stages listed above. The ITAACs provide the
acceptance criteria for verifying the design through these design stages; thei

| CESSAR-DC adds the set of guidelines and standards that will provide more
detailed criteria for the development of the design. The CDM has been written

,

to incorporate the most important and general aspects (top-level requirements)
from the standards. The set of standards and criteria in the CESSAR-DC
encompass the guidance for generating the plans that will be used in the
computer software and hardware design process for the computer design through-
out the life cycle. These plans are described below.

ABB-CE provided a software development plan (SDP), NPX80-SQP-0101, "Nuplex 80+
Sof tware Program Manual" describing the complete software development process,
including hardware integration. The purpose of the SDP is to establish the
organization and authority structure for the design, the procedures to be
used, and the interrelationships between and among major activities.
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ABB-CE's SDP consists of a software quality assurance (SQA) plan, a software
configuration management (SCM) plan, a software verification and validation
(V&V) plan, and an software operations and maintenance (0&M) plan. The
elements of a software management plan are incorporated into the SQA plan, the
V&V plan, and the SCM plan. The integration plan, installation plan, and
training plan are to be developed during the remainder of the planning stage.
Although the software safety plan was submitted independent of the SDP, the
elements of the SSP are incorporated into the SDP. j

The SQA plan describes the software-specific activities that are to be
performed and controlled in addition to the approved QA plan (in accordance
with 10 CFR Part 50 (Appendix B), " Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants") for the total System 80+ design.
The SQA plan establishes the criteria under which the other software develop-
ment plans will be generated.

The SCM plan provides the means to identify software products, control and
implement changes, and record and report change implementation status.

The V&V plan provides a means by which software can be evaluated through its
life cycle to ensure that the software system requirements are accurately
translated into the final software oroduct. Each software module will be
verified by an organization that is independent of the organization that
developed the software module.

The O&M plan contains the procedures required to ensure that the software will
be operated correctly and that the quality of the software will be maintained.

O ABB-CE's 0&M plan specifies the organizational requirements and error
reporting requirements that the COL licensee shall observe during the
operation phase and the retirement phase of the software life cycle. The O&M
plan has error-reporting requirements and forms to ensure that digital system
errors are reported in a manner that is consistent with the configuration
management guidelines in the SCM plan section of the SDP.

The NRC will inspect the ITAAC activities completed by the COL applicant to
verify conformance with the requirements at several stages during the digital
control- system design process or stage of the life cycle. The documents which
demonstrate satisfactory implementation of the ITAACs will be available for
inspection during the NRC audit at the completion of each of the several
stages. The stages or phases described by ABB-CE are shown in Figure 7.1 in
this report. The NRC audit and the COL applicant conformance review points
are also shown in Figure 7.1. These stages correspond with the phases
described by ABB-CE in the CDM. The actual stages, including the conformance
review and audit points, will be determined for each of the software products
to be developed when design implementation is scheduled to begin.

At each stage, the COL applicant must verify that the design development-
complies with the certified design process and that the detailed design
developed through that stage is in conformance with the certified design.
Upon completing ITAAC activities for each stage, the COL applicant will
certify to the NRC that the stage has been completed, and that the design and

n construction completed up through that stage complies with the certified

V) design. Although not required, the COL applicant should satisfactorily(
complete the ITAAC activities at each stage before proceeding to the next
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stage of the design development process. Failure to successfully complete the
ITAAC at a stage, as determined by the conformance review or the NRC audit,
may require repeating an earlier stage in the ITAACs or changing the system
design, or both. The NRC staff will keep track of any open issues which
require resolution for each stage in the ITAACs. Significant open issues
which are not resolved could lead the NRC staff to conclude that the ITAACs
had not been satisfactorily completed.

The ITAACs address electromagnetic compatibility (EMC), which is the process
to ensure that I&C equipment is able to function properly when subjected to an
electromagnetic environment. An EMC compliance plan to confirm the level of
immunity to electrical noise is included in the design, installation, and
testing of I&C equipment. The plan is structured on the basis that EMC of I&C
equipment is verified by factory testing and site testing of both individual
components and interconnected systems to meet EMC requirements.

The setpoint methodology portion of the ITAACs describes the process to ensure
that setpoints for initiation of safety-related functions are determined,
documented, installed, and maintained. The process (the instrument setpoint
methodology) establishes a program for specifying requirements for documenting
the bases for selection of trip setpoints, accounting for instrument
inaccuracies, response testing, and replacement of instrumentation.

The equipment qualification portion of the ITAACs describes the process to
ensure that qualification of safety-related I&C equipment is able to complete
its safety-related function under the environmental conditions that exist up
to and including the time the equipment has finished performing that function.
An equipment qualification program is established that ensures qualification
specifications consider conditions that exist during normal, abnormal, and
design-basis accident events in terms of their cumulative effect on equipment

.

performance for the period up to the end of equipment life. j
i

The diversity and defense-in-depth portion of the ITAACs address the concern i
that software design faults or other initiating events common to redundant,

jmulti-divisional logic channels of I&C protection systems could disable ,

significant portions of the plant's safety functions at the moment when these i
functions are needed to mitigate an accident; diverse backup features are !
provided for the primary automatic logic. Diversity is provided in the form
of hard-wired backup for reactor trip, diverse display of important process
parameters, defense-in-depth arrangement of equipment, and other equipment
diversity.

The staff reviewed the System 80+ CDM material thoroughly to ensure that the
SRP guidelines and Commission guidance for I&C design were appropriately
addressed in both the CDM and the CESSAR-DC. The staff evaluated the analysis
methods, design procedures, acceptance criteria, and related ITAACs that are
to be used for the completion and verification of the System 80+ I&C design.
The CESSAR-DC material has more detailed guidelines and applicable documents.
The staff reviewed the CDM and CESSAR-DC Section 14.3.2 in accordance with the
requirements in 10 CFR Part 52 and the guidance in Commission SRMs related to
design certification applications, as discussed in the background part of
Section 14.3 of this report.

Selected material in CESSAR-DC Chapter 7 provides design information and

ABB-CE System 80+ FSER 14-60 June 1994



q defines design processes that are acceptable for use in meeting the I&C
- acceptable criteria in the CDM. This material includes design information

regarding hardware and software changes, commercial dedication, equipment
qualification, and electromagnetic compatibility. However, the CESSAR-DC
information may be changed by a COL applicant or licensee referencing the
certified design in accordance with a "50.59-like" process. The staff's
evaluation of the System 80+ design for I&C systems is based on the design
processes and acceptance criteria material in the CDM and the CESSAR-DC.
Consequently, the staff indicated in Chapter 7 of this report that any ,

proposed changes to the appropriate CESSAR-DC sections constitutes an |
unreviewed safety question and, therefore, must be submitted to the NRC for
review and approval before implementation. ;

The certified design description and design development process continue for
the lifetime of the plant. Any safety-related software that is changed or
added after plant startup is required to either be developed using the
certified design development process described in the CDM, or the licensee
must submit a design process (together with the design bases) description that

.
will produce a digital system of the same or higher quality than the original .

,

! certified design process, consistent with the CDM. The licensee will be t

i required to use an approved software change procedure based upon the certified ,

design development process for the operation stage of the life cycle. ;

14.3.2.4 Approval of the CDM for Structures and Systems -

The staff performed a multidisciplinary review, utilizing several task groups,
of the SSCs of the System 80+, in accordance with 10 CFR Part 52 and the

O guidance in SRMs related to design certification applications provided by the
Commission. This review included information contained in multiple CDM and
CESSAR-DC submittals to the staff, as listed under " Background" in
Section 14.3 of this chapter.

:

On the basis of the task group reviews,-the staff concludes that the top-level
design features and performance characteristics of the SSCs important to
safety in the System 80+ design are appropriately described in the design '

descriptions of the CDM, and are acceptable. .

Further, these top-level design features and performance characteristics can
be adequately verified by the ITAACs submitted by ABB-CE. Therefore, the

,

'

staff concludes that the ITAACs in the CDM are necessary and sufficient to ;

provide reasonable ' assurance that if the inspections, tests, and analyses are
performed and the acceptance criteria met, the SSCs important to safety in a
facility that references the design have been constructed and will operate in '

accordance with the design certification and applicable regulations.
,
,

'14.3.2.5 Initial Test Program (ITP)

CDM Section 2.11 consists of a high-level commitment to an ITP and a
description of the program and major program documents (i.e., a site-specific
startup administrative manual, test specifications, and test procedures). i

CESSAR-DC Section 14.2 contains a complete description of the ITP,.and the
|

' staff's evaluation of the ITP is in Section 14.2 of this chapter. '

i I( The staff reviewed this CDM section for consistency with the guidelines in the
i
i,
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SRP and RG 1.68, " Initial Test Program for Water-Cooled Nuclear Power Plants."
RG 1.68 describes the general scope and depth of testing that is acceptable to
the staff for conduct of preoperational and startup testing as part of the
ITP.

The key facets of the ITP are described in the Tier 1 CDM to ensure that
subsequent changes in the conduct of the ITP cannot be initiated unilaterally
by the COL applicant. This ITP is described in Tier 1 because of the essen-
tial role of a test program in the verification that SSCs have been
constructed and will perform satisfactorily in service. The Tier I descrip-
tion requires that the ITP be performed under suitably controlled conditions
and processes. The development of test procedures, conduct of the tests, and
safe execution of the test program, are important considerations in ensuring
that the as-built facility is in accordance with the design certification and
applicable regulations. Thus, the staff will have the confidence that the ITP

will be implemented effectively, so that the appropriate testing methodologies
and associated programmatic controls for testing plant systems will
be ensured.

A corresponding ITAACs for this design description is not required for several
reasons:

(1) The Tier 1 certified design material consists of a high level commitment
to an ITP, and a description of the program and major program documents
that constitute an acceptable ITP (i.e., a site-specific startup
administrative manual, test specifications, and test procedures). The
specific testing necessary to verify design features and performance
aspects of the design is delineated in the system-specific ITAACs.

(2) The ITP covers a broader spectrum of time than the ITAACs. While ITP
pre-operational testing shall be completed before fuel load, the ITP
startup and power ascension testing will be conducted after fuel load.
As the ITP involves testing post-fuel load, it is not appropriate to
define associated ITAACs entries as Part 52 specifies that the ITAACs
will be completed before fuel load.

In summary, the top-level ITP commitments in the CDM ensure that suitable
controls are imposed over the preoperational and startup testing programs,
which provide reasonable assurance that the facility can be operated without
undue risk to the public. The staff concludes that the ITP information in the
CDM is acceptable.

14.3.2.6 DSER Issues

The " Certified Design Material for the ABB-CE System 80+," was under staff
review at the time the DSER was issued. The staff stated that the final
evaluation would appear in the this report. This was designated as DSER Open
Item 14.1-1.

Many sections of the DSER contained preliminary comments on the CDM for the
ABB-CE System 80+ design. These preliminary comments were documented in the
sections of the DSER based on their relationship to the detailed design

,

information in variour CESSAR-DC sections. The preliminary comments in the
DSER were intended to discuss the philosophy of development of the Tier 1 CDM, '

,

ABB-CE System 80+ FSER 14-62 June 1994

.- _ __-- -- - - __-_______- - _ __ _ _ _ _ _ _ _



( )
I

l

,.- establish early staff positions on the material, and indicate the status of
(

.

development of the material.

ABB-CE resolved all of the staff's comments in various revisions to the Tier 1
CDM, and provided revised detailed supporting design information in various*

CESSAR-DC amendments as discussed in the background part of Section 14.3 of
this chapter. On the basis of the revised material in the CDM and CESSAR-DC,
the CDM development process, criteria, and methodology described in CESSAR-DC
Section 14.3, and the review process discussed here in this chapter, the staff
concludes that these issues were adequately addressed where appropriate in the ,

lCDM. Therefore, DSER Open Item 14.1-1 is resolved.

Table 14.1 lists open issues in the DSER that specifically identified the
Tier 1 material, and that were resolved as discussed above. This list of i

issues considered for treatment in the CDM is not all inclusive. Since
issuing the DSER, the staff considered many issues for treatment in the CDM,
using the general approach and criteria discussed herein. Other specific :

issues considered for treatment in the CDM may also be discussed in the
'appropriate sections of this report.

The issues in Table 14.2 were classified in the DSER as ITAAC Confirmatory
Items. They were also resolved based on the revised CDM, supporting CESSAR-DC
information, the discussion in CESSAR-DC Section 14.3, and the discussion in
this section of this chapter.

'14.3.3 Additional Certified Design Material

O' This section of the System 80+ CDM provides additional certified design
material for design and construction activities that are applicable to more
than one system. There are two entries in this CDM section. The entries
describe design-related processes and associated design acceptance criteria
(DACs) for the System 80+. The design description for each entry describes
its scope and applicability to the System 80+ design. Amplifying information
on CDM Section 3.0 is in CESSAR-DC Section 14.3.3. The material in this
section of the CDM applies to the individual systems of the System 80+ design
contained in CDM Section 2.0, and the staff's review of the material in CDM
Section 2.0 is in Section 14.3.2 of this chapter. The staff's safety _
evaluation for each design area in which the DACs are used is contained in the
section of this report applicable to the area.

Desion Acceptance Criteria (DAC)

ABB-CE did not submit design and engineering information for some areas of the }
System 80+ design at a level of detail customarily reviewed by the staff in ,

making a final safety determination. ABB-CE submitted less detailed informa- '

tion in these areas because ABB-CE believed they were either areas of rapidly '

changing technology, and it would have been detrimental to freeze the details
of the design.many years before an actual plant was ready to be constructed,
or because they were areas for which ABB-CE did not have sufficient as-built
or as-procured information to complete the final design. Areas of rapidly
changing technology included control room and RSS design (human factors) and !
advanced instrumentation and controls. Areas dependent on as-built or as- '

procured information included piping design and radiation shielding, ventila-.

( tion, and airborne monitoring design. The staff provided its views on the DAC '

r
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to the Commission on February 19, 1992, in SECY-92-053, "Use of Design
Acceptance Criteria During 10 CFR Part 52 Design Certification Reviews."

The design information and appropriate design methodologies, codes, and |
standards in the CESSAR-DC, together with the design descriptions and DACs, |
are sufficiently detailed to serve as an adequate basis for the staff to make
a final safety determination regarding the design, subject only to satisfac- |

tory design implementation and verification of the DACs by the COL applicant |
or licensee. The DACs are a set of prescribed limits, parameters, procedures, I

and attributes upon which the NRC relies, in a limited number of technical
areas, in making a final safety determination in support of the System 80+
design certification. The acceptance criteria for the DACs are inspectable,
testable, or subject to analysis using pre-approved methods, and must be
verified as a part of the ITAACs performed to demonstrate that the as-built
facility conforms to the certified design. Thus, the acceptance criteria for
DACs are specified together with the related ITAACs in the Tier 1 material,
and both are part of the design certification. The DACs and the ITAACs, when
conformed to, ensure that the completed design and as-constructed plant
conforms to the design certification. The material in the CESSAR-DC for each
of the DAC areas includes, as appropriate, sample calculations or other
supporting information to illustrate methods that are acceptable to the staff
for meeting Tier 1 DAC commitments.

The structure of each area in which DACs are used is the same as for the other
areas of the design that are verified by ITAAC. The structure consists of
three parts: the Tier 1 design description, the corresponding DACs, and the
Tier 2 supporting information in the CESSAR-DC for the DACs. The staff has

,

based its safety findir.gs for the areas in which DACs are used on the Tier 2
information specified in the CESSAR-DC, including applicable design methodolo-
gies, codes, and standards, contingent on verification that the design has
been properly implemented according to the Tier 1 design descriptions and the
corresponding DACs.

14.3.3.1 Piping Design DACs

The piping design aspects of the System 80+ design are given in CESSAR-DC
Appendix 3.9A and (together with the associated DACs in CDM Section 3.1,
" Piping Design"), are evaluated in Section 3.12 of this report. ABB-CE did
not submit the complete design information in this design area before design
certification because the piping design was dependent upon as-built and as-
procured information. Instead, ABB-CE submitted the processes and acceptance
criteria by which the details of the design in this area would be developed,
designed, and evaluated. ABB-CE submitted amplifying information in CESSAR-DC
Section 14.3.3.1 regarding CDM Section 3.1 in this area. The material in CDM
Section 3.1 applies to System 80+ piping systems classified as nuclear safety-
related as specified in the Tier 1 material for the individual systems in CDM
Section 2.0 and to certain high-energy non-nuclear safety systems. The imple-
mentation of the process and the design is the responsibility of the COL
applicant or licensee.

The staff used the SRP guidelines and RGs to evaluate the piping design infor-
mation in the System 80+ CDM and CESSAR-DC and performed a detailed audit of
the piping design criteria, including sample calculations. The staff
evaluated the adequacy of the structural integrity and functional capability

1

|
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I
of safety-related piping systems. The review was not limited to the American ;

o) Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code |(
C Class 1, 2, and 3 piping and supports, but covered buried piping, instrumenta- '

tion lines, the interaction of non-seismic Category I piping with seismic !
Category I piping, and any safety-related piping designed to industry stan- |
dards other than the ASME Code. The staff's evaluation included the analysis
methods, design procedures, acceptance criteria, and related ITAACs that are
to be used for the completion and verification of the System 80+ piping
design. The staff evaluated both CDM and CESSAR-DC information regarding the
applicable codes and standards, analysis methods to be used for completing the
piping design, modeling techniques, pipe stress analyses criteria, pipe
support design criteria, high-energy line break criteria, and leak-before-
break (LBB) approach applicable to the System 80+.

The material in CDM Section 3.1 provides the design process to develop the
piping for the nuclear safety-related (seismic Category I) systems of the
System 80+ design. Piping systems that must remain functional during and
following an SSE are designated as seismic Category I and are further classi-
fled as ASME Code Class 1, 2, or 3. The piping systems and their components
are designed and constructed in accordance with the ASME Code requirements
identified in the individual systems of the System 80+ design. The CDM
ensures that the piping systems will be designed to perform their safety-
related functions under all postulated combinations of normal operating condi-
tions, system operating transients, postulated pipe breaks, and seismic
events. The material in the CDM section also addresses such consequential
effects of pipe ruptures as jet impingement, potential missile generation, and

%)
pressure and temperature effects.

' ABB-CE specified four ITAACs in the CDM to ensure the design process for
piping systems was as stated in the design description. The first ITAACs
requires that an as-built piping stress report exists that documents the
results of an as-built reconciliation analysis confirming that the final
piping system has been built consistent with the assumptions used in the ASME
Code certified stress report. As used in this report, an ASME Code certified
stress report is the design document required by ASME Code, Section III,
Subarticle NCA-355-0. The report verifies that the as-constructed piping
system is consistent with the certified design commitments. This verification
assures that modification of any document used for construction from the
corresponding document used for design analysis has been reconciled with the
certified stress report discussed above. This documentation will become part
of the certified stress report. The detailed supporting information on what
is required for an acceptable analysis report is in CESSAR-DC Chapter 3.

The second ITAAC specified in the CDM requires that an ASME Code certified
stress report exists to ensure that the ASME Code Class 1, 2, or 3 piping
systems are designed to retain their pressure integrity and functional
capability under internal design and operating pressures and design-basis
loads. The specific contents and requirements of the certified stress report
are in the ASME Code. A certified piping stress report gives assurance that
requirements of the ASME Code, Section III for design, fabrication, installa-
tion, examination, and testing have been complied with, and that the design
complies with the design specifications.

V The third ITAAC requires that an LBB evaluation report exists which documents
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that LBB acceptance criteria are complied with for the as-built piping and
piping materials. This verification is needed because in the design
certification stage, bounding limits were established using piping evaluation
diagrams (PEDS) and preliminary analysis results to establish a window of
acceptable piping stress values for selected piping materials. The COL
applicant is required to verify that these values are complied with using
actual material properties and final piping configurations. In CESSAR-DC
Appendix 3.9A, the applicant describes the contents of the LBB evaluation
report and tells how the COL applicant is to reconcile the as-built piping
data with the LBB design assumptions.

The fourth ITAACs requires that a pipe break analysis report exists
documenting that SSCs required to be functional during and following an SSE
have adequate high-energy pipe break mitigation features. As discussed in
CESSAR-DC Chapter 3, the pipe break analysis report specifies the criteria
used to postulate pipe breaks and the analytical methods used to perform pipe
breaks, and confirms the adequacy of the results of the pipe break analyses.
This verification gives assurance that the high-energy line break analyses
have been completed and comply with the following certified design
commitments. For postulated pipe breaks, the Pipe Break Analysis Report shall
confirm that: (1) piping stresses in the containment penetration area shall
be within their allowable stress limits, (2) pipe whip restraints and jet
shield designs shall be capable of mitigating pipe break loads, (3) loads on
safety-related SSCs shall be within their design load limits, and (4) SSCs are
protected or are qualified to withstand the environmental effects of
postulated failures. The Pipe Break Analysis Report shall conclude that, for
each postulated piping failure, the reactor can be shut down safely and
maintained in a safe, cold shutdown condition without offsite power.

The staff conducted a complete and thorough review of the System 80+ CDM to
ensure that the SRP guidelines for piping design were appropriately addressed
in both the Tier 1 CDM and the CESSAR-DC. The staff's evaluation included the
analysis methods, design procedures, acceptance criteria, and related ITAACs
that are to be used for the completion and verification of the System 80+
piping design. The Tier 2 CESSAR-DC material contains more detailed guide-
lines and applicable documents. The staff reviewed the CDM and CESSAR-DC
Section 14.3.3.2 in accordance with the requirements in 10 CFR Part 52 and the
guidance in SRMs related to design certification applications provided by the
Commission. The staff reviewed information in submittals as listed in the
" Background" of Section 14.3 of this chapter.

Selected material in CESSAR Chapter 3 and Appendix 3.9A provides design
information and defines design processes that are acceptable for use in
meeting the piping DACs in the CDM. However, the CESSAR-DC information may be
changed by a COL applicant or licensee referencing the certified design in
accordance with a "50.59-like" process. The staff's evaluation of the
System 80+ design for piping systems is based on the design processes and
acceptance criteria material in the DACs and the CESSAR-DC. Consequently, the
staff stated in Section 3.12 of this report that any proposed changes to
selected aspects of these piping design processes described in the appropriate
CESSAR-DC sections constitute an unreviewed safety question and, therefore,
must be submitted to the NRC for review and approval before implementation.

Conclusions
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On the basis of the above, the staff concludes that the top-level design

(m) processes, features and performance characteristics of the piping design
v' aspects of SSCs important to safety in the System 80+ are appropriately

described in the design descriptions of the CDM, and are acceptable.

Further, these top-level design processes, features, and performance
characteristics can be adequately verified by the DACs, provided by ABB-CE.
Therefore, the staff concludes that the DACs in the CDM are necessary and
sufficient to provide reasonable assurance that if the inspections, tests, and
analyses are performed and the acceptance criteria met, the piping design
aspects of SSCs important to safety in a facility that references the design
have been designed, constructed and will operate in accordance with the design
certification and applicable regulations.

14.3.3.2 Radiation Protection DACs

The radiation protection aspects of the System 80+ design are discussed in
CESSAR-DC Chapter 12, " Radiation Protection," and together with the associated
DACs in CDM Section 3.2, " Radiation Protection," are evaluated in Chapter 12
of this report. ABB-CE did not submit the complete design information in this
design area before design certification because the radiation shielding design
and the calculated concentrations of airborne radioactive material were depen-
dent upon as-built and as-procured information of plant systems and
components. Therefore, ABB-CE was not able to describe the System 80+
radiation source terms (i.e., the quantity and concentration of radioactive
materials contained in or leaking from plant systems) in sufficient detail to

( allow the staff to verify the adequacy of the shielding design, ventilation
I system design, or the design and placement of the airborne radioactivity

monitors. Instead, ABB-CE submitted the processes and acceptance criteria by
which the details of the design in this area would be developed, designed, and
evaluated. ABB-CE submitted amplifying information regarding the processes in
this area in CESSAR-DC Section 14.3.3.2. This material in CDM Section 3.2
applies to the radiological shielding, ventilation design, and airborne
radioactivity monitoring systems of the nuclear island structures, turbine
building, component cooling water heat exchanger structures, and radwaste
building. The implementation of the process and the design is the responsi-
bility of the COL applicant or licensee.

The acceptance criteria in the DACs are taken from the acceptance criteria in
the applicable section of Chapter 12 of the SRP. The analysis methods and
source-term assumptions specified in the DACs are consistent with approved
methods and assumptions listed in the SRP. The SRP is the basis for the
staff's safety review of the System 80+ design. Therefore, demonstrating that
the final design complies with these DACs with the methods and assumptions
specified in the CDM ensures that the as-built System 80+ design complies with
the applicable acceptance criteria of the SRP and the associated regulations
and staff technical positions. The staff informed the Commission of the
development of the DACs in this area for the lead evolutionary plant designs
in SECY-92-196, " Development of Design Acceptance Criteria (DAC) for the
Advanced Boiling Water Reactor (ABWR)," dated May 28, 1992.

The DACs in the COM information address the verification of the plant radia-

'v) tion shielding design and the plant airborne concentrations of radioactive
materials (e.g., the ventilation . system and airborne monitoring system
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designs). The DACs require the COL applicant to calculate radiation levels
and airborne radioactivity levels within the plant rooms and areas to verify 4

the adequacy of these design features during plant construction (concurrently 1

with the verification of the ITAACs). The plant rooms and areas to which the ;

DACs apply are given in the figures in CDM Section 3.2. Detailed supporting
information is in CESSAR-DC Chapter 12.

The criteria in CDM Table 3.2-1, Items 1 and 2, ensure that the radiation
shielding design (either that provided for by the plant structures, or design
permanent or temporary shielding) is adequate to ensure that the maximum
radiation levels in plant areas are commensurate with the area's access
requirements so radiation exposures to plant personnel can be maintained as
low as reasonably achievable (ALARA) during normal plant operations and'

maintenance. Item 3 in CDM Table 3.2-1 ensures that adequate shielding is
provided for those areas of the plant that may require occupancy to permit an
operator to aid in the mitigation of or the recovery from an accident. Item 4
in CDM Table 3.2-1 ensures that the plant provides adequate containment and
ventilation flow rates to control the concentrations of airborne radioactivity
to levels commensurate with the access requirements of areas in the plant.
Item 5 in CDM Table 3.2-1 ensures that once the concentrations of airborne
radioactivity are determined per Item 4 above, the required airborne monitors
are provided in the appropriate locations in the plant. Item 6 in CDM
Table 3.2-1 ensures that the contribution to the radiation dose to a member of
the public (off site) from direct and scattered radiation from on-site sources
of radiation will be a small fraction of the EPA dose limit in 40 CFR
Part 190.

The staff conducted a complete and thorough review of the ABB-CE System 80+
CDM to ensure that the SRP guidelines for radiation protection design were
appropriately addressed in both the CDM and the CESSAR-DC. The staff's

,
evaluation included the analysis methods, design procedures, acceptance

! criteria, and related ITAACs that are to be used for completing and verifying
the System 80+ radiation protection design. The Tier 2 CESSAR-DC material
contains more detailed guidelines and applicable documents. The staff
reviewed the CDM and CESSAR-DC Section 14.3.3.2 in accordance with the
requirements in 10 CFR Part 52 and the guidance in Commission SRMs related to
design certification applications.

Conclusions

On the basis of the above, the staff concludes that the top-level design
processes, features and performance characteristics of the radiation
protection aspects of SSCs important to sn'ety in the System 80+ are
appropriately described in the design desce ptions of the CDM, and are
acceptable.

Further, these top-level design processes, features, and performance
characteristics can be adequately verified by the DACs provided by ABB-CE.
Therefore, the staff concludes that the DACs in the CDM are necessary and
sufficient to provide reasonable assurance that if the inspections, tests, and
analyses are performed and the acceptance criteria met, the radiation
protection aspects of SSCs important to safety in a facility that references
the design have been designed, constructed and will operate in accordance with
the design certification and applicable regulations.
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14.3.4 Interface Requirements

b The requirements for interfaces for a design are contained in 10 CFR
52.47(a)(1)(vii-ix). An applicant for design certification is required to
submit (1) the interface requirements to be met by those portions of the plant
for which the application does not seek certification, (2) justification that
compliance with the interface requirements is verifiable through inspection,
testing, or analysis, and the method to be used for verifying interface
requirements, and (3) a representative conceptual design for those portions of
the plant for which the application does not seek certification. The staff
evaluated these interface requirements and the System 80+ design in the
appropriate sections of this report.

ABB-CE defined the interface between the systems of the design and the site-
specific systems to be at the walls of the nuclear island structure, turbine
building, radwaste building, diesel fuel storage building, and component
cooling water heat exchanger building, as depicted in Figure 1.2-1 of
CESSAR-DC. This section of the CDM specifies the safety-significant interface
requirements for those portions of the certified design that interface with
site-specific portions of the design, and specifies the safety-significant
systems that are completely or partially outside the scope of the System 80+
certified design. CESSAR-DC Section 1.9 contains detailed information on the
interface requirements for the design. The interface requirements define the
most important design attributes and performance characteristics that must be
met by the site-specific, out-of-scope portion of the plant so that the site-
specific portion of the design is in conformance with the certified design.
The site-specific portions of the design are those portions of the design,

Ox such as the design of the ultimate heat sink, that are dependent on
characteristics of the site.

The appropriate inspections, tests, and analyses to demonstrate compliance
with the interface requirements for the site-specific portion of the design
are evaluated in the review of an application for a combined license under |

Subpart C of 10 CFR Part 52. '

l
ABB-CE submitted information discussing the interface requirements in the CDM 1

and in CESSAR-DC Section 14.3.4. ABB-CE provided acceptable interface
requirements in CDM Section 4.0, and in the appropriate systems in CDM Sec-
tion 2.0. This information was based on the information in the various
sections of the CESSAR-DC, and is evaluated by the staff in the appropriate
sections of this report. In CDM Section 4.0, ABB-CE stated that the

.

j
development of ITAACs for the interface requirements will be similar in nature

ito the development of ITAACs in CDM Section 2.0. The staff concludes that
this is an acceptable justification - that compliance with the interfaces is
verifiable through ITAACs - and the process described in CESSAR-DC
Section 14.3 is an acceptable methodology for verifying the interface ;

requirements. ABB-CE submitted acceptable representative conceptual designs
in the CESSAR-DC that enabled the staff to complete its review of the design,
as discussed in the appropriate sections of this report.

Therefore, on the basis of this discussion, the staff concludes that the
p interface information submitted by ABB-CE conforms to the requirements in

10 CFR 52.47(a)(1)(vii-ix), and is acceptable.
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14.3.5 Site Parameters I

The requirements for site parameters for a design are contained in 10 CFR
52.47(a)(1)(iii). An applicant for design certification is required to submit !

the site parameters used in the design, and an analysis and evaluation of the
design in terms of these parameters. The site parameters are specified in
both the CDM Section 5.0 and Chapter 2 of the CESSAR-DC, and the analysis and
evaluation of the design is contained in the applicable sections of the
CESSAR-DC. The staff evaluated these parameters and the design in the
appropriate sections of this report.

Site parameters are specified in this section of the CDM for establishing the
bounding parameters to be used in the selection of a suitable site for a
facility referencing the System 80+ certified design. Because they were used
in bounding evaluations of the certified design, they define the requirements
for the design that must be met by a site to ensure that a facility built on
the site remains in conformance with the design certification. The
demonstration that the site parameters are met at a given site is accomplished
in conjunction with an application and issuance of a combined license under
Subpart C of 10 CFR Part 52.

ABB-CE submitted information discussing the site parameters in the CDM and in
CESSAR-DC Section 14.3.5. ABB-CE provided acceptable site parameters
postulated for the certified design in CDM Section 5.0 and in the appropriate
sections of the CESSAR-DC. The appropriate sections of the CESSAR-DC also
contained an acceptable analysis and evaluation of the design in terms of
these parameters, and the staff found the design acceptable in the related
sections of this report. Therefore, the staff concludes that the site
parameter information submitted by ABB-CE conforms to the requirements of
10 CFR 52.47(a)(1)(iii), and is acceptable.

14.3.6 Summary

The staff reviewed the ABB-CE System 80+ CDM and CESSAR-DC Section 14.3 in
accordance with the requirements in 10 CFR Part 52 and the guidance in
Commission SRMs related to design certification applications. The staff ,

reviewed information contained in submittals to the staff, as listed under i
" Background" in Section 14.3 of this chapter. |

On the basis of its review of the material in the CDM and its review of the
selection methodology and criteria for the development of the CDM contained in :
CESSAR-DC Section 14.3, the staff concludes that the top-level design features

,

and performance characteristics of the System 80+ SSCs important to safety are |
appropriately described in the CDM, and are acceptable. |

Further, these top-level commitments can be adequately verified by the ITAACs
and additional certified design material provided by ABB-CE. Therefore, in
the appropriate parts of Section 14.3 of this chapter, the staff concludes
that the CDM are necessary and sufficient to provide reasonable assurance
that, if the inspections, tests, and analyses are performed, and the accep-
tance criteria met, a facility referencing the certified design will be
constructed and will operate in conformity with the design certification and
applicable regulations.
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! 14.3.7 Confirmatory Issues
}

,-m
\

(/ In the advance FSER issued by NRC letter dated March 8, 1994, the staff stated|

that it would verify that the final CDM appropriately incorporated treatment
of the following issues: ACRS comments on piping and radiation protection DAC |

and ACRS comments on fires, floods, and tunnels for the lead evolutionary i
; plant design; treatment of the OSC; delineation of scope and interface |

requirements; ITP; and a functional description of the ac independent water|

addition system for containment spray (including supporting information in
CESSAR and preoperational testing). This was part of Confirmatory |Item 14.3.7-1. ABB-CE incorporated the treatment of various issues in a,

I subsequent revision to the CDM, together with supporting information in
CESSAR-DC Amendment W. The staff finds this acceptable.

I

! In the advance FSER, the staff also stated that it would verify that a
| discussion of the acceptance criteria for control room design and the I&C i

design, and a discussion of the Initial Test Program had been incorporated'
'

into a future amendment of CESSAR-DC Section 14.3. This item was actually
part of Confirmatory Item 14.3.7-1 discussed above, but was incorrectly
identified as Confirmatory Item 14.3.7-2. ABB-CE incorporated this discussion
in CESSAR-DC Amendment W. The staff finds this acceptable.

Therefore, based on the above, Confirmatory Item 14.3.7-1 is resolved.

In the advance FSER, the staff stated that the CDM will be the portion of the,

design certified by the System 80+ design certification rulemaking. This
-m information will be difficult to change after certification, and therefore the

(v) CDM information must reflect the design accurately. Consequently, the staff
formed an independent review group to ensure consistency of the CDM and the
CESSAR-DC in January 1994. The staff's approval of the certified design was
contingent on the completion of that review and satisfactory resolution of
their comments. This item was actually Confirmatory Item 14.3.7-2, but was
incorrectly identified as Confirmatory Item 14.3.7-3. The independent review
group completed its review in March 1994, and its comments were provided to
ABB-CE after review by the staff. ABB-CE provided satisfactory resolutions to
all the comments in a subsequent revision to the CDM and provided adequate
supporting information in amendments to CESSAR-DC. The staff finds this
acceptable. This resolves Confirmatory Item 14.3.7-2.

/-

v

ABB-CE System 80+ FSER 14-71 June 1994

--- - - - -



Table 14.1 ITAAC open items in DSER

Item Number Description of Item

3.7-1 The applicant is required to complete the seismic analyses
of all Category I structures and update the CESSAR-DC to
include Tier 1 and 2 information.

5.4.3.1-2 The applicant is required to include a baron mixing test in
the ITAACs program to demonstrate a satisfactory boron
mixing under natural circulation.

6.5-2 The calculated containment spray system pump minimum NPSH
coula not be compared to required NPSH since no specific
pump has been selected. (ITAAC)

6.7.1-2 The applicant is required to specify the required flow
capacity of RCGVS and submit an ITAAC.

6.7.2-2 The applicant is required to specify the required flow
capacity of RDS, and submit an ITAAC.

7.1.2-1 The applicant is required to submit ITAAC/DAC for final I&C.

7.7.1.21-1 The conformance of the I&C software development process
verification and validation program to
ANSI /IEEE-ANS-7-4.3.2-1982 is an unresolved ITAAC item.

8.3.1.13-1 The applicant is required to submit an ITAAC for containment
electrical penetrations.

8.3.1.16-1 The applicant is required to submit an ITAAC to verify
breaker coordination design commitments.

8.3.1.17-1 The applicant is required to submit an ITAAC to verify
equipment fault current interrupting capability design
commitments.

9.5.2-1 The staff will review the ITAAC to ensure PABX, intraplant
FA system, and intraplant sound powered telephone system are
independent.

14.1-1 ITAAC will be reviewed in this report.

19.1.2.4-1 The applicant is required to submit a list of items that !
Icould be included under DAC, ITAACs, or RAP requirements.
i

9
:
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V Table 14.1 ITAAC open items in DSER (continued)

Item Number Description of Item

20.1-3 The staff will review PRA and ITAACs submittals when they
are received and the applicant is required to provide the
requirements for conducting a walkdown on "as built" plants.

20.4-2 Regarding GL 88-15, the applicant has committed to a number
of studies and analyses of the electric power-systems. The
staff will confirm the adequacy of these actions as part of
the ITAACs.

\

LJ

,,
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Table 14.2 ITAAC confirmatory ite,7s

Item Number Description of Item

4.2.7-1 The applicant is required to provide the fuel design
acceptance criteria as ITAACs to be certified for System 80+
fuel design.

4.4.6.3-1 The staff will confirm that an ITAAC is developed to include
testing and calibration of the inadequate core cooling (ICC)
system.

,

6.3.8-1 The applicant is required to commit to a preoperational
testing program and an ITAACs program for safety injection.

O

O
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15 TRANSIENT AND ACCIDENT ANALYSES

15.1 Introduction

ABB-CE evaluated the ability of the System 80+ design to withstand anticipated
operational occurrences (A00s) and a broad spectrum of postulated accidents
without posing undue hazard to the health and safety of the public. ABB-CE
used the results of these analyses in the CESSAR-DC to show conformance with
General Design Criteria (GDC) 10 and 15.

The staff reviewed ABB-CE's transient and accident analyses in the CESSAR-DC
for the System 80+ design in accordance with Chapter 15 of the standard review
plan (SRP) (NUREG-0800).

The initiating events were assigned to the following seven categories in
accordance with SRP Chapter 15:

increased heat removal by secondary system=

decreased heat removal by secondary system-

decreased reactor coolant flow*

reactivity and power distribution anomaliesa

increase in reactor coolant system (RCS) inventory=

decrease in RCS inventorya

radioactive release from a subsystem or componentCs a

'Y Initial conditions for the safety analyses are given in Table 15.1 in this
chapter. This range of initial conditions is compatible with monitoring
functions of the core operating limit supervisory system (COLSS), which is
used to aid the operator in maintaining the plant within the limiting condi-
tions for operation (LCOs). COLSS monitoring and calculational functions
include peak linear heat rate, margin to departure from nucleate boiling
(DNB), total core power, and azimuthal tilt. The COLSS compares these values
to their LCOs, and sends an alarm to the operator through the plant computer
if an LC0 is approached or exceeded, and guides operator actions as is
required by the technical specifications (TS) in CESSAR-DC Chapter 16.

A range of fuel parameters based on'the first core and future cycles was used
for the safety analyses. In the draft safety evaluation report (DSER), the
staff noted that ABB-CE did not describe specific parameters selected for each
event and required ABB-CE to discuss the Doppler reactivity feedback (DRF)
functions, moderator temperature coefficients (MTCs), and the control rad
worths used for each of the transient and accident analyses presented in
CESSAR-DC Section 6.3.3 and CESSAR-DC Chapter 15. The staff also required
ABB-CE to justify the conservatism of the values selected for each event for
the first cycle and future cycles. This was designated as DSER Open
Item 15.1-1.

In response to the staff's request, ABB-CE submitted CESSAR-DC Sections 6.3.3
and 15.0.3.3 (Amendment R) on November 24, 1992, describing specific parame-p)

< ters used for each event. The parameters include the DRF functions, moderator
V temperature coefficients (HTCs), and control rod worths used for each of the
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transients and accidents presented in CESSAR-DC Section 6.3.3 and Chapter 15.
The conservative values were assumed in the transient and accident analyses.
For the cooldown events resulting from the increased heat removal by secondary
systems, the most negative MTC is used to maximize positive reactivity
addition due to decreasing coolant temperature. For heatup events resulting
from decreased heat removal by secondary systems and decreased RCS flow,
ABB-CE used the least negative MTC to minimize the negative reactivity
feedback for moderator heatup. For all the transients in CESSAR-DC Chap-
ter 15, ABB-CE assumed that the most reactive control rod is stuck out. These
assumptions will increase peak power and heat flux, and decrease DNB ratios
(DNBRs). Since conservative values were used in the transient and accident
analyses and were appropriately incorporated in CESSAR-DC Sections 6.3.3 and
15.0.3.3 (Amendment R), the staff concludes that DSER Open Item 15.1-1 is
resolved.

In Table 15.2, the staff listed the reactor protection system (RPS) trips for
which credit was taken in the analyses. The response time for trips was
included in the analyses.

The analysis methods used for transient and accident analyses are normally
reviewed on a generic basis. ABB-CE topical reports describing analytical
methods and the associated NRC approval letters (as stated in the response to
the staff request for additional information (RAI) Q440.89) were incorporated
into CESSAR-DC Sections 6.3.3 and 15.0.3 and are listed in Table 15.3 of this
chapter. The approved methods for non-LOCA analysis include the following
computer codes (see Table 15.4):

CESEC-III (CENPD-107; LD-82-001): Calculates such system parameters as*

core power, flow, pressure, temperature and valve actions during a
transient.

TORC (CENPD-161) and CETOP (CENPD-206-P-A): TORC is used to simulate the*

three-dimensional fluid conditions within the reactor core. Results from
TORC include the core radial distribution of the relative channel axial
flow that is used to calibrate CETOP. TORC or CETOP is used for DNBR
calculations using the CE-1 critical heat flux correlation.

HERMITE (CENPD-188-A): HERMITE is used to determine short-term response*

of the reactor core during the postulated reactor coolant pump rotor-
seizure event and total loss of flow event.

C0AST (SSAR; CENPD-98): Calculates the time-dependent reactor coolant*

mass flow rate in each loop during RCP coastdown transients.

STRIKIN-II (CENPD-133; CENPD-135 Supps. 2 & 4): Calculates the cladding*

and fuel temperatures for an average or hot fuel rod.

The approved codes for loss-of-coolant accident (LOCA) analyses are discussed
as follows:

CEFLASH-4A (CENPD-133; CENPD-133 Supps. 2, 4-P & 5-P) and CEFLASH-4AS*

(CENPD-133, Supp. 1): CEFLASH-4A and CEFLASH-4AS determine the primary
system hydraulic parameters during the blowdown phase for the analysis of
a large-break LOCA and a small-break LOCA, respectively.
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COMPERC-II (CENPD-134; CENPD-134 Supps. 1 & 2): COMPERC-II calculates*

the system behavior during the refill and reflood phases of a LOCA.

STRIKIN-II (CENPD-135; CENPD-135 Supps. 2 & 4): It calculates the peak*

cladding temperature and maximum cladding oxidation.

FATES 3 (CENPD-135; CENPD-135 Supps. 2 & 4; CENPD-139-A; CEN-161(B)-P-A;.

CEN-161(B)-P-A Supp. 1-P-A), PARCH-(CENPD-138, CENPD-138 Supps. 1 & 2),
HCROSS (CLD-81-095), and COMZIRC (CENPD-135; CENPD-135 Supps. 2 & 4;
CENPD-134; CENPD-134 Supps. 1 & 2): FATES 3 calculates the fuel gap
conductivity. PARCH and HCROSS determine the steam cooling heat transfer
coefficient and steam flow rates during reflood phase, respectively.
COMZIRC calculates the core-wide cladding oxidation.

Since the methods used for transient and accident analyses had been approved
by the NRC, and since the RCS and core design parameters for the System 80+
design are within the applicable ranges of the approved methods, the staff

,

concludes that the analytical methods used for LOCA analyses in CESSAR-DC Sec- l

tion 6.3.3 and transient analyses in CESSAR-DC Chapter 15 are acceptable.

However, in CESSAR-DC Section 15.0.4, ABB-CE states that for Chapter 15
design-basis events resulting in a violation of the DNBR safety limit
(e.g.,1.24), the statistical convolution method was used to calculate the
number of failed fuel rods. This method assigned a probability of occurrence
of DNB as a function of DNBR. In the meetings held on November 5, Novem-
ber 16, and December 9, 1992, and in a submittal dated December 18, 1992,

O ABB-CE stated that the NRC staff had approved its use of the convolution
method (CENPD-183-A) and requested that the NRC staff permit it to continue to
use this method to determine the number of failed fuel rods for System 80+
accident analyses. The staff finds that even though the convolution method
has been approved for generic applications to locked rotor events and the
plant-specific application (Palo Verde) for control rod ejection accidents,
its application, as implied by the method described in CENPD-183-A, is
restricted to the DNB probability distribution for the specific fuel types.
The approved convolution method described in CENPD-183-A is based on the CE-1
correlation for DNBR calculations and is applicable to CE 14 x 14 and 16 x
16 fuel types.

In the DSER, the staff asked ABB-CE to justify the adequacy of the convolution
method used for failed rod determination for the System 20+ design and ,

analysis. This was designated as DSER Open Item 15.1-2.

In response, ABB-CE submitted additional information in CESSAR-DC Sec-
tion 15.0.4 (Amendment N) indicating that the DNB probability distribution ,

used in the CESSAR-DC analyses is based on the parameters of the 16 x 16 fuel
design and the CE-1 correlation. The staff found that the application of the
convolution method to the System 80+ design is within the applicable limits
(the CE-1 correlation applying to the CE 16 x 16 fuel design) of the approved
method and, therefore, the staff concludes that it is acceptable. However, if
ABB-CE makes changes to the System 80+ fuel design such that other than a
16 x 16 fuel rod array is used or such that the CE-1 DNBR correlation is

O
invalidated, ABB-CE is required to submit technical justification demonstrat-
ing the acceptability of the convolution method in the fuel failure calcula-
tion. On this basis, DSER Open Item 15.1-2 is resolved.

1
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9lIn the DSER, the staff stated that ABB-CE had not identified all System 80+
Idesign features that deviate from the requirements of the EPRI URD. ABB-CE

should have revised the design deviation list that was sent to the NRC in a I

letter dated August 28, 1990. The revision should list all design deviations )and should justify the adequacy of the deviations for System 80+. This was '

designated as DSER Open Item 15.1-3. The staff has reviewed ABB-CE's respons-
es addressing the System 80+ design deviations from the EPRI URD requirements
and found that the responses are acceptable for closure of CSER Open
Item 15.1-3. The staff's evaluation for the closure of DSER Open Item 15.1-3
appears in Section 1.1 of this report.

In the original submittal (Amendment H of CESSAR-DC), ABB-CE requested a
3-second delay time for a loss-of-offsite power (LOOP) caused by turbine trip.
The request is based on the grid stability analysis for the worst-case grid
within the United States. At the M4rch 17, 1992, meeting, the staff indicated
that additional information was required to justify the 3-second delay and
asked ABB-CE to update the grid stability analysis and submit some operational
data to validate the evaluation. Should ABB-CE decide to submit adequate
supplemental information, the staff will require the following actions:

Since actual loss of grid will vary, ABB-CE must demonstrate that loss--

of-offsite power (LOOP) at any time in excess of 3 seconds will not lea 6
to failure to transfer emergency core cooling system (ECCS) loads. This
should account for the possibility that safety injection (SI) pumps may
have started on normal ac sources and then lost power as the grid
isolated, until the diesel generators (DGs) started and loaded. This
could result in SI cumps coasting down, lines draining, and possible
vapor binding of pumps. ABB-CE must demonstrate that successful pump
restart is assured upon DG reload and is not precluded by steam binding
overspeed or water hammer.

ABB-CE has determined the minimum time for grid isolation from a postu--

lated worst-case grid. However, a grid's installed capacity, demand, and
spinning reserve vary over time. ABB-CE should indicate the measures
that will be taken to ensure that real-time grid conditions will continue
to meet the assumptions inherent in the 3-second LOOP dalay.

This was designated as DSER Open Item 15.1-4. By letter dated December 18,
1992, ABB-CE agreed not to take credit for 3-second LOOP delay in the tran-
sient and accident analysis. The staff finds that the reanalysis in CESSAR-DC
Section 6.3.3 and Chapter 15 (Amendment R) assumed that the loss of offsite
power occurred coincident with a turbine trip. This approach is consistent
with the one that the NRC previously approved for ABB-CE reactors. On this
basis, the staff concludes that DSER Open Item 15.1-4 is resolved.

In the DSER, the staff also had concerns about ABB-CE's application of the
GDC to accident analysis. For some transient analyses (such as the loss of
condenser vacuum event analysis) reported in the original submittal, ABB-CE
did not postulate the unavailability of offsite power as part of the event,
but rather took it as an additional single failure to show limiting fault
criteria were not exceeded. However, GDC 17 in 10 CFR Part 50, Appendix A
requires, in part:

,

1
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I
m An onsite electric power system and an offsite electric power system

I shall be provided to permit functioning of structures, systems, and(d components important to safety. The safety function for each system |(assuming the other system is not functioning) shall be to provide
sufficient capacity and capability to assure that (1) specified
acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded as a result of A00s and j

(2) the core is cooled and containment and other vital functions are I

maintained in the event of postulated accidents.
.

In accordance with the requirements of GDC 17, a LOOP should not be considered
as a single-failure event and should be assumed in the analysis for each event
without changing the event category. ABB-CE was required to discuss each of
the transient and accident analyses in the CESSAR-DC to justify that the
analyses conform to the GDC 17 requirements given above. If the existing
analyses did not conform to the GDC 17 requirements, ABS-CE should have
reanalyzed the transient and accident analyses in accordance with GDC 17 and
should submit the analyses for the staff to review. This was designated as
DSER Open Item 15.1-5.

By letter dated December 18, 1992, ABB-CE agreed to comply with GDC 17, which
requires that the LOOP not be treated as a single failure. ABB-CE reported
included the results of reanalysis in the CESSAR-DC (Amendment R) Sec-
tion 6.3.3 and Chapter 15. The staff reviewed the submittal and found that
ABB-CE considered the LOOP in all the events analyzed and applied the accep-
tance criteria specified in the related SRP sections for the event with or
without LOOP. The staff concludes that ABB-CE's approach complies with the(pi requirements of GDC 17. On this basis, DSER Open Item 15.1-5 is resolved.

J
After the DSER was published, ABB-CE proposed to increase the rated power by
3 percent from 3,800 megawatts-thermal (MWt) to 3,914 MWt, and reanalyzed the
transient and accident events to support the request of the power upgrade for
the System 80+ design. To reflect the design changes related to the power
upgrade, ABB-CE changed the assumptions used in the original analysis for the
following parameters:

(1) The range of initial conditions for the CESSAR-DC Chapter 15 analyses is
reduced for pressurizer pressure and core inlet temperature. The revised
values are listed in Table 15.1 of this chapter.

(2) The minimum flow rate through the pressurizer safety valves is increased
by 14 percent.

,

(3) The maximum charging flow rate is reduced by 20 percent to 567 L/ minute
(150 gpm).

i

(4) The most positive MTC at full power is changed from 0.0 to -1.8 x 10'' l

A-p/ *C (0.0 to -0.1 x 10'' A-p/ * F)'. At zero power, the MTC is reduced |

from 0.9 x 10'' A-p/ *C (+0.5 x 10' A-p/*F) to 0.0.

(5) The CEDM coil delay time'is reduced from 0.8 second to 0.5 second.
,

m \

(6) The 90-percent CEA insertion time is reduced from 3.66 seconds to 3.5 seconds.
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(7) The site atmospheric dilution factors, y/Qs, are changed to the EPRI URD
values.

(8) The offsite doses for events involving fuel failure are computed using
the NUREG-1465 source term.

The staff reviewed these changes in the assumptions used for the power upgrade
reanalysis and finds that they are acceptable for the following reasons:

(1) Item 1 - The range of initial conditions is bounded by the limits
specified in TS 3.4.1 (CESSAR-DC Chapter 16).

(2) Item 2 - The flow capacity of the pressurizer safety valves is within the
design capacity described in CESSAR-DC Section 5.4.13 and its Appen-
dix 5A.

(3) Item 3 - The flow capacity of the CVCS charging pump is bounded by the
design flow described in CESSAR-DC Section 9.3.4.

(4) Item 4 - The values of the MTC are within the limits of TS 3.1.4.

(5) Item 5 - The CEDM coil delay time bounds the limits obtained from data of
shop test performed on equipment identical to that of the System 80+ CEDM
design. The delay time of 0.5 second also bounds field test data on the
Palo Verde reactor (a System 80 plant with a similar CEDM design), that
shows a maximum CEDM delay time of 0.49 second. The results of these
tests are included in CESSAR-DC Section 15.0.2 (Amendment R).

(6) Jtem .6 - The 90-parcent CEA insertion time of 3.5 seconds is consistent
| with the measured data for the test described in Figure 4B-4 of CESSAR-DC
| Appendix 4B and is bounded by TS 3.1.5.

(7) Items 7 and 8 - The assumptions related to X/Q and the source term for
the radiological calculation are consistent with the staff's position.
(See the staff's evaluation in Section 15.4 of this chapter.)

ABB-CE used the TORC code instead of the CETOP code to calculate the minimum
DNBRs for the feedwater line break, loss of condenser vacuum, locked rotor,
and steam generator tube rupture events. Since the staff approved both TORC
and CETOP previously for the DNBR calculation (as discussed in this section),
this approach is acceptable.

| ABB-CE provided the results of reanalysis for the power upgrade in CESSAR-DC
Section 6.3.3 and Chapter 15 (Amendment R). The staff reviewed the submittal
and its evaluation follows.

15.2 Transient Analyses

For the System 80+ design, ABB-CE analyzed all events described in SRP
Chapter 15 and presented the limiting event or event combination for each

| category in analytical detail in CESSAR-DC Chapter 15. For nonlimiting
i events, ABB-CE prepared qualitative discussions explaining why the events are
| not limiting. The staff's evaluation of the system responses and thermal- i

hydraulic behaviors of the analyzed transients is discussed in this section )
'

|
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for transient analyses and in Section 15.3 for accident analyses. The staff's
O)i evaluation of the radiological consequences for various postulated events is
sv presented in Section 15.4 of this chapter.

|
15.2.1 Increase in Heat Removal by the Secondary System i

|

In CESSAR-DC Section 15.1, ABB-CE presented the analytical results of the
events with increase in heat removal by the secondary system in accordance
with SRP Sections 15.1.1 through 15.1.4. These SRP sections correspond to the
following subjects:

decrease in feedwater temperature (SRP Section 15.1.1)*

increase in feedwater flow (SP.P Section 15.1.2)*

increase in steam flow (SRP Section 15.1.3)*

inadvertent opening of a steam generator (SG) relief or safety valve (SRP*

Section 15.1.4)

ABB-CE's acceptance criteria for moderate-frequency transients discussed in
CESSAR-DC Chapter 15 are consistent with the guidelines of SRP Chapter 15.
The~ acceptance criteria are:

Pressure in the reactor coolant and main steam systems should be main-*

tained below 110 percent of the design pressure.

Fuel cladding integrity should be maintained by ensuring that the minimum*

DNBR remains above 95/95 DNBR safety limit.

O'j A transient of moderate frequency should not generate a more serious-\
plant condition without other faults occurring independently.

A transient of moderate frequency in combination with single active*

component failure, or single operator error, should not result in loss of
function of any barrier other than the fuel cladding.

ABB-CE evaluated these four overcooling event categories and determined that
the limiting event is the event of an inadvertent opening of an SG atmospheric
dump valve (IOSGADV), which belongs to Category 4 events documented in this
section. Since the 10SGADV event results in a higher cooldown which causes a
higher power increase and consequently results in the highest DNBR decrease
during the transients, ABB-CE determined that the 10SGADV event is the
limiting overcooling event.

In the analysis of the 10SGADV events, a maximum steam flow of 11 percent of
the total SG design flow was assumed to release from an ADV. With no operator
intervention or system malfunctions, the analysis showed that the core power
of this event increased and stabilized at 115 percent of the rated core power.
To include the maximum cooldown effect, the feedwater control system was
assumed to operate in the automatic mode to maximize the feedwater to the SGs.
As a result, the SG water level was maintained and an automatic turbine trip
would not be predicted to occur. The analytical assumptions and initial

|

conditions were chosen so that the greatest overpower conditions would occur lm as a result of the increase in steam flow. If the core power increases beyond '

f

(V) 115 percent of the rated power, the CPC will initiate a reactor trip. To
comply with the GDC requirements, a LOOP was assumed to occur simultaneously
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with a turbine trip. In the analysis, the operator action was assumed to
actuate reactor and turbine trips at 30 minutes after the initiation of the
event. The RCPs were assumed to begin coastdown at the time of turbine trip.
To limit the steam released to the atmosphere, the ADV was assumed to close at
50 minutes after event initiation. The staff finds that the assumption of
delay time of 50 minutes to close ADV is conservative for the radiological i

release calculation because the staff's position stated in SRP, Chapter 15, |
allows operator actions to be credited for event mitigation after 30 minutes )
following initiation of the events. |

ABB-CE also assessed the consequence of the limiting single failure for each
event. The most limiting single failure identified for the four overcooling
event categories discussed in this section is the loss of the feedwater
control system (FWCS) reactor trip override (RTO). This fault results in the
feedwater control system failing to reduce feedwater flow after reactor trip.
The feedwater continues to remove the heat from the RCS at a high rate,
thereby reducing RCS pressure, and resulting in a lower DNBR value. The
results of ABB-CE's analysis indicate that: the minimum calculated DNBR is
1.30 for 10DSGADV with LOOP, and is 1.29 for IOSGADV with LOOP and the most
limiting single failure. The calculated peak RCS and SG pressures for both
cases are within the safety limits of 110 percent of the design pressures.
The 10SGADV event with and without a single failure is the limiting event for
the four overcooling event categories. Since it does not result in a minimum
DNBR less than the safety DNBR limit of 1.24, ABB-CE concluded, and the staff
agrees, that no fuel damage would occur for any of the four overcooling event
categories. On the basis of the calculational results showing no violation to
the safety pressure limits and safety DNBR limits, the staff concludes that
the analysis is acceptable.

15.2.2 Decrease in Heat Removal by the Secondary System

! In CESSAR-DC Section 15.2, ABB-CE reported the analytical results for various
transients resulting from a decrease in heat removal by the secondary system,
and identified the limiting cases for the consideration of integrity of RCS
system boundary and fuel rod cladding to withstand the consequences of
transients. The following transients were analyzed in accordance with the
guidance in SRP Section 15.2:

loss of external load.

turbine trip.

loss of condenser vacuuma

main steam isolation valve closure.

loss of nonemergency ac power to the station auxiliaries.

loss of normal feedwater flowa

ABB-CE's analysis showed that the most limiting case is the loss of condenser
vacuum (LCCV) event, which may be caused by the failure of the main condenser
evacuation system to remove noncondensable gases, or excessive in-leakage of
air. Similar to the turbine trip and the loss of load event, the LOCV event
also results in a turbine trip. However, feedwater terminates following a
LOCV event while it ramps down following the turbine trip and the loss of load
event. The larger reduction in heat removal due to sudden termination of
feedwater results in a higher peak RCS pressure and lower minimum DNBR for the
LOCV event.
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Various combinations of initial core inlet temperature, pressurizer pressure(p) and pressurizer water level were considered in order to select a set of
v initial conditions to generate the highest peak pressure and lowest minimum

DNBR resulting from the LOCV event. ABB-CE's analysis indicated that decreas-
ing the initial core inlet temperature reduces the initial steam generator
pressure, thereby delaying the opening of the main steam safety valves and
associated heat removal effects. Thus, the initial inlet temperature was
assumed at the minimum value of the operating range. The pressurizer pressure
and pressurizer water level were chosen to maximize the delay time to trip the
reactor, and to open the main steam safety valves, resulting in a maximum peak
pressure.

In compliance with GDC 17 that requires a loss of offsite power (LOOP) to be
considered in the analysis, ABB-CE assumed that the LOOP occurred coincidently
with the initiation of the LOCV event, which results in a simultaneous turbine
trip. The LOOP causes the four RCS pumps to coast down, which in turn,
results in a reactor trip signal generated by the low pump shaft speed. This
reactor trip signal occurs earlier than that generated by the high pressurizer
pressure signal from the LOCV event without LOOP. Consequently, ABB-CE
indicated that with respect to peak pressure, the LOCV event with power
available has a longer reactor trip delay time for the RCS pressure to
increase and, thus, is more limiting than the event with LOOP. With respect
to fuel performance, the LOCV event without LOOP, results in a lowest minimum
DNBR. ABB-CE evaluated the single failures listed in CESSAR-DC Table 15.0-4
and concluded that no single failure will result in a lower minimum DNBR or a
higher peak RCS pressure than that for the LOCV event without LOOP following a

p turbine trip.

ABB-CE's analyses showed that for the limiting LOCV event among the heatup

events discussed in this section, the minimum calculated DNBR is 1.26, ' kPaindicating no fuel failure. The maximum peak RCS pressure is 1.88 x 10
(2726 psia), which is less than 110 percent of the design pressure, thereby
assuring integrity of the pressure boundary for any of the heatup events
discussed in this section. The staff finds that the results of these analyses
are in conformance with the acceptance criteria of SRP Sections 15.2.1 through
15.2.5. Therefore, the staff concludes that the analyses are acceptable. On

this basis, DSER Open Item 15.2.2-1 is resolved.

15.2.3 Decrease in Reactor Coolant Flow Rate

A complete loss of forced reactor coolant flow will result from the simulta-
neous loss of electrical power to all reactor coolant pumps. The only
credible failure which can result in a simultaneous loss of power is a
complete loss of offsite power. In addition, since a loss of offsite power is
assumed to result in a turbine trip and renders the steam dump and bypass
system function unavailable, the plant cooldown is performed utilizing the
main steam safety valves and atmospheric dump valves.

In CESSAR-DC Section 15.3.1 (Amendment R), ABB-CE presents the analytical
results for events involving total loss of forced reactor coolant flow that
leads to a decrease in reactor coolant flow. The partial loss of forced

p reactor coolant flow, resulting in smaller loss in the DNBR margin, is bounded
by the total loss of forced reactor coolant flow.
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A loss of power to all reactor coolant pumps produces a reduction of coolant
flow through the reactor core. The reduction in coolant flow rate causes an
increase in the average coolant temperature in the core and a decrease in
margin to DNB. A low RCP shaft speed trip is initiated by the core protection
calculator to prevent the minimum DNBR calculated with the CE-1 correlation
from decreasing below the safety DNBR limit of 1.24 during the transient.

For the loss of offsite power event, the minimum DNBR and maximum system
pressure occur during the first several seconds of the transient following the
reactor trip by the CPC on low DNBR signal. ABB-CE evaluated possible single
failures listed in CESSAR-DC Table 15.0.4 and concluded that none of the
single failures will result in a lower minimum DNBR and a higher RCS pressure
than that predicted for a total loss of forced reactor coolant flow event
resulting from the simultaneous loss of electrical power to reactor coolant
pumps. In the analysis, a LOOP was assumed to be coincident with a turbine

~

trip.

ABB-CE's analyses showed that for the limiting loss of forced reactor coolant
flow event, the minimum calculated DNBR is 1.27, indipating no fuel failure.
Themaximumpeaksteamgeneratprpressureis8.8x10 kPa (1,273 psia) and
peak RCS pressure is 1.84 x 10 kPa (2,665 psia), each less than 110 percent
of the design prassure, thereby assuring integrity of the pressure boundary.
The staff find- nat the results of the analyses are in compliance with the
acceptance criteria of SRP Section 15.3.1. Therefore, the staff concludes
that the analyses are acceptable.

15.2.4 Reactivity and Power Distribution Anomalies

15.2.4.1 Uncontrolled CEA Withdrawal From a Subcritical or Low-Power Condi-
tion With loss of Offsite Power

In the CESSAR-DC, ABB-CE analyzes the consequences of an uncontrolled control
element assembly (CEA) withdrawal at low power with a loss of offsite power.
The CEA withdrawal at low power with a LOCP was determined to be more limiting
than without a LOOP. Such a trar.u ent can be caused by a failure in the
control element drive mechanism, control element drive mechanism control
system, reactor regulating system, or by operator error. The analysis assumes
a conservatively small (in absolute magnitude) negative Doppler coefficient
and the most positive moderator coefficient. The reactivity insertion rate
corresponds to the largest insertion rate expected from the sequential
withdrawal of the CEA group from the fully inserted position at the maximum
speed of 76.2 cm/ min (30 in./ min). The transient is terminated with a minimum
DNBR greater than 1.24 in the hot channel. Fuel centerline temperatures do
not exceed the melting temperature of uranium dioxide (U0 ), and the highest2

f RCS pressure produced is well below the emergency limit of 1.9 x 10' kPa
) (2,750 psia).
h The staff reviewed the reactivity worths and reactivity coefficients used in

the analysis and concludes that ABB-CE used conservative values. The staff
reviewed the calculated consequences of this design transient and concludes
that they conform with the acceptance criteria in the SRP and are, therefore,
acceptable.
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,m The requirements of GDC 20, that protection be automatically initiated, and

b) GDC 25, that a single failure of the protection system does not result in(

violation of specified acceptable fuel design limits, have been satisfied.
i

15.2.4.2 Uncontrolled CEA Withdrawal From Power With Loss of Offsite Power

ABB-CE has analyzed the consequences of an uncontrolled CEA withdrawal in the
power operating range. The CEA withdrawal at power with a LOOP was determined
to be more limiting than without a LOOP. The LOOP was assumed to be coinci-
dent with a turbine trip. The effect of the resulting power transient causes
an increasing temperature and pressure transient which, together with the
power distribution shift to the top of the core, causes a rapid approach to
the fuel design limits. The initial conditions assumed in the analysis
include a power level of 102 percent of full power, a top peaked core average
axial power distribution, a conservatively small Doppler coefficient, and the
most positive moderator coefficient. For conservatism, a bottom peaked axial
power shape was assumed for the scram reactivity model. The CEA withdrawal is
initiated from the power-dependent insertion limit. The reactivity insertion
rate is based on calculated CEA worths and associated uncertainties, and on
the maximum withdrawal rate capability of the CEA drive system. The transient
is terminated with a minimum DNBR well above 1.24 in the hot channel and with
fuel temperatures well below centerline melt.

The basis for acceptance in the staff review is that the staff has reviewed
and approved ABB-CE's analysis method, the input parameters are suitably
conservative, and the results show that no fuel damage occurs. The calcula-
tions contain sufficient conservatism with respect to input assumptions and(p) models to ensure that fuel damage will not result from control rod withdrawal

v errors. ABB-CE has met the requirements of GDC 20 and 25.

15.2.4.3 Single CEA Drop

The most limiting CEA misoperation event is the single CEA drop. If the
increase in radial peaking factor is large enough, the reactor trips and there
is no appreciable decrease in thermal margin. The most limiting CEA misopera-
tion event is the single CEA drop which does not cause a trip, but results in
an approach to the DNBR criterion of 1.24. The transient is initiated by the
release and subsequent drop of a CEA with a resultant increase in the hot pin
radial peaking factor coupled with a return to 102 percent of full power.

ABB-CE used the CESEC-III computer program to analyze the nuclear steam supply
system response. The time-dependent thermal margin on DNBR was calculated
using the CETOP computer program with the CE-1 critical heat flux (CHF)
correlation. The sets of initial conditions (power, pressure, temperature,
coolant flowrate, radial peaking factors, and axial power distribution) were
chosen so that a minimum initial thermal margin was obtained. This informa-
tion was then used with the maximum change in the integrated radial peaking |factor. The results indicate that an increase of 14 percent in the integrated 1

radial peak, in conjunction with the assumed values of the other initial I
Iparameters, can be tolerated without a reactor trip.

pI A minimum DNBR of 1.31 is reached in approximately 200 seconds. The pressure

>V decrease beyond this point is arrested by the return to full power and a new
steady state is reached. The peak linear heat generation rate during the
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transient remains below 21 kw/ft, thus ensuring no centerline fuel melt. The |
acceptance guidelines on fuel performance in the SRP are, therefore, met. j

The staff reviewed the CEA misoperation events detailed in the CESSAR-DC and
finds acceptable the general approach used to establish that during the most
limiting events, no violations of the specified acceptable fuel design limits
on DNBR, centerline fuel temperature, and RCS pressure occur. ABB-CE has
complied with the requirements of GDC 25, based on conformance with the
acceptance criteria in the SRP. I

!

15.2.4.4 Startup of an Inactive Reactor Coolant Pump

ABB-CE has provided a qualitative analysis for the startup of an inactive
reactor coolant pump (SIRCP) event in CESSAR-DC Section 15.4.4. This event is
not a limiting transient, with respect to RCS pressure and fuel performance
criteria, among the events in the same group category which will result in an

I increase in core reactivity. The event was evaluated during Modes 3 through 6
(hot standby, hot shutdown, cold shutdown, and refueling, respectively), since'

plant operation with less than all four reactor coolant pumps is permitted
only during those modes of operation. For Modas 3 and 4, the primary safety
valves, main steam safety valves, and the reactor protection system are
designed to maintain the RCS below 110 percent of design pressure. During
Modes 5 and 6, when the shutdown cooling system is aligned, overpressure
protection is provided by the shutdown cooling system (SCS) relief valves.
For Modes 3 and 4, the heat imbalance due to the SIRCP is less limiting than
that caused by the CEA withdrawal event.

Thus, the maximum RCS pressure is maintained below 110 percent of design
pressure. In Modes 5 and 6, the capacity of the SCS relief valves will
prevent the RCS pressure following the SIRCP from exceeding the pressure /
temperature limits for these modes.

Regarding the approach to fuel design limits for the SIRCP, the minimum DNBR
in the hot channel will increase as the transient progresses. Therefore, no
fuel damage is expected.

On these bases, ABB-CE's analyses conform with the acceptance criteria of SRP
Sections 15.4.4 and 15.4.5 and, therefore, are acceptable.

15.2.4.5 Inadvertent Boron Dilution

In SRP Section 15.4.6, tne staff requires that at least 15 minutes is avail-
able from the time the operator is made aware of an unplanned boron dilution
event to the time a total loss of shutdown margin (criticality) occurs during
power operation, startup, hot standby, hot shutdown, and cold shutdown. A
warning time of 30 minutes is required during refueling. The staff also
requires that redundant control room alarms be available to alert the operat-
ing staff to boron dilution events in all modes of operation.

in response to a staff request, ABB-CE indicated that the following pre-trip
alarms are available for operational Modes 1 and 2: a high power or, under !
certain conditions, a high pressurizer pressure pre-trip alarm in Mode 1 or a |
high logarithmic power pre-trip alarm in Mode 2. Furtherc re, a high RCS |
temperature signal may also alarm before a reactor trip. In operational l
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p Modes 3 through 6, either a high neutron flux alarm or a reactor makeup water
( flow alarm will alert the operator to an unplanned boron dilution event. In
C Modes 3, 4, and 5, with the RCS full and at least one reactor coolant pump

(RCP) operating, a high neutron flux (boron dilution) alarm will indicate a
boron dilution event. In Modes 4 and 5, with the RCS full and all RCPs idle,
or for Mode 5, with the RCS partially drained for system maintenance, debora-
tion is prohibited. Therefore, the reactor makeup water flow alarm will
indicate any boron dilution event. In Mode 6, the boron concentration is at
least 4000 ppm before entering this mode and deboration is prohibited.
Therefore, the reactor makeup water flow alarm will indicate a boron dilution

,

event. '

In the DSER, the staff asked ABB-CE to submit an analysis to show that an
operator has 30 minutes to act if a boron dilution alarm is used in place of
the reactor makeup water flow alarin. This was designated as DSER Open .

Item 15.2.4.5-1. Depending on the mode of operation, a number of alarms are )
available to alert an operator to a boron dilution event. In addition to the
alarms just mentioned, there are also sampling and boronometer indications
that will provide information in case of a boron dilution event.

However, to address EPRI's advice to reduce the number of alarms presented to
operators, ABB-CE performed a confirmatory analysis to show that an operator
has 30 minutes to act if a neutron flux alarm is used in place of the reactor
makeup water flow alarm in modes other than Mode 6. The results of this
analysis were presented in Amendment N to the CESSAR-DC, and the staff finds
them acceptable. On this basis, DSER Open Item 15.2.4.5-1 is resolved.

Og Analysis of deboration events initiated during each of the plant operational
modes has shown that Mode 5 in the drained-down configuration gives the
shortest available time for detecting and terminating the event. The minimum
possible time interval to dilute from 5.75-percent delta-rho (A-p) subcritical
(minimum shutdown margin in Mode 5) to criticality is 67 minutes. ABB-CE has
shown that the redundant, qualified neutron flux alarm will alert the operator
to initiation of the event in sufficient time to ensure detection of the most
limiting boron dilution event at least 30 minutes preceding possible critical-
ity. The operator can then terminate the event before shutdown margin is
completely lost.

Therefore, an inadvertent deboration event will result in acceptable conse-
quences. Sufficient time is available to meet the SRP requirements and enable
the operator to detect and terminate the event before shutdown margin is lost.

15.2.4.6 Inadvertent Loading of Fuel Assembly Into the Improper Position

Most of the fuel assembly misloadings that can be postulated are easily
detectable both during the CEA symmetry checks and during power range opera-
tion. However, a small number may be undetectable early in cycle. The worst
case would be the interchange of a shimmed assembly with an unshimmed assembly
at the center of the core. This case, although not detectable at the begin-
ning of cycle (B0C), would cause local power peaking as the shims burn,
indicating to the operator the possibility of a fuel misloading.

A
( In addition, technical specifications require that the planar radial peaking
' factor be measured at least once every 31 effective full-power days (EFPD) and
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that the measured value be less than or equal to the value used in the COLSS
and in the CPC. Therefore, even if the increase in radial peak is not large
enough to indicate the possibility of a misloading, the measured radial peak
would be used in the COLSS and CPC. This would reduce the operating band to
compensate for any reduction in thermal margin caused by misloadings.

15.2.5 Increase in Reactor Coolant System Inventory

In CESSAR-DC Section 15.5, ABB-CE includes the analytical results for the
following cases resulting in an increase in RCS inventory:

(1) inadvertent operation of the ECCS

(2) chemical and volume control system (CVCS) - pressurizer level control
system (PLCS) malfunction with LOOP

ABB-CE identified that Case 2 is more limiting than Case 1 (the inadvertent
operation of the ECCS) because for Case 1 the shutoff head of the high-
pressure safety injection (SI) pump is less than the RCS pressure during full
power, resulting in no injection of fluid into the RCS. For reactor shutdown
conditions with the RCS pressure below SI pump shutoff head pressure, SI flow
will increase RCS inventory and pressure. Under these conditions the shutdown
cooling system (SCS) relief valves will be used for mitigation of the conse-
quences of the event. The staff evaluation of the SCS relief valves design is
reported in Section 5.2.2 of this chapter.

ABB-CE evaluated possible single failures listed in C2SSAR-DC Table 15.0-4 and
concluded that none of the single failures will result in a lower DNBR than
that predicted for the PLCS malfunction with a loss-of-offsite-power coinci-
dent with turbine trip. For the peak system pressure consideration, ABB-CE
identified failure of the proportional heaters to turn off as the limiting

'

single failure.

For the limiting event of RCS inventory increase, the analysis assumed that
when the pressurizer level controller fails low or the level setpoint gene-
rated by the reactor regulating system fails high, a low-level signal can be
transmitted to the controller, which will operate the charging pump at the
maximum rate [568 L/ minute (150 gpm)] and close the letdown control valve to
its minimum opening [114 L/ minute (30 gpm)] to maximize the mass addition rate
to the RCS. The loss of offsite power was assumed to be coincident with a
turbine trip.

,

The increase in RCS inventory results in a pressurizer pressure increase to
the high-pressure trip setpoint and trips the reactor. The calculated maximumI

RCS pressure during the transient is 1.85 x 10' kPa (2,682 psia). The
1,232 kg (2,713 lb(mass)) of steam calculated to be discharged through the
pressurizer safety valves are contained within the in-containment refueling
water storage tank with no releases to the atmosphere. The main steam safety
valves (MSSVs) discharge 60,900 kg (134,000 lb(mass)) of steam to the atrao-
sphere prior to 1,800 seconds. At 1,800 seconds, the operator stabilizes the
plant and initiates plant cooldown using the atmosphere. Since this transient
causes an increase in RCS pressure in response to an increase in reactor
coolant inventory, the DNBR increases from the initial conditions. Therefore,
the acceptance criteria are complied with because the calculated peak RCS
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f pressure is within 110 percent of design pressure and no fuel failures are ~

' calculated. Therefore, the staff concludes that the analysis is acceptable.

15.3 Accident Analyses

ABB-CE analyzed accidents that are not expected to occur during the life of
the plant. For accident conditions, the reactor coolant pressure should stay

'

below the applicable ASME Code limits. The core geometry should be main-
tained so that there is% o, loss of core cooling capability. Radiological .

consequences are discussed 'i'n detail in Section 15.4 of this chapter. '

15.3.1 Steamline Break Analysis [

In CESSAR-DC Section 15.1.5, ABB-CE analyzed six cases of steamline break ;

(SLB) events: four to maximize potential post-trip return to power and two to '

maximize potential for degradation in fuel performance (i.e., with respect to
DNBR) and offsite dose. To maximize the post-trip return to power, the

,

following cases were analyzed: i

(1) an SLB inside the containment at full power with concurrent LOOP in
combination with a single failure and a stuck CEA

(2) an SLB inside the containment at full power in combination with a single
failure and a stuck CEA

(3) an SLB inside the containment at zero power with concurrent LOOP in :

combination with a single failure and a stuck CEAO (4) an SLB inside the containment at zero power in combination with a single
failure and a stuck CEA :

- !
'

To maximize the potential for fuel degradation and dose at the site exclusion
area boundary, the following two cases were also analyzed:

(5) an SLB outside the containment at full power in combination with a LOOP ;

and a single failure, a stuck CEA, and TS SG leakage i

(6) an SLB outside the containment upstream of the MSIV at zero power with
concurrent LOOP in combination with a single failure, iodine spike, TS SG
leakage, and a stuck CEA

1

The largest possible SLB size is the double-ended rupture of a steamline
upstream of the main steam isolation valve (MSIV). In the System 80+ design,
an integral flow restrictor exists in each SG outlet nozzle. The largest :
effective steam blowdown area for a steamline, which is limited by the flow
restrictorthroatarea,jsapproxi,mately30percentofthesteamlinecross. ;

section area, or 0.119 m (1.28 ft )

Initial Conditions and Analytical Assumptions ;

!

Steamline breaks result in a rapid decrease in reactor coolant temperature '

The RCS temperature decrease causes positive moderator

O
and SG pressure. ,

reactivity feedback. The'SG pressure decrease initiates a reactor trip when |,

low pressure in the SG system produces a trip signal.

i
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From an overcooling consideration, the limiting SLB is an event with the
double-ended rupture of a steamline upstream of the MSIV. The flow restrictor

2 2limits the blowdown area to 0.119 m (1.28 ft ) . ABB-CE assessed ranges of
parameters listed in CESSAR-DC Table 15.0-3 in establishing the worst initial
plant conditions for post-trip return to power during SLBs (Cases 1 through
4). Among the worst initial conditions are the maximum core power, most
positive axial shape index (ASI), maximum core inlet coolant temperature,
minimum core flow rate, maximum RCS pressure, maximum pressurizer water level,
and maximum water level in the SG.

For the consideration of the worst degradation in fuel performance (Cases 5
and 6), ABB-CE chose initial conditions for RCS pressure, temperature, core
flow, and power to meet the following criteria: (1) to make the initial state
near a power operating limit for the values of ASI and radial peaking factors
used and (2) to maximize the decrease in DNBR.

ABB-CE used a three-dimensional peaking factor of 150 for post-trip return-to-
power DNBR alculations. In the DSER, the staff asked ABB-CE to submit a
discussion of the calculational method that determines the peaking factor of
150 and to justify the conservatism of the value used for the SLB analysis.
This was designated as DSER Open Item 15.3.1-1.

By letter dated November 24, 1992, and by CESSAR-DC Section 15.1.5.3 (Amend-
ment N), ABB-CE indicated that the peaking factor of 150 used in the SLB
analysis is substantially larger than the maximum peaking factor that has been
calculated for any ABB-CE plant. Typical calculated values of the maximum
peaking factors in existing ABB-CE plants obtained using the ROCS /MC design
methodology range from 25 to 75. These are applicable to core conditions
encompassing a broad range of fuel management schemes, various burnable
absorbers and conditions with insertion of all control rods except for the
most reactive rod stuck out at 20 *C (68 'F). The staff finds that the
peaking factor of 150 is calculated for conditions representing SLB core
conditions and was previously approved by NRC for use in SLB analyses for the
existing ABB-CE plants. Therefore, the staff determines that use of the
peaking factor of 150 is acceptable for the System 80+ SLB analysis. On this
basis, DSER Open Item 15.3.1-1 is resolved.

The CEA worth (N-1 condition for all-rods insertion with the highest reactivi-
ty rod stuck out) used in the SLB analysis is 10 percent A-p for System 80+ as
compared to 8.86 percent A-p used in the SLB analysis for System 80. The
increase of the CEA worth reflects a change in the fuel management for the
System 80+ core from out-in to low leakage. In the System 80+ low leakage
fuel management scheme, fresh fuel assemblies are placed in the interior of
the core rather than on the periphery. As a result, a greater percentage of
the fresh fuel assemblies are covered by CEAs, and the N-1 condition results I
in uncovery of fewer contiguous fresh fuel assemblies than that for the |

System 80 out-in fuel management scheme. This results in an increase in net |
CEA worth. Another contributing factor to the increase in net CEA worth is i

the change from boron carbide (B C) to erbium (Er) for the burnable absorber4
material. Use of Er permits better control of the power distribution peaking
than that with B C, which in turn allows a lower leakage fuel management and4
thus a greater net CEA worth. As shown in CESSAR DC Table 4.3-7, the calcu-
lated CEA worth for the N-1 condition is 10.7-percent A-p. Therefore, use of

10-percent A-p is conservative for the SLB analysis.
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Other assumptions used in the analyses are use of the least-negative Dopplerf
i coefficient and most-negative moderator coefficient to maximize the core :

reactivity feedback, core heat flux, and minimize the DNBR. The most reactive
control rod was assumed to be held in the fully withdrawn position. No i

operator actions were assumed within 30 minutes following an SLB.
'

'

Sinole-Failure Effects

ABB-CE performed a parametric study to assess the limiting single failure for
a postulated SLB. For SLBs with concurrent LOOP (Cases 1, 3, and 6), the !
limiting single failure is the failure of one of the emergency diesel genera- '

tors to start and the consequent loss of two safety injection (SI) pumps
'

following S1 actuation signal (SIAS). For SLBs without LOOP (Cases 2 and 4),
the worst single failure is the failure of the MSIV on one of the steamlines
on the intact generator to close following the main steam isolation signal
(MSIS). Consequently, steam continues to be released from the intact SG after
the MSIS. For Case 5, ABB-CE indicated that there is no single failure that !
increases the potential for degradation in fuel cladding performance or i

increases the offsite dose. .

Analytical Methods and Results i

The computer code used in the SLB analysis is the SLB version of the CESEC-III
code, which the staff previously approved for the Palo Verde SLB analysis. In
order to maximize the cooldown rate, the System 80+ specific model assumes ,

that emergency feedwater (EFW) is actuated instantaneously to both SGs at the !

time of reactor trip. The maximum value of EFW is assumed to be delivered to ;

O'' both SGs until the operator takes manual actions to isolate EFW to the
'

ruptured SG and begins an orderly cooldown to the shutdown cooling entry
conditions.

Reactor trip as a consequence of an SLB is produced by one of several avail-
able reactor trip signals including low steam generator pressure, low RCS
pressure, low steam generator water level, high reactor power, low DNBR trip
initiated by the CPCs, and, for inside containment breaks, high containment
pressure. Following the reactor trip, the most active control rod is assumed
stuck out. For an SLB with a concurrent LOOP, ABB-CE assumed that turbine
stop valve closure, which terminates feedwater to both SGs, and coastdown of
the RCPs occur simultaneously. The depressurization of the affected SG
results in the actuation of the MSIS, which closes the MSIVs, isolating the
affected SG from blowdown, and closes the main feedwater isolation valves, ,

terminating main feedwater to both SGs. The pressurizer pressure decrease i

initiates an SIAS, which introduces safety injection boron, causing core
reactivity to decrease. Operator action is assumed to be delayed until
30minutepafterinitiationofanSLB. The plant is cooled to 177 *C and
2.28 x 10 kPa (350 *F and 330 psia), at which point shutdown cooling could be
initiated.

,

'
The analytical results indicated' that for SLBs with concurrent LOOP (Cases 1,
3, 5, and 6) the reactor trips were initiated by CPCs in response to low RCP
shaft speed. With the offsite power available, the reactor trips were
initiated by CPCs as a result of a high core power condition for SLBs at full-

O power initial conditions (Case 2), and initiated by a low SG pressure trip
signal for an SLB at zero power initial conditions (Case 4).
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The analytical results demonstrate that Case 2 bounds Case 1 and Cases 3
through 6 from a return-to-power consideration. The staff finds in the
analytical results that the limiting Case 2 (an SLB at full power with a
single failure) does not result in a return to criticality. The maximum total
reactivity for Case 2 is -0.81-percent A-p, showing that the core is subcriti-
cal and that no fuel experiences DNB.

Case 5 was cited as the limiting SLB for worst radiological consequences. The
staff finds in the analytical results that Case 5 (an SLB outside the contain-
ment during full-power operation with a LOOP and a single failure) results in
minimum DNBR of 1.25. No fuel failure was predicted. However, for radiologi-
cal calculations, 0.5 percent of the total number of fuel rods were assumed to
fail.

Staff Evaluation

The staff reviewed the SLB analysis described in CESSAR-DC Section 15 1.5 and
found that approved methods (the SLB version of CESEC) were used to analyze
the SLB events. The plant parameters used in the SLB analysis reflect the
System 80+ design. The analytical results demonstrate that the consequences
of postulated SLBs comply with the requirements in GDC 27, 28, 31, and 35
regarding control rod insertability and core coolability. Therefore, the
staff concludes that the SLB analysis is acceptable.

The staff discusses its evaluation of the radiological release consequences
for the SLBs in Section 15.4 of this chapter.

Since no fuel failure is predicted, ABB-CE did not use the statistical
convolution method in the analysis.

In the DSER, the staff noted that ABB-CE credited the non-safety-grade turbine
stop and control valves in the original SLB analyses to isolate the steam
blowdown from the intact SG for an SLB with an opened MSIV in the intact SG.
In the EPRI URD (Section 2.3.2.1 and Table 1.2.1), EPRI specifies use of only
safety-related equipment for transient and accident mitigation. This EPRI
requirement is consistent with the staff position. In the DSER, the staff
required that ABB-CE reanalyze the SLB events, taking credit for only safety-
grade systems. All non-safety-grade components and systems called for should
be assumed to be not functional. This was designated as DSER Open
Item 15.3.1-2.

In response to the staff's request, ABB-CE credited only the safety-grade
systems in the reanalysis. The cases affected are full-power and zero-power
SLBs without LOOP assuming the single failure of an MSIV on the intact SG to
close. For full-power case 2, the turbine admission and control valves were
assumed failed to close. The reanalysis assumed that the flow continues from
the intact SG throug,h the full area of the SG outlet nozzle for one steamline

,

|2of 0.119 m (1.28 ft ). For zero-power case 4, the turbine admission and i
control valves were assumed to be closed before the initiation of the event |
and the flow from the intact SG was assumed to be 11 percent of the design l
flow, representing the maximum nonisolable steam flow with an MSIV failure to |
close. This flow path was represented py an effective flow area for steam ,z
blowdown from the intact SG of 0.0246 m (0.2663 ft ). The staff evaluated |

|
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ABB-CE's reanalysis and concludes that it is acceptable. On this basis, DSER
Open Item 15.3.1-2 is resolved.

15.3.2 Feedwater-Line Break Analysis

In CESSAR-DC Section 15.2.8, ABB-CE presents the analytical results of
feedwater-line break (FLB) accidents.

For the FLB analysis, ABB-CE takes no credit for a high containment pressure
trip should that trip signal occur before complete depletion of the inventory
of the broken SG. The analysis credited a high pressurizer pressure signal
and a low steam generator water level signal for the reactor trip.

ABB-CE assessed the range of values in CESSAR-DC Table 15.0-3 to establish the
worst initial conditions during an FLB. For the overpressurization concern,
the initial primary system pressure was adjusted within the range specified in
CESSAR-DC Table 15.0-3 to achieve a coincident reactor trip signal on high
pressurizer pressure and low SG water level. This assumption maximizes the
primary pressurization potential of the FLB accident, by maximizing the
primary system pressure at the time of the coincident reactor trip signal.
For the concern of fuel failure, the initial pressure was assumed at the
minimum allowable pressure of CESSAR-DC Table 15.0-3. The assumption of the
lowest pressure minimizes the pressure at time of trip and minimizes the
transient DNBR.

In the FLB analysis, ABB-CE assumed that a LOOP will occur following a turbine
(3 trip caused by a reactor trip, and one emergency feedwater pump will fail to
( ) start as a result of a LOOP. Also, the range of single failures specified in
'' CESSAR-DC Table 15.0-4 was assessed in establishing the worst single failure

to maximize consequences of the accident. ABB-CE determined that none the of
single failures will result in a higher RCS pressure or a lower minimum DNBR
predicted for the FLB accident with combination of a LOOP.

In the DSER, the staff asked ABB-CE to justify that its FLB method is conser-
vative as it is compared with the Semiscale test data discussed in
NUREG/CR-4945 (U.S. Nuclear Regulatory Commission, '' Summary of Semiscale
Program (1985-1986)"). If the method were nonconservative, ABB-CE was
required to reanalyze the FLB event by using the model that is supported by
the test data including the Semiscale data. This was designated as DSER Open
Item 15.3.2-1.

Given the assumptions discussed above, ABB-CE used the previously approved
CESEC-III code to analyze a spectrum of break sizes. The Henry-Fauske
critical flow model was used to calculate the FLB blowdown flow assuming
saturated liquid discharge before depletion of the liquid from the affected SG
and saturated steam discharge afterward. The FLB blowdown models resulted in
high mass flow and low energy flow from the SG, thereby minimizing the
ruptured SG heat removal capacity. By letter dated December 18, 1992, and in
CESSAR-DC Section 15.2.8.3-A (Amendment U), ABB-CE stated that for the FLB
analysis, the heat transfer area was assumed at design value until the SG
liquid inventory decreased to 225 kg (500 lbm). The heat transfer area i.s
then decreased to zero over the time interval for inventory to decrease by

O).( 225 kg (500 lbm). The value of 225 kg (500 lbm) represents about 0.2 percent
of the initial inventory. This assumption represents the decrease in heatb
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transfer area to zero in about 0.2 second for the limiting break flow rate.
!The staff finds that the heat transfer model discussed above is consistent

with Semiscale test for FLBs included in Section 4.3.3.1 of NUREG/CR-4945. |
These data indicate that the SG heat transfer capacity remains unchanged until
the SG liquid inventory is nearly depleted. This is followed by a rapid ,

reduction to zero heat transfer with little further reduction in the SG liquid |
inventory. Therefore, the staff concludes that the heat transfer model is
acceptable for the FLB analysis. On this basis, DSER Open Item 15.3.2-1 is
resolved.

ABB-CE performed the FLB analysis for the full spectrum of break sizes up to
the doup)le-ended guillotine break with an effective break area of 0.13 m(1.4 ft TheresultsoftheanalysisshowthatthemaximumpeakpCS.

2pressure, which is 1.92 x 10' kPa (2798 psia), occurs for a 0.056 m (0.6 ft )
break downstream of the check valves in the feedwater line. This peak
pressure is well within 120 percent of the primary system design pressure, and
conforms to the criteria of SRP Section 15.2.8, Item II.D.1, which limits the
system pressurization to 120 percent of the design pressure for very low
probability events. The staff considers that an FLB accident with a LOOP is a
very low probability event. In response to the staff's request, ABB-CE
performed an analysis (CESSAR-DC Section 15.2.8, Amendment U) for an FLB
accident with the offsite power available and an assumed loss of one emergency
feedwater pump as the limiting single failure. The analysis credited a low SG
water level signal actuated at 33.7 percent of the wide-range SG water level.
The analysis shows that the peak pressure of 1.85 x 10' kPa (2676 psia) is
within 110 percent of the design pressure and demonstrates the compliance of
SRP Section 15.2.8, Item II.D.1, which allows the system pressurized up to
110 percent of the design pressure for low probability events. The staff
considers that an FLB accident with SF and available offsite power is a low
probability event.

2 zABB-CE's DNBR calculations show that the limiting case is a 0.019 m (0.2 ft )
break with a LOOP following turbine trip, resulting in a minimum DNBR of 1.17.
ABB-CE used the statistical convolution method to calculate the number of the
failed rods that experienced DNB, and determined that 0.60 percent of the fuel
experienced cladding failure.

Since the FLB analysis uses approved methods to show that the peak pressure
meets the acceptance criteria of SRP Section 15.2.8, and the radiological
releases are within the limits of 10 CFR Part 100, the staff concludes that
the feedwater line break analysis is acceptable. (See Section 15.4 of this
chapter for the staff's evaluation of the radiological release calculation).

15.3.3 Single Reactor Coolant Pump Shaft Seizure and Shaft Break

The RCP shaft seizure and shaft break are classified as limiting-fault events.
In accordance with GDC 17, such events should be analyzed assuming a LOOP
throughout the events and the worst single failure of an active component. |

In CESSAR-DC Sections 15.3.3 and 15.3.4, ABB-CE analyzed the RCP shaft seizure |
and shaft break events with a LOOP and single-failure consideration. The ;

analyses show that the RCP shaft-seizure event with a LOOP bounds the RCP j
shaft-break event with a LOOP since the RCP flow coastdown for the shaft- '

seizure event with a LOOP is faster, resulting in a lower minimum DNBR and i
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more radiological release than those of the shaft-break event with a LOOP.
ABB-CE submitted a detailed analysis of the bounding case of the RCP shaft
seizure in CESSAR-DC Section 15.3.3.

A single RCP shaft seizure can be caused by seizure of the upper or lower
thrust-journal bearings. A LOOP will cause a simultaneous loss of feedwater
flow, condenser inoperability, and coastdown of all reactor coolant pumps. In
the analysis, ABB-CE took no credit for restoring offsite power before
initiating shutdown cooling.

For the single RCP shaft-seizure event, the reactor was tripped on low reactor
coolant flow, and the resulting minimum DNBR occurred during the first
4 seconds of the event. ABB-CE evaluated the single-failure events in
CESSAR-DC Table 15.0.4. ABB-CE stated that an ADV failing to close 1800 sec-
onds after initiation of the event is the most limiting single failure. The
stuck-open ADV causes excessive steam to be released to the environment from
the SGs. Thus, this failure in combination with the LOOP maximizes the
radiological consequences of the event.

ABB-CE analyzed the RCP shaft seizure with a LOOP using the CESEC-III code for
calculating the system response; the HEP, MITE code for calculating reactor core
neutronic parameters; the TORC code for conducting the core thermal-hydraulic
analyses;andtheCE-1correlationfordeterminingtheDNpR. The calculated
results showed that the maximum RCS pressure is 1.82 x 10 kPa (2635 psia),
which is less than 110 percent of design pressure, and the minimum DNBR is
1.09. ABB-CE used the statistical convolution method to determine the number
of failed rods for the RCP-shaft seizure event with a LOOP. The results show
that no more than 1.2 percent of the fuel pins would potentially fail. Asg discussed in Section 15.1 of this chapter, the staff approves the application
of the statistical convolution method for failed-rod calculations.

Also, ABB-CE assumed that the LOOP occurs coincidently with a turbine trip.
As discussed in Section 15.1 of this chapter, the staff determines that this
approach is consistent with the staff's position and is, therefore, accept-
able.

Since the NRC-approved methods are used to show that the peak pressure is
within 110 percent of the design pressure and the limiting conditions are
identified for radiological release calculations, the staff concludes that the
applicant's analysis for the RCP shaft seizure with a LOOP is acceptable. The ,

staff reviews the radiological releases appears in Section 15.4 of this
chapter.

15.3.4 Control Element Assembly Ejection *

The mechanical failure of a control rod mechanism pressure housing would
result in the ejection of a CEA. For CEAs initially inserted, the conse- ,

quences would be a rapid reactivity insertion together with an adverse core ;

power distribution, possibly leading to localized fuel rod damage. Although
mechanical pr'ovisions make this accident extremely unlikely, ABB-CE analyzes
the consequences of such an event.

f%
( ABB-CE reported on methods used in the analysis in CENPD-190-A; the staff has

reviewed this report and accepted it. This report demonstrates that the model
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used in the accident analysis is conservative relative to a three-dimensional i

kinetics calculation.

The initial conditions examined in the CESSAR-DC range from zero-power to i

full-power with reactivity coefficients representative of beginning of cycle l
and end of cycle for the:a power level extremes. All cases resulted in a ;

calculated radial average fuel enthalpy for the hottest fuel pellet less than
the Regulatory Guide (RG) 1.77 acceptance criterion of 280 cal /gm. In addi- )
tion, for the case initiated from full power, initial conditions resulted in 1

the largest number of fuel cladding failures, approximately 6.8 percent of the
fuel, and, therefore, the greatest potential for offsite dose consequences.

For a CEA ejection accident, the staff has traditionally assumed, for the
purpose of calculating dose, that a fuel rod will fail if its DNBR falls below
the approved DNBR limit value. ABB-CE assumes that the number of failed fuel
rods equals the number of rods in DNB as calculated with the statistical
convolution method described in CENPD-183. That is, since the probability of
occurrence of DNB is a function of the DNBR, the statistical convolution
technique involves the summation over the reactor core of the number of rods
with a specific DNBR multiplied by the probability of DNB at that DNBR. Since
this deviation has been appropriately justified (as discussed in Sec-
tion 15.1.1 of this chapter), it is acceptable for this event analysis. On
this basis, the resulting doses are well within the guidelines of 10 CFR
Part 100 and, therefore, acceptable.

The staff reviewed the ejected rod worths and reactivity coefficients used in
the analysis and judges them conservative. The assumptions and method of
analysis used by ABB-CE are also in accordance with those recommended in
RG 1.77 or comply with subsequent staff positions. Therefore, this analysis
is acceptable.

15.3.5 Inadvertent Opening of a Pressurizer Safety Valve

ABB-CE categorized the inadvertent opening of a pressurizer safety valve
(IOPSV) event as a limiting fault event since no power-operated relief valve
(PORV) is included in the System 80+ design. In SRP Section 15.6.1, the staff

identified the inadvertent opening of a PORV as a moderate-frequency event.
Since the pressurizer safety valve is a spring-loaded valve and is more
reliable than the PORV, it is less likely to be opened inadvertently.
ABB-CE's categorization of the 10PSV event is acceptable. In CESSAR-DC
Section 15.6.1, ABB-CE evaluated the 10PSV event for the System 80+ design and
determined that the results of this event are bounded by that of the small-
break LOCA analysis because the pressurizer safety valve size is within the
range of small-break sizes. The staff agrees with this conclusion. The
staff's review of the small-break LOCA analysis is discussed in Section 15.3.7
of this chapter.

15.3.6 Double-Ended Break of a Letdown Line Outside the Containment

Reactor coolant may be directly released from a break or leak outside of the
containment in a letdown line, instrument line, or sample line. In CESSAR-DC
Section 15.6.2, ABB-CE states that the worst event is the double-ended break
of the letdown line outside the containment, upstream of the letdown line
control valve (DBLOCUS). ABB-CE considers this as the worst event because
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O this event is the largest letdown line break and results in the largest

V)( release of the reactor coolant outside the containment.

The results of ABB-CE's analysis [CESSAR-DC Figure 15.6.2-6 (Amendment N)]
shows that a DBLOCUS event releases the RCS primary fluid at a rate of
approximately 12.3 kg/second (27 lb(mass)/second). The maximum break flow is
limited to this value by the use of the letdown line orifices inside the
containment, downstream of the letdown heat exchanger. The event will actuate
a number of alarms that would be noted by the reactor operator in the main
control room. Within a few minutes after initiation of the event, the

following alarms will be actuated to alert the operator: (1) the letdown line
low-pressure alarm; (2) the high-temperature, high-humidity, and high-
radiation-level alarms in the nuclear annex; and (3) the pressurizer low-
level, nuclear annex sump high-level and the volume control tank low-level
alarms.

ABB-CE assumed that 30 minutes after the first alarm, the operator would
isolate the letdown line, thereby terminating further release of primary fluid
discharged to the nuclear annex, and subsequently bring the reactor into the
shutdown condition.

ABB-CE assessed the range of parameters in CESSAR-DC Table 15.0-3 in estab-
lishing the most adverse initial condition for the maximum total mass release.
The worst initial conditions comprise (1) maximum core power, (2) maximum core
inlet temperature; (3) low core flow, (4) maximum pressurizer pressure, and
(5) high pressurizer level. ABB-CE also assumed that the CVCS charging pump

A flow was at the minimum design flow rate in order to maximize the letdown line
('j discharge enthalpy and flashing and, thus, maximize the radiological conse-

quences.

ABB-CE used the NRC-approved CESEC-III code to simulate the event and calcu-
lated the reactor coolant discharge outside the containment to use for
calculating radiological release. The staff's evaluation of the radiological
release calculations is discussed in Section 15.4 of this chapter. Since the
blowdown rate and the rate of decrease of RCS pressure (which determines the
extent of decrease in the DNBR) during this event are bounded by that of SGTR
events, the minimum DNBR resulting from the event with and without a LOOP is
limited by that of the SGTR event with a double-ended tube rupture (which
results in a blowdown rate [(CESSAR-DC Figure 15.6.3-42A (Amendment H)] of
approximately twice that for the DBLOCUS event) and, thus, does not fall below
the DNBR safety limit of 1.24, assuring the fuel integrity throughout the
event.

Since the assumptions used and the analyses performed for this event are
acceptable, and the scenario, as described in CESSAR-DC Section 15.6.2,
assures that ABB-CE considered the most severe failure of a letdown line
carrying the primary coolant outside the containment, the staff concludes that
the analysis is acceptable.

As stated in the DSER, ABB-CE was required to submit the technical basis
justifying that the valves in the letdown line, instrumentation line, or

o sample line have been qualified to be isolated upon demand during piping break
( conditions. This was designated as DSER Open Item 15.3.5-1.
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In response, ABB-CE stated that the isolation valves of the concern will be
qualified to close on demand. For example, as stated in CESSAR-DC Sec-
tion 9.3.4.2.3 (Amendment U), three isolation valves in the letdown line are
manually closed following detection of a letdown line break. Valve closure is
ensured by specifying valve operators sized to close the valves under the
worst-case differential pressures expected during applicable design-basis
events. Valve operability under these conditions is assured via the operabil-
ity assurance program (0AP) for pneumatically operated valves, as discussed in
CESSAR-DC Section 3.9.3.2.1.1. These valves are tested in accordance with the
requirements specified in CESSAR-DC Table 3.9-15, " Inservice Testing (IST) for
Safety Related Valves." Since ABB-CE determines the size of valve operators
on the basis of the worst differential pressure during the design-basis events
and uses the OSP and IST to ensure the operability of the isolation valves,
the staff conc:edes that the isolation valves are adequately qualified for
closure on demar,d. On this basis, DSER Open Item 15.3.5-1 is resolved.

15.3.7 Loss-of-Coolant Accident

In CESSAR-DC Section 6.3.3, ABB-CE presents results of the LOCA analysis.
ABB-CE performed the LOCA analysis using the following NRC-approved evaluation
models, as discussed in Section 15.1 of this chapter: CEFLASH-4A large-break |

LOCA (LBLOCA) and CEFLASH-4AS small-break LOCA (SBLOCA) for the system |
response during the blowdown phases, STRIKIN-II for calculating the hot rod
cladding temperature, HCROSS and PARCH for calculating the steam cooling heat
transfer coefficient, and COMZlRC for determining the core-wide cladding
oxidation.

The acceptance criteria for LOCAs given in 10 CFR 50.46 are:

(1) Peak Claddina Temperature "The calculated maximum fuel element cladding
temperature shail not exceed 1,204 *C (2,200 'F)."

(2) Maximum Claddina 0xidation "The calculated total oxidation of the
cladding shall nowhere exceed 0.17 times the total cladding thickness
before oxidation."

(3) Maximum Hydroaen Generation "The calculated total amount of hydrogen
generated from the chemical reaction of the cladding with water or steam
shall not exceed 0.01 times the hypothetical amount that would be
generated if all of the metal in the cladding cylinders surrounding the
fuel, excluding the cladding surrounding the plenum volume, were to
react."

l

(4) Coolable Geometry " Calculated changes in core geometry shall be such
that the core remains amenable to cooling."

(5) Lona Term Coolina "After any calculated successful initial operation of
the ECCS, the calculated core temperature shall be maintained at an
acceptably low value and decay heat shall be removed for the extended
period of time required by the long-lived radioactivity remaining in the
Core."

Various break size LOCAs were ana]yzed and the results for large-break LOCAs2(break sizes ranging from 0.046 m (0.5 ft ) in cross-section area to the
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I

double-ended cold-leg guillotine) are given in CESSAR-DC Section 6.p.3.2. The

Q) z

( results of small-break LOCA analyses (break sizes less than 0.046 m (0.5 ft )
are documented in CESSAR-DC Section 6.3.3.3. 4v

I

Because the System 80+ emergency core cooling (ECC) system has direct ECC
injection into the reactor vessel downcomer, the staff reviewed the applica-
bility of the existing ABB-CE LOCA evaluation model (EM), which was developed j

| for plants with cold-leg injection. The LOCA EM assumes complete ECC bypass |
f up to the end of bypass; therefore, it complies with the Appendix K require-

'

| ment with regard to the blowdown phase. The staff considered whether the EM
l properly addresses the potential ECC bypass as the ECC is injected into the l
' downcomer during the reflood phase.

ABB-CE's EM does not explicitly model the ECC bypass /entrainment phenomenon ,|

I during the reflood phase. All safety injection other than that discounted !

! because of the single-failure consideration is assumed to fall into the
downcomer. Therefore, the downcomer liquid level is at the bottom of the cold ,

'

leg, above which the ECC water spills over the broken cold leg into the
containment. The staff performed an evaluation and concluded that, if the ECC
bypass /entrainment phenomena were considered, there will be a small downcomer {1evel reduction (< 1 ft) that could slightly affect the calculated reflood
rate and peak cladding temperature. However, because there is large conserva-
tism built into the Appendix K requirements, such as use of 1.2 times the 1971
ANS decay heat model and the Baker-Just metal-water reaction model, that i

provide a large margin to account for uncertainties associated with simplified j

models or neglected phenomena in the EM, the staff believes that the small i

IO uncertainty associated with neglecting the ECC bypass phenomenon is easily
compensated by the built-in margin. As Appendix K is silent regarding ECC .

bypass during reflood period, the staff concludes that no non-compliance with
Appendix K exists in ABB-CE's EM. )

Larae-Break LOCA (LBLOCA1 ;

For the LBLOCA analysis, offsite power was assumed to be lost simultaneously
iwith the LOCA. ABB-CE determined that the LBLOCA with the maximum safety

injection (as a result of no-single-failure assessment) is the limiting case.
The maximum safety injection maximizes the safety injection spilling to the
containment and minimizes the containment pressure. This, in turn, minimizes
the core flooding rate and maximizes the peak cladding temperature. In the ;

analysis, the maximum safety injection includes flow from all four SITS {
assuming the maximum initial liquid inventory and the maximum flow rate from
all four safety injection pumps. In the DSER, the staff asked ABB-CE to
perform a sensitivity study and demonstrate that the LBLOCA with the maximum
SI flow is the limiting case for the System 80+ design. This was designated
as DSER Open Item 15.3.6-1. I

]
'

In response to the staff's request, ABB-CE submitted material dated Novem-
ber 24, 1992, and CESSAR-DC Appendix 6A (Amendment S) documenting the results
of a sensitivity study to demonstrate that the assumption of a maximum SI flow
will result in a worst-case LOCA. In the sensitivity study, ABB-CE analyzed
three LOCA cases: (1) a loss of two SI pumps due to a diesel generator

A failure, (2) a loss of one SI pump, and (3) a maximum SI flow with four SI

(") pumps available. For each case, ABB-CE used the staff's previously approved
COMPERC-II code for the reflood and refill calculation. The study was
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performed for the double-ended-discharge cold-leg guillotine break with a
discharge coefficient of 1.0, which was identified as the limiting break of
the large-break spectrum for the System 80+. The results have demonstrated
that case 3 with a maximum SI flow is the limiting LOCA case, since this case
results in the lowest reflood rate which will cause the highest peak cladding
temperature. On this basis, DSER Open Item 15.3.6-1 is, resolved. j

Originally, ABB-CE analyzed nine LBLOCAs at the power level of 3,876 Myt. The |

LOCAs ip)clude slot and guillotine breaks, ranging in size from 0.046 m )
(0.5 ft to a full double-ended break area such as the reactor coolant pump '

suction and discharge leg. The analysis showed that the worst case is the |

double-ended-discharge cold-leg guillotine (DEDCLG) break. ABB-CE reanalyzed
the limiting case (the DEDCLG break) at 3,992 MWt. The reanalysis shows a
peak cladding temperature of 1,196 *C (2,185 *F), maximum cladding oxidation
of 8.32 percent of the total cladding thickness, and metal-water reaction of
less than 0.843 percent of the total amount of metal in the core. The results
are within the acceptance criteria of 10 CFR 50.46 discussed above.

Small-Break LOCA (SBLOCA)

For the SBLOCA analysis, ABB-CE assumed that a LOOP occurred simultaneously
with a reactor trip. The worst single failure identified is failure of one of
two emergency diesels generators to start, which results in only two of four
safety injection pumps are available to function. The LOCA with a LOOP upon a
reactor trip and the worst single failure will minimize the safety injection
available to cool the core and will result in a maximum peak cladding tempera-
ture. In the analysis, the following injection flows were credited for the
SBLOCA analysis:

For a break in the pump discharge leg, the safety injection credited was.

full flow from two SI pumps and four safety injection tanks (SITS).

For a break in a c'irect vessel injection (DVI) line, the SI flow credited-

was full flow from one SI pump and three SITS. The flow from the
remaining active SI pump and one SIT was assumed to spill out the break.

ABB-CE analyzed 11 SBLOCAs. Three DVI line breaks were analyzed at a core
power level of 3,992 MWt (102 percent of nominal). The DVI line was determined
to be the limiting break location based on an eight-break analysis performed

Amongtheeiggtbreaks,fg)urbreaks,ranginginsizefrom
at3,87pMWt.
0.046 m to 0.0046 m The 0.046 m,0.05 ft , were postulated to occur in the(0.5 ft to
pump discharge leg. (0.5 ft ) break was also analyzed for the
large-break spectrum and was defined as the transition break size. Four

2breaks were postulated to occur in DVI lines, ranging in size from 0.037 m
2 2 2(0.4 ft ) (full cross-sectional area of a DVI line) to 0.0018 m (0.02 ft

The sizp)s of the three DVI line breaks analyzed at 3,p)92 MWt were 0.009 m).2 2(0.1 ft , 0.007 m
2(0.08 ft)), and 0.0045 m (0.05 ft For DVI line breaks.

larger than 0.009 m (0.1 ft , the SITS will opgrate sooner and restore water .

2 llevel more quickly than for the 0.009 m (0.1 ft ) break. The resulting peak
cladding) temperature would be less than that calculated for the 0.009 m {(0.1 ft break. Therefore, ABB-CE did not reanalyze DVI breaks larger than !

2 (0.1 ft ) 2at 3,992,MWt. The reanalysis shows that the worst smallz0.009 m
break is a 0.009 m (0.1 ft') DVI break which resulted in the highest cladding
temperature of 734 *C (1,354 *F), maximum cladding oxidation of 0.12 percent
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of the total cladding thickness, and metal-water reaction of less than
Og 0.016 percent of the total amount of metal in the core.

.

NRC-approved methods were used to analyze small- and large-break LOCAs; peak
cladding temperatures are less than 1,204 "C (2,200 *F); metal-water reaction
is within 17 percent of the total cladding thickness; and cladding oxidation
is within 1 percent of the metal in the cladding cylinders surrounding the
fuel. Since the results of the analysis do not exceed the acceptance criteria
imposed in 10 CFR 50.46 for the LOCA analysis, the staff concludes that the
SBLOCA analysis is acceptable. The evaluation for the post-LOCA long-term
cooling appears in Section 15.3.8 of this chapter.

'

Boron Dilution Durina SBLOCAs

Experimental evidence and recent analysis show that an inherent mechanism for
boron dilution in the PWR RCP loop seals could exist for events (including
SBLOCAs) that involve heat removal by reflux cooling. The deborated water in
the RCP loop seals could be transported to the core through natural circula-
tion processes or startup of RCPs. Injection of the deborated water into the
core would be a significant reactivity addition that could possibly damage the
core. The staff asked ABB-CE to address the applicability of this boron
dilution event to the System 80+ design and to resolve the issue.

In response ta the staff's request, ABB-CE submitted the results of their
evaluation of the potential for RCS boron dilution during an SBLOCA. '

Basically, the postulated SBLOCA scenario results in the accumulation of

O deborated water in each of the RCS cold-leg loop seals. The mechanism for
accumulating deborated water in the loop seals is caused by steam condensation
(reflux cooling) following drainage from steam generator (SG) tubes. During-
reflux cooling, the condensate on the cold-leg side of the SG tubes drains
into the loop seals. The staff was concerned that-in this configuration, the
introduction of deborated water in the core would have deleterious effects on
maintaining subcriticality. ABB-CE stated that low boron concentration in the
System 80+ loop seals may occur for small break sizes between 2.54 and 7.62 cm
(1 and 3 in.) in diameter.

A bounding analysis was performed without crediting any of the mixing of
borated and unborated water which is expected to occur in the RCS. Instead,
the condensate was assumed to enter the core as an unlimited size slug of pure
water moving at a natural circulation flow rate consistent with that of a
small break at the time of RCS refill using ECCS injection.

A core physics analysis was performed to determine the reactivity, the power
peaking, the power transient and the minimum critical boron concentration

,

required to avoid recriticality at beginning of the cycle with all rods 4

inserted as the unborated slug passed through the core. An RCS thermal-
hydraulics analysis also was performed to determine the change in pressure and i

in natural circulation flow rate as energy from the core entered the coolant. :

The analysis indicates that the core returned to a critical condition when the !
'unborated slug progressed partly through the core. As the slug progressed

further into the core, the resultant neutron power function experienced a very
brief spike, which was terminated by Doppler feedback in the fuel. The power

/ then dropped further as coolant heatup resulted in moderator density
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reactivity feedback. The power underwent several oscillations of diminishing
amplitude and finally settled at a level that was a small fraction of full
power. The analysis indicated that boron concentration required to avoid a
return to criticality at beginning of the cycle with all rods inserted, ,

'

depends on the temperature of the coolant. An average boron concentration of
about 550 ppm is required to avoid a return io criticality at 149 *C (300 *F),
but only 200 ppm is required at 260 *C (500 *F).

ABB-CE concluded that if the analysis had accounted for borated water entering
the core behind the slug, then the power would have rapidly decreased to zero.
The staff finds this acceptable because during RCS refill, the SG tubes will
fill through the hot leg, and the borated ECCS water (4400 ppm) would flow and
mix with the deborated loop seal before entering the reactor vessel. Once in
the vessel, the staff believes that additional mixing would occur through the
downcomer.

For natural circulation conditions, ABB-CE calculated that the time required
for the condensate in the loop seals to pass through the core is approximately
3.3 minutes and it will take two to three times longer for the condensate to
pass through the RCS. ABB-CE also postulated that the consequences for
restarting the RCP wouldn't be of concern if procedural restrictions delayed
the restart process for at least 20 minutes under natural circulation condi-
tions.

The staff agrees that a 20-minute delay is a conservative time limit to permit
the condensate to pass through the RCS at the natural circulation flow rate
(approximately 2 percent to 3 percent of total flow) and mix with the highly
borated coolant in the RCS. However, the staff is concerned that the operator
could err in determining that natural circulation is established, and for how
long it is established. Because of the potentially serious consequences of an
operator prematurely restarting an RCP (assuming the presence of an unborated
slug), the staff believes that procedural controls alone may not be adequate.
ABB-CE must, therefore, demonstrate that the event is incredible; the conse-
quences are not serious; or provide additional protective measures.

SBLOCA Deboration Events With Restartina an RCP

In response to the staff's concerns, ABB-CE submitted their analysis and
changes to Emergency Operations Guidelines (E0Gs) described in CESSAR-DC,
Appendix 6C to support their position that the SBLOCA deboration event with
restart of a reactor coolant pump (RCP) is unlikely to occur. Even if RCP
restart occurs under this condition, the consequences are not serious. The
staff has reviewed CESSAR-DC, Appendix 6C and proposed EOG changes and
provides the following evaluation.

Hackaround

The ABB-CE system response analysis shows the potential for an SBLOCA debora-
tion event for SBLOCA break sizes ranging from 2.54 to 7.62 cm (1 to 3 in.) in
diameter. These sizes of break are small enough that the break flow is not
sufficient to remove all of the decay heat. The secondary side will be relied
on for the decay heat removal. Also, these break sizes are large enough so
that the break flow is greater than the safety injection flow, thus reducing
the reactor coolant system (RCS) water level below the bottom of the cold leg.
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p' At this water level, the steam generated in the reactor core will be
( transferred to the tube side of the steam generator (SG). When RCS cooling by
\ the secondary side is initiated, the reflux / condensation process begins.

Formation of the condensate will result in some of the condensate flowing back
via the hot legs to the reactor vessel, counter-current to the steam flow.
The rest of the condensate will flow into the loop seals (RCS suction pipes)
and collects there until the RCS refills and natural circulation is regained.
If the operator inadvertently turns on the RCPs, the unborated (or low borated
water) in the loop seals could be transported into the core rapidly, and cause
a rapid reactivity transient.

ABB-CE performed a probabilistic risk assessment (PRA) of the SBLOCA debora-
tion event for System 80+. Important factors in the analysis included: the
likelihood of an SBLOCA, the amount of boron mixing in the cold-leg piping
during the refill phase of the event, reestablishment of natural circulation
in the primary system, and the likelihood of an operator restarting an RCP
prior to the establishment of natural circulation.

Small preak LOCA frequency is typically estimated to be in the range of 10 2
to 10' per reactor year, and is therefore a potentially significant initia-
tor. Mixing in the cold-leg and the loop seal may occur during the refill
phase as a result of highly borated water from the SI pumps flowing back
through the RCP into the loop seal. Low rates of natural circulation will
resume once the lower tubes of the steam generator are filled. The natural
circulation rate (and mixing process) will increase until the system is
refilled. ABB-CE's analysis indicates that when all steam generator tubes

g have filled, the natural circulation rates result in a well mixed primary
% system in about 20 minutes. ABB-CE also analyzed the reactivity effect of

unborated water entering the core at the natural circulation flow rate. For
the postulated case of a slug of pure (i.e., unborated) water entering the
core in this manner, the resultant neutron power function exhibited a brief
spike, which was terminated by Doppler feedback in the fuel. The power then
dropped further as coolant heatup resulted in moderator density reactivity
feedback. Since the result of the natural circulation scenario is insignifi-
cant for System 80+, the staff's concern was directed to the likelihood that
an operator would start an RCP during the period after the loop seal is poten-
tially filled with condensate but before natural circulation had been reestab-
lished.

In response to the staff's concern, ABB-CE has changed to the System 80+ E0Gs
to ensure that the operator will not inadvertently turn on the RCPs during an
SBLOCA event. The EOGs changes are as follows:

(1) The RCP Restart Strategy

The RCP restart strategy mainly involves five steps. Since maintenance
of natural circulation (NC) prior to restart of the RCP will help
operators avoid unacceptable core conditions from occurring during an
SBLOCA event, the RCP restart steps were modified in the following
priority in order to emphasize the importance of maintenance of NC before
turning on an RCP:p)i

U (a) Verify adequate single-phase NC
!
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1

(b) If single-phase NC cannot be established, verify adequate two-
4

phase NC i

(c) Determine if RCP restart is needed and desired

(d) Verify that all RCP restart criteria are met

(e) Restart RCPs.

These modifications are reflected in the LOCA recovery guideline, success
paths HR-2, HR-3 and PC-5 of the Functional Recovery Guideline.

(2) RCP Restart Desirability and Criteria

Step (1)(c) above provides guidance for the RCP restart desirability and
Step (1)(d) provides acceptance criteria for RCP restart. To further
ensure that the operator will not inadvertently restart the RCP prior to
establishment of NC, two modifications were made to each of these steps:
one modification requires the operator to obtain concurrence from the
technical support center (TSC) on the RCP restart; the other requires the
operator and the TSC to consider the length of time that the plant had
been in NC when evaluating the desirability of RCP restart.

(3) Supplementary Information Item

It is important for the operator to consider whether or not deborated
water could build up in the suction leg of the RCP prior to RCP restart.
ABB-CE has added supplementary information to the LOCA recovery guideline
that cautions the operator about this possibility prior to RCP restart.
In addition, ABB-CE has specified that the supplementary information
should become a caution in the plant specific procedures. Specifically,
this caution is intended to be placed prior to the step for RCP restart
desirability determination (Step (1)(c) above) in the plant specific
procedures.

(4) Modifications to the E0G Bases

The Bases section was modified to match the new step order and to contain
the bases explanations for the new steps. I

The staff has reviewed these modifications to the E0Gs. Since the modified
EOGs require the operator to take many steps to restart an RCP, including
checking with the TSC to confirm that natural circulation has commenced, thus
assuring adequate shutdown margin, the staff concludes that the modified E0Gs
provide a reasonable assurance that the operator will not inadvertently |

restart the RCP during an SBLOCA event. Therefore, the EOG changes are 1

acceptable.

Boron Mixina Analysis !

In assessing the need for modifications beyond the E0G revisions discussed |
above, the staff considered that the operator could err in determining that |

natural circulation is established and for how long it is established. ABB-CE
was asked to assess the efficacy of boron mixing in the RCS assuming the
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presence of a large unborated slug and an operator action to start the RCP in
i the same loop.

As initial conditions for the analysis, ABB-CE assumed that the loop seal and
the cold leg volume (below centerline) is filled with pure (unborated) water.
This is a volume of 7.42 m3 (262 ft ). The computational fluid dynamics (CFD)3

code (FLUENT) was then used to assess the mixing in the downcomer and the
lower plenum of the core following the startup of one reactor coolant pump
(RCP). FLUENT is a thermal hydraulic code widely used in the industry to
model fluid flow in pipes. It has two dimensional and three dimensional
calculational capability for steady or transient flow calculations, compress-
ible or incompressible flow modeling, and can track chemical species distribu-
tions in the fluent. Although the staff did not review the details of the
code, the staff did review the various required inputs and the applicability
of the code to the boron dilution problem.

ABB-CE included the following conservatisms in its analyses:

(1) No credit was taken for mixing in the RCP discharge pipe.

(2 No credit was taken for flow entrainment in the reactor vessel.

(3) No credit was taken for mixing at the reactor vessel inlet nozzle as the ,

slug of water hits the reactor vessel plenum wall.
'

(4) Mixing in the reactor vessel lower head and lower support structure was
O assumed. This mixing was underestimated by the use of a simplified flow

|] path which ignored the tortuous path the fluid must take in the lower'

head and lower support structure area.

The staff concludes that the ABB-CE analysis used conservative assumptions to
assess boron mixing effects in the RCS for the SBLOCA deboration event.

The output of the FLUENT code includes boron concentration as a function of
space and time. The results of the ABB-CE analysis show that the boron
concentrationofthewaterenteringthecoreregionisheavilydependen}upon

*

Dogbling the initial slug volume (from 7.42 mthe ini})ial slug volume.(262 ft to 15.35 m (542 ft )) reduced the minimum boron concentration by
~;

3

3 3 iapproximately 35 percent. A slug size of 15.35 m (524 ft ) reduced the
calculated boron concentration in the core region to 1,350 ppm.

Critical boron concentration is the boron concentration above which critical-
*

ity will not occur. The critical boron concentrations are also a function of
temperature. Analysis by the ABB-CE shows that, at BOC and all rods in (ARI), :

at 260 *C (500 *F), the critical boron concentration is 200 ppm. At 149 *C
(300 *F), the critical boron concentration is 550 ppm. These values are well ,

below the j,(350 ppg)obtained as assuming the initial presence of a large slug
;

of 15.35 m 524 ft In addition, ABB-CE shows by neutronic analysis that.

the rapid reactivity transient may cause recriticality only during the first. -

third of the fuel-cycle since beyond this cycle time no boron is required to
maintain the core subcritical for post-LOCA conditions with all control rods
inserted. Therefore, the staff concludes that ABB-CE's analysis provides a-

reasonable assurance that sufficient boron mixing can be expected to prevent .

core recriticality from occurring during an SBLOCA deboration event in the |'
-
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unlikely event that an operator restarts an RCP before natural circulation is
fully established.

Conclusion for SBLOCA Deboration Events With Restartina an RCP

The staff has reviewed the analysis and EOGs changes described in CESSAR-DC,
Appendix 6C. As a result, the staff ccncludes that there is a reasonable
assurance that the postulated deboration transient during an SBLOCA with an
RCP restart poses no undue threat to the public health and safety,

15.3.8 Post-LOCA Long-Term Cooling

Long-term cooling (LTC) initiates when the core is quenched after a LOCA and
terminates when the plant is secured. The objectives of LTC are to maintain
the core at a safe temperature level and to avoid the precipitation of boric
acid in the core region. In CESSAR-DC Section 6.3.3.4, ABB-CE describes the
LTC methods (CENPD-254-A) for the System 80+ design.

The System 80+ design uses two different methods for LTC, depending on the
break size. If the break size is sufficiently small, the shutdown cooling
system (SCS) is used. For LBLOCAs, simultaneous hot-leg and direct vessel
injection (DV1) are used to maintain core cooling and avoid boric acid
precipitation.

The LTC operation requires the operator to initiate cooldown within I hour
following a LOCA by releasing the steam through the turbine bypass system (if
ac power is available) or through the atmospheric dump valves (if ac power is
unavailable). Between 2 and 3 hours following a LOCA, the operator is
required to open hot leg injection valves in charging piping of SI pumps 3 and
4, and to close the corresponding DVI flow-path valves for hot-leg injection.
The DVI nozzle flow paths of SI pumps 1 and 2 are opened. This configuration
with SI pumps 3 and 4 injection to the hot legs, and SI pumps 1 and 2 injec-
tion to respective DVI nozzles, provides simultaneous hot-leg injection and
DVI for LTC.

Be} ween 8and9hoursaftertheLOCA,iftheRCSpressureexceeds3.1x
10 kPa (450 psia) and the RCS is filled with water, the operator is required
to cool the plant down to the shutdown cooling conditions by using the steam
generators and the pressurizer auxiliary spray. TheanalysisfortheSys-
tem 80+ design uses the criterion of RCS pressure greater than 3.1 x 10 kPa
(450 psia) at 8 to 9 hours after a LOCA to distinguish the LOCA as a
small-break and initiate the SCS for LTC. The SIS is designed so that one of
the hot-leg injection systems and one of the DVI systems will remain
functional during the worst single failure, which is idertified as failure of
one of two emergency diesels to start.

ABB-CE used the approved methods in CENPD-254-P-A to perform the LTC analysis
demonstrating adequacy of the LTC operation strategy. For the large break,t

l offsite power was assumed to be lost during the accident. The identified
worst single failure is the failure of one of the diesel generators to start,
resulting in only two SI pumps and one emergency feedwater train being
available for LTC. The LTC analysis assumed one SI pump injection to spill at
the break for the DVI line break and only credited one SI pump for LTC. One

|
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n atmospheric dump valve on each steam generator was used to cool down the RCS.

(V) The cooldown was assumed to begin I hour after a LOCA.

The results of the analysis for the double-ended cold-leg break, which was
identified as the worst case in terms of long-term boric acid accumulation in
the inner vessel, show that the boron concentration in the core remains below
the boric acid precipitation limit during post-LOCA conditions. Thus, the
analysis shows that there is no threat to long-term cooling due to blockage
caused by the boric acid precipitation.

2 2The LTC analysis for the small break (size less than 0.003 m or 0.03 ft )
also demonstrates that ABB-CE will be able to use the SCS for the long-term
cooling for a small-break LOCA. During the cooldown, sufficient emergency
feedwater is available to cool the plant dc a to the shutdown coo? ing entry
conditions, and the SI flow will refill the RCS to ensure that proper suction
is available for entering shutdown cooling.

By using previously approved methods to demonstrate an adequate margin
available for the post-LOCA LTC, ABB-CE complied with the long-term core
cooling acceptance criteria of 10 CFR 50.46. However, the original analysis
credited the auxiliary pressurizer spray, which is a non-safety-grade system,

3for the RCS cooldown and assumed the SCS entry conditions to be 4.19 x 10 kPa

and 204 *C (608 psia and 40p *Pa and 177 *C (450 psia and 350 *F).F). The indicated entry conditions for the
System 80+ SCS are 3.1 x 10 k ABB-CE was
required to reanalyze the post-LOCA LTC using only safety-grade systems and
using the SCS for LTC based on the design initiation temperature and pressure.
This was designated as part of DSER Open Item 15.3.1-2.s

In response to the staff's request, ABB-CE's reanalysis for the LOCA long-termN

cooling presented in CESSAR-DC Section 6.3.3.4 (Amendment N) credited only
safety-grade systems (i.e., use the reactor coolant gas vent system instead of
the auxiliary pressurizer spray for the pressure control) and assumed the SCS
initiation to be consistent with the entry conditions for the System 80+ SCS
design. The staff's evaluation discussed in this section is based on ABB-CE's
reanalysis results. ABB-CE used NRC-approved methods (the LTC code) and
credited only safety-grade systems in the reanalysis and demonstrated that the
LTC operation strategy provides adequate core cooling without boric acid
precipitation. The staff, tnerefore, concludes that the reanalysis is
acceptable. On this basis, DSER Open Itom 15.3.1-2 is resolved.

15.3.9 Steam Generator Tube Rupture (SGTR)

! An SGTR event is a penetration of the barrier between the RCS and the main
steam system. The event is caused by the failure of an SG tube. It is
important to maintain the integrity of the barrier between the RCS and main
steam system, from a radiological release standpoint. The radioactivity from
the leaking SG tube mixes with the shell-side water in the affected steam
generator. Before turbine trip, the radioactivity is transported through the
turbine to the condenser where noncondensable radioactive materials would be
released by the condenser air ejector. Following the reactor trip and turbine
trip, with the steam bypass system in its manual mode, the SG safety valves
open to control the main steam system pressure. The operator can isolate the

(qv) damaged SG after the reactor trips. The RCS and SG system can be cooled down
by manual operation of the emergency feedwater and the atmospheric dump valves

!
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or the turbine bypass valves, and by using the unaffected SG. The analysis
presented in CESSAR-DC Section 15.6.3 assumes that operator action is delayed
until 30 minutes after the initiation of the event.

The radiological consequences for the SGTR transient, which are evaluated in
Section 15.4 of this chapter, are also dependent on the break size. For break
sizes resulting in a reactor trip, the initial leak rate decreases from the
value equivalent to a double-end rupture, and the offsite dose also decreases
because of the drop in the integral leak. The decrease in the break size also
delays the time of a reactor trip. As the break size is decreased further,
the integral leak is reduced and the radiological consequences will be less
severe. Therefore, the worst break size is the largest assumed break of a
full double-ended rupture of a steam generator tube.

Previously approved methods were used for the analysis. As discussed in
Section 15.1 of this chapter, the computer codes used are: CESEC-III for
calculating the system behavior, TORC for conducting the core thermal-
hydraulic analysis, and the CE-1 correlation for determining the DNBR.

ABB-CE analyzed three SGTR events and presents the analysis in CESSAR-DC
Sections 15.6.3.1 through 15.6.3.3, respectively:

SGTR without a LOOP-

SGTR with a LOOP-

SGTR with a LOOP and a single failure*

To be consistent with the assumption of no delay time of LOOP following a
turbine trip discussed in Section 15.1 of this chapter, a LOOP was assrai to
occur coincidently with a turbine trip for the cases of minimum DNBR ca! uls-
tions. However, for the cases of radiological release calculations, LOOP was
assumed to occur 3 seconds after a turbine trip. A series of SGTR calcula-
tions showed that the calculated minimum DNBRs do not fall below 1.24 for
cases with no or 3 seconds LOOP delay after a turbine trip. These analytical
results indicated that no fuel failure will result from an SGTR event and the
assumption of zero or 3 seconds LOOP delay time does not affect the radiologi-

cal releaseg/ min) leakage in the unaffected SG was assumed for duration of the
for an SGTR event. In the analysis, a limit of 1-gpm (3.8 L/ min

or 0.0038 m
transient. Various combinations of initial conditions were considered to
maximize the primary releases to the atmosphere during the SGTR transient.
The sensitivity study determined that the initial condition resulting in the
worst radiological releases was a combination of the maximum RCS presture,
maximum pressurizer liquid volume, maximum SG liquid volume, maximum core
power, maximum core coolant flow, and maximum core coolant inlet temperature.
For the case of the maximum consequences of a radiological release, ABB-CE
stated that the most limiting single failure is the failure of an atmospheric
dump valve at the affected SG to close at 1,800 seconds after initiation of an
SGTR event.

The SGTR analyses showed that the maximum RCS and secondary pressures do not
exceed 110 percent of design pressure following an SGTR accident with and
without a LOOP, thus assuring the integrity of the RCS and main steam system;
the minimum DNBR is greater than the safety limit DNBR of 1.24, ensuring that
no fuel failure will occur. The staff, therefore, concludes that the SGTR
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analysis is acceptable. The staff's evaluation of the radiological release
appears in Section 15.4 of this chapter.,

SGTR/ Containment Bypass

In the DSER, the staff raised an issue concerning the potential for contain-
ment bypass due to a rupture of one or more SG tubes. During a tube rupture
event, the potential exists for lifting of SG safety or relief valves and
discharging primary system radioactive inventory outside the containment. .

,

Such a containment bypass is undesirable for either a design-basis event or a ;

postulated severe accident. Consequently, the staff believes that possible
mitigation of this containment challenge should be considered. This was
designated as DSER Open Item 15.3.8-1.

In SECY-90-016, Issue III.D, " Containment Performance," the staff required
ABB-CE to reduce the potential for conditional containment failure through use
of quantitative guidelines or alternative deterministic objectives. In

,

addition, with respect to design-basis events, in the URD, EPRI states that
PWR containments should be designed to produce a leak-tight barrier to prevent
uncontrolled release of radioactivity in the event of a postulated accident.
Containment bypass due to Si tube ruptures would potentially violate contain-
ment integrity and hamper meeting both the severe-accident (SECY-90-016
" Evolutionary LWR Certification Issues and their Relationship to Current |

'

Regulatory Requirements," January 1990) and EPRI containment performance
goals.

,

In the DSER and SECY-93-087, the staff stated that evolutionary PWR designers

O containment bypass leakage from such a scenario.
should consider potential design features that would reduce the amount of

Features that could mitigate
the releases from a tube rupture may include: ,

incorporating a highly reliable (closed-loop) SG, shell-side, heat=

removal system that relies on natural circulation and stored water ;
sources

piping some SG relief valve discharge back into the primary containment*

increasing the SG shell-side pressure capacity with a corresponding-

increase in the safety valve setpoints ]
ABB-CE should evaluate the potential benefit of such mitigation features. |
ABB-CE should consider mitigation features that would likely be available I

following a postulated severe accident. Rejection of any option should be
justified on the basis of low risk, taking into account the uncertainties in
these calculations. ABB-CE should incorporate r.ppropriate revisions to the
CESSAR-DC to reflect potential benefits. The staff contined to state in the
DSER that it would expect the System 80+ design to include an assessment of
such features and to address the desirability of this mitigation function.

In SECY-93-087 " Policy, Technical, and Licensing Issues Pertaining to Evolu-
tionary'and Advanced Light-Water Reactor (ALWR) Designs," April 1993, the
staff recommended that the Commission approve the position to require that the

) evolutionary PWR designs assess features to mitigate the amount of containment
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bypass leakage that could result from SGTRs. In its July 21, 1993, SRM, the
Commission approved the staff's position.

Therefore, the staff's proposed applicable regulation for SGTRs for the System |
80+ design is as follows: )

The application for design certification must include an assessment of
,

potential design improvements to mitigate the amount of containment |bypass leakage that could result from SGTRs that are significant and '

practical and do not impact excessively on the plant. The application
must also include a best-estimate, systematic evaluation of the plant
response to an SGTR to identify potential design vulnerabilities.

To address DSER Open Item 15.3.8-1 and the proposed applicable regulation,
CESSAR-DC Appendix SF provides an evaluation of SGTR events for the System 80+
design. Consistent with the staff recommendations in SECY-90-016 and
SECY-93-087, the staff, in Section 15.3.9 of this chapter, states that ABB-CE
should consider potential design features that would reduce the amount of

f containment bypass leakage from an SGTR event. The staff also recommended
' three potential design features that could mitigate the release from the tube

ruptures. Instead of these three design features, however, CESSAR-DC Appen-
dix 5F provides ABB-CE's study to evaluate certain automatic design features
that can be used to enable the plant to mitigate SGTR consequences. Sec-
tions 3 and 4 of CESSAR-DC Appendix SF describe these analyses and provide an
evaluation of the attendant benefits and limitations of each of these automat-
ic design features. As noted in Section 19.2.3.3.5.2 of this report, ABB-CE
assessed the three design alternatives identified in SECY-93-087 in a report
dated September 23, 1993 and titled, " Design Alternatives for the System 80+
Nuclear Power Plant," and found these alternatives to be cost prohibitive (see
Section 19.2.3.3.5.2 for more information).

As a result of these analyses, some features have been added to the System 80+
design to reduce the potential containment bypass leakage from the SGTR
events. These features include: (1) a design modification to the component
cooling water system (CCWS) to ensure continued cooling of the instrument air
compressors after a safety injection actuation signal (SIAS), (2) addition of
two nitrogen-16 (N-16) radiation monitors (one per SG) in the steamlines,
(3) implementation of technical specifications and ITAACs related to N-16
monitors, and (4) emergency operations guidelines (E0Gs) improvements. The
staff has determined that this open item has been properly addressed with
these enhancements. In arriving at this conclusion, the staff considered
whether the System 80+ design provides sufficient time, diagnostic informa-
tion, mitigation capability, and proper E0Gs for operator coping actions
following an SGTR event to mitigate the consequence. This evaluation is
addressed below.

(1) Lapse Time Before MSSV Challence

A primary consideration in the staff's review was the likelihood of a main
steam safety valve (MSSV) lifting during an SGTR event and then failing to
close. Such an occurrence results in an unisolable release bypassing the
containment. Therefore, the evaluation in CESSAR-DC Appendix 5F includes
determination of the time following a rupture of one to five SG tubes in the
System 80+ design before an MSSV lifts, assuming no operator action. This
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will determine the time available for operators to take mitigative actions to(q,

keep the MSSV from lifting.

New design features have been incorporated into the System 80+ design relative
to the System 80 design which extend the time available for operator action to
prevent MSSV lifting following an SGTR event. The System 80+ turbine bypass
system (TBS) with automatic actuation by the steam bypass control system
(SBCS) directs steam from all bypt.ss valves to the main condenser, unlike the
System 80 design in which two of the turbine bypass valves release the steam
directly to the atmosphere. In the event of an SGTR, the TBS will automati-
cally dump steam to the condenser thereby relieving secondary pressure to
reduce the possibility of reaching the MSSV setpoint. This feature, along
with the fact that the System 80+ steam generators have larger secondary-side
volume, extends the time before the MSSVs are challenged in an SGTR event
without any operator mitigative action.

Realistic analyses were performed for a five-tube rupture case and a single-
tube rupture case. These analyses took credit for certain non-safety-grade
control systems and equipment. The analyses are described in Section 4 of
Appendix 5F, and show that the reactor trips on hot-leg saturation at about
149 seconds and 1,289 seconds for the five-tube rupture and single-tube
rupture cases, respectively. The steam bypass system is automatically ;

actuated about 3 seconds after the reactor trips. Within about 16 seconds of
'

the reactor trip, SIAS occurs on low RCS pressure, and eventually the safety
injection flow increases to about balance the leak flow. The TBS will con- i

tinue to release the steam to the main condenser and, therefore, the water
7 level of the faulted steam generator will not reach the main steam isolation
('3j valve (MSIV) setpoint for about 26 minutes and more than 3 hours, respec-

,

tively, for the five-tube and single-tube rupture cases. Subsequent to the
steam generator isolation by MSIV closure, the MSSVs will actuate on high
pressure in the steam generator. Therefore, unless the operator takes
appropriate actions, the MSSVs will lift after about 4 hours for a single-tube
rupture, and after 30 minutes for a five-tube double-ended guillotine rupture.
The staff believes there is sufficient time for operators to diagnose the
program and to take mitigative actions to prevent the MSSVs from lifting.

ABB-CE analysis assumed proper functioning of the SBCS and TBS throughout the
SGTR events. However, in the original System 80+ design, the air compressors
that supply the instrument air for operation of the turbine bypass valves |
(TBS /SBCS) were cooled by the CCWS from the nonessential CCW header, which was
isolated upon an SIAS. Therefore, limited by the air receiver size, the
instrument air pressure could only be maintained for about 15 minutes after an
SIAS. To ensure that the TBS /SBCS will continue to function throughout the
SGTR event, the System 80+ CCWS was modified so that the CCW will continue to
cool the air compressors to ensure availability of the instrument air to
maintain operation of the turbine bypass valves even after the SIAS. This is
done by changing the CCWS so that the instrument air compressors will be
cooled by the CCW flow from the essential safety class header, which is not
isolated upon an SIAS, and will ensure continuous supply of CCW throughout the
SGTR event.

q (2) Scenario Diaanostics

ABB-CE System 80+ FSER 15-37 June 1994



_ _ _ _ _ _ _ _ _ _ _ _ _ _

-

i

In addition to the steamline area radiation monitors and sample and blowdown
radiation monitors which were included in the original System 80+ design, two
N-16 radiation monitors, one per steam generator, were added to assist in
diagnosis of SGTR events. As N-16 has a very short half-life and is essen-
tially nonexistent outside of nuclear reactors, detection of the high-energy
N-16 gamma radiation in the secondary side of a PWR steam generator is a
definite indicator of a primary to secondary leak. The N-16 monitors on the
steamline afford a sensitive and specific indication of primary coolant
leakage and give a more timely notificttion of an increase in leak rate; also
they may detect precursors to an SGiR event, as well as specific indication of
the affected steam generator. One of the design features of the System 80+
monitors is latching of the N-16 alarm signal to remind operators of the
indication after the reactor trips.

ITAAC Section 2.8.2, " Main Stea.1 Suppiy System," has been updated to ensure
-

inclusion of the N-16 monitr.- in the plant. ITAAC Table 2.9.4-2 is also
revised to add the radiation . w Mors in the main control room minimum
inventory of alarm:.. In addition, ABB-CE has also added TS 3.3.10 for
containment bypass instrumentation associated with steam generator tube
rupture, that is, the main steamline radiation monitors, the steam generator
blowdown monitors, and the new N-16 mc-itors. Limiting condition for opera-
tion 3.3.10 requires operability of the N-16 radiation monitors in each steam
generator for power levels above 25 percent.

In Section 5.6.3 of CESSAR-DC Appendix 5F, ABB-CE also commits to a primary-
to-secondary leakage monitoring program, designated as COL Action Item 5F-1.
This program will address three specific scenarios: (a) low-level or slowly
increasing primary-to-secondary leakage, (b) rapidly increasing primary-to-
secondary leakage (as described in Information Notice (IN) 91-43, "Recent
Incidents Involving Rapid Increases in Primary-to-Secondary Leak Rate," July
1991 and IN-88-99, " Detection and Monitoring of Sudden and/or Rapidly Incrr.as-
ing Primary-to-Secondary Leakage," December, 1988), and (c) steam generator
tube rupture (without leak before break). This program will also addren
instrumentation setpoints and methodology for equipment (including N-16
monitors) used to detect steam generator tube leakage and ruptures commensu-
rate with those scenarios.

In addition, the System 80+ design uses the Nuplex 80+ Advanced Control
Complex. This system uses displays which take human abilities into account to
provide continuous plant response and safety system information to help the
operator evaluate events. The staff believes that this Nuplex 80+ control
complex and the N-16 radiation monitors will give the operator reliable,
timely, and specific diagnostics for an SGTR event.

Other Hiti ation Features(3) l

The System 80+ design also has many manually operated systems that can be used
to mitigate SGTR events. There are two safety atmospheric dump valves (ADVs)
on each steam generator that . serve as a controllable alternative for relieving
secondary pressure. Unlike, the MSSVs, these ADVs have isolation valves
upstream to assure closure in the event of a stuck-open ADV. Each steam
generator also has a large-capacity liquid blowdown system that can be used to
release the secondary liquid to the condenser if the steam bypass system is
inoperable.
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In the primary RCS, there are several systems that can be used to depressurize f

the primary system. These include the main and auxiliary pressurizer spray
systems, the CVCS charging and letdown system, a reactor coolant gas vent
system (RCGVS), and throttling of safety injection pumps. In addition, the

System 80+ design also has a rapid depressurization system (RDS), which
discharges to the in-containment refueling water storage tank (IRWST). This
RDS can be manually actuated by the opem*or to depressurize the primary
system. In the case of a stuck-open T S", the RDS and the high-capacity steam
generator blowdown system provide contingency options to be used to rapidly
lower the primary and secondary pressures, and minimize the release through
the stuck-open MSSV. The IRWST, which is both a source of safety injection ,

water and a quench tank that confines blowdown fluid within the containment,
contains more than one-half-million gallons of berated water and can be
refilled through the CVCS from the boric acid storage tank. The large amount
of borated water in the IRWST increases the long-term recovery probability for
unisolable steam generator leakages by preventing depletion of borated safety
injection water and core damage.

,

(4) Emeraency Operations Guidelines (EOGs)

ABB-CE revised the System 80+ EOGs to be consistent with the addition of N-16
monitors for primtry-secondary leakage detection and the availability of the
RDS for primary. system depressurization. The Functional Recovery Guidelines |
of the EOGs have been modified to add a new success path, PC-7, "RDS During
SGTR." PC-7 describes the use of the RDS to maintain the RCS pressure less
than 1,200 psia so that the affected steam generator MSSVs are more likely to ,

reclose or remain closed. The SGTR Recovery Guidelines of the EOGs have been
revised to (1) include N-16 radiation monitors to identify the faulted steam f

generator and (2) add a contingency action that directs the operator to enter
the Functional Recovery Guideline and pressure control Success Path PC-7 if
the RCS pressure cannot be maintained below 1,200 psia using main or auxiliary ,

sprays, operation of charging and letdown, operation of RCGVS, and throttling ,

of safety injection pumps. The staff concludes that the revised E0Gs are !

consistent with system design and provide reasonable guidance for the mitiga- !
tion of an SGTR event. |

1

PRA Insiahts |

The staff reviewed the System 80+ probabilistic risk assessment (PRA) per- )
'

formed by ABB-CE and concludes that.(1) the unisolated SGTR sequences, that
is, the SGTR initiating event with unisolable leak outside the containment
(e.g., because of stuck-open MSSVs) is not a significant contributor to the
core damage frequency and (2) although the unisolated SGTR events are a ;

significant contributor to the offsite risk, the overall risk is very low i
compared to the current generation of operating plants. Important PRA !

insights summarized in Section 19.1.3.3.3 of this report indicate that most of
the risk involves SGTR events in which RCS pressure control is not estab-
lished, the faulted steam generator is not isolated, and the operator fails to
replenish the IRWST inventory. Two COL action items are identified: (1) the
operator action to isolate the faulted SG is identified as a " critical task"
item, which will be considered as part of the detailed control room design i

!

, O
process and the development of plant cperating procedures and training
program, and (2) the operator actions to align CVCS to refill the IRWST
following an SGTR with containment breach is identified as a "non-critical
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task" item, which is important enough to be included in the functional task
analysis to be performed by the COL applicant as part of the detailed control
room design with the resulting indication and control requirements being
incorporated in the availability verification activity.

It is noted that the isolation of the faulted steam generator has been
incorporated in the SGTR Recovery Guidelines of the System 80+ E0Gs. ABB-CE
has also committed to revise the SGTR Recovery Guidelines for System 80+ to
require the operators to monitor and maintain the IRWST by replenishment from
available sources as necessary.

SGTR/ Containment Bypass Summar_y

After reviewing the safety analysis, design features, ITAACs, TSs, emergency
operations guidelines included in the System 80+ design certification applica-
tion, and PRA insights, the staff concludes that there is a reasonable
assurance that SGTR events pose no undue threat to the public health and
safety and the System 80+ design satisfies the staff's proposed applicable
regulation for SGTRs. On this basis, DSER Open Item 15.3.8-1 is resolved with
(1) the commitment of COL Action Item 5F-1 on the primary-to-secondary leakage
monitoring program described in Section 5.6.3, Appendix 5F, of CESSAR-DC, and
(2) commitment of two other COL action items identified from the PRA insights
related to isolation of the faulted steam generator and refill of the IRWST
during an SGTR event.

SG Overfill

In RAI Q440.109 the staff asked ABB-CE to address the staff's concern about
preventing SG overfilling during an SGTR event. In its response of May 8, '

1992, ABB-CE stated that in the event of an SGTR, the affected SG water level
is controlled by the following actions: (1) control the affected SG water by
initiating or terminating the emergency feedwater, (2) minimize primary-to-
secondary-side pressure difference by using the pressurizer gas vent valves
and throttling the SI flow, and (3) control the SG water level by steaming the
affected SG via the SG atmospheric dump valve in the event of loss of ac
power. By letter dated December 18, 1992, and CESSAR-DC Section 15.6.3.3.3.1C
(Amendment N), ABB-CE provided the technical basis for the SG overfill
prevention, which is based on the results the SGTR analysis presented in
CESSAR-DC Section 15.6.3.3 for the case with a loss of offsite power, and a
stuck-open ADV. This analysis simulates the SGTR event for a period of
8 hours and incorporates the operator actions necessary to prevent the
affected SG from overfilling. The analytical results (CESSAR-DC Fig-
ure 15.6.3-428) show that, after about 4 nours, the break flow rate reduces
from 15.9 kg/second (35 lb(mass)/sec) to 5.5 kg/second (12 lb(mass)/sec). At
this time, the operator is expected to us9 SG level control to prevent SG
overfilling. On the basis of critical flow of steam through one ADV at the
steam pressure, a flow of about 32 kg/second (70 lb(mass)/sec) can be
achieved. This calculated result shows that the break flow can be accommo-
dated by partial opening of one ADV (17 to 50 percent) to maintain an essen-
tially stable SG level. The effects on the radiological release by opening |

the ADV have been accounted for and results are presented in CESSAR-DC l
Table 15.6.3-9. Also, ABB-CE agreed in the response of November 27, 1991, to
RAI 440.109 and CESSAR-DC Section 15.6.3.3.2-H that the System 80+ emergency
operations guidelines will include a step (step ll.b of the steam generator |

|

|
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A tube rupture recovery guidelines) to prevent backfill from the secondary

(d system through the affected SG by maintaining a positive pressure difference5

between the primary and secondary systems. This step is to prevent boron
dilution during an SGTR. On the basis of this discussion and the staff's
finding that the System 80+ E0Gs contain appropriate steps for preventing SG
overfilling, the staff concludes that the issue of SG overfilling prevention
is adequately addressed. On this basis, DSER Open Item 15.3.8-2 is resolved.

15.3.10 Anticipated Transients Without Scram (ATWSs) (CESSAR-DC Sec-
tion 19.4.13)

An ATWS event is an anticipated operational occurrence (such as loss of normal
feedwater, loss of condenser vacuum, or LOOP) combined with an assumed failure
of the reactor trip system (RTS) to shut down the reactor. On July 26, 1984,
the staff amended the Code of Federal Regulations (CFR) to include 10 CFR
50.62, " Requirements for Reduction of Risk from Anticipated Transients Without
Scram (ATWS) Events for Light-Water-Cooled Nuclear Power Plants" (known as the
"ATWS rule"). The ATWS rule, as amended on November 6, 1986, and April 3,
1989, requires nuclear power facilities to reduce the likelihood of failure to
shut down the reactor following anticipated transients, and to mitigate the
consequences of an ATWS event.

In general, the equipment to be installed in accordance with the ATWS rule is
required to be diverse from the existing RTS, and must be capable of being
tested at power. This equipment is intended to provide needed diversity to
reduce the potential for common-mode failures that could result in an ATWS

p leading to unacceptable plant conditions.
(j

The basic requirements for the pressurized-water reactor manufactured by'

Combustion Engineering are specified in paragraphs (c)(1) and (c)(2) of
10 CFR 50.62 (ATWS rule) which state, in part:

Each pressurized water reactor must have equipment from sensor
output to final actuation device, that is diverse from the reactor
trip system, to automatically initiate the auxiliary (or emergency)
feedwater and initiate a turbine trip under conditions indicative of
an ATWS [ paragraph (c)(1)] and must have a diverse scram system from
the sensor output to interruption of power to the control rods
[ paragraph (c)(2)].

The System 80+ design includes a control-grade alternate protection system
(APS) to provide an alternate reactor trip signal and an alternate emergency
feedwater actuation signal separate and diverse from the safety-grade reactor
trip system. The staff's review of ABB-CE's comoliance with the ATWS rule
appears in Sections 7.7.1.12 and 7.7.2 of this report.

The staff asked ABB-CE to submit an ATWS analysis demonstrating that the
System 80+ ATWS response is within the bounds considered by the staff during
the deliberations leading to the ATWS rule (10 CFR 50.62). In response,
ABB-CE submitted the results of ATWS analyses (RAI Q440.lll) and subsequently
included them in CESSAR-DC Section 19.4.13 (Amendment S) for the staff review.

A These analyses were performed on a best-estimate basis. No credit was taken

(v) for reactor trip by the APS. ABB-CE's analytical results demonstrated that
the maximum peak pressure (resulting from the limiting case, loss of main

!
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feedwater without a turbine trip) is less than 2.17 x 10' kPa (3,150 psia),
and is within the bounds of ABB-CE's response considered by the staff for the
ATWS rule making. The analysis was performed assuming a power level of
3,817 MWt. ABB-CE has subsequently increased the power level by 3 percent.
ABB-CE did not, however, reanalyze the ATWS event at the increased power
level. ABB-CE's basis for not providing a reanalysis is that the pressurizer
safety valve capacity has also been increased by 14 percent. ABB-CE stated
that the increase in safety valve capacity will offset the effect of the power
increase. The staff agrees that the increase in safety valve capacity will
act to limit the effect of increasing power. Since the System 80+ design
complies with the requirements of the ATWS rule specified in 10 CFR 50.62, and
the ATWS analysis shows that the maximum peak pressure is comparable to that
considered for the ATWS rule making, the staff concludes that the System 80+
design satisfactorily addresses the ATWS concerns and is acceptable. The
staff's evaluation of the alternate protection system (APS) appears in
Section 7.7.1.12 of this report.

The original TSs for the System 80+ design allow positive MTCs for operation
of System 80+ plants. A positive MTC design is not consistent with the
requirements of EPRI's URD, which requires a negative MTC design. Further-
more, ATWS analysis submitted to the staff assumed a negative MTC to calculate
the peak pressure to be within the acceptable bound considered for the ATWS
rule making. To address the staff's concern, ABB-CE revised TS 3.1.4 (Amend-
ment K) to limit MTCs to be nonpositive. Since this approach is consistent
with the assumption used in the ATWS analysis, the staff determines that it is
acceptable. (Also see the staff evaluation of the positive MTC discussed in
Section 4.3.2 of this report).

15.3.11 Liquid Tank Failure Accident

See Section 15.4.2.6.2 of this chapter for a discussion of a postulated
radioactive release due to liquid containing-tank failures.

15.3.12 Conclusions

ABB-CE has presented results for various transient and accidents that conform
to the acceptance criteria as detailed in SRP Chapter 15. ABB-CE has submit-
ted acceptable analyses to demonstrate adequate protection systems to mitigate
design-basis transients and accidents in compliance with the applicable
GDC relating to core coolability, control rod insertability, and primary and
secondary system pressure boundary integrity.

| 15.4 Radioloaical Conseauences of Desian-Basis Accidents

15.4.1 General

The staff has reviewed the analyses prepared by ABB-CE related to the radio-
logical consequences of abnormal operating transients as well as a broad
spectrum of postulated accidents.

This section evaluates ABB-CE's analysis of the radiological consequences of
such accidents. The following accident categories were considered:

increase in heat removal by the secondary system-

|
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decrease in heat removal by the secondary systema

decrease in the reactor coolant flow ratea

k reactivity ar.d power distribution anomalies.

decrease in RCS inventorya

release of radioactive material from a subsystem or componenta

ABB-CE indicated its intent to incorporate appropriate aspects of the revised
source term for the System 80+ design. By letter dated October 19, 1992, the
staff described the specific information to be submitted by ABB-CE to enable
the staff to complete its review.

In this letter, the staff noted that, with the issuance of (draft) NUREG-1465,
" Accident Source Terms for Light-Water Nuclear Power Plants," June 1992, for 4

public comment, the staff believes that future advanced light water reactors
(ALWRs) should utilize the revised source term since it reflects the NRC's
most current understanding of fission product behavior following severe
reactor accidents.

By letter dated March !6,1993, ABB-CE submitted radiological dose predictions
generated using the new, physically-based source term and assuming a normal
containment leakage rate of 0.5 percent volume / day.

Within the broad spectrum of accidents postulated above, a number of postu-
lated events / accidents were considered. These postulated event / accidents are ,

representative of the range of events involving the various engineered safety
feature systems and components and ABB-CE analyzed them in detail. The staff
has inder ndently analyzed the radiological consequences of these postulated
accident. as described in the discussion that follows. !

,

In implementing the new physically based radiological source-term model,
ABB-CE applied this model to design-basis safety analysis dose calculations ,

and assessed the resulting design impacts on the necessity for safety-grade '

charcoal filters as well as the impact on equipment qualification.
.

,

ABB-CE considered four topics in evaluating the impact of a revised, physical- -

ly based source term on the System 80+ design. First, ABB-CE considered a
revised fission product release to the containment; second, ABB-CE considered
a revised fission product transport and deposition model; third,-ABB-CE
considered a revised dose consequence model; and finally, ABB-CE considered

,

'

the impacts of the revised source term on the issue of the qualification of
safety-related electrical equipment. i

,

In evaluating the impact of the new source term on dose consequences, ABB-CE i

considered such items as source term modeling (radionuclide release to the
environment), intake-to-dose conversion factors, bounding y/Q values, computer
code structure, and the results of the dose analysis. For additional informa- '

tion on source term related technical and licensing issues, refer to the
.'

appendix to this chapter, Appendix 15A.

As documented in Section 15.1 of this report, the staff found that application
of the convolution method to the System 80+ design is within the applicable
limits of the approved calculational method and was acceptable for the
System 80+ fuel type. As noted in Section 15.1, DSER Open Item 15.1-2 is
resolved.
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15.4.2 Accident / Event Categories Considered by ABB-CE

15.4.2.1 Increase in Heat Removal by the Secondary System: Main Steamline
Break (MSLB)

ABB-CE considered a variety of cases for a main steamline break to find the
maximum potential for dose at the exclusion area boundary. The cases consid-
ered by ABB-CE to maximize the degradation in fuel performance and dose at the
site exclusion area boundary include:

steamline break outside the containment, upstream of the main steam=

isolation valve during nill-power operation with a loss of offsite power
(LOOP), reactor / turbine trip, and maximum Technical Specifications (TS)
SG tube leakage

steamline break outside the containment, upstream of the MSIV during zeroa

power operation with a concurrent LOOP in combination with maximum TS SG
tube leakage of 3.79 L/ min (1.0 gpm).

In analyzing the consequences of main steamline failures, ABB-CE determined
that the offsite thyroid doses for the steamline break outside the containment
during full-power operation concurrent with a LOOP and reactor / turbine trip
was the limiting main steamline-break case.

The staff reviewed ABB-CE's analysis of the radiological consequences of an
MSLB and verified that it was performed using appropriate regulatory posi-
tions. For the case of the limiting steamline break which ABB-CE conser-
vatively assumed was a 0.5-percent fuel failure, the staff reviewed ABB-CE's
methodology and assumptions and found that this analysis was performed using
appropriate regulatory guidance and positions as outlined in the SRP for the
case of a steamline break outside the containment with a LOOP, reactor / turbine
trip, stuck CEA, and maximum TS-allowable primary to secondary leakage.

On the basis of its review, the staff concludes that the calculated radiologi-
cal consequences of a postulated main steamline failure outside the contain-
ment do not exceed (1) the exposure guideline values given in 10 CFR Part 100
for both the preaccident 1odine spike and fuel failure cases and (2) a small
fraction (10 percent) of these exposure guidelines for the event-generated
iodine spike cast, Consequently, the staff finds the System 80+ design
acceptable with respect to the radiological consequences of a main steamline
failure outside the containment.

As discussed in Section 15.1 of this chapter, ABB-CE has agreed not to take
credit for a three second LOOP delay in the transient and accident analysis.
On this basis, DSER Open Item 15.4.1.1-1 is resolved.

In addition, the staff noted in DSER Open Item 15.4.1.1-2 that ABB-CE did not
analyze the radiological consequences of increases in heat removal by the
secondary system. However, the SRP does not require such analysis for non-
fuel failure events since the radiological consequences would be minimal. On
this basis, DSER Open Item 15.4.1.1-2 is resolved.

As discussed in Section 15.1 of this chapter, the staff found that application
of the convolution method to the System 80+ design is within the allowable
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,m limits of the approved calculational method and was acceptable for the
( ) System 80+ fuel type. On this basis, DSER Open Item 15.4.2.1-1 is rescived.
v

15.4.2.2 Decrease in Heat Removal by the Secondary System: Feedwater System
Pipe Breaks 1

Of the many events that could lead to a decrease in heat removal by the
secondary system, only one, a feedwater system pipe break, was judged to have
potential offsite radiological consequences associated with it. The limiting ;

feedwater line break (FLB) event occurs with a break downstream of the check
valves, inoperability of the main feedwater system (MFS), and low enthalpy
break discharges. The resultant loss of feedwater flow to both steam genera-
tors results in a reduction in steam generator water levels and increasing
steam generator temperatures.

In conducting the evaluation of this event to identify the limiting break
size, ABB-CE considered a spectrum of postulated break sizes and concluded the

2 2limiting break size for maximum peak RCS pressure is 0.056 m (0.6 ft ).
ABB-CE determined that the minimum DNBR experienced throughout the event is
less than 1.24, and that less than 0.15 perpent fuel failure would result.2DNBR is minimized at a break size of 0.02 m (0.2 ft ) which results 0.22 per-
cent fuel failure. A total of 65,900 kg (145,000 lb(mass)) of steam was
calculated to be released from the feedwater system to the atmosphere during
the first 30 minutes of the transient with a decontamination factor of I for
the release from the affected steam generator and DF of 100 for the unaffected
SG. In addition, a total of 79,450 kg (175,000 lbm) of affected steam

p generator mass inventory is released into the containment via the break with a
i DF of 1. During the period between 30 minutes and 8 hours, ABB-CE assumed

that steam releases are the same as for the steamline break case, since the
cooldown is the same.

ABB-CE considered two sources of activity in analyzing the radiological impact
of this event: the initial steam generator inventory activity and activity
added to the secondary side from primary to secondary tube leaks. TS activity
limits in both the primary and secondary side were assumed. In addition to
the TS reactor cooler activity, the primary side activity includes the gap
activities of the failed fuel. In addition to the minimum DNBR case, ABB-CE
also analyzes an overpressure case in which a pre-accident iodine spike or an
event-generates iodine spike is assumed. In ABB-CE's analysis, the worst case
thyroid dose at the exclusion area boundary is 0.2 Sv (20 rem). ABB-CE also

4computed a whole-body dose of 3.3 x 10 Sv (0.033 rem) at the exclusion area
boundary.

ABB-CE noted that both the RCS and main steam pressure boundaries remain
intact, and that maximum calculated doses do not exceed a small fraction of
10 CFR Part 100 guideline values. The staff has reviewed ABB-CE's calculaticn 1

of the offsite dose consequences (to the whole body and the thyroid) based 4

1upon the mass releases reported by ABB-CE and a conservative description of
the plant response to the accident. A y/Q value of 1.0 x 10~3 sec/m for the3

0-2-hour time period was used in the evaluation of the radiological conse-
quences of a feedwater-line break event. The staff concluded that the TS j

o limits on primary and secondary coolant activities will limit potential |

(d offsite doses to values which are less than a small fraction of the exposure$

guideline values of 10 CFR Part 100. Therefore, the calculated offsite dose
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consequences of a feedwater-line break are within the acceptance criteria ,

given in SRP Section 15.2.8 and are acceptable.

As discussed in Secidon 15.1 of this report, the staff found that application
of the convolution method to the System 80+~ design is within the applicable
limits of the approved calculational method and was acceptable for the
System 80+ fuel type. In addition, since no fuel failure is expected from a
loss of condenser vacuum event, no radiological consequence analysis is
required. On this basis, DSER Open Item 15.4.1.2-1 is resolved.

15.4.2.3 Reactor Coolant Flow Rate Decrease: Single Reactor Coolant Pump
Rotor Seizure With Loss of Offsite Power

For such events as the seizure of a reactor coolant pump rotor, the major area
of concern is the minimum hot channel DNBR. The DNBR determines whether a
fuel design limit has been exceeded and, therefore, whether fuel damage can be
expected to occur. As documented is Section 15.1 of this chapter, the staff
found that application of the convolution method to the System 80+ design is
within the applicable limits of the approved calculational method and was
acceptable for the System 80+ fuel type. On this basis, DSER Open
item 15.4.2.3-1 is resolved.

In performing its analysis related to this event, ABB-CE concluded, after
considering a number of single failures which could affect RCS behavior during
the first 4 seconds of this transient, that none of the failures considered
would lead to a more adverse transient DNBR limit than that predicted for the
single reactor coolant pump rotor seizure event. However, calculated radio-
logical consequences are maximized by considering steam releases through the
main steam safety valves (MSSVs) and a single active failure of an atmospheric
dump valve (ADV) to close in combination with a pump rotor seizure event with
a LOOP.

1

In analyzing the radiological consequences of the single reactor coolant pump
rotor seizure with a LOOP, ABB-CE assumed that condenser cooling water was not
available for the duration of the transient and that for the first 30 minutes
of the transient, cooldown is accomplished utilizing the main steam safety
values. Operator action to actuate the ADVs is assumed at 30 minutes, and one
ADV is assumed to stick open during the next 30 minutes, when the operator is
assumed to close the ADV block valve.

; In ABB-CE's analysis of the radiological consequences of this transient,
| 1.2 percent of the fuel was calculated to experience DNB and was, therefore,

assumed to have failed. The staff has completed its review of ABB-CE's
evaluation of the radiological consequences of a locked rotor event assuming
1.2 percent failed fuel and for the event-generated iodine spike case. The

i

results of this evaluation indicate that radiological consequences of a locked'

rotor event are within staff acceptance criteria as given in SRP Sec-
tion 15.3.3 (i.e., that activity releases are such that calculated doses at
the exclusion area boundary are less than a small fraction of 10 CFR Part 100
guideline values). In conducting its evaluation on the radiological conse-
quences of a locked rotor event, ABB-CE utilized appropriate guidance from SRP
Section 15.3.3 as modified by applicable assumptions made in draft NUREG-1465.

i In this regard, ABB-CE assumed gap fractions for relevant isotopes (noble
gases, iodines, cesiums, and rubidiums) consistent with draft NUREG-1465.
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m Additionally, ABB-CE assumed chemical species of iodines in the gap based on i
I I draft NUREG-1465 (namely, 95-percent particulate, 4.75-percent elemental, and j
e/ 0.25-percent organic). ABB-CE also conservatively assumed that the gap -

,

activity of the failed fuel is released instantaneously at the $ime of the
accident. Therefore, the System 80+ design is acceptable w.ith4 espect to the
locked ' rotor' transient. For additional information on source term related
technical and licensing issues, refer to the appendix to this chapter.

15.4.2.4 Reactivity and Power Distribution Anomalies: Control Element Assem-
bly Ejection Accidents

ABB-CE postulated and analyzed the effects of a control element assembly (CEA)
ejection accident in which a circumferential rupture of the control element
drive mechanism (CEDM) housing of the CEDM nozzle occurred. For this evalua-
tion, ABB-CE considered a spectrum of initial power conditions to determine
the limiting case for this transient.

As documented in Section 15.1 of this report, the staff found that application
of the convolution method to the System 80+ design is within the allowable
limits of the approved calculational method and was acceptable for the
System 80+ fuel type. On this basis, DSER Open Item 15.4.1.4-1 is resolved.

ABB-CE determined that the greatest potential for offsite dose consequences
for this event was the case initiated from hot, full-power conditions. This
case was determined to have the greatest potential for postulated fuel
failures and offsite dose consequences.

/D
( ) The ruptured CEDM pressure housing is assumed to release activity immediately
'v' to the containment and instantaneous mixing throughout the containment is

assumed. In the analysis of the radiological consequences of a CEA ejection
accident, ABB-CE noted that ejection of a CEA causes core power to increase
rapidly due to the prompt positive reactivity insertion or addition. ABB-CE
noted in its analysis that following a postulated CEA ejection event, 6.8 per-
cent of the fuel is calculated to experience DNB. ABB-CE assumed in its
analysis that two sources of offsite radiation exposures would occur, namely,
the activity available for leakage from the containment and the activity
released from the main steam safety valves and the atmospheric dump valves
during cooldown. In performing its analysis, ABB-CE utilized the assumptions
from RG 1.77, Appendix B as modified by NUREG-1465, " Accident Source Terms for
t.ight-Water Nuclear Power Plants," June 1992. Specifically, ABB-CE considered
the activity in the fuel pellet cladding gap to be composed of 5 percent of
the core iodine, 5 percent of the core noble gas, and 5 percent of the core
cesium / rubidium fuel inventory at the end of core life. This inventory was
developed by assuming continuous maximum full-power operation. In addition,

|
ABB-CE assumed that for those fuel pins that are predicted to experience DNB, '

all of the activity in the pellet cladding gap is assumed to be instanta-
|

neously mixed throughout the containment and available for leakage to the
atmosphere.

In addition, ABB-CE also considered activity released from the secondary
system following the CEA ejection event. This activity was assumed to consist

7m of activity initially in the steam generators plus additional secondary-side

U) activity arising from primary to secondary leakage of the TS reactor coolant(
activity and the released failed fuel gap activity at the maximum rate allowed

ABB-CE System 80+ FSER 15-47 June 1994



_ _ _ _ _ _ _

,

by TS. The total dose to the maximum-exposed individual is given by the
greater of the containment leakage component and the primary to secondary
leakage component. ABB-CE determined a thyroid dose for this event of 0.70 Sv
(70 rem) via the containment pathway or 0.17 Sv (17 rem) via the secondary

' pathway.

The staff reviewed ABB-CE's analysis of the radiological consequences of a
control element assembly ejection accident using the assumptions specified in
NUREG-1465 and finds that the analyzed radiological consequences of this event
are within the acceptance criteria of SRP Section 15.4.8. The staff concludes
that the site parameters specified with respect to acceptable site atmospheric
dispersion characteristics and minimum exclusion area and low population zone
distances, in conjunction with the System 80+ design, are sufficient to give
reasonable assurance that the calculated radiological consequences are well
within the exposure guidelines as set forth in 10 CFR 100.11. In ABB-CE's

-

analysis, it was assumed that containment sprays were not operating and that
the activity in the fuel pellet / cladding gap is composed of 5 percent of the
core iodines, 5 percent of the noble gases, and 5 percent of the cesium and
rubidium in the fuel at the end of core life. In addition, ABB-CE's analysis
took credit for the filtration capability of the annulus ventilation capabi-
lity only after 30 minutes. ABB-CE also conservatively assumed that the gap
activity of the failed fuel is released instantaneously at the time of the
accident. For additional information on source term related technical and
licensing issues, refer the appendix to this chapter.

15.4.2.5 Decrease in Reactor Coolant System Inventory

15.4.2.5.1 Double Ended Break of a Letdown Line Outside Containment

ABB-CE selected for analysis the double-ended break of the letdown line
outside of the containment (upstream of the letdown line control valve),
because it is the largest line. Consequently, failure of this line results in
the largest release of reactor coolant outside the containment.

In performing its analysis, ABB-CE did not consider a single active failure of
an isolation valve to close, because the letdown line includes three isolation
valves situated in series inside the containment.

ABB-CE stated that 12.3 kg/second (27 lb(mass)/sec) of primary coolant is
released as a result of a double ended break of a letdown line outside the
containment, upstream of the letdown line control valve. In addition, ABB-CE
noted that the maximum break flow, which is about 1.5 times the expected
letdown flow, is limited to 12.3 kg/second (27 lb(mass)/sec) by the use of
letdown line orifices located inside the containment downstream of the letdown
line heat exchanger. ABB-CE assumed a decontamination factor (DF) of 1 for
the nuclear annex (i.e., no credit was taken fc- retention or filtration of
iodine in the escaped fluid). In the CESSAR-DC, ABB-CE noted that the letdown
line orifices are provided inside containment, which limit the leakage of
reactor coolant outside containment to a value such that regulatory acceptance
criteria from SRP 15.6.1 are satisfied. On this basis, DSER Open

Item 15.4.2.4-1 is resolved.

ABB-CE also assumed that 19.8 percent of the escaping fluid flashed to steam,
based on the fraction of primary fluid that flashes to steam in the nuclear
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r3 annex. This fraction of escaping fluid that flashes to steam in the nuclear

( j annex is based on the enthalpy of the escaping fluid. ABB-CE also took no

|,creditforgrounddepositionorradioactivedecayofactivitythatescapesto
v'

the exclusion area boundary.

Further, ABB-CE assumed that the pressurizer level control system failed such
that the charging flow rate was maximized, thereby causing higher break flow
rates during the transient and maximizing the radiological consequences of
this transient.

The staff has reviewed ABB-CE's analyses of the radiological consequences of
the failure of a letdown line outside the containment and concludes that with
the specified site parameter acceptance criteria, the System 80+ design is
sufficient to provide reasonable assurance that the calculated radiological
consequences of a postulated small-line failure outside the containment in
combination with an event-generated iodine spike, do not exceed a small
fraction of the exposure guideline values stated in 10 CFR Part 100.

15.4.2.5.2 Steam Generator Tube Rupture

Steam generator tube rupture (SGTR) events involve a sudden failure of a steam
generator U-tube, which provides a barrier between the RCS and the main steam
system. In the normal course of this event, radioactive material from the
leaking steam generator tube mixes with the shell-side water in the affected
steam generator. In analyzing the radiological consequences of an SGTR,
ABB-CE considered the following three different event sequences:

,/

(v) (1) SGTR without a concurrent loss of offsite power
(2) SGTR with a concurrent loss of offsite power
(3) SGTR with a loss of offsite power and a single failure

Because no fuel failure is expected to occur as a result of an SGTR event
under any of these conditions, ABB-CE assumed a 3-second time delay between
the turbine trip and the loss of offsite power.

ABB-CE also calculated that the minimum DNBR stayed above the specified
acceptable fuel design limit of 1.24 throughout the SGTR event for each of the
cases considered. Consequently, as noted above, no fuel failure is predicted
to occur for any of the SGTR events analyzed.

An SGTR results in a reactor and turbine trip, a main steam pressure increase,
and opening of the main steam safety valves to control main steam system
pressure. Venting continues via this pathway from the affected steam genera-
tor until the secondary-side pressure is below the main steam safety valve
setpoint.

ABB-CE further assumed after 1,800 seconds (30 minutes) the operator initiate-
a plant cooldown using the unaffected steam generator, atmospheric dump

,

valves, and the emergency feedwater system. In the ABB-CE analysis, it was |

assumed that for releases from the unaffected steam generator, a DF of 100
resulted for the iodines.

7-

(v) The staff reviewed ABB-CE's analysis of the radiological consequences of an
SGTR event with a LOOP and a limiting single failure. The limiting single
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failure was determined to be a stuck-open ADV. Failure of the ADV to close in
the affected steam generator after the operator initially opens it results in
additional steam release until the operator is able to isolate the ADV by
closing the associated block valve. The staff concludes that the site
parameters selected, with respect to the exclusion area boundary and the low
population zone, are sufficient to provide reasonable assurance that the
calculated radiological consequences of an SGTR accident do not exceed the
exposure guideline values given in 10 CFR Part 100 and (with the exception of
event sequence 3) 10 percent of these exposure guideline values for an SGTR
with an equilibrium iodine concentration in combination with an assumed
accident-generated iodine spike.

15.4.2.5.3 Spectrum of Loss-of-Coolant Accidents (LOCAs) Resulting From
Postulated Piping Failures

In analyzing the radiological consequences of the spectrum of LOCAs in the
CESSAR-DC, ABB-CE utilized the assumptions made in RG 1.4 and in SRP Sec-
tion 15.6.5, Appendices A and B (NUREG-0800) as modified by draft NUREG-1465,
" Accident Source Terms for Light Water Nuclear Power Plants," June 1992. The
models used by ABB-CE in performing these analyses appear in Appendix 15A to
the CESSAR-DC.

Draft NUREG-1465 gives the release magnitudes for the gap release and early
in-vessel release phases of the accident. These release magnitudes are
reproduced in Table 15.A-1 of the appendix to this chapter as fractions of the
total core inventory.

ABB-CE assumed that releases were uniform over the duration given in Table 3.6
of draft NUREG-1465.

Consistent with draft NUREG-1465, ABB-CE assumed the entire release was in
particulate form except for the noble gases and 5 percent of the iodines. For
the purposes of radiological analyses, ABB-CE conservatively assumed that
0.25 percent of the iodine released was organic.

Containment sprays were assumed to operate to remove airborne radionuclides;
these removed radionuclides are assumed to mix with the in-containment
refueling water storage tank (IRWST) inventory.

Circulation of this liquid through various safety pumps and leakage through
pumps seals and valves results in activity in various ESF rooms which vents to j
the atmosphere. Finally, ABB-CE took no credit for either radioactive decay j
in transit or for ground deposition in transit.

Control room operators receive radiation doses as a result of control room air
,

intake and in-leakage of radioactive material; additionally, radiation doses '

are received at various offsite locations due to radionuclide dispersal from
several sources. These sources include:

Discharge of iodine spike activity contained in the reactor coolant.-

Direct containment leakage as well as filtered discharge from the*

containment annulus ventilation system. In calculating the radiological
impact of the direct containment leakage, ABB-CE assumed containment
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n leakage at the maximum value allowed by TS. ABB-CE considered the effect
l I of the containment annulus ventilation system in filtering discharge via
O this pathway to the outside atmosphere. ABB-CE assumed a 10-percent

bypass of the annulus ventilation system in performing its analysis.

Discharge from the emergency safeguards features rooms. Radioactive-
,

materials migrate from the IRWST into the ESF rooms through leaks in pump |
seals and valves. These materials enter the ESF room atmosphere and are l

I then discharged through filters to the outside atmosphere. i

|
! ABB-CE considered that releases of radioactive materials from the primary

system were' divided into three release phases: (1) coolant, (2) gap, and
(3) early in-vessel.

In calculating the radiological impact of this accident, ABB-CE assumed the
releases were uniform over the duration of the release. j

For purposes of this evaluation, ABB-CE noted that the 2-hour exclusion area
boundary dose and the 30-day low population zone dose are calculated from the
start of the gap release.

On the basis of information in draft NUREG-1465, ABB-CE assumed that the
!

entire release was particulate (except for the noble gases and 5 percent of
the iodines). Of this 5 percent, 5 percent was assumed to be organic. ABB-CE
also considered timing for releases arising from this accident consistent with'

draft NUREG-1465 and as given in Section 15.A.7 of the appendix to this
chapter. For additional information on source term related technical and i
licensing issues, refer to the appendix to this chapter.

iABB-CE computed doses at the exclusion area boundary for releases during the
first 2 hours and at the low population zone from releases over the assumed I

30-day duration of the event. ABB-CE computed total doses at a given location '

by considering releases from the following release paths: (1) discharge ,

through the containment power purge line before it is closed, (2) containment {
leakage and annulus ventilation system discharge, and (3) ESF rooms discharge. ]

In its analysis, ABB-CE selected and analyzed a design-basis LOCA and deter-
mined that the total radiological consequences of such an accident conform to
the exposure guidelines of 10 CFR 100.11 with respect to the adequacy of the
minimum distances specified to the exclusion area boundary and the low 1
population zone. ABB-CE analyzed appropriate radionuclide sources and
transport paths as described above.

The staff also reviewed ABB-CE's analysis of the radiological consequences of
a LOCA to an individual at the low population zone boundary and concludes that
the analysis was performed using staff-approved methodologies and assumptions.
ABB-CE's analysis of the radiological consequences of a design-basis LOCA
shows that the criteria of 10 CFR 100.11 are satisfied with respect to both |

the exclusion area boundary and the low population zone.

On the basis of its review of the methods, assumptions, and parameter defini-
em tions used by ABB-CE, the staff concludes that the System 80+ design is i
I acceptable with respect to the radiological consequences of the design-basis i
\ LOCA.
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15.4.2.6 Release of Radioactive Materials From a Subsystem or Component

15.4.2.6.1 Fuel Handling Accident

In analyzing the radiological consequences of a fuel handling accident (FHA),
ABB-CE considered the dropping of a single fuel assembly during fuel handling.

ABB-CE also noted that heavy loads are restricted to preassigned travel zones
and that they are not carried over stored fuel assemblies. ABB-CE further
noted that equipment interlocks and procedures are also used to ensure that
heavy loads are moved as planned.

ABB-CE analyzed the radiological consequences of an FHA occurring in the
containment and an FHA occurring in the fuel building. In performing its
analysis, ABB-CE assumed that the containment purge ventilation system was
operating and that associated filters were in place during a postulated FHA
inside the containment. Likewise, a similar accident inside the fuel building
assumed release through the fuel building ventilation system and its assorted
filters.

ABB-CE performed analyses to determine the maximum expected number of fuel
rods calculated to fail as a result of a dropped fuel assembly; however, for
purposes of analyzing the radiological consequences of this accident, ABB-CE
assumed the failure of all 236 fuel rods in one spent fuel assembly at
72 hours after shutdown.

ABB-CE calculated offsite radiological consequences to the whole body from
immersion and to the thyroid due to inhalation for the 0-2-hour time period at
the exclusion area boundary (EAB) and for the 0-8 hour time period at the low
population zone (LPZ) outer boundary. The staff finds that ABB-CE has
provided an adequate system to mitigate the radiological consequences of a
postulated fuel handling accident inside the containment and in the fuel
building.

The staff concludes that the specified site parameters related to the EAB and
LPZ, in conjunction with the operation of dose-mitigating engineered safety
features and appropriate plant procedures, are sufficient to provide a reason-
able assurance that the calculated offsite radiological consequences from a
postulated FHA are well within the exposure guidelines of 10 CFR Part 100.

This conclusion is based on (1) the staff's determination that the plant
design features and proposed procedural controls comply with the requirements
of GDC 61 with respect to radioactivity controls; (2) the staff review of
ABB-CE's assumptions and analyses of the radiological consequences from the
fuel handling accident; and (3) the staff's review of ABB-CE's analyses using
the assumption in RG 1.25, Positions C.I.a through C.I.k, and in the appen-
dix to this chapter. In the analysis of the radiological consequences of an
FHA, ABB-CE utilized the gap release fractions specified in Table 3.12 of
draft NUREG-1465 and listed in Table 15. A-1 of the appendix to this chapter.
For additional information on source term related technical and licensing
issues, refer to the appendix to this chapter. ;

1

O'15.4.2.6.2 Postulated Radioactive Release Due to Liquid-Containing Tank
Failures
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1

In considering the postalated failures of tanks located outside the contain-
(m) ment which could contain d ie2ctive materials, ABB-CE considered as the most
V' limiting tank failure the uncontrolled release of liquid from the boric acid

storage tank (BAST). This tank, part of the chemical and volume control
system (CVCS), is an ASME Code Section III, Safety Class 3, seismic Category I
tank. Although the contents of the tank would be contained by a seismically-
designed dike should a tank fail because of a seismic event, ABB-CE takes no
credit for the dike per SRP Section 15.7.3, because it is not lined with
stainless steel.

ABB-CE characterized this event as a rapid release of the BAST contents to the
environment caused by seismically-induced failure of the tank. The liquid was
considered to be released through cracks in the basin surrounding the tank.
The liquid was released to the plant discharge where it was diluted before it
reached the potable water supply. The concentration at the nearest potable
water supply was equated to the limiting effluent concentration for each
radionuclide.

The concentration of radionuclides in the BAST was specified as a fraction of
the primary coolant concentration (PCC). For conservatism, ABB-CE took no
additional credit for radioactive decay during either the purification process
or transport to the nearest potable water supply. Per SRP Section 15.7.3,
80 percent of the volume is assumed to be released. Additionally, all
radionuclides were assumed to be in the insoluble form.

Using an iterative process, ABB-CE concluded that the maximum allowable
4dilution factor is 2.55 x 10 This value reflects the minimum extent toA) which the radioactive liquid released from the failed BAST will be diluted

.

i
U before reaching the potable water supply. On the basis of its review, the

staff finds that the methodology and approach used by ABB-CE to establish a
site acceptance criterion for the minimum dilution flow required to limit the
concentration of radioactive material at the nearest potable water supply to
values less than the effluent concentrations specified in 10 CFR Part 20, are
acceptable.

15.4.2.6.3 Spent Fuel Cask Drop Accidents

SRP Section 15.7.5, " Spent Fuel Cask Drop Accident," specifies that if the
potential drop during handling of a loaded cask is less than 30 feet, and if
the handling procedures comply with all applicable criteria, then the radio-
logical consequences of a spent fuel cask drop accident need not be estimated.

In the CESSAR-DC, ABB-CE notes that all cask lifts from the cask laydown area
,

are limited to less than 30 feet. In addition, ABB-CE notes that the spent
fuel cask handling crane operating procedures for handling spent fuel casks
establish requirements for operator training, crane inspection, and approved
cask handling procedures.

Finally, ABB-CE notes that the crane for handling casks has mechanical stops
and electrical interlocks to prevent its movement over the spent fuel pool
after the pool contains irradiated fuel. .

V(^\ I

|
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Therefore, since plant design criteria and cask handling procedures conform to
the applicable criteria of SRP Section 15.7.5, an evaluation of the radiologi- |

cal impact of a cask handling accident is not required.

15.4.3 Environmental Protection Agency (EPA) Protective Action Guideline (PAG)
Dose Calculations

In Chapter 15 of the CESSAR-DC, ABB-CE presents the results of a dose calcula-
tion for a sequence which conservatively represents the systems and equipment
availability for the majority of the core damage sequences in the System 80+ i

'design. The source term for this sequence is, therefore, expected to be in
agreement with most core damage sequences.

In Section 15.6.5.4 of the CESSAR-DC, ABB-CE presents the assumptions,
methodology, and results of its dose calculations for a " PAG evaluation" of a
LOCA, and compares them with the EPA PAGs. The assumptions include a severe

i accident with a large release of radioactivity from the core to the contain-
| ment, an intact containment, and the containment sprays operational. The

release is postulated to occur from the containment into the annulus at the
design-basis leakage rate, through the annulus filters into the environment.
Ten percent of the containment leakage is postulated to bypass the annulus.
The calculations use the "best-estimate" approach. ABB-CE concludes that
under the postulated event, the EPA PAG limits of I rem committed effective
dose equivalent (CEDE) and 5 rem to the thyroid are met.

15.4.4 Evaluation

The staff used the applicable emergency planning (EP) regulations and the
guidance in NUREG-0396, NUREG-0654, and " EPA Manual of Protective Action
Guides and Protective Actions For Nuclear Incidents" (EPA Manual) for this
evaluation. In NUREG-0396, the staff stated that "PAGs represent only trigger
levels and are not intended to represent acceptable dose levels. PAGs are
tools to be used as a decision aid in the actual response situation." As
such, the staff notes that it is inappropriate to treat the plume PAGs as
limits.

The planning basis for EP, as stated in NUREG-0396, notes that "a spectrum of
accidents should be considered in developing a basis for emergency planning."r

' Furthermore, NUREG-0396 states that "both the design-basis accidents and less
severe core melt accidents should be considered when selecting a basis for

,

| planning pre-determined protective actions and that certain features of the
more severe core melt accidents should be considered in planning to assure
that some capability exists to reduce the consequences of even the most severe
accidents." As noted above, the sequence used in this calculation represents
the systems and equipment availability for the majority of the core damage
sequence. While the source term used is expected to be in approximate
agreement with most core damage sequences, the CESSAR-DC PAG evaluation is
based on a single accident sequence.

i

The assumptions used in calculating the doses that could result from the DBA
LOCA are conservative. The assumptions used in the dose calculations for

' comparison to PAGs, however, are best-estimates; hence the doses that would
result would be much lower than those from postulated DBA LOCA calculations.
However, as presented in NUREG-0396, the NRC's position has been that a
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p spectrum of postulated conditions be considered in emergency planning,
including harsh meteorological conditions.

In the CESSAR-DC, ABB-CE considers the dose from inhalation of radioactive
material, from immersion, and from ground contamination, and expresses the
dose using the CEDE concept. The exposure pathways considered in the
CESSAR-DC are consistent with those recommended in the EPA Manual for the
plume phase, except for the exposure time to ground contamination. In the
CESSAR-DC, ABB-CE does not consider the doses from the ingestion pathway or
from long-term ground exposure. In NUREG-0396, that staff states that "much
lower releases of radioiodine could result in projected doses in excess of the
ingestion PAGs without there being a potential to exceed plume exposure PAGs."

15.4.5 Conclusion

Although the staff did not perform independent calculations, it concludes that
for the single-accident sequence postulated by ABB-CE and using the best-
estimate approach, the models used and assumptions made by ABB-CE provide
results that are acceptable.

'
/

(

l

l

|

f^)(
%'

ABB-CE System 80+ FSER 15-55 June 1994



- _ _ _ _

Table 15.1 Initial conditions considered in the safety analyses

Parameter Unit of Measurement Range

Core power % of 3,914 MWt 0-102

Axial shape index (ASI) - -0.35 ASIS 0.3

Reactor vessel inlet % of 1.69 E+6 L/ min 95-116
coolant flow rate (445,600 gpm)

Pressurizer water level % of distance between 26-60
upper tape and lower tap
above lower tap

Core inlet coolant tem-
perature _

0-90% power *C (*F) 284-294 (543-561)
90%-100% power *C (*F) 288-294 (550-561)

Pressurizer pressure 10' kPa (psia) 1.5-1.6 (2,175-2,325)

Steam generator water
level

Low % of wide range 33.7 (SLB* and FLB*
only)
40.7

High % of narrow range 95.0

*SLB = steamline break, FLB = feedwater-line break

O
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Table 15.2 Reactor protection system (RPS) trips used in the safety analyses
'

- Event RPS Analysis Setpoint

Feedwater and High pressurizer pressure 1.7 E+4 kPa (2,475 psia)
steamline W eaks low ressurizer pressure 1.07 E+4 kPa (1.555 psia)

Low steam generator pres- 4.96 E+3 kPa (719' psia)
sure I

Low steam generator water 33.7% wide range
level

High steam generator water 95% wide range i

level
*CPC low RCP shaft speed 95%

,.

*CPC variable overpower 115%

Other events High logarithmic power 0.05%
level
Variable overpower 119%

*CPC variable overpower 115%

High pressurizer pressure 1.68 E+4 kPa (2,434 psia)

Low pressurizer pressure 1.18 E+4 kPa (1,705 psia)

Low steam generator pres- 5.38 E+3 kPa (781 psia)
sure

Low steam generator water 40.5% wide range
level

High steam generator water 95% narrow range
level

Steam generator low flow 80% hot leg flow

*CPC low RCP shaft speed 95%
'

*CPC coincident low pres- -1.39 E+4 kPa (2,015 psia)
sure/DNBR (credited for **LLB and

SGTR)

* Core protection calculator
**LLB - letdown line break, SGTR - steam generator tube rupture .

O
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|Table 15.3 ABB-CE Topical Reports and Letters, and NRC Approval Letters in
Response to RAI Q440.89

Combustion Engineerina Reports

CEN-161(B)-P-A " Improvements to Fuel Evaluation Model," August 1989
(proprietary).

CEN-161 Supp. 1-P-A " Improvements to Fuel Evaluation Model," January 1992.
CENPD-98 "C0AST Code Description," April 1973 (proprietary).
CENPD-107 "CESEC Digital Simulation of a Combustion Engineering

Nuclear Steam Supply System," April 1974 (proprietary).
CENPD-133 "CEFLASH -4A, a FORTRAN IV Digital Computer Program for

Reactor Blowdown Analysis," April 1974 (Proprietary).
CENPD-133 Supp. 1 "CEFLASH-4AS, a Computer Program for Reactor Blowdown

Analysis of the Small Break Loss-of-Coolant Accident,"
August 1977 (proprietary).

CENPD 133 Supp. 2 "CEFLASH-4A, a FORTRAN-IV Digital Computer Program for
Reactor Blowdown Analysis (Modification)," February
1975 (proprietary).

CENPD-133 Supp. 4-P "CEFLASH-4A, a ORTRAN-IV Digital Computer Program for
Reactor Blowdown Analysis," April 1977 (proprietary).

CENPD-133 Supp. 5-P "CEFLASH-4A, a FORTRAN-77 Digital Computer Program for
Reactor Blowdown Analysis," June 1985 (proprietary).

CENPD-134 "COMPERC-II, a Program for Emergency Refill-Reflood of
the Core," August 1974 (proprietary).

CENPD-134 Supp. I "COMPERC-II, a Program for Emergency Refill-Reflood of
the Core (Modifications)," February 1975 (proprietary).

CENPD-134 Supp. 2 "COMPERC-II, a Program for Emergency Refill-Reflood of
the Core," June 1985.

CENPD-135 "STRIKIN-II, a Cylindrical Geometry Fuel Rod Heat
Transfer Program," April 1974 (proprietary).

CENPD-135 Supp. I "STRIKIN-II, a Cylindrical Geometry Fuel Rod Heat
Transfer Program (Modification)," December 1974
(proprietary).

CENPD-135 Supp. 4 "STRIKIN-II, a Cylindrical Geometry Fuel Rod Heat
Transfer Program," August 1976 (proprietary).

CENPD-138 " PARCH, a FORTRAN-IV Digital Program to Evaluate Pool
Boiling, Axial Rod and Coolant Heatup," August 1974
(proprietary).

CENPD-138 Supp. 1 " PARCH, a FORTRAN-IV Digital Program to Evaluate Pool
Boiling, Axial Rod and Coolant Heatup (Modifications),"
February 1975 (proprietary).

O
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Q][ CENPD-138 Supp. 2 " PARCH, a FORTRAN-IV Digital Program to Evaluate Pool
Boiling, Axial Rod and Coolant Heatup," January 1977
(proprietary).

CENPD-139-A "CE Fuel Evaluation Model," July 1974 (proprietary).
CENPD-161 " TORC Code--A Computer Code for Determining the Thermal

Margin of a Reactor Core," July 1975.

CENPD-183-A " Loss of Flow: CE Methods for Loss of Flow Analysis,"
July 1975.

CENPD-188-A "HERMITE, a Multi-dimensional Space-Time Kinetics Code
for PWR Transients," July 1976 (proprietary).

CENPD-190-A "CE Method for Control Element Assembly Ejection
Analysis," January 1976. (NRC approval letter, June 10,
1976)

CENPD-206-P-A " TORC Code--Verification and Simplified Modeling
Methods," June 1981.

CENPD-254-P-A " Post-LOCA Long Term Cooling Evaluation Model," June
1980.

SSAR " Standard Safety Analysis Report," CESSAR-DC Docket No.
STN-50-470, December 1975.

Combustion Enaineerino Letters

LD-81-095 "CE ECCS Evaluation Model Flow Blockage Analysis,"
December 1981.

LD-82-001 "CESEC Digital Simulation of a Combustion Engineering
Nuclear Steam Supply System," (Enclosure 1-P to letter
from A.E. Scherer (CE) to D.G. Eisenhut (NRC), Janu-
ary 1, 1982.

NRC Approval letters

December 4, 1974, Letter from 0.D. Parr (NRC) to F.M. Stern (CE).

June 13, 1975, Letter from 0.D. Parr (NRC) to F.M. Stern (CE).
June 10, 1976, Letter from NRC to CE.

November 12, 1976, Letter from K. Kniel (NRC) to A.E. Scherer (CE).

September 27, 1977, Letter from K. Kirsh (NRC) to A.E. Scherer (CC).

April 10, 1978, Letter from K. Kniel (NRC) to A.E. Scherer (CE).
September 6, 1978, letter from R.L. Baer (NRC) to A.E. Scherer (CE).
December 11, 1980, Letter from NRC to CE. 1

July 21, 1981, Letter from R.A. Clark (NRC) to W. Cavanaugh III (AP&L).
March 13, 1983, Letter from R.A. Clark (NRC) to A.E. Lundvall, Jr. (BG&E).

O April 3, 1984, Letter from C.0. Thomas (NRC) to A.E. Scherer (enclosure).
O July 31, 1986, Letter from D.M. Crutchfield (NRC) to A.E. Scherer (CE).
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Table 15.4 Computer codes used in the safety analysesp
'V) Date of NRC

Analysis and Code Documentation Approval Letter

Non-LOCA Analysis

CESEC-III LD-82-001 April 3, 1984

CETOP-D (Rev. 1) CENPD-161, CEN-160-S-P July 21, 1981

TORC (thermal-hydraulic CENPD-206-P-A December 11, 1980
code)

HERMITE (neutronic code) CENPD-188-A June 10, 1976

C0AST (RCS pump flow cool- CENPD-98 December 4, 1974
down code)

STRIKIN-II (fuel behavior CENPD-135, June 10, 1976
code) Supplements 2 and 4

Small-break LOCA Analysis

CEFLASH-4AS (systems blow- CENDF-133, June 13, 1975;
down code) Supplements 1 and 4 September 27, 1977

COMPERC-II (reflood system CENPD-134, September 27, 1977;
code) Supplements 1 and 2 July 31, 1986

STRIKIN-II (fuel behavior CENPD-135, June 13, 1975;
code) Supplements 2, 4, and 5 November 12, 1976;

A September 6, 1978

FATES 3 (fuel gap CENPD-139-A,CEN-161(B) December 4, 1974;
conductivity code) March 31, 1983

PARCH (pool boiling heat CENPD-138, June 13, 1975;
transfer code) Supplements 1 and 2 April 10, 1978
Larae-break LOCA Analysis

CEFLASH-4A (system blowdown CENPD-133, June 13, 1975;
code) Supplements 2, 4, and 5 July 31, 1986

,

COMPERC-II CENPD-134, June 13, 1975;
Supplements 1 and 2 July 31, 1986

STRIKIN-II CENPD-135, June 13, 1975;
Supplements 2, 4, and 5 November 12, 1976;

September 6, 1978

FATES 3 CENPD-139,CEN-161(B) December 12, 1974; ;

March 31, 1983

PARCH (steam cooling heat CENPD-138, June 13, 1975; |
transfer code) Supplement 1, LD-81-095 July 31, 1986; i

April 10, 1978 j

g. COMZIRC (cladding oxidation CENPD-134, June 13, 1975
( .) code) Supplements 1 and 2
kJ
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Date of NRC j
'Analysis and Code Documentation Approval Letter

HCROSS (hydraulic code to LD-81-095 July 31, 1986
determine steam flow rates
during reflood phase)

:

O

O
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A Appendix A

THE APPLICATION OF SOURCE-TERM ISSUES DESCRIBED IN A
DRAFT COMMISSION PAPER' TO THE SYSTEM 80+ DESIGN

15A.1 General

This appendix addresses source term related technical and licensing issues
pertaining to the System 80+ design. Significant technical positions relative
to the implementation of the new accident source term for such evolutionary
designs as the System 80+ design are addressed as applicable. The staff has
determined that in its evaluation of the evolutionary designs, the current
insights from source-term research as described in draft NUREG-1465, " Accident

'

Source Terms for Light-Water Nuclear Power Plants," June 1992, regarding
fission-product releases into the containment would be utilized.

10 CFR 50.34(f)(2)(xxviii) requires the evaluation of pathways that may lead
to control room habitability problems "under accident conditions resulting in
a TID 14844 source term release." Similar wording appears in subparagraphs
(vii), (viii), and (xxvi). ABB-CE has implemented the new source term
technology summarized in Draft NUREG-1465, however, not the old TID 14844
source term cited in the regulation.

The NRC staff has encouraged the development and implementation of the new
source term technology and, as stated below, concurs with ABB-CE's approach.

D. Based on the staff's review and ABB-CE's commitments in Chapter 15 of
i I CESSAR-DC, the staff concludes that the special circumstances described in
V 10 CFR 50.12(a)(ii) exist in that the regulation need not be applied in this

particular circumstance to achieve the underlying purpose because ABB-CE has
proposed acceptable alternatives that accomplish the intent of the regulation.
On this basis, the staff concludes that an exemption from the requirements of
10 CFR 50.34(f)(2)(vii), (viii), (xxvi), and (xxviii) is justified.

In the draft Commission paper on the revised accident source term, the staff
identified 12 issues which are applicable to evolutionary and passive ALWR
designs.

The issues, which apply to the System 80+ design, are discussed in the
sections that follow.

15A.2 Truncation of NUREG-1465 Source Term for Use in DBA Assessment

The staff has determined that the appropriate application of the source term
expressed in draft NUREG-1465 should be based on the use of gap release and
the early in-vessel releases for design-basis-accident (DBA) evaluations. The
staff considers the inclusion of the late in-vessel and the ex-vessel source
terms to be overly conservative for DBA purposes. In essence, these events
are of such low probability that they are not credible in terms of satisfying

O ' Memorandum, James M. Taylor to the Commissioners, " Source Term-Related

(] Technical and Licensing Issues Pertaining to Evolutionary and Passive Light-
Water-Reactor Designs," February 10, 1994. [NUDOCS Accession No. 94030269]N
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applicable requirements of 10 CFR Part 100. The late in-vessel and the ex- |
vessel source terms were used by the staff, however, for the severe-accident
consequence assessments in this report.

1

Although the makeup and timing for the new source term has changed somewhat
from that described in Technical Information Document (TID)-14844, "Calcula-
tion of Distance Factors for Power and Test Reactor Sites," Harch 1962, the
staff believes that the new source term provides an increased level of
confidence into the actual releases of radioactive materials which may occur.

Table 15A.1 lists the values for PWR releases into the containment for gap
releases and early in-vessel releases. Table 15A.2 compares the gap and in-
vessel releases in draft NUREG-1465 with TID-14844 source terms for gap and
in-vessel releases. As can be seen from the data, the principal differences
related to the new source term are mostly related to release timing and the
isotopic composition of the release.

15A.3 Iodine Chemical Form

15A.3.1 Transition From Predominantly Elemental Iodine to Particulate Form

RG 1.4, " Assumptions Used for Evaluating the Potential Radiological Conse-
quences of a Loss-of-Coolant Accident for Pressurized Water Reactors,"
specifies that fission-product release into the containment consists of
100 percent of the core inventory of noble gases and 50 percent of iodines
(half of which are assumed to deposit on interior surfaces of the containment
very rapidly). The chemical form of iodine is specified predominantly
elemental iodine (91 percent), with 5 percent assumed to be particulate iodine
and the remaining 4 percent assumed to be in the organic form. One percent of
" solid" fission products included in TID-14844 was dropped from consideration
in RG 1.4.

In draft NUREG-1465, the staff concluded that iodine entering the containment
from the reactor core is composed of at least 95-percent cesium iodide (CsI)
in particulate form with no more than 5 percent of iodine (1 ) and hydrogen2
iodide (HI). Once within the containment, highly soluble cesium iodide will
readily dissolve in water pools forming iodide (I-) in solution and will
deposit onto the interior surfaces. The staff also stated in NUREG-1465 that
the radiation-induced conversion of iodide (l') in water into elemental iodine
(1 ) is strongly dependent on the pH. Without pH control, the staff indicated2that large fractions of iodine dissolved in water pools in ionic form will be
converted to elemental iodine and will be released into the containment
atmosphere if the pH is less than 7. On the other hand, if the pH is main-
tained at 7 or above, very little (less than 1 percent) of the dissolved
iodine will be converted to elemental iodine. The EPRI UPDs for evolutionary
and passive plants and all ALWR designs require that the pH of the water in
the containment be maintained at or above 7 (alkaline state) for the entire
accident duration to minimize the formation of elemental iodine in the
containment water, in order to reduce subsequent release of iodine into the
containment atmosphere. The staff agrees with this requirement.

15A.3.2 pH Control and the System 80+ Design
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In draft NUREG-1465, the staff referenced NUREG/CR-5732, " Iodine Chemical(q Forms in LWR Severe Accidents," April 1992, for the chemical forms of iodine
j

V and its subsequent behavior after entering the containmen; from the RCS. This
report pointed out that, among other things, containment water exposed to air
will absorb carbon dioxide to form carbonic acid. This would lower the pH
slightly, as carbonic acid is a relatively weak acid. In addition, nitric

acid can be formed by the irradiation of water and the nitrogen naturally
present in air. The report further showed the decrease in pH resulting from
these acid additions for an irradiated solution that contained trisodium
phosphate with an initial pH of 9.0.

After issuing draft NUREG-1465 in June 1992, the staff issued NUREG/CR-5950,
" Iodine Evolution and pH Control" in December 1992. This report pointed out
that the most important acids formed in the containment following a DBA will
be nitric acid produced by irradiation of water and air, and hydrochloric acid
produced by irradiation (radiolysis) and heating of electrical cable insula-
tion (pyrolysis). Electrical cables typically used in operating reactor ,

plants have an ethylene-propylene rubber elastomer as an insulator with a
jacket of Hypalon. Hypalon is a chlorosulfonated polyethylene which contains

1 27 weight percent of chlorine as described by its chemical formula.

In the System 80+ design, borated water with 4000 to 4400 ppm boron in the
IRWST will be used for the containment spray solution. This water contains no
chemical additive for pH control during the initial stage of a LOCA. In the
CESSAR-DC, ABB-CE states that the pH of the water in the IRWST is raised to a
level of 7.0 to control postaccident evolution of elemental iodine and to
minimize corrosion of the stainless steel in the containment.

i
A total mass of 18,930 kg (41,734 lb(mass)) of trisodium phosphate dodecahy-
drate (purity of 92 percent) is stored in baskets in the IRWST holdup volume.
During a LOCA, this volume fills with water and the resulting solution
overflows into the IRWST. The baskets (attached to the primary shield wall of
the holdup volume) have a solid top and bottom with mesh sides to permit
submergence of the trisodium phosphate. The baskets are evaluated above the
normal operating water level in the holdup volume and below the IRWST spill-
way. The configuration of the IRWST spillway piping will promote mixing of
the containment spray solution. The staff estimates it will take at least ;

7.5 hours to achieve a complete mixing and a pH of 7.0 in the containment i

spray solution based on a three-water volume turnover with a 18,927 L/ min
(5000-gpm) spray flow rate.

In its evaluation, ABB-CE considers neither nitric acid nor hydrochloric acid
formation following a LOCA. The staff evaluated postaccident iodine evolution
and pH control, complete with effects of nitric and hydrochloric acids, in
NUREG/CR-5950 for the Palo Verde Nuclear Station (a System 80 plant). In that
evaluation, the staff calculated a pH of 7.7, assuming the containment sump
water at Palo Verde will contain 4400 ppm boron as boric acid plus 2000 ppm as
phosphate without considering nitric and hydrochloric acid formation. The
staff further calculated that even with hydrochloric acid influx from the
approximately 18,000 kg (39,683 lb(mass)) of Hypalon electrical cable insula-
tor used in the Palo Verde containment, the containment sump water will be
able to maintain a pH in excess of 7.0. The staff's calculation, however, had

] the following two limitations:
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It terminated 4 days from the onset of a LOCA.*

It did not consider additional acids that may be produced by pyrolysis..

These limitations notwithstanding, however, the staff believes that most of
the hydrochloric acid would be generated from electrical cable insulators
within the first 4 days of an accident and the effects of pyrolysis for acid
formation compared to that of radiolysis are negligible. The System 80+

,

| design is capable M providing the IRWST water with 4400 ppm boron as boric
acid and 2000 ppm as phosphate following a LOCA. Limiting the use of electri-
cal cable insulators (Hypalon or equivalent) to less than 18,000 kg in the
System 80+ containment is COL Action Item 15.A.3.2-1

15A.4 Equipment Qualification / Survivability

In evaluating the radiological consequences of analyzed accidents, the staff
proposed to define the radiation environment from a design-basis accident to
be the environment resulting from releases from the reactor coolant from the
pellet-cladding gap (gap activity) and in-vessel releases (see Section 3.11 of
this report for equipment qualification for design-basis-accidents). In
addition, however, the staff is also defining the radiation environment
resulting from severe accidents to include ex-vessel releases and late in-
vessel releases. In considering the resultant radiation environment, the
staff concludes that for safety-related equipment relied on to cope with
severe accidents, there should be a reasonable level of confidence that this
equipment will survive the severe reactor accident environment. This area is
further discussed in Chapter 19 of this report (see Section 19.2.3.3.6 for
equipment survivability under severe accident conditions).

15A.5 lodine Deposition on Steamlines and Condenser

This does not apply to the System 80+ design.

15A.6 Fission-Product Holdup in Secondary Containment

This does not apply to System 80+ design.

15A.7 Fission-Product Release Timing

Previous staff analyses and regulatory guidelines assumed an instantane.us
release of fission-products into the containment where they are assumed to be
available immediately for release to the environment.

In draft NUREG-1465, more realistic fission-product release timing mechanisms
were assumed. For example, fission-product gap activity releases for a large-
break LOCA was estimated to commence no earlier than 10 to 30 seconds for a
PWR. Further, in draft NUREG-1465, the staff indicated that early fission-
product early in-vessel releases were estimated to start no earlier than
0.5 hour for PWRs. As noted in draft NUREG-1465 (Table 3.6, " Release Phase
Durations for PWpe and BWRs"), the duration of the gap activity release
considered acceptable by the staff is 0.5 hour and the duration of the early

I in-vessel failure release phase of the LOCA is 1.3 hours. ABB-CE analyzed the
radiological consequences of the design-basis LOCA assuming the timing
presented in draft NUREG-1465. ABB-CE conducted its analysis in accordance
with staff guidelines and, therefore, is acceptable.
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15A.8 Aerosol Deposition in Containment

To determine radioactive aerosol removal in the System 80+ containment
following a LOCA (in unsprayed region), control element assembly (CEA)
ejection accident, and feedwater-line break inside containment, ABB-CE used
the methodology described in Appendix A, " Physical Processes Associated With
Aerosol Removal from the Containment Atmosphere," in an EPRI report titled
" Licensing Design Basis Source Term Update for the Evolutionary Advanced
Light-Water Reactor," September 1990 (EPRI 1990). The EPRI report references
the mechanistic correlation developed by the industry degraded core rulemaking
program (IDCOR). The correlation establishes the functional relationship
between a dimensionless removal rate constant for sedimentation as a function :
of dimensionless suspended mass concentration.

ABB-CE's proposed removal rate of 0.15 per hour by sedipentation corresponds
to an airborne concentration of approximately 0.02 gm/m in the correlation.
It neither considered diffusiophoresis nor hygroscopicity which, by doing so,
leads to a more conservative estimate. For the CEA ejection accident, ABB-CE
assumed a puff release of approximately 6.8 percent of the gap inventory or
approximately 2000 gm of solids (neglecting coolant mist from the blowdown).

5 3With a System 80+ containment-free volume of approximately 1 x 10 m , this
amount of solids leads to an airborne concentration of approximately

30.02 gm/m and an aerosol removal rate of 0.15 per hour.

The staff's model for evaluating natural deposition processes in the contain-
ment is in its final stages of development (scheduled to be published as

p NUREG/CR-6189) under a contract with the Sandia National Laboratory. The

(v) staff used major insights from that model to perform a comparative analysis
with the model used by ABB-CE. The staff's model uses three natural processes
for removing radioactive aerosol from the containment atmosphere over the
entire period of an accident (30 days): (1) sedimentation mechanism of
gravitational settling, including aerosol agglomeration, (2) diffusion
mechanism of diffusiophoresis and thermophoresis, and (3) turbulent diffusion
to walls. Neither the staff's nor ABB-CE's model explicitly considers
hygroscopicity of the aerosol particles except to argue that water adsorption
makes particles spherical. The staff's model predicts higher rates of aerosol
deposition than does ABB-CE's model during most of the period of fission-
product releases and for about 16 hours after fission-product release is
complete.

For a duration of 24 hours after fission-product release began, ABB-CE's model
predicted more conservative decontamination (i.e., less deposition) of the
containment atmosphere by natural aerosol processes than the staff's model.
By this time, more than 95 percent of the fission products released to the
containment have been deposited as a result of natural aerosol-removal
processes. Both models predict rather extensive deposition of the remaining
radioactive aerosol over the next few days. On the basis of these compari-
sons, the staff concludes that ABB-CE's model is adequately conservative and, ,

therefore, it is acceptable. i

15A.9 Aerosol Removal by Suppression Pool )
This does not apply to System 80+ design.
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15A.10 Containment Spray Removal

GDC 41, 42, and 43 of Appendix A to 10 CFR Part 50 require that systems which
control fission products reduce the concentration that may be released to the |

environment. The containment spray system (CSS) reduces containment pressure
and temperature and removes airborne radioactive fission products in the
containment atmosphere following a LOCA.

The EPRI URD for evolutionary plant designs requires a CSS. ABB-CE has a
safety-grade CSS in the System 80+ design. The CSS consists of two redundant I

Iand independent trains powered from separate sources independent of offsite
power. Each of the two containment spray pumps has a design flow rate of
IP,900 1/ min (5000 gpm). The two containment spray pumps are automatically
started by a safety injection actuation signal (SIAS) and spray borated water
(4000 to 4400 ppm as boron) to the containment atmosphere, taking suction from
the in-containment refueling water storage tank. The normal operating water
volume of this tank is 2.1 x 10' L (545,800 gal). The CSS is designed to
operate throughout the entire duration of a LOCA.

3
The total free volume of the System 80+ containment is 9.25 x 10' m 6(3.34 x

6 3 310 ft ) of which the effective spray volume is 7.67 x 10' (2.74 x 10 ft )
(approximately 82 percent of the containment's free volume). ABB-CE assumes
that the remaining 18 percent is unsprayed. ABB-CE also assumes that the
average weighted fall height of spray droplets is 25.9 m (84.8 ft). To obtain
a weighted average value of the spray removal coefficient for the entire
sprayed volume (the sum of Regions I, II, and III), ABB-CE weighted the
individual spray regions by the number of nozzles included in each of three
sprayed regions. ABB-CE calculated mixing between the sprayed and unsprayed
volumes of the containment using the method described in the EPRI evolutionary
plant source term paper (EPRI 1990). This method is based on the density
increase in the sprayed volume and the resulting density-driven flow exchange
with the unsprayed volume as the containment cools due to the effects of
spray.

In their application of the revised accident source term to the System 80+
containment spray system, the staff and ABB-CE deviated from the guidance
given in RG 1.4 and the review procedures stated provided in SRP Sec-
tion 6.5.2. The staff considered the removal of airborne fission products in
particulate form by spray as a first-order differential of particulate
concentration in the containment atmosphere; the particulate removal coeffi-
cient is given in a mathematical equation form in the SRP. ABB-CE augmented
this equation by incorporating diffusiophoretic deposition due to steam
condensation on the dispersed spray droplets. This argumentation is done by
using the SWNAUA computer code ("SWNAUA VER02. LEV 00, " Aerosol Behavior in a
Condensing Atmosphere - Diffusiophoresis and Spray Version on a PC," NU-185,
May 1993) which is a further modification of the NAUA-4 code (Bunz, H. et al.,
"NAVA Mod 4: A Code for Calculating Aerosol Behavior in LWR Core Melt
Accidents, Code Description and User's Manual, Preliminary Description," March
1982) to include the effects of removal by diffusiophoresis. No effects of
steam condensation on particules has been included in the analysis of the CE
System 80+ containment spray system.

In implementing the revised accident source term for evolutionary reactor
designs, the staff approached the removal of airborne fission products in
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n particulate form by spray in an entirely different way from that ABB-CE. The

(V)
staff developed a mechanistic and simple model that can be used to estimate
aerosol removal by sprays without having to use such detailed systems codes as
NAUA-4 3r CONTAIN. It is described in detail in NUREG/CR-5966, "A Simplified
Model o' Aerosol Removal by Containment Sprays," June 1993. -The staff
developed its model using current knowledge of the physical phenomena involved
in spray performance (e.g., observed spray performance data). With this
model, the staff conducted a quantitative uncertainty analysis of spray
performance using a Monte Carlo method to sample 20 uncertain quantities
related to phenomena of spray droplet behavior as well as the initial and -

boundary conditions expected to be associated with DBAs. Spray water flux
into the containment and the fall distances of spray droplets are plant design
specifics.

The staff calculated fission-product removal coefficients (lambda values) for
the System 80+ containment spray system for best estimate, upper bound (90-
percent confidence that lambda values are less than or equal to indicated
values), and lower bound (90-percent confidence that lambda values are greater
than or equal to indicated values) using the staff's model described in
NUREG/CR-5966. The staff evaluated the spray model proposed by ABB-CE and
compared it with the model developed by the staff as follows:

(1) The average spray droplet size of 1000 micrometers (pm) used by ABB-CE is
more conservative than the distribution of droplet sizes (200 to 1200 pm)
used in the staff's model.

(2) ABB-CE's correlation used to calculate terminal velocities for droplets

(AV) and its capture efficiencies are more conservative than those used in the
staff's model.

(3) Both ABB-CE and the staff assume that the radioactive aerosols are not
hygroscopic. The staff did not consider the aerosols to be hygroscopic
because such hygroscopic components as Cs0H and Csl will be greatly
diluted by nonhygroscopic materials following a reactor accident.

(4) Particulate capture efficiencies used by ABB-CE are different from those
used in the staff's model and, coupled with the conservative terminal
velocity correlation, would yield more conservative results compared to
particulate capture efficiencies used by the staff.

(5) ABB-CE used the diffusiophoretic capture of aerosols; the staff neglected
this.

(6) The staff assumed that sprayed and unsprayed regions in the containment
are well mixed; ABB-CE assumed that the sprayed and unsprayed portions of
the sprayed region are well-mixed but that mixing between the sprayed and
unsprayed regions has a finit.: rate.

The staff performed a comparative analysis of ABB-CE's spray model with its
own model. The staff used the lower bound spray removal coefficient values in
its analysis and found that ABB-CE's model produced spray coefficients which

p were conservative relative to the staff's values. Therefore, the staff finds
that ABB-CE's spray model proposed for the System 80+ containment design is>

- acceptable.
|
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15A.ll ESF Filtration /Adsorber Systems

The System 80+ design has provided engineered safety feature (ESF) filtration
and adsorber systems where credit was needed in the DBA analysis. ESF-grade

| systems were provided for the annulus ventilation and containment ventilation
| purge systems (HEPA filters only), control room ventilation system (HEPA
1 filters and charcoal adsorbers), and the fuel handling building (HEPA filters

only). The staff's evaluation of the control room ventilation system appears
in Section 6.4 of this report.

The annulus ventilation system consists of two redundant ventilation systems;
each system comprises of a fan, a filter train, associated ductwork, dampers,
and necessary controls. The annulus ventilation system in the System 80+
design did not take credit for iodine removal by charcoal filtration.
Likewise, it took no credit for removal of iodines in either the elemental or
organic form and assumed a particulate removal efficiency of 99 percent. In

-

the staff's review of the analysis of the radiological consequences of a
design-basis LOCA, credit was given only for the removal of particulate
iodines. ABB-CE's analysis also assumed no credit for removal of other iodine
forms. Both analyses demonstrated the capability of the System 80+ design
with respect to radiological consequences of a LOCA. In evaluating the
radiological consequences of a fuel handling accident in either the contain-
ment or the fuel building, credit was taken for the operation and filtration
of their respective ventilation systems.

15A.12 Atmospheric Dispersion Model for Control Room Habitability Assessment

The staff's analysis appears in Section 6.4 of this report.

15A.13 Failure of Passive Containment Cooling System

This does not apply to System 80+ design.

O
ABB-CE System 80+ FSER 15-70 June 1994

_ _ _ _ _ _ _ - _



RELEASE FRACTIONS FOR PROPOSED REACTOR ACCIDENT SOURCE TERMS

U Table 15A.1 FWR releases into containment *

Nuclide Gap Release ** Early In-Vessel *

Noble Gases 0.05 0.95

lodine 0.05 0.35

Cesium 0.05 0.25

Tellurium 0 0.15

Strontium 0 0.03

f 0.04Barium 0

Ruthenium 0 0.008

Cerium 0 0.01

Lanthanum 0 0.002

* Values shown are fractions of core inventory.
** Duration - 0.5 hour.
* Duration - 1.3 hours.

'g Table 15A.2 Comparison of gap and in-vessel releases in NUREG-1465
with TID-14844 source terms for PWRs'

NUREG-1465
Nuclide TID-14844 ABB-CE System 80+

Noble Gases 1.0 1.0

Iodine 0.5 0.4

Cesium <0.01 0.3

Tellurium <0.01 0.15

Strontium <0.01 0.03

Barium <0.01 0.04

Ruthenium <0.01 0.008

Cerium <0.01 0.01

Lanthanum <0.01 0.002

* Values shown are fractions of core inventory.

%)
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16 TECHNICAL SPECIFICATIONS

16.1 Introduction

The staff review of the System 80+ technical specifications (TS) was closely
coupled to the development of the improved standard technical specifications
(STS) under the TS Improvement Program in accordance with the Commission
Policy Statement on TS Improvement 58 FR 39132 (SECY-93-067). Since the
System 80+ design evolved primarily from the System 80 design, most of the
System 80+ TS were modeled after NUREG-1432, " Standard Technical
Specifications for Combustion Engineering Plants" (January 1991). These
improved STS contain the benefits of the accumulated operating experience from
currently operating light-water reactors.

The System 80+ design, however, has some major changes from the System 80
design, particularly in the containment, which consists of a much larger free
containment volume to account for severe accident concerns. Other specific
changes include the reactor cavity and flooding system, the in-containment
refueling water storage tank (IRWST), the Nuplex 80+ advanced control complex, ,

the hydrogen control system, the addition of a safety depressurization system
and the addition of a combustion turbine generator (CTG). The System 80+ TS
address these changes and the issue of shutdown risk considerations. On this
basis, the staff's review of the System 80+ TS concentrated on the differences

( from the System 80 STS (NUREG-1432).

The staff forwarded to ABB-CE, its comments from the System 80+ proof and
review of TS, including Amendments U and V, for resolution and incorporation
into the final TS. The final TS were produced in the industry format and
certified as accurate by ABB-CE in Amendment W to the CESSAR-DC. .

16.2 Evaluation

The staff evaluated the System 80+ TS to confirm that they will preserve the
validity of the design plant as described in the CESSAR-DC by assuring that
System 80+ plants will be operated (1) within the required conditions bounded :

by the CESSAR-DC, and (2) with operable equipment that is essential to prevent
accidents and to mitigate the consequences of accidents postulated in the
CESSAR-DC.

The System 80+ design includes a large spherical steel primary containment
inside a cylindrical concrete shield building that acts as a secondary
containment. The 1.52 m (5-ft) annulus between the primary and the secondary I

containments provides for a means to collect and filter the leakage that might
escape the primary containment _ during postulated design-basis accidents to
reduce potential radiation release. The TS ir.clude a limiting condition for -
operation (LCO) and surveillance requirement on the annulus ventilation
system.

1

( Another enhancement to the design is the IRWST located inside the large '

spherical steel containment. Containment water is collected and flows into
,
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the tank following large breaks. The IRWST provides borated water for
refueling activities as well as for the emergency core cooling systems. '

Accordingly, TS for reduced inventory are expanded to provide more detailed
coverage for operation in Modes 5 and 6. j

\

The reactor cavity and its flooding system are of new design to prevent core !
debris transport and maximize cooling. The flooding system incorporates !
passive gravity flow from the IRWST to the cavity via a holdup volume tank
(HVT). The TS include surveillance requirements on the operability of the
connecting HVT valves. i

Hydrogen igniters are provided to meet NRC requirements to accommodate the
oxidation of 100 percent of active zircalloy cladding and maintain the global
hydrogen concentration in the containment below 10 volume percent. TS include
surveillances to test the 80 hydrogen igniters contained in the system during
each refueling outage. The hydrogen igniters can be powered from Class 1E
power supplies, including the Class IE batteries. A minimum set of igniters
can be powered from the batteries during a station blackout scenario.

The new safety depressurization system rapidly depressurizes the reactor
coolant system, when normal processes are not available, to allow an operator
to initiate primary system feed and bleed (using the safety injection pumps)
to remove decay heat following a total loss-of-feedwater event. Depressuri-
zation is accomplished by opening motor-operated valves connected to the
pressurizer, which discharge to the IRWST. TS include LC0 for the reactor
coolant gas vent system and for the rapid depressurization function.

The Nuplex 80+ advanced control complex uses a combination of commercial
instrumentation and control (I&C) technologies and incorporates lessons from
previous control rooms to make an orderly, natural transition to an all-
digital computer-based control room. This approach is reflected in a number
of revisions to the 1&C TS, surveillance requirements, definitions, and bases.

The System 80+ design has a CTG, in addition to two IE emergency diesel
generators. The staff requested ABB-CE to perform a probabilistic risk
sensitivity study for crediting the CTG in the System 80+ design when one of
the two lE emergency diesel generators (EDG) is out of service, with or
without an external event. The results indicated a 1-4 percent core damage
frequency (C0F) increase, which is considered within the acceptable range of
risk. Furthermore, the System 80+ design has the capability of 100 percent
load rejection using the main turbine-generator to supply house loads without
challenging the EDGs, and its CDF increase is sufficiently low during station
blackout and loss-of-offsite power events to justify an EDG outage time ofi

' 14 days, with appropriate surveillance requirements.

Considering the recent reactor operating events at Sequoyah and Salem, in
which an udatected reactor vessel water level decrease occurred in mode 5,
ABB-CE modified the System 80+ TS to require operable reactor vessel level
instrumentation during modes 4 and 5 until a transition is made into mode 6.
A TS surveillance requirement was also added to perform a channel check of the
reactor vessel level instrumentation every 6 hours.

| The Idaho National Engineering Laboratory (INEL) conducted an independent
audit of the System 80+ TS. TS issues identified by the audit were

.

I
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g] successfully resolved.

U In the DSER, ABB-CE was asked to consider how, and in what priority, added
design features and additional margins should be reflected in the TS
requirements. This was designated as DSER Open Item 16-2. On the basis of
the staff's review of the System 80+ TS applicable to the added design
features described above, DSER Open Item 16-2 is resolved.

16.3 Conclusion

On the basis of its review of the System 80+ TS, as discussed above, the staff
concludes that the System 80+ TS are consistent with the regulatory guidance
contained in the System 80 STS (NUREG-1432) and contain design-specific
parameters and additional TS requirements considered appropriate by the staff.
Therefore, the staff concludes that the System 80+ TS satisfy 10 CFR 50.34 and
10 CFR 50.36, and FSER Confirmatory Item 16-1, as referenced in the advance
version of the FSER, is resolved.

I

(-
(v/ |
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17 QUALITY ASSURANCE

17.1 Ouality Assurance for Desian

17.1.1 General

The quality assurance (QA) program for the design, procurement, and fabrica-
tion of the System 80+ plant is described in CESSAR-DC Chapter 17 which
references ABB-CE topical report CENPD-210-A, " Quality Assurance Program."
The staff based its evaluation of the QA program on its review of the informa-
tion in the topical report and discussions with ABB-CE's representatives. The
staff assessed the QA program to determine if it complies with the require-
ments of 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants," and the applicable QA-related
regulatory guides listed in Chapter 17 of the standard review plan (SRP)
(NUREG-0800).

17.1.2 Organization

ABB-CE's Nuclear Systems organization is responsible for the design, procure-
ment, and fabrication of the nuclear steam supply system (NSSS). Nuclear
Systems comprises four organizations: Nuclear Systems Engineering, Nuclear
Systems Development, Newington Operations, and Electro-Mechanics, each~

directed by a Vice-President who reports to the President of Nuclear Systems.

QA management is responsible for ensuring that ABB-CE's policy, goals, and
objectives are transmitted through levels of management and this is accom-
plished by distributing QA manuals that contain QA policy statements to these
levels of management. It remains the responsibility of functional line
management to ensure that the policy, goals, and objectives are met.

Responsibility for nuclear QA rests with the President of Nuclear Systems and
is delegated to QA managers who may re-delegate specific activities to other
personnel. Such delegation includes authority to stop work for noncompliance
with the QA program requirements. Compliance with quality requirements is
measured through planned surveillances or audit activities or both, and QA
staff follows up with corrective action. QA is independent of other organiza-
tions, and QA managers have direct access to the President of Nuclear Systems.
ABB-CE's QA organization complies with Appendix B to 10 CFR Part 50 and is,
therefore, acceptable.

17.1.3 Quality Assurance Program

Through its topical report CENPD-210-A, Revision 7, " Quality Assurance
Program," ABB-CE has adopted a QA program that meets the requirements of
Appendix B to 10 CFR Part 50. ABB-CE has committed to comply with the
regulatory position of Regulatory Guide (RG) 1.28, (Rev. 3), " Quality Assur-
ance Program Requirements (Design and Construction)," with some exceptions as(o) noted in CENPD-210-A. In addition, ABB-CE has committed to comply with the

'V applicable portions of American National Str.ndards Institute (ANSI), American
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Society of Mechanical Engireers (ASME) NQA-1, " Quality Assurance Program
Requirements for Nuclear Facilities," and ASME NQA-2, " Quality Assurance
Requirements for Nuclear Facility Application," with an exception as noted in
the topical report. However, a review of the QA-related RGs listed in
CESSAR-DC Table 1.8-1 indicates that ABB-CE had not revised the table to
reflect changes to commitments before the staff issued the draft safety
evaluation report (DSER). The DSER open items listed below discuss this in
more detail:

(1) CESSAR-DC Table 1.8-1 addresses RGs 1.30, 1.58, 1.64, 1.74, 1.88, 1.123,
1.144, and 1.146. Since these guides (and their referenced standards)
have been incorporated into Revision 3 of RG 1.28 (and NQA-1) as committed
to in the latest Nuclear Regulatory Commissie (NRC)-accepted revision of

,

CENPD-210-A, ABB-CE should have revised Table 1.8-1 to address RG 1.28,'

Revision 3. This was designated as DSER Open Item 17.1.3-1. In Amend-
ment L, ABB-CE revised Table 1.8-1 to state that RGs 1.30, 1.58, 1.64,
1.74, 1.88, 1.123, 1.144, and 1.146 are superseded by RG 1.28, Revision 3.

| Therefore, DSER Open Item 17.1.3-1 is resolved.
1

(2) The latest revision to CENPD-210-A includes a commitment to NQA-2 which
has superseded the ANSI standards referenced by RGs 1.30, 1.37, 1.38,
1.39, 1.94, and 1.116. ABB-CE should have revised Table 1.8-1 to reflect
this commitment. This was designated as DSER Open Item 17.1.3-2. In
Amendment L, ABB-CE revised Table 1.8-1 to state that RG 1.30 was super-
seded by RG 1.28, Revision 3. Additionally, Note A was inserted with
respect to RGs 1.37, 1.38, 1.94, and 1.116. In Amendment N, Table 1.8-1
was revised to insert Note A with respect to RG 1.39. Note A states that
the QA program description for System 80+ (CENPD-210-A) commits to NQA-2.
Therefore, this DSER open item is resolved.

The QA program applies to all safety-related items and those services engi-
neered, procured, and manufactured by ABB-CE. Highlights of the program are
described below.

Procedures require formal training and indoctrination of personnel performing l
activities affecting quality to ensure they are suitably trained and their l

Iproficiency is maintained.

The QA program establishes a system for design control. The system is
documented and controlled by procedures and instructions. These procedures
and instructions describe the responsibilities and links between each organi-
zational unit that has an assigned responsibility. Distribution lists and
master lists of project drawings and specifications are maintained to ensure
timely and accurate access to latest applicable documents.

ABB-CE has established and documented measures for the preparation, review,
approval, and control of procurement documents. These measures offer assur-
ance that the procurement documents include or reference regulatory require-
ments, design bases, and quality requirements.

The QA staff will review and approve purchase specifications before they are
issued. Review of procurement documents by qualified engineers and QA
personnel will ensure that quality requirements are complete and correctly

ABB-CE System 80+ FSER 17-2 June 1994
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A stated. The reviews will also ensure that the quality requirements will be
( controlled by the supplier and will be verified by QA personnel.

ABB-CE requires its suppliers to identify and control materials, and the QA
staff inspects the marking of items before those items are shipped. Material
identification and control is assured by requiring a written procedure that is
reviewed by the QA group.

ABB-CE requires that in-process and final inspections be performed in accor-
dance with procedures submitted to and found acceptable by ABB-CE. Procedures
require that inspection personnel be qualified and that records of qualifica-
tion be maintained. These procedures require that inspection personnel be
organizationally independent from personnel who perform the work being
inspected.

Suppliers must maintain a system that identifies, documents, and controls
nonconforming items to prevent their inadvertent use. QA staff reviews and
approves nonconformance actions. The engineering group evaluates and disposi-
tions nonconformances, and the QA staff reviews these actions. QA personnel
also verify proper corrective action. ABB-CE writes nonconformance reports
regarding the affected item and forwards them to the utility for handling.

ABB-CE executes a comprehensive system of planned and documented audits to
verify product quality and compliance with the QA program. The audits use
preestablished checklists, ensuring compliance with all aspects of 10 CFR
Part 50, Appendix B, including the quality-related aspects of design, procure-

A ment, manufacture, storage, shipment, and reactor site activities. The QA
j program requires that suppliers, too, audit their operations and theirt

subvendor's operations to verify conformance with quality requirements. The
audits include quality-related practices, procedures, instructions, and
conformance with the QA program. The QA group audits the suppliers and
selected subvendors. Written reports are forwarded to managers of the area
audited and to corporate management. Followup audits ensure corrective
action.

The staff also reviewed the list of items to which the QA program applies
(CESSAR-DC Table 3.2-1). The list of items was reviewed by each technical
review branch in the NRC to ensure that the safety-related items within the
scope of each branch's review are under the QA program controls. The staff
had questions in this area; these are listed below:

ABB-CE revised Sheet 1 of CESSAR-DC Table 3-2.1 to include " Core Support
Structures and Internal Structures Important to Safety." These items are
shown as Safety Class 1, seismic Category I, and are subject to the QA
requirements of 10 CFR Part 50, Appendix B. The addition of the words
"important to safety" implies that there are some core support structures and
internal structures that are not important to safety and are, therefore, not
subject to the QA requirements of 10 CFR Part 50, Appendix B. ABB-CE should
identify any such items. This was designated as DSER Open Item 17.1.4-1. In
Amendment N, ABB-CE revised Table 3-2.1. The revised table deleted the
statement "important to safety" and stated, in Footnote 7, that the support
structures and internal structures are designed to the criteria described in

' (q] Section 3.9.4.3. Therefore, DSER Open Item 17.1.4-1 is resolved.
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ABB-CE revised CESSAR-DC Table 3.2-1 to show three items as seismic Category I
with the QA requirements of 10 CFR Part 50, Appendix B, not applicable. The,e

are the spent fuel racks (Sheet 3), the new fuel racks (Sheet 3), and the
hydrogen igniters (Sheet 13). All other seismic Category I items in the table
are shown as having the QA requirements of 10 CFR Part 50, Appendix B,
applicable. ABB-CE should have justified the exclusion of the spent fuel
racks, new fuel racks, and hydrogen igniters. This was designated as DSER
Open Item 17.1.4-2. ABB-CE revised Table 3.2-1 in Amendment N to resolve this
issue. The spent fuel and new fuel racks have been changed to Quality Class 1
for which the requirements of 10 CFR Part 50, Appendix B apply. ABB-CE also,
in Amendment N, revised Table 3.2-1 requirements to show the hydrogen igniters
as having a safety class of NSSS and a Quality Class of 2. The Quality
Class 2 (intermediate-level quality class) is acceptable for the hydrogen
igniters. See DSER Open Item 17.1.4-3 (below) with respect to Quality
Classes. Therefore, DSER Open Item 17.1.4-2 is resolved.

As noted in the response to the request for additional information
| (RAI) Q260.24, ABB-CE revised CESSAR-DC Table 3.2-1 to specify QA requirements

as either "Q" (Appendix B applies) or "N" (Appendix B does not apply). The
table no longer shows Quality Class I or 2, and this tends to negate the
acceptability of the response to Q210.7 and Q260.24.c. The CESSAR-DC needed
to clearly show that the pertinent provisions of CENPD-210A (or some other
described QA program) are applied to the items in the table with QA require-
ments shown as "N." ABB-CE should commit to use a graded approach that bases
the QA requirements on the specific functions and their importance to safety.
The items should have included those specified in Section 3.3.1.4 of
ANSI /American Nuclear Society (ANS)-51.1 (including the safety parameter
display system or its equivalent), fire protection, non-safety-related
" anticipated transient without scram (ATWS) items" specified in 10 CFR 50.62,
and non-safety-related items specified in 10 CFR 50.65. This was designated
as DSER Open Item 17.1.4-3. In Amendment N, ABB-CE outlined a graded approach
to QA by describing three quality classes, QC-1, QC-2, and QC-3. QC-1 is the
highest level and meets the requirements of Appendix B to 10 CFR Part 50.
QC-2 is an intermediate class, and QC-3 is for items not classified as QC-1 or
QC-2. All items in Table 3.2-1 have been classified as QC-1, QC-2, or QC-3.
Therefore, DSER Open Item 17.1.4-3 is resolved.

In the response to RAI Q260.26, ABB-CE states that no special QA program
requirements are necessary for control grade ATWS equipment. However, Generic
Letter 85-06 gives explicit QA guidance required by 10 CFR 50.62. ABB-CE
should have included a commitment in the CESSAR-DC to meet this guidance or
should have described some other way of meeting the regulation. The term,
" control grade equipment" was also used in the response to Q440.110. ABB-CE
should have clarified what equipment is " control grade" and what QA standard
is applied to it. If this information were already in the CESSAR-DC, a
specific reference to it would be acceptable. This was designated as DSER
Open Item 17.1.4-4. In Amendment R, ABB-CE revised Table 3.2-1 to require a
Quality Class 2 (see above) for all equipment required to comply with 10 CFR
50.62 for ATWS equipment. Therefore, DSER Open Item 17.1.4-4 is resolved.

The response to RAI Q260.7 begins: "As described in the response to
RAI 270.1, ABB-Combustion Engineering believes that all structures, systems,
and components (SSCs) which are not safety-related (i.e., non-nuclear safety)
are covered via ANSI 51.1." The staff reviewed both the March 15, 1991, and
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the February 12, 1992, responses to RAI Q270.1, and found no reference to the

O ANSI-51.1 standard. ABB-CE should have clarified this reference. This was
designated as DSER Open Item 17.1.4-5. In Amendment R, ABB-CE revised
Table 3.2-1 to require a graded approach to QA for all equipment specified in
Section 3.3.1.4 of ANSI /ANS-51.1. Section 3.3.1.4 of ANSI /ANS 51.1 applies to
non-nuclear safety equipment. Therefore, DSER Open Item 17.1.4-5 is resolved.

The response to RAI Q260.27 indicates that all SSCs that are not safety-
related are covered via ANSI 51.1. The staff disagreed. For example,
ANSI /ANS-51.1 does not address fire protection or the non-safety-related items
specified in 10 CFR 50.62. Nor does ANSI /ANS-51.1 describe what QA controls
are required, specifying only that selected requirements from ANSI /ASME NQA-1
shall be applied. ABB-CE should have revised its response to RAI Q260.27.
This was designated as DSER Open Item 17.1.4-6. In Amendment R, ABB-CE i
revised Table 3.2-1 to require a graded approach to QA for all equipment )
specified in Section 3.3.1.4 of ANSI /ANS 51.1 and equipment required to comply I
with 10 CFR 50.62. (See also the resolution to DSER Open item 17.1.4-3 above).
Therefore, DSER Open Item 17.1.4-6 is resolved.

In regard to Three Mile Island-2 (TMI-2) Item I.F.2, ABB-CE should have
Jincluded that part of the response to RAI Q260.28 that states: "One portion I

of subpart 3 (inclusion of QA personnel in design activities) is covered" in i
the CESSAR-DC. This was designated as DSER Open Item 17.1.4-7. In Amend- {ment L, ABB-CE revised Section 17.1 of CESSAR-DC to state that the inclusion
of QA personnel in the design activities is covered by the QA program for the
System 80+ design, described in CENP-210-A. Therefore, DSER Open

p Item 17.1.4-7 is resolved.

The staff performed a QA design control implementation inspection at ABB-CE's
offices during the week of February 14, 1994 (NRC Inspection Report
99900401/94-01). The purpose of the inspection was to examine the effective-

. ness of the design control implementation for work involving the System 80+
| design. The inspection was focused on design activities associated with
! CESSAR-DC Chapters 6 and 15 related to accident analysis. While the inspec-

tion confirmed the integrity of ABB-CE's design control implementation, the
team identified that ABB-CE had made the decision to not require independent
design control provisions until the detailed design is developed (i.e., post-
FDA). This decision was originally delineated in internal ABB-CE correspon-
dence D-NE-87-031 (dated June 26,1987) and further documented in the ABB-CENP
System 80+ QA Plan,18386-Q0-001. In particular, ABB-CE design control
procedures QPI 0304, " Design Analysis" and QPI 0306, " Design Verification"
have been deferred. These procedures govern the methodology to document
design analyses and the performance of design verification activities. The
providers of engineering services (i.e., Stone and Webster Engineering
Corporation, Duke Engineering Services, Inc., and ABB-Impell) to ABB-CE have
performed independent design verification on portions of their design.

The design verification methods of QPI 0306 require verification of the
appropriateness of design assumptions, input data utilized, and correctness of
analysis methods by a qualified independent reviewer. Various options for
performing the independent design verification include: performance of design
reviews; use of alternate calculations to verify the design; or the conduct of

g qualification tests (or a combination of the three methods). ABB-CE did have
a supervisor of the calculation preparer perform an engineering review for
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overall reasonableness of the calculation. In addition, ABB-CE has performed
three integrated reviews of CESSAR-DC information for technical and editorial
consistency. ABB-CE plans to perform the complete independent design verifi-
cation at a later point in time, but prior to initial criticality.

The staff expectations during the course of the Chapter 17 QA review were that
ABB-CE would fully implement the provisions of the design control program as
described within ABB-CE Topical QA Report, CENPD-210A, revision 7A as commit-
ted to in CESSAR-DC. The QA Topical Report further commits to RG 1.28
(Rev. 3) and NQA-1 as the approach to implement timely independent design
verification to the degree that it is technically feasible to perform. The
staff acknowledges that there are technical bases for deferring the conduct of
portions of design verification such as when it is necessary to obtain as-
procured equipment characteristics, results from testing of plant equipment,
and results from plant as-built verifications.

While ABB-CE had not conducted the formal independent design verification to
date, the staff has concluded that a level of reasonable assurance for the
integrity of the System 80+ design process has been obtained through:
(1) ABB-CE conducting supervisory reviews of calculations; (2) the performance
of three ABB-CE integrated reviews of CESSAR-DC information for consistency;
(3) NRC staff reviews of calculations associated with the accident analysis
and structural aspects of the design; (4) the fact that the computer codes
utilized for the accident analysis have been previously design verified and
any code changes have received line-by-line verification; (5) the fact that
System 80+ is an evolutionary design that takes advantage of previously
performed design work that has been verified for System 80 designs and
overseas designs which have undergone complete design verification; and
(6) the positive results of the QA implementation inspection with respect to
technical quality of the design documentation that was examined.

The staff requested ABB-CE to formally describe their approach towards
performing independent design verification. Pending receipt, evaluation, and
confirmation that the ABB-CE design control practices afforded an acceptable
level of assurance of the design integrity, this issue was designated as FSER
Confirmatory Item 17.1-1 in the advance version of this report.

The staff subsequently met with ABB-CE on March 21, 1994 to discuss the i.ssue
of independent design verification of safety analysis calculations that
support the CESSAR-DC. As described during the meeting, and further
documented in a letter dated April 26, 1994, ABB-CE described its proposed
design verification process for design bases events. ABB-CE committed to
perform design verification for non-repetitive safety analyses, e.g. those
analyses that are not intended to be repeated by a COL applicant.,

Specifically, the non-repetitive safety analyses include (1) all the design
basis event analyses presented in CESSAR-DC Chapters 5, 6, and 15, (2)
analyses that set safety-related design parameters, including those described
in the Certified Design Material, and (3) a CESSAR-DC Appendix 6B analysis
performed to verify the System 80+ capability to safely handle a hypothetical
small-break LOCA boron dilution event. ABB-CE will perform a level of design
verification consistent with the safety significance of the design analysis.

By letter dated June 16, 1994 (LD-94-041), ABB-CE indicated their completion
of the above commitments. Also, ABB-CE supplied information on design
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verification in Chapter 17 of the CESSAR-DC. This is acceptable. On thisp) basis, FSER Confirmatory Item 17.1-1 is resolved.(Q
17.1.4 Conclusions About the Quality Assurance Program

The staff has reviewed ABB-CE's QA program description for design certifica-
tion, and the staff has established and verified that all applicable require-
ments of Appendix B to 10 CFR Part 50 except for independent design verifica-
tion and design documentation are included in the QA program. Further, the

staff has verified that the QA organizations are structured so that ABB-CE can
effectively carry out its responsibilities related to quality without undue
influence from other groups.

On the basis of its detailed review and evaluation of the QA program described
in CESSAR-DC, and by reference to CENPD-210-A, the staff concludes that

(1) The QA organizations within the corporate organization are sufficiently
independent from cost and schedule (when opposed to safety considerations)
authority to effectively carry out the QA programs, and the QA personnel
have access to management at a level necessary to perform the QA
functions.

(2) ABB-CE's QA program describes adequate QA requirements and controls which,
when properly implemented, comply with the criteria of Appendix B to
10 CFR Part 50 except for provisions relating to independent design
verification and design documentation.

O)( Accordingly, the staff concludes that the fundamental requirements for an
acceptable design QA program are in place.'

17.2 Ouality Assurance for Operation

QA programs for construction and operations are beyond the scopes of ABB-CE's
application for final design approval and design certification of the Sys-
tem 80+ standard plant design; they are, therefore, combined license (COL)
Action Items 17.1-1 and 17.2-1, respectively. Through CESSAR-DC Section 17.1,
ABB-CE acknowledges that the COL applicant / holder is responsible for the
preparation and implementation of the construction QA program. ABB-CE
acknowledges in CESSAR-DC Section 17.2 that the COL applicant / holder is
responsible for the operational QA program. For a discussion on the relation-
ship of the COL applicant / holder's operational reliability assurance process
to the QA program, see Section 17.3 of this report.

17.3 Reliability Assurance Procram Durina Desian pha e

Introduction

In CESSAR-DC Section 17.3, ABB-CE describes the reliability assurance program
(RAP) for the design phase of the System 80+ design. ABB-CE performed the ;

design RAP (D-RAP) for its scope of design during detailed design and specific |

equipment selection phases to assure that important System 80+ reliability ;

r- assumptions of the probabilistic risk assessment (PRA) will be considered
'

( throughout plant life. It will identify relevant aspects of plant operation,
maintenance, and performance monitoring of important SSCs for the COL
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applicant's consideration in assuring safety of equipment, preventing loss of
critical function, and limiting risk to the public. The COL applicant
referencing the System 80+ design will complete the D-RAP for its scope of
design and equipment selection. Additionally, the COL applicant should
develop and implement a process for risk-significant SSCs, whose objectives
are to monitor equipment performance and evaluate equipment reliability to
provide reasonable assurance that the plant is operated and maintained
commensurate with PRA assumptions so that the overall safety is not unknowing-
ly degraded ano remains within acceptable limits (COL Action Item 17.3.9-1).
This process cculd be described as an operational reliability assurance
process (0-RAP'. that should be included under existing programs for quality
assurance and u.aintenance. When SSC monitoring and evaluation identifies
performance or condition problems, appropriate corrective action will be taken
to assure SSCs remain capable of performing their intended functions.
However, the RAP does not attempt to statistically verify the numeric values
used in the PRA through performance monitoring.

In response to an NRC RAI dated October 10, 1991, ABB-CE submitted (by letter
dated January 31, 1992) its RAP plan for a System 80+ standard plant. The
staff evaluated that submittal. On October 1, 1992, the NRC forwarded to
ABB-CE the staff's DSER of the CESSAR-DC for design certification of the
System 80+ standard plant that included Section 17.3. In response to the
staff's DSER, ABB-CE completely revised the D-RAP. The revised D-RAP was
forwarded to the NRC by letter dated December 23, 1992 and was subsequently
revised by letters dated January 18, 1993 (Rev. 2) and March 2, 1993 (Rev. 3).
These changes were incorporated into Amendment N of the CESSAR-DC, dated
April 1, 1993. Further clarification was incorporated in Amendment R, dated
August 31, 1993.

Background

The NRC noted the need for a safety-oriented reliability effort for the
nuclear industry in the TMI Action Plan (NUREG-0660) Item II.C.4. Subse-
quently, the NRC began to research the area of reliability assurance began in
the early 1980s. This research showed that an operational reliability program
based on a feedback process of monitoring performance, identifying problems,
taking corrective action, and verifying the effectiveness of these actions was
needed and that other NRC initiatives (e.g., maintenance inspections, perfor-
mance indicators, aging programs, and technical specification (TS) improve-
ments) would address this need. The NRC concluded from this research inat an
operational reliability program could be implemented most effectively in a
performance-based, non-prescriptive regulation, where NRC mandates the level
of safety performance to be achieved. For example, licensees could be
required to set availability and reliability targets for selected systems and
to measure performance compared to the targets.

The TMI item was closed out for operating reactors in October 1988, without
further action because several NRC initiatives had effectively subsumed the
operational reliability program effort. These initiatives included efforts to
(1) improve maintenance and better manage the effects of aging, (2) improve
TS, (3) develop and use plant performance indicators, and (4) develop an
operational reliability program as an acceptable means of meeting the station
blackout rule (10 CFR 50.63).
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O NUREG-1070, "NRC Policy on Future Reactor Designs," dated March 1985, included |
the concept of a systems reliability program to ensure that the reliability of I

|components and systems important to safety would remain at a sufficient level.
To ensure that reliability objectives are met and to prevent degradation of
reliability during operation, the NRC envisioned that the PRA, performed at
the design stage, would be used as a tool in making detailed design decisions
affecting procurement, testing, and the formulation of operations and mainte- |
nance procedures. 1

In a few specific instances, the NRC is studying or has established relia- i

bility targets for systems and components. For example, SRP Section 10.4.9 !

requires that an acceptable design for auxi}iary feedwater system should have4an unreliability in the range of 10 to 10' per demand. The resolution of
Generic Issue B-56 involves efforts to determine, monitor, and maintain the
reliability levels for the emergency diesel generators. Additional regulatory
bases for key elements of a RAP can be found in 10 CFR Part 50, Appendices A
and B, and 10 CFR 50.65.

In SECY-89-013, " Design Requirements Related to the Evolutionary Advanced
Light Water Reactors," dated January 19, 1989, the staff identified several
issues for next-generation light water reactors that may go beyond present
acceptance criteria defined in the SRP. RAP, as one of these issues, was
defined as a program to ensure that the design reliability of safety signifi-
cant SSCs is maintained over the life of a plant. In SECY-89-013, the staff
informed the Commission that RAP would be required for a final design approval
or a design certification (FDA or DC). In November 1989, potential applicants
for design certification were informed by letter that "the NRC staff was

considering matters that went beyond the current SRP [ Standard Review Plan |

(NUREG-0800)]... that [the NRC] expects these advanced reactor designs to |

embody." Reliability assurance was identified as one of these matters.

In SECY-93-087, " Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor (ALWR) Designs," dated April 2,
1993, the staff gave the Commission its interim position that a high-level
commitment to a RAP should be required as a generic Tier 1 requirement with no
associated inspections, tests, analyses, and acceptance criteria. The details
of the D-RAP, including the conceptual framework, program structure, and
essential elements, should be given in the CESSAR-DC. The description of the
D-RAP in the CESSAR-DC should also (1) identify and prioritize a list of risk-
significant SSCs based on the design certification PRA and other sources,
(2) ensure that the vendor's design organization determines that significant
design assumptions, such as equipment that satisfies the design reliability
and unavailability, are realistic and achievable, (3) provide input to the |

procurement process for obtaining equipment that satisfies the design reli-
ability assumptions, and (4) provide these design assumptions as input to the
COL applicant for consideration in the 0-RAP. A COL applicant would augment
the design certification D-RAP with site-specific design information and would
implement the balance of the D-RAP, including input to the procurement
process. This is COL Action Item 17.3.1-1.

The RAP consists of two distinct parts: (1) D-RAP and (2) 0-RAP. D-RAPp] involves a top-level program at the design stage that defines the scope,g

\ conceptual framework, and essential elements of an effective RAP. D-RAP also
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implements those aspects of the program that are applicable to the design
process. In addition, D-RAP identifies the relevant aspects of plant opera-
tion, maintenance, and performance monitoring for the risk-significant SSCs
for the operator's consideration in developing an 0-RAP. The 0-RAP objectives
should be incorporated into existing programs (i.e., maintenance and quality
assurance) that will be used to monitor equipment performance and evaluate
equipment reliability to provide reasonable assurance that the plant is
operated and maintained commensurate with PRA assumptions so that the overall
safety is not unknowingly degraded and remains within acceptable limits. When
SSC monitoring and evaluation identifies performance or condition problems,
appropriate corrective action will be taken to assure SSCs remain capable of
performing their intended functions. However, the RAP does not attempt to
statistically verify the numeric values used in the PRA through performance
monitoring.

The staff's final position on RAP was presented in the Commission Paper on
the Regulatory Treatment of Non-Safety Systems (RTNSS), SECY-94-084, dated
March 28, 1994. The Commission approved the following applicable regulation
for D-RAP.

An application for design certification or a combined license must contain:

(1) the description of the reliability assurance program used during the
design that includes, scope, purpose, and objectives;

(2) the process used to evaluate and prioritize the structures, systems and
components in the design, based on their degree of risk significance;

(3) a list of the structures, systems, and components designated as risk
significant; and

(4) for those structures, systems, and components designated as risk signifi-
;
' cant:

(i) a process to determine dominant failure modes that considered
industry experience, analytical models, and applicable requirements;
and

(ii) key assumptions and risk insights from probabilistic, deterministic,
or other methods that considered operations, maintenance, and
monitoring activities.

Each licensee that references the System 80+ design must implement the design
reliability assurance program approved by the NRC.

The staff evaluated the CESSAR-DC based on the applicable regulation stated
above. The staff limited its review of CESSAR-DC Chapter 17.3 to (1) the
development and implementation of the System 80+ D-RAP within the scope of
design certification; (2) the development of the System 80+ D-RAP to be used
in a combined license (COL) application; and (3) the inclusion of System 80+
information necessary for a COL applicant to develop an 0-RAP which should be
incorporated under existing programs for quality assurance and maintenance.
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The COL applicant would augment the ABB-CE's RAP to reflect plant-specific|O information and implement those elements applicable during the construction/V and operation phases. The staff's COL application review will be similar to
the design certification review and include an evaluation of the updh
(site-specific) PRA, probabilistic, deterministic and other insights (e.g.,
operating experience) to assess any changes to risk-significant SSCs and site-
specific vulnerabilities. The staff will also review the COL applicant's
proposed design reliability assurance program plan to determine if it satis-
fies the above requirements at the time of the COL application. A licensee's
RAP plan and implementation will continue to be reviewed throughout the
duration of the license to assure conicrmance with the NRC approved D-RAP.

Evaluation

By letter dated October 10, 1991, the staff stated that the ABB-CE D-RAP
submittal should (1) describe the basic framework of a RAP including the
scope, purpose, objective, basic definitions, and elements (RAI Question
(Q)1); (2) include a discussion on performance goals / targets, problem predic-
tion and recognition, problem prioritization and correction, and problem
closeout, when describing the RAP concepts and elements (RAI Q2); (3) describe
how RAP will address plant aging concerns (RAI Q3); (4) describe the organi-
zational and administrative aspects for implementing an effective RAP
(RAI Q4); (5) describe the approach for providing feedback to the designer
when actual plant performance data consistently differs from the ABB-CE's
PRA/ RAP assumptions (RAI Q5); (6) describe the major programmatic interface
between the RAP and such areas as design, construction, startup testing,
operations, maintenance, engineering, safety, licensing, QA, and procurement

]A (RAI Q6); (7) provide an example of how the CE RAP would function throughout
plant life using a specific SSC identified as risk significant in the PRA
(RAI Q7); and (8) describe how the CE RAP differs from the description of a
RAP in the Electric Power Research Institute (EPRI) Requirements Document
(RAI Q8). These questions included the use of the term reliability assurance
program (RAP), however, the intent was for the questions to apply to that
portion of the RAP that ABB-CE is responsible for preparing and implementing
(e.g., the System 80+ design RAP). The RAI questions served as an outline of
the information needed to meet the applicable regulation for D-RAP, as stated
above, and explicitly stated the details of this requirement.

By letter dated January 31, 1992, ABB-CE responded to RAI Q1 to Q6 and RAI Q8
and stated that the example to answer RAI Q7 would be provided in a future
update. The staff found several deficiencies with that ABB-CE submittal. In
the DSER, the staff stated that the ABB-CE RAP should: (1) provide informa-
tion that identifies risk-significant SSCs, ensures that the plant design i

provides SSCs at least as reliable as that assumed in the PRA, and maintains !

SSC reliability levels over the life of the plant (DSER Open Item 17.3.1.1-1); |
(2) clearly define the scope and objective of a RAP, state the basic defini-
tions, and discuss SSC selection criteria (DSER Open Item 17.3.1.2-1);
(3) clarify the control of PRA design assumptions for the RAP, and provide a
method to identify and prioritize risk-significant SSCs (DSER Open
Item 17.3.2-1); (4) clarify how potential conflicts between the goals of a ;

reliability, availability, maintainability, and inspectability (RAMI) program i

and PRA will be resolved (DSER Open Item 17.3.3-1); (5) clarify the intent of |O RAMI (i.e., safety or economics) and explicitly state the priority of safety !

requirements (DSER Open Item 17.3.3.1-1); (6) clarify the use of the nuclear
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plant reliability data system or other data in establishing a data base (DSER
Open Item 17.3.3.2-1); (7) clarify how the corrective action program (CAP)
will verify that equipment is meeting its reliability requirements and is an
integral part of the entire reliability program; determine appropriate
corrective actions; verify corrective actions have been taken; and feed this
information into the data base (DSER Open Item 17.3.3.3-1); (8) clarify which
organization is responsible for each reliability centered maintenance (RCM)
phase (DSER Open Item 17.3.4-1); (9) submit a better description of the RCM
program or the RCM Program Guide (DSER Open Item 17.3.4-2); (10) clarify
ABB-CE's intent regarding consistency among the PRA, plant procedures, and TS
(DSER Open Item 17.3.5-1); (11) discuss the organizational and administrative
aspects of a D-RAP and discuss organizational accountability for implementing
the design portion of the RAP (DSER Open Item 17.3.6-1); (12) submit an
example of how the RAP would function throughout plant life using a specific
system, structure, or component that was identified as risk significant in the
PRA (DSER Open Item 17.3.7-1); and (13) discuss in detail how ABB-CE's RAP
differs from the EPRI Utility Requirements Document for evolutionary ALWRs,
including the rationale for the differences, if any (DSER Open Item 17.3.7-2).

In response to the DSER open items, ABB-CE completely revised the D-RAP and
also made minor editorial changes. As stated, this evaluation documents the
results of the staff's review of CESSAR-DC Section 17.3. To ensure all RAI
and DSER issues are addressed, both the RAI and DSER open items are discussed
herein. The changes made by ABB-CE to CESSAR-DC Section 17.3 satisfactorily
answered all eight RAI questions. Specifically, the staff determined that:
(1) RAI Q1 was answered in Sections 17.3.2, 17.3.3, 17.3.4, 17.3.6, 17.3.7,
and 17.3.8; (2) RAI Q2 was answered in Sections 17.3.6, 17.3.9, and 17.3.10;
(3) RAI Q3 was answered in Section 17.3.10; (4) RAI Q4 was answered in
Section 17.3.5; (5) RAI Q5 was answered in Section 17.3.10; (6) RAI Q6 was
answered in Section 17.3.10; (7) RAI Q7 was answered in Section 17.3.11, and
(8) RAI Q8 was answered in a letter from ABB-CE (Letter Number (LD)-93-005)
dated January 18, 1993. ABB-CE's answers to the RAI questions contained in
CESSAR-DC Section 17.3 meets the staff's expectations on RAP for evolutionary
ALWR designs explicitly. The details of the staff's evaluation are presented
in Sections 17.3.1 through 17.3.11 below.

Seven DSER open items were resolved by the changes to CESSAR-DC Section 17.3
and through other correspondence with ABB-CE. The remaining six of the DSER
open items were resolved on the bases that they are no longer applicable due
to the changes made by ABB-CE to CESSAR-DC Section 17.3. Specificalb the
staff determined that (1) DSER Open Item 17.3.1.1-1 was resolved in
Section 17.3.3; (2) DSER Open Item 17.3.1.2-1 was resolved in Sections 17.3.2,
17.3.4,17.3.6,17.3.7, and 17.3.8; (3) DSER Open Item 17.3.2-1 was resolved
in Sections 17.3.6 and 17.3.7; (4) DSER Open Item 17.3.3-1 is not applicable
to the current revision of CESSAR-DC Section 17.3 and is considered resolved;
(5) DSER Open Item 17.3.3.1-1 is not applicable to the current revision of
CESSAR-DC Section 11.3 and is considered resolved; (6) DSER Open
Item 17.3.3.2-1 is not applicable to the current revision of CESSAR-DC
Section 17.3 and is considered resolved; (7) DSER Open Item 17.3.3.3-1 was
resolved in Section 17.3.10; (8) DSER Open Item 17.3.4-1 is not applicable to
the current revision of CESSAR-DC Section 17.3 and is considered resolved;
(9) DSER Open Item 17.3.4-2 is not applicable to the current revision of a
CESSAR-DC Section 17.3 and is considered resolved; (10) DSER Open g
Item 17.3.5-1 is not applicable to the current revision of CESSAR-DC
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p)- Section 17.3 and is considered resolved; (11) DSER Open Item 17.3.6-1 was
resolved in Section 17.3.5; (12) Open Item 17.3.7-1 was resolved in;

V Section 17.3.11; and (13) DSER Open Item 17.3.7-2 was resolved in a letter
from ABB-CE (LD-93-005) dated January 18, 1993. The details of the staff's
evaluation are presented in Sections 17.3.1 through 17.3.11 below.

17.3.1 General

In CESSAR-DC Section 17.3.1, ABB-CE states that the System 80+ D-RAP is a
program that will be performed by the designers during the detailed design
stage and specific equipment specification phases to ensure that the important
System 80+ reliability assumptions of the PRA will be considered throughout
plant life. The PRA evaluates the plant response to initiating events to
substantiate, in part, that plant damage has a very low probability and risk
to the public is very low. Input to the PRA includes details of the plant
design and assumptions about the reliability of the plant risk-significant
SSCs. The COL applicant will complete the site specific D-RAP and will have
an operations reliability assurance process. The COL applicant / holder should
incorporate the operations assurance process objectives into existing programs
(e.g. quality assurance or maintenance) that will monitor equipment perfor-
mance to provide reasonable assurance that the plant is operated and main-
tained with an acceptably low risk commensurate with PRA assumptions.

ABB-CE states in the CESSAR-DC that the D-RAP will include the design evalua-
tion of System 80+. It will identify relevant aspects of plant operation,
maintenance, and performance monitoring of important plant SSCs for a COL

A applicant's consideration in assuring safety of the equipment, maintenance of
( critical functions, and limiting risk to the public. The COL applicant will i

specify the policy and implementation procedures for using D-RAP information
provided by ABB-CE. This is COL Action Item 17.3.1-1.

In CESSAR-DC Section 17.3.11, ABB-CE describes example of how the D-RAP will
be implemented for the component cooling water system (CCWS). The CCWS
example shows how the principles of D-RAP will be applied to other systems
identified by means of the PRA as significant with respect to risk.

The staff concludes that CESSAR-DC Section 17.3.1 meets the requirement of the
applicable regulation for D-RAP to provide a description of the RAP used
during the initial design as discussed above in Section 17.3 of this report,
and is acceptable.

17.3.2 Scope

In CESSAR-DC Section 17.3.2, ABB-CE states that the scope of the D-RAP
includes the design evaluation of the System 80+ and identifies relevant
aspects of plant operation, maintenance, and performance monitoring of plant
risk-significant SSCs. The PRA for System 80+ and other industry sources will i

be used to identify and prioritize those SSCs that are important for prevent-
ing or mitigating plant transients or other events that could present a risk
to the public.

O) The staff reviewed CESSAR-DC Section 17.3.2 with respect to the scope of the !(
C System 80+ D-RAP and concludes that it is responsive to the portion of RAI Q1 |

!|
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and DSER Open Item 17.3.1.2-1 associated with the D-RAP scope, meets the I
requirement of the applicable regulation for D-RAP to include the scope of |
RAP, as discussed above in Section 17.3 of this report, and is acceptable. |

17.3.3 Purpose

In CESSAR-DC Section 17.3.3, ABB-CE states that the purpose of the D-RAP is to
assure that the plant safety, as estimated by the PRA, is maintained as the
detailed design evolves through the implementation and procurement phases.
Additionally, ABB-CE states that pertinent information is provided in the
design documentation to the COL applicant for use so that equipment relia-
bility and availability, as it affects plant safety, can be maintained through
operation and maintenance during the entire plant life.

The staff reviewed CESSAR-DC Section 17.3.3 with respect to the purpose of the
System 80+ D-RAP and concludes that it is responsive to the portion of RAI Q1
and DSER Open Item 17.3.1.1-1 associated with the D-RAP purpose, meets the
requirement of the applicable regulation for D-RAP to include the purpose of
RAP as described in Section 17.3 of this report, and is acceptable.

17.3.4 Objective

In CESSAR-DC Section 17.3.4, ABB-CE states that the objective of the D-RAP is
to identify those plant SSCs that are significant contributors to risk, as
shown by the PRA or other sources, and to assure that, during the implementa-
tion phase, the plant design continues to utilize risk-significant SSCs whose
reliability is commensurate with the PRA assumptions. The D-RAP also will
identify key assumptions regarding any operation, maintenance, and monitoring
activities that the COL applicant should consider in developing its 0-RAP to
assure that such SSCs can be expected to operate with reliability commensurate
with that assumed in the PRA. A major factor in the D-RAP is risk-focused
maintenance. Maintenance resources are focused on those SSCs that enable the
System 80+ risk-significant systems to fulfill their safety-related functions
and maintain the safety margins. Also, maintenance is focused on SSCs whose
failure may directly initiate challenges to risk-significant systems. All
plant modes are considered, including equipment directly relied on in the
emergency operating procedures.

The staff reviewed CESSAR-DC Section 17.3.4 with respect to the objective of
the System 80+ D-RAP and concludes that it is responsive to the portion of
RAI Q1 and DSER Open Item 17.3.1.2-1 associated with the D-RAP objective,
meets the requirement of the applicable regulation for D-RAP to include the
objective of RAP as described in Section 17.3 of this report, and is accepta-
bl e.

17.3.5 ABB-CE Organization for D-RAP

In CESSAR-DC Section 17.3.5, ABB-CE describes the relevant portion of the
project organization used for the detailed design of System 80+, as shown in
CESSAR-DC Figure 17.3-1. The project organization was integrated and the
responsibility to meet the D-RAP objectives rested with the project director.
Regular meetings were scheduled to coordinate all the design and D-RAP
activities with participation of the engineering manager, PRA and D-RAP
program manager, project integration manager, QA manager, regulatory confor-
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( mance manager, and other managers as necessary. During these meetings, design
changes and the impact on the overall plant performance were identified, anda

discussicns about the impact of these changes on plant risk were held.
Management meetings were also held in which programmatic issues affecting the
System 80+ design were discussed.

Responsibilities for each organization in the D-RAP were assigned. The
Project Director was responsible for the programmatic aspects of the plant
design as well as the overall direction of the project, design gertification
issues, and licensing issues. The NSSS design manager was responsible for the
design of the NSSS. The regulatory conformance manager had the responsibility
of addressing any regulatory concerns and bringing these concerns to the
attention of the project integration manager and PRA and D-RAP program
manager.

The NSSS design engineering organization was the core of the ABB-CE organiza-
tion for RAP and it was responsible for the design of the System 80+ NSSS.
This group developed the NSSS design and drawings with inputs from the

| mechanical, instrumentation and control, reactor, and fluid systems subgroups.
| This organization also developed the PRA models, TS, and some emergency
| operations guidelines (E0Gs).

The PRA and D-RAP program manager was responsible for managing and integrating
the D-RAP program and had direct access to the System 80+ project integration
manager. The PRA and D-RAP program manager was also responsible for keeping
the project integration manager abreast of D-RAP critical items, program

!(Ol
needs, and program status. The PRA and D-RAP program manager had the organi-

| zational freedom to identify 0-RAP problems; he could initiate, recommend, or
provide solutions to problems through designated organizations, verify
implementation of solutions, and function as an integral part of the design
team and final design process.

The PRA and D-RAP program manager was in the ABB-CE's reliability analysis
. services department which performed reliability analyses, risk assessments,
l and PRA. This group reported to the NSSS design manager, through the PRA and
| D-RAP program manager (CESSAR-DC Figure 17.3-1). The PRA input to the D-RAP

and any of the System 80+ reliability analyses were performed in this organi-
zation and were integrated into the System 80+ design.

The staff reviewed CESSAR-DC Section 17.3.5 with respect to the organizational
structure and accountability for implementing D-RAP in the System 80+ design
process. The staff concludes that CESSAR-DC Section 17.3.5 was responsive to
RAI Q4 and DSER Open Item 17.3.6-1 associated with the organizational struc-
ture and accountability for implementing D-RAP in the design process, satis-
fies the staff position for the D-RAP to ensure that the vendor's design

i organization determines that significant design assumptions are realistic and
| achievable as described in SECY-93-087 and as discussed in Section 17.3 of
| this report, and is acceptable.
1

A COL applicant completing its detailed design and equipment selection during
I the COL design phase, must submit its specific D-RAP organization for staff
p review. This is COL Action Item 17.3.5-1.

1
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17.3.6 SSC Identification /Prioritization

In CESSAR-DC Section 17.3.6, ABB-CE states that the PRA prepared for the
System 80+ will be the primary source for identifying risk-significant SSCs
that should be given special consideration during detailed design and procure-
ment phases and should be considered for inclusion in the 0-RAP. The method by
which the PRA is used to identify risk-significant SSCs is described in
CESSAR-DC Section 17.3.6. Table 17.3-4 of the CESSAR-DC gives the sections in
CESSAR-DC where systems and equipment are specified to be included in the
D-RAP. The primary source for the identification of systems and equipment to
be included in the D-RAP is the PRA (Chapter 19 of the CESSAR-DC). It is also
possible that some risk-significant SSCs will be identified from sources other
than the PRA, such as nuclear plant operating experience, other industrial
experience, and relevant component failure data bases.

Section 17.3.6 of the CESSAR-DC contains a description of the analytical
measures used to identify System 80+ risk-significant SSCs; risk achievement
worth (RAW), risk reduction worth (RRW) and fussel-vesely worth (FVW). The
primary analytical measure is the RAW which represents how the core damage
frequency (CDF) would increase if an SSC always failed. RRW is a measure of
how the CDF would be reduced if an SSC had a perfect reliability (i.e., never i

failed). The FVW is a measure of what fraction of the CDF the SSC failure '

contributes. CESSAR-DC Table 17.3-4 contains the locations for the
descriptions, insights, and recommendations that resulted from the application
of the risk-significant analytical measures and deterministic evaluations for

,

internal events, external events, shutdown analysis, and engineering evalua- i

tions. I
1
'

The staff reviewed CESSAR-DC Section 17.3.6 with respect to identifying and
prioritizing risk-significant SSCs for the D-RAP. The staff concludes that |
CESSAR-DC Section 17.3.6 was responsive to the portions of RAI Ql, RAI Q2, i
DSER Open Item 17.3.1.2-1 associated with identifying and prioritizing risk-
significant SSCs for the D-RAP meets the requirement of the applicable
regulation for D-RAP to describe the methodology used to evaluate and priori-
tize risk-significant SSCs as discussed in Section 17.3 of this report, and is
acceptable. Therefore, CESSAR-DC 17.3.6 is acceptable. The staff's review
and evaluation of the PRA methods or techniques to prioritize SSCs are
addressed in Chapter 19 of this report. '

17.3.7 Design Considerations
4

In CESSAR-DC Section 17.3.7, ABB-CE states that the reliability of risk-
significant SSCs, which are identified by the PRA, will be evaluated at the
detailed design stage by appropriate design reviews and reliability analyses.
Current data bases will be used to identify appropriate values for failure
rates of equipment as designed, and these failure rates will be compared with
those used in the PRA. Normally, the failure rates will be similar, but in
some cases they may differ because of recent design or data base changes.
Whenever failure rates of designed risk-significant equipment are signifi-
cantly greater than those assumed in the PRA, an evaluation will be performed
to determine if the equipment is acceptable or if it must be redesigned to
achieve the appropriate reliability.
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For those risk-significant SSCs, as identified by the PRA and other sources,
O) component redesign (including selection of a different component) will be( considered as a way to reduce the contribution to the CDF. If there arev

practical ways to redesign a risk-significant SSC, it will be redesigned and
the change in system fault tree results will be calculated. Following any
redesign, dominant SSC failure modes will be identified so that protection
against such failure modes can be accomplished by appropriate activities
during plant life (see Chapter 19 of this report).

Using the PRA or other design documents, ABB-CE will identify to the COL
applicant the risk-significant SSCs, their associated failure modes and
consequences, and reliability and availability assumptions, including any
pertinent bases and uncertainties considered in the PRA (see Chapter 19 of
this report). ABB-CE will also provide this information for the COL applicant
to consider in developing an 0-RAP to assure that such SSCs can be expected to
function with reliability commensurate with that assumed in the PRA. The COL
applicant can use this information for establishing appropriate reliability
and availability targets and the associated maintenance practices for achiev-
ing them.

I ABB-CE has also stated that a COL applicant shall develop, as part of the
D-RAP and 0-RAP, a life-cycle management plan to aid in the design and
operations activities intended to achieve the design life objectives. The
life-cycle management plan is to be initiated early enough in the design
completion process to (1) aid in the application, selection, and procurement
of components with optimum design life characteristics, and (2) develop an
aging management plan capable of assuring the plant's original design basisp]i throughout its life.

ABB-CE also proposes that the aging management plan include specific compo-
nents and mitigation measures. The aging management plan should be initiated
early in the design process so that adequate provisions for mitigation
measures can be made. In developing the life-cycle management plan, the COL
applicant shall consider the design life requirements prescribed in Section
11.3, " Design Life," of the EPRI Utility Requirements Document and the
insights gained from the Nuclear Plant Aging Research Program (e.g., NUREG/
CR-4731 and NUREG/CR-5314).

The staff reviewed CESSAR-DC Section 17.3.7 with respect to using design
reviews and reliability analyses during the detailed design stage and during
plant operation. The staff concludes that CESSAR-DC Section 17.3.7 was
responsive to the portion of RAI Q1 and DSER Open Item 17.3.1.2-1 associated
with providing a process for evaluating risk-significant SSCs for redesign and
a process for providing information to a COL applicant for establishing appro-
priate reliability targets and the associated maintenance practices for an 0-
RAP. The staff concludes that the life-cycle management plan preoosed by
ABB-CE is consistent with the goals and objectives of RAP. The staff also
concludes that CESSAR-DC Section 17.3.7 meets the requirement of the applica-
ble regulation for D-RAP to describe the methodology used to evaluate and
prioritize risk-significant SSCs as discussed in Section 17.3 of this report,
and is acceptabic. I

A |

( ) I
|w

l

i
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17.3.8 Defining Failure Modes

In CESSAR-DC Section 17.3.8, ABB-CE states that the determination of dominate
failure modes of risk-significant SSCs will include historical information,
analytical models, and existing requirements. Many PWR systems and components
have compiled a significant historical record. For those SSCs for which there
is not an adequate historical basis to identify critical failure modes, an
analytical approach is necessary.

ABB-CE uses the methodology of NUREG/CR-5695, "A Process for Risk-Focused
Maintenance" Section 5, to determine dominant failure modes of risk-
significant SSCs in the D-RAP. The staff reviewed CESSAR-DC Section 17.3.8
with respect to the methodology used to determine dominant failure modes of
risk-significant SSCs in the D-RAP. The staff concludes that CESSAR-DC Sec-
tion 17.3.8 was responsive to the portion of RAI Q1 and DSER Open
Item 17.3.1.2-1, associated with the methodology used to determine dominant
failure modes of risk-significant SSCs in the D-RAP. This information
satisfies the requirement of the applicable regulation for D-RAP to define
failure modes as described in Section 17.3 of this report, and is acceptable.

17.3.9 Operational Reliability Assurance Activities

In CESSAR-DC Section 17.3.9, ABB-CE states that once the dominant failure
modes are determined for risk-significant SSCs, an assessment should be used
to determine suggested 0-RAP activities that will ensure acceptable perfor-
mance during plant life. Such activities may consist of periodic surveillance
inspections or tests, monitoring of SSC performance, or periodic preventive
maintenance. Some SSCs may require a combination of activities to ensure that
their performance is consistent with the PRA.

Periodic testing of SSCs may include startup of standby systems; surveillance
testing of instrument circuits to ensure that they will respond to appropriate
signals; and inspection of passive SSCs to show that they are available to
perform as designed. Performance monitoring, including condition monitoring,
can consist of measurements of output, measurement of magnitude of an impor-
tant variable, and testing for abnormal conditions. Periodic preventive
maintenance (PM) is an activity performed at regular intervals to preclude
problems that could occur before the next PM interval.

Planned maintenance activities should be integrated with regular operating
plans so that they do not disrupt normal operation. Maintenance that will be
performed more frequently than refueling outages must be planned to avoid
disrupting safe operation or causing a reactor scram, engineered safety
feature actuation, or abnormal transient. Maintenance planned for performance
during refueling outages must be conducted in such a way that it will not
adversely affect plant safety.

The staff reviewed CESSAR-DC Section 17.3.9 with respect to the process to
determine operational reliability assurance activities using the dominant
failure modes identified in the D-RAP. The staff concludes that CESSAR-DC
Section 17.3.9 was responsive to the portion of RAI Q2 associated with the
process to determine operational reliability assurance activities using the
dominant failure modes identified in the D-RAP and is acceptable. The COL '

applicant should also incorporate the 0-RAP objectives into existing programs
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e such as maintenance and quality assurance and provide the staff with a '
( description of how these objectives are met at the time of the COL applica-
U tion. This is COL Action Item 17.3.9-1.

|
'

17.3.10 Combined License Applicant's Reliability Assurance Process

In CESSAR-DC Section 17.3.10, ABB-CE states that the 0-RAP that will be
prepared and implemented by the COL applicant should make use of information
submitted by ABB-CE. The information will help the COL applicant determine
activities that should be included in the 0-RAP. Examples of elements that
might be included in an 0-RAP are as follows:

reliability performance monitoring.

reliability methodologya

problem prioritization .

.

root cause analysis=

corrective action determination-
,

corrective action implementationa

corrective action verificationa

plant aging=

feedback to designer*

programmatic interfaces=

maintenance rule (10 CFR 50.65) integrationa

These elements are also defined in CESSAR-DC Section 17.3.10. The COL
applicant will address in its 0-RAP the interfaces with construction, startup
testing, operations, maintenance, engineering, safety, licensing, QA, and

(a procurement of replacement equipment. !

The staff reviewed CESSAR-DC Section 17.3.10 with respect to the COL appli-
cant's reliability assurance program elements and definitions of these
elements. The staff concludes that CESSAR-DC Section 17.3.10 is responsive to
the portion of RAI Q2, RAI Q3, RAI QS, RAI Q6, and DSER Open Item 17.3.3.3-1
associated with the COL applicant's reliability assurance program elements and
program element definitions and is acceptable. The COL applicant will submit
the D-RAP for completion of the detailed design and specific equipment
selection phases (e.g., procurement of risk-significant SSCs). The COL
applicant should also incorporate the 0-RAP objectives into existing programs
such as maintenance and quality assurance and provide the staff with a
description of how these objectives are met. These are included in COL Action
Items 17.3.1-1 and 17.3.9-1 above.

17.3.11 D-RAP Implementation

In CESSAR Section 17.3.11, ABB-CE provided an example of implementation of the
D-RAP for the CCWS. This system was selected as an example because it is not
a front-line safety system but was found in the earlier System 80 PRA to
contain risk-significant components. Using that finding, the D-RAP organiza-
tion described in CESSAR-DC Section 17.3.5, changed the system design for
System 80+. The design change and an::b tical process are described in this
chapter, are presented as a D-RAP example only, and do not necessarily

p correspond to the current System 80+ design.

ABB-CE System 80+ FSER 17-19 June 1994

_ _ _ _ _ _ _ _ _ _ _ .
. .-



:

I

I

!
The staff concludes that the CESSAR-DC Section 17.3.11 example using the CCWS )
satisfactorily demonstrated ABB-CE's understanding of the RAP concept and
their ability to implement it into the design. This information is responsive
to the staff's RAI question, and is acceptable. The process description for l

the implementation of the System 80+ D-RAP by a COL applicant will be reviewed
by the staff at the time a COL application is submitted. ;

17.3.12 Conclusion

The staff has reviewed Section 17.3 of the CESSAk-DC. The staff finds that
the CESSAR-DC satisfies the requirements of the applicable regulation for the
reliability assurance program for the design phase of the System 80+, as
stated above, and is acceptable.

.

l

O

,

O
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O Executive Summary

This chapter describes the staff's final evaluation of the human factors engi-
neering (HFE) specifications presented in Chapter 18 of the ASEA Brown Boveri-
Combustion Engineering (ABB-CE) Standard Safety Analysis Report (CESSAR-DC).
This section also addresses aspects of the training and plant procedures
presented in CESSAR-DC Sections 13.2 and 13.5, as well as additional materials
that ABB-CE submitted related to human factors engineering (HFE).

The staff based its review on current regulatory requirements established in
10 CFR 52.47,10 CFR 50.34(g), and 10 CFR 50.34(f); Standard Review Plan (SRP)
Sections 13 and 18; NUREG-0700, " Guidelines for Control Room Design Reviews,"
and NUREG-0933, "A Prioritization of Generic Safety Issues." The staff also
developed review criteria for aspects of the System 80+ HFE program that were e

-

not fully addressed by these documents. These criteria represent a slightly
modified version of the "HFE Program Review Model and Acceptance Criteria"
(HFE PRM), which the staff forwarded to the Commission in SECY-92-299,
" Development of Design Acceptance Criteria (DAC) for the Advanced Boiling

'

Water Reactor (ABWR) in the Areas of Instrumentation and Controls (I&C) and
Control Room Design," dated August 27, 1992.

The staff conducted its review in two phases. The staff's preliminary review
of early versions of the CESSAR-DC was documented in NUREG-1462, the draft
safety evaluation report (DSER), dated September 1992. The staff then
reviewed DSER issue resolution and further development of the CESSAR-DC. As
part of the final review, the staff modified the HFE PRM identified above for
the evaluation of a design process. The review focused on (1) resolution ofO DSER issues, and (2) evaluation of the ABB-CE documents with respect to the
topics and general criteria of the HFE PRM. The following major topics were
addressed:

human factors engineering program management.

operating experience review !-

functional requirements analysis and allocation.

task analysisa

human / system interface (HSI) designa

plant and emergency operations proceduresa

verification & validation (V&V).

certified design description / inspections, tests, analyses, and accep-.

tance criteria (CDD/ITAAC)

The findings in each area are summarized below.

Human Factors Enaineerina Proaram Manaaement

HFE PRM Element 1, " Human Factors Engineering Program Management," specified
that a formal HFE program should be established to guide HFE activities. The
staff's DSER review of the CESSAR-DC identified several issues related to HFE
PRM Element 1. These were designated as DSER Issues 18.3.1-1, 18.3.2-1, and
18.3.5-1.

O
The ABB-CE human factors engineering program plan (HFPP) and related sections
of the CESSAR-DC developed in response to the staff's DSER issues acceptably
address the criteria in HFE PRM Element 1, and the DSER issues are resolved.
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Although the HFPP does not include procedure development as part of its
technical program, ABB-CE modified the CESSAR-DC to incorporate a COL action
item to address aspects of procedure development that were required by the HFE
PRM. This the COL action item is acceptable, and the issue is resolved.

Doeratina Experience Review

HFE PRM Element 2, " Operating Experience Review," specified that operating
experience should be reviewed. The staff's DSER review of the CESSAR-DC
identified operating experience (OER) review as DSER issue 18.4.

The staff evaluated the original "ABB-CE Operating Experience Review for
System 80+ MMI Design" using the HFE PRM criteria. Overall, the ABB-CE OER
was quite impressive. It showed a detailed review of rany aspects of perti-
nent commercial nuclear power plant experience, and incorporated appropriate
design features into the System 80+ design. Not all aspects of the HFE PRM
were completely addressed. ABB-CE worked with the staff to address the
designated concerns related to areas of operating experience and added items
to the HF issues tracking system for later consideration of incorporation into
the design. This additional work is discussed in a revised OER, which also
better describes how ABB-CE had already incorporated operating experience into
the System 80+ design. The revised ABS-CE OER meets the criteria in the HFE
PRM.

Functional Reauirements Analysis and Allocation

HFE PRM Element 3, " Functional Requirements Analysis," and Element 4,
" Function Allocation," specified that an analysis of functional requirements
and a structured and documented allocation of functions should be conducted.
ABB-CE has stated that full analyses of functional requirements and function
allocation are not necessary because the System 80+ design is an evolution of
the System 80 design that was previously reviewed and approved by the NRC and
has an operating history (at Palo Verde Units 1, 2, and 3). In addition, ABB-
CE has stated that the definition and allocation of functions for the System
80+ design are largely unchanged from that of its predecessor, the System 80
design. The staff agreed, and the HFE PRM criteria were modified accordingly.

ABB-CE's " Human Factors Evaluation and Allocation of System 80+ Functions"
describes the critical functions and the success paths that are responsible
for satisfying the safety functions. This document makes high-level compari-
sons and notes differences between the System 80 and the System 80+ designs.
The ABB-CE document is a useful information source that describes the basic
structure of the System 80+ plant, the operator's role that results from this
basic structure, and the similarities and differences between the System 80+
and System 80 designs with respect to these basic structures and operator's
rol e.

,

Differences in success paths were noted and the follcwing critical safety i

function (CSF) success paths were identified as added: |

rapid depressurization (reactor coolant system (RCS) heat removal=

function)
hydrogen ignitors (containment environment function)-
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the following CSF success paths were identified as modified:

alternate generator (vital auxiliaries function)=

startup feed (RCS heat removal).

No CSF success paths were identified as deleted. ABB-CE has stated that the
identified additions and modifications should impose little difference in the
operator's role in the System 80+ design compared to the System 80 design.

The function allocation analyses provided by ABB-CE in " Human Factors Evalua-
tion and Allocation of System 80+ Functions" were done after much of the
function allocation between personnel and plant systems had been completed for
the System 80+ design. The ABB-CE report thus provided documentation and
justification of the function allocation that had emerged from the System 80+ >

design process, rather than an analysis of an allocation process that was "in
progress." The justifications for function allocations were.found to be
acceptable. Some specific information requirements of the HFE PRM were not
provided in " Human Factors Evaluation and Allocation of System 80+ Functions,"
but were adequately addressed by ABB-CE's task analysis methodology.

In summary, the staff finds ABB-CE's functional requirements analysis and
allocation acceptable based upon the HFE PRM criteria.

Task Analysis

HFE PRM Element 5, " Task Analysis," specified that a task analysis should be
conducted. ABB-CE described its task analysis methodology in Section 18.5 of

(n) the CESSAR-DC and in " System 80+ Function and Task Analysis Final Report"
4

U (dated January 1989, docketed April 8, 1992). This methodology is referred to
in this section as functional task analysis (FTA). In the DSER the staff
identified deficiencies in the scope and depth of analyses provided by ABB-CE.
This was identified as DSER Issue 18.7. In response to this DSER issue, ABB-
CE submitted its proposed revision for CESSAR-DC Section 18.5 (Amendment Q).

The revised methodology, referred to as standard safety analysis report
functional task analysis (SSARFTA), adequately addresses control and display
requirements. The proposed scope of the SSARFTA effort addresses an adequate
range of system failures and plant operating conditions and includes critical
tasks specified in probabilistic risk assessment (PRA). Acceptable categories
of control and display requirements are generated for individual HSI compo-
nents, including device t."-'. range, accuracy, precision, and units of
measure. In addition, the ;sk analysis includes provisions for recording
special support characteri_ .cs necessary for facilitating cperator tasks.

The revised task analysis methodology adequately evaluates performance
requirements imposed on operators, and assesses task loading by determining
whether the time required for task element completion is consistent with the
time available for completion. The criteria for estimating the human perfor-
mance time were revised by ABB-CE as a result of this review, and resulting
criteria are acceptable. Although this methodology adequately evaluated ;

operator performance at the individual task element level, some DSER issues
'

y and HFE PRM criteria regarding communication and coordination between multiple
crew members are not evaluated. However, these concerns are adequately
addressed by ABB-CE's verification and validation program. As a result, the
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staff finds the task analysis methodology acceptable. I

Human / System Interface Desian

HFL PRM Element 6, " Human-System Interface Design," specifies that HFE
principles and criteria should be applied along with other design requirements
to identify, select, and design the particular equipment to be operated /,
maintained, and controlled by plant personnel. Element 6 concerns design
methods, criteria used for making design decisions, interim products such as
standard design features, and the final design. (HFE PRM Element 8, "Verifi-
cation and Validation," provides a detailed review of the final design.)

Issues related to Element 6 were addressed in three major reviews, pertaining
to standard design features; design methods and general characteristics; and
human factors engineering standards, guidelines, and bases (HFESGB). Each of
these distinct phases of the HFE PRM Element 6 review is briefly described
below.

Standard Design Features

lhe standard design features review evaluated important elements of the Nuplex
80+ design, including six standard design features and the integrated process
status overview (IPS0). This review focused on the acceptability of these
features as standard design elements, as described in the CESSAR-DC and other
design basis documents, and as represented in the mockups of the master
control console (MCC) and IPSO. The objective of the review was to determine
the acceptability of the basic design features of the System 80+ advanced
control room, as described in the CESSAR-DC and other design basis documents,
with regard to their consistency with established HF standards, guidelines,
and principles. Further, the control room design was reviewed against
Supplement I to NUREG-0737 requirements for a safety parameter display system
(SPDS).

The staff found that the seven design features addressed by this review are
consistent with HFE design principles and guidelines, and that the HSI design
adequately addressed SPDS criteria. In some cases, specific issues could not
be resolved at this stage of the HSI design. ABB-CE recorded these in the HF
issue tracking system, and has committed to resolve these issues in later
stages of the design and evaluation process.

ABB-CE's design justifications throughout the design features review adhere to
HF guidelines (as presented in ABB-CE's HFESGB document) and subjective
evaluations. The review revealed a hign degree of consistency between the
design and these guidelines. However, some issues regarding human performance
are not directly addressed by available guidelines. ABB-CE's efforts to
evaluate human performance issues during the development of the HSI via System
80+ specific experiments or other analyses that measure human performance have
been very limited. ABB-CE has committed to evaluate issues of human perfor-
mance related to its final, integrated HSI design during its verification and
validation effort. These evaluations will use mockups and simulators. This
effort is addressed by HFE PRM Element 8, " Verification and Validation." In
addition, ABB-CE has committed to evaluate issues related to the alarm system
using a prototype of the discrete indication and alarm system (DIAS) before
verification and validation. Based cn the staff's review of ABB-CE's design
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features and ABB-CE's commitments to evaluate human performance issues in
g\ later stages of the design process, the design features are acceptable,/

b
HSI Design Methods and General Characteristics

The design methods and general characteristics review evaluated

the methods for implementing the display and control requirements,.

selecting hardware and software, and refining design concepts

criteria used to determine control room and control panel arrangements.

including the overall configuration of the main control console and the
position of individual control / display devices within individual panels

general design characteristics that were incorporated into the HSIa

The application of the methods and criteria to the design of the control room,
configuration, RCS panel, and remote shutdown panel as well as, relevant DSER
issues were evaluated in this review. These considerations were evaluated
within the context of the main control room configuration, the presentation of
information on controls and displays, and the layout of panels. Specific
attention was given to the RCS panel and the remote shutdown panel.

The staff found the application of methods, design criteria, and general
design characteristics acceptable. However, the staff identified specific
issues related to concerns information presentation, panel layout, and
configuration. ABB-CE provided responses and commitments via its HF issue

( tracking system to address these issues in later stages of the design process.
L The most significant of ABB-CE's commitments were to provide more detailed

descriptions of the human / system interface to support the following:
:

dati entry tasksa

blocking and tagging tasks via the data processing system (DPS) and the-

DIAS of instrumented and non-instrumented components

operator established alarmsa

component control system (CCS) operator modulea

ABB-CE made additional commitments as a result of the staff's review.

I HFE Standards, Guidelines, and Bases (HFESGB)
!

The HFESGB review evaluates ABB-CE's HFE design criteria used to identify,
select, and design equipment to be operated, maintained, and controlled by
plant personnel with respect to accepted HF guidance and practices. This
review primarily addressed ABB-CE's " Human Factors Engineering Standards,
Guidelines, and Bases for Nuplex 80+," and the technical basis and validity,
level of detail, integration, and procedure for implementation of the stated
design guidelines.

rm
( This review concluded that the HFESGB has an acceptable scope that includes'

( aspects of the HSI, both inside and outside the main control room, that are
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important to safe operation and maintenance of the plant by personnel. The
review also found thr.t the HFESGB includes general design guidance that was
derived from acceptable HF source documents. The guidance provided by the
HFESGB was presented at a level of detail that was appropriate for many of the
design areas addressed. However, in some cases, specific guidance was
lacking with respect to unique areas of the System 80+ HSI design. ABB-CE
committed to include additional guidance in the HFESGB to address these areas.

The review identified a lack of procedures or other guidance for the
systematic implementation of the HFESGB guidelines and standards for the
design of DPS displays. Although procedures for other design activities such
as control room layout and panel layout are well defined in CESSAR-DC, neither
the HFESGB nor the CESSAR-DC provides similar procedures for the application
of HFESGB guidance to the de::ign of DPS displays. ABB-CE addressed this
concern by committing in its HFPP to use a systematic process for display
design. The application of this systematic process can be verified through
documentation showing the results of design reviews, application of FTA
results, and checklists of important characteristics for each display page.

The review revealed some differences between specific design criteria provided
by the HFESGB and design criteria recommended by accepted HF literature.
These were addressed and resolved on a case-by-case basis.

ABB-CE's commitments, in response to this review, adequately resolve the
general concerns of scope, technical basis and validity, level of detail, and
procedure for implementation. On that basis, the HFESGB was found to be a
generally acceptable source of HF guidance for the design of the System 80+
HSI.

Plant and Emeraency Operations Procedures

HFE PRM Element 7, " Plant and Emergency Operations Procedure Development,"
specified that procedures should be developed as part of the HFE effort. The
objective of this review was to ensure that HFE principles and criteria are
applied along with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to use, and validated.
The staff's DSER review of the CESSAR-DC identified DSER Issues 18.9.1,

" Operating Support Information Program," (OSIP), 18.9.2, " Emergency Procedure
Guidelines," and 20.2-3 (Issue I.C.1, ABB-CE committed to modify emergency
operations guidelines (E0Gs) ensuring compatibility with System 80+ design).

Detailed procedure development and validation is identified in the CESSAR-DC
as a COL action item, which will use information that will be provided by ABB-
CE as part of the HFE program. The staff found that ABB-CE's approach to
System 80+ procedure development is acceptable.

Verification and Validation (V&V)

HFE PRM Element 8, " Verification and Validation," specifies that a formal V&V
of the HSI should be performed. The staff's DSER review of the CESSAR-DC
identified DSER Issue 18.10-1, related to HFE PRM Element 8.

The ABB-CE approach to V&V has been reviewed and found acceptable. Although
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p the present V&V plan lacks complete methodological detail, a more detailed

V) implementation plan will be developed following design certification.I

Requirements for the additional detail, addressing staff concerns, are
provided in Appendix B of the plan. This approach is acceptable to the staff,
because V&V details are more appropriately addressed in a detailed implementa-
tion plan, which can best be developed when the design becomes complete.

Certified Desian Description / Inspections. Tests. Analyses. and Acceptance I

Criteria (ITAAC)

The objective of this review was to evaluate the System 80+ main control room
ITAAC, remote shutdown room ITAAC, and control panel ITAAC against the
requirements of 10 CFR Part 52.47(a)(1)(vi).

The staff concluded that the System 80+ HFE design end i:;91ementation pro-
cesses as described in the CDD and CESSAR-DC are acceptable. The Tier 2
commitments described in the System 80+ CESSAR-DC and related (docketed)
documents provide methods and descriptions of the implementation of the Tier 1
requirements. The determination that the plant has been constructed in
accordance with the design certification will require use of the information
contained in both the Tier 1 and Tier 2 documents. The Tier 2 material
contained in the following System 80+ CESSAR-DC sections was used to support
the safety finding with regard to the design and implementation process:

Section 18.5, " Functional Task Analysis"*

Section 18.6, " Control Room Configuration"=

Section 18.7, "Information Presentation and Panel Layout Evaluation"=

.k} Section 18.8, " Control and Monitoring Outside the Main Control Room"*

Section 18.9, " Verification and Validation"-

Per SECY-92-287, any change to commitments by the COL applicant regarding the
above CESSAR-DC sections would involve an unreviewed safety question and,
therefore, would require NRC review and approval before implementation. Any
requested change to the subject CESSAR-DC section commitments shall either be
specifically described in the COL application or submitted for license
amendment after COL issuance.

Conclusions

The staff reviewed the HFE process described by ABB-CE in the CESSAR-DC and
CESSAR-DC-referenced documents. Based on its review, the staff concludes that
the ABB-CE HFE program is acceptable and will result in acceptable HSI designs
for the main control room, remote shutdown system, and related applicable
HSIs. The basic design features of the System 80+ advanced control room were
reviewed and found consistent with HF standards, guidelines, and principles,
and are acceptable for use in the control room. In addition, the staff

concludes that the design commitments and HFE ITAAC and DAC accurately
summarize the minimum HFE requirements for an acceptable design and verifi-
cation / validation of the main control room and remote shutdown room. All
previously identified DSER issues have been adequately addressed and are
resolved.

O
V
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18 HUMAN FACTORS ENGINEERING

This chapter describes the staff's final evaluation the human factors engi-
neering (HFE) specifications presented in Chapter 18 of the ABB-CE CESSAR-DC.
This section also addresses aspects of the training and plant procedures
presented in CESSAR-DC Sections 13.2 and 13.5, as well as additional materials
that ABB-CE submitted related to human factors engineering (HFE). All
materials used in this evaluation are described in the subsections of the
technical review. The staff based its review on current regulatory require-
ments established in 10 CFR 52.47,10 CFR 50.34(g), and 10 CFR 50.34(f); SRP
Sections 13 and 18; NUREG-0700, " Guidelines for Control Room Design Reviews";
and NUREG-0933, "A Prioritization of Generic Safety Issues." The staff also
developed additional review criteria for aspects of the System 80+ HFE program
that were not fully addressed by these documents. These criteria represent a
slightly modified version of the HFE PRM, which the staff forwarded to the
Commission in SECY-92-299, dated August 27, 1992. Section 18.1.3 presents an
overview of the HFE PRM.

The System 80+ standard design includes the Nuplex 80+ advanced control
complex, which is divided into several functional units including the main
control room. Nuplex 80+ consists of numerous interdependent systems such as
the main control panels and remote shutdown panel. CESSAR-DC Section 1.2.6.
provides a detailed discussion of the relationship between Nuplex 80+ and
System 80+.

Section 18.1 of this report describes the methodology used to conduct the
evaluation, including the development of general review criteria that supple-
ment the regulatory requirements and established guidelines. The results
described in Sections 18.2 through 18.10 address the following major topics,
respectively:

human factors engineering program management-

operating experience reviewa

functional requirements analysis and allocation.

task analysis=

human / system interface design*

plant and emergency operating proceduresa

verification and validationa

certified design description / inspections, tests, analyses, and accep-a

tance criteria

Section 18.11 summarizes the evaluation findings and overall conclusions. I

During its initial review of the CESSAR-DC, the staff identified and docu-
mented many outstanding issues in the DSER. One of the major issues to emerge
from the initial review was that detailed HSI information concerning the final
design was not available for staff review as part of the design certification
evaluation. ABB-CE's HSI analysis and design efforts provided a list of ,

standard design features characterized at a general level (not a detailed
specification) and a minimum inventory of fixed safety-significant information
and control requirements derived from an analysis of the EOGs and PRA.
Evaluation of the standard features and the inventory are part of the certifi-
cation review. However, development of standard features is part of an
ongoing design process that has not reached the stage of detailed
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implementations for the control room panels. By themselves, the descriptions
[- of the standard design features do not provide a basis upon which a safety
( determination can be made.

In SECY-92-053, "Use of Design Acceptance Criteria During 10 CFR Part 52
Design Certification Reviews," the staff proposed the use of design acceptance
criteria (DAC) as an approach to the review portions of the System 80+ design
when detailed design information was unavailable due to rapidly changing .

technology. This included HF aspects of the control room and remote shutdown (
station design.

DAC are prescribed limits, parameters, procedures, and attributes upon which
the NRC relied to make a final safety determination to support design certifi-

.

'

cation. The DAC are measurable or testable and must be verified in order for
the staff to accept the final design. DAC delineate the process and require-
ments that a combined license (COL) applicant must implement during the
development of detailed design information for the control room and the remote
shutdown station. A number of conformance review points are specified to
periodically assess the adequacy of the detailed design as it develops.

Because the criteria for review of a design and implementation process were
not clearly defined in current regulations and guidance documents, the staff
developed criteria as part of this review. These criteria provided the basis
to (1) assess whether the appropriate HFE elements are included in the design
and implementation process, (2) identify what materials need to be reviewed
for each element, (3) evaluate the proposed DAC and ITAAC to be used by the
staff to verify each of the review elements, and (4) assess the adequacy ofo\ the DAC and ITAAC developed by ABB-CE.I

d
The staff's design certification evaluation is based partially on design
information and partially on an implementation process plan that describes the
HFE program elements required to develop the key features and inventory into
an acceptable detailed design specification. Along with the design and
implementation process, ABB-CE has provided the necessary DAC and ITAAC to
ensure that the design and implementation processes are properly executed by
the COL applicant. ABB-CE has submitted a design and implementation process
for the major design activities for the System 80+ HFE effort. The staff
specified that the design and implementation process will contain descriptions
of all HF activities (elements) that are necessary and sufficient for the
development and implementation of the System 80+ HSI that will protect the
health and safety of the public.

18.1 General Methcdology

The staff conducted its review in two phases. The staff's preliminary review
of early versions of the CESSAR-DC was documented in NUREG-1462, the DSER,
dated September 1992. Section 18.1.1 summarized this review. The staff then
reviewed DSER issue resolution and further development of the CESSAR-DC. Sec-
tion 18.1.2 describes the scope of this subsequent review. As part of the
final review, the staff modified the HFE PRM for the evaluation of a design
process. Section 18.1.3 describes the model development. The following
sections present the detailed review criteria as they relate to the pre-g

( liminary review and DSER issues, as well as, the final SSAR review, and
( describe the objectives and rationale for development of those criteria.
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18.1.1 Preliminary Review and Draft Safety Evaluation Report Issues

The primary sources of information reviewed by the staff for the DSER were
CESSAR-DC Chapter 18 and ABB-CE's responses to staff requests for additional
information (RAI), designated as Questions (Q)620.1 through Q620.38.

The review focused on the aspects of ABB-CE's HF considerations outlined
above. In addition, the review included ABB-CE's resolution of various safety
issues (unresolved safety issues, generic safety issues, and the construction
permit / manufacturing license rule of 10 CFR 50.34(f)) related to HF consider-
ations addressed in CESSAR-DC Chapters 13 and 18.

From its initial review, the staff concluded that the HF program for the HSI
did not provide sufficient information to support a determination that the
System 80+ design as proposed by ABB-CE for certification would adequately
incorporate accepted HF considerations in a manner that would achieve required
safety and reliability. The staff cited the following principal reasons for
this finding were:

Design bases were specified without supporting rationale.*

A design process was presented in insufficient detail and without*

results. The HSI design requirements were presented without evidence
that they were derived from the design process and without supporting
tests / evaluations.

The documentation did not provide sufficient detail to support the-

review of the System 80+ HF efforts to a level necessary for design
certification.

Specific issues identified as requiring resolution are identified in
| Table 18.1, which also indicates the FSER section which addresses the DSER
' issue.

18.1.2 Final Standard Safety Analysis Report Review

The primary sources of information used for the final review described in this
chapter were CESSAR-DC Chapter 18 and ABB-CE's responses to the DSER issues.
As the DSER issues were resolved, ABB-CE provided much additional documenta-
tion addressing staff concerns. Much of this information was provided in the
form of docketed technical plans and analysis reports. (A complete list of
the materials relied on for preparation of the FSER appears in each of the
review section.i presented below.) The staff's review of these materials, as
well as revis n a to tht CESSAR-DC, gave rise to additional questions which
were resolved through numerous public meetings and documented telephone
conversations between the staff and ABB-CE. The issues raised and their
resolutions are described in detail in the sections below.

In addition to the evaluation of ABB-CE documentation, the design certifica-
tion review was supported by information obtained from on-site reviews
conducted using mockups of the System 80+ control room design and interviews |

'

with operators of System 80 plants.

18.1.3 Development of Review Criteria
j
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18.1.3.1 Objectivesn,

Since all details of the final design were not available for review, certifi-
cation is based partially on the staff's approval of a design and implementa-
tion process plan. In order for ABB-CE's design and implementation process to !

result in an acceptable design, it must contain (1) descriptions of all
required HFE program elements for the design, development, and implementation I

of the System 80+ HSI, and (2) DAC for the reviews under ITAAC.

To review ABB-CE's proposed HFE process, the staff was required to (1) assess
whether all of the appropriate HFE elements were included, (2) identify what
materials needed to be reviewed for each element, and (3) evaluate the
proposed DAC and ITAAC to verify each of the elements. To conduct the review,
the staff identified which aspects of the HSI design process were required to
ensure that HFE safety goals are achieved, and identified the review criteria
by which each element can be assessed. Review criteria independent of those
provided by ABB-CE were required to ensure that ABB-CE's plan reflects
currently accepted HFE practices and is thorough, complete, and workable. To

,

support such a review, the staff developed a technical basis for review of the'

HS1 design process. The following specific objectives guided this effort:

, (1) Develop an HFE PRM to serve as a technical basis for the review of the 1

| process proposed by ABB-CE for certification. The model needed to be
1 (a) based on currently accepted HFE practices, (b) well-defined, and

(c) validated through experience with the development of complex, high-
reliability systems.

,

i

[m) (2) Identify the HFE elements in a system development, design, and evalua-'

'N > tion process that are necessary and sufficient requisites to successful
integration of the human component in complex systems.

(3) Identify which aspects of each HFE element are key to a safety review
and are required in order to monitor the process implementation.

(4) Specify the acceptance criteria by which HFE elements can be evaluated
as design development progresses.

18.1.3.2 HFE PRM Development
|

| The staff reviewed current HFE guidance and practices described in a wide
range of nuclear and non-nuclear industry cocuments to identify important HFPP
elements relevant to a design process review. A generic systems development, !

design, and evaluation process was defined with eight key HFE elements that
included criteria by which they could be assessed. This is referred to as the
HFE PRM, which was based largely on applied general systems theory and the
Department of Defense (D00) systems development process (which is rooted in
systems theory). Applied general systems theory provides a broad approach to
system design and development, based on a series of clearly defined develop-
mental steps, each with clearly defined goals and specific management pro-
cesses to attain them. Systems engineering has been defined as "the manage-
ment function which controls the total system development effort for the;

| g)\
%-

|
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purpose of achieving an optimum balance of all system elements. It is a

process which transforms an operational need into a description of system
parameters and integrates those parameters to optimize the overall system
effectiveness" (Kockler, F. et al . ,1990) .

Use of the D0D systems development process and procedure as an input to the
development of the HFE PRM was based on several factors. D00 policy identi-
fies personnel as a specific component of the total system. A systems
approach implies that all system components (hardware, software, personnel,
support, procedures, and training) are given adequate consideration in the
developmental process. A basic assumption is that the personnel component
receives serious consideration from the very beginning of the design process.
In addition, the D0D, compared with non-military system developers, has the
most experience in applying HFE to the development of complex, technical
systems; thus, its process is evolved and formalized, and it represents the
most highly developed and well-defined model of the HFE process available.

Within the D00 approach, the development of a complex system begins with the
mission or purpose of the system and the capability requirements needed to
satisfy mission objectives. Systems engineering is essential in the earliest
planning period to develop the system concept and to define the system
requirements. During the detailed design of the system, systems engineering
ensures

balanced influence of all required design specialties-

resolution of interface problemsa

effective conduct of trade-off analyses*

effective conduct of design reviews-

verification and validation of system performancea

The effective integration of HFE considerations into the design is accom-
plished by providing (1) a structured top-down system development approac5
that is iterative, integrative, and interdisciplinary, and (2) a management
structure that details the HFE considerations in each step of the overall
process. A structured top-down approach to nuclear power plant (NPP) HFE is
consistent with the approach to new control room design, as described in
Appendix B to NUREG-0700 and the more recent internationally accepted industry
standard, International Electrotechnical Commission 964, " International
Standard: Design for Control Rooms of Nuclear Power Plants," for advanced
control room design. The approach is also consistent with the recognition
that HF issues and problems emerge throughout the NPP design and evaluation
process; therefore, HF issues are best addressed with a comprehensive top-down
program.

The scope of the HFE PRM excluded a training program development element,
because training is adequately addressed by existing NRC requirements. In
addition, human reliability analysis was excluded and is addressed in Chapter
19 of this report.

:

NRC HFE requirements of 10 CFR 50.34(f)(2)(iii) were incorporated into the HFE
PRM, as required by 10 CFR 52.47(a)(1)(ii).

18.1.3.3 Model Description

i
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The model is intended as the programmatic approach to achieving a design
commitment to HFE. The overall commitment and scope of the HFE effort can be
stated as follows: HSIs shall be provided for the operation, maintenance,
test, and inspection of the System 80+ that reflect " state-of-the-art human
factors principles" (10 CFR 50.34(f)(2)(iii)) as required by 10 CFR
52.47(a)(1)(ii). For the purposes of the model development " state-of-the-art"
HF principles were defined as those principles currently accepted by human
factors practitioners. " Current" is defined with reference to the time at

| which this model was developed. " Accepted" is defined as a practice, method,
or guide that is (1) documented in the HF literature within a standard orI

guidance document that has undergone a peer-review process and/or (2) justi-
fied through scientific / industry analysis, design, and evaluation practices.

All aspects of HSI will be developed, designed, and evaluated on the basis of
a structured top-down system analysis using accepted HFE principles based on
current HFE practices. HSI is used here in the very broad sense and shall
include all operations, maintenance, testing, and inspection interfaces and
procedures materials.

The model developed to achieve th.is commitment contains the following eight
elements:

Element I human factors engineering program management*

Element 2 operating experience review*

Element 3 system functional requirements analysis=

Element 4 allocation of function*

task analysis

O **
Element 5a

Element 6 human / system interface design
Element 7 plant and emergency operations procedure development
Element 8 human factors verification and validation=

Element 1 Human Factors Enaineerina Procram Manaaement

To ensure the integration of HFE into system development and the achievement
of the goals of the HFE effort, an HFE design team and an HFE program plan
shall be established to ensure the proper development, execution, oversight,

| and documentation of the HFE program. As part of the program plan, an HFE
l issue tracking system (to document and track HFE related problems, concerns, 1

I and issues and their solutions throughout the HFE program) will be estab- |
lished. The HFE issue tracking system was used in the evaluations (Sections '

18.2 through 18.8 of this report) as a mechanism to log specific design
issues.

Element 2 Operatina Experience Review

The accident at Three Mile Island (TMI) in 1979 and other reactor incidents
have illustrated significant problems in the actual design and design philo-
sophy of NPP HSIs. Many studies have been conducted as a result of these
incidents. Utilities have implemented both-NRC-mandated changes and addi-
tional improvements on their own initiative. However, the changes were formed
on the basis of the constraints associated with backfits to existing control
rooms (CRs) using early 1980s technology, which limited the scope of correc-( tive actions that might have been considered that is, more effective changes

g can be made in a new CR with the modern technology typical of advanced CRs).
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|

l

Problems and issues encountered in similar systems of previous designs will be i

identified and analyzed so that they are avoided in the development of the
current system or, in the case of positive features, to ensure their reten-
tion. ;

1
Element 3 System Functional Reauirements Analysis

System requirements shall be analyzed to identify functions that must be
performed to satisfy the objectives of each functional area. System function
analysis shall (1) determine the objectives, performance requirements, and
constraints of the design, and (2) establish the functions that must be
accomplished to meet these objectives and requirements.

Element 4 Allocation of Function

Functions shall be allocated to take advantage of human strengths and avoid
the effects of human limitations. To ensure that function allocation is
conducted according to accepted HFE principles, a structured and well-docu-
mented methodology of allocating functions to personnel, system elements, and
personnel-system combinations shall be developed.

Element 5 Task Analysis

Task analysis shall provide the systematic study of the behavioral require-
ments of the tasks the personnel subsystem required to perform in order to
achieve the allocated functions. The task analysis shall fulfill the follow-
ing objectives:

Provide one of the bases for making design decisions (for example,-

determining before hardware fabrication, to the extent practicable,
whether system performance requirements can be met by combinations of

( anticipated equipment, software, and personnel),
l

Ensure that human performance requirements do not exceed human capabili-=

ties.

Be used as basic information for developing procedures, staffing, skill,=

training, and communication requirements of the system.

Form the basis for specifying the requirements for the displays, data=

processing, and controls needed to carry out tasks.

Element 6 Human / System Interface Desian

Human engineering principles and criteria shall be applied along with all
other design requirements to identify, select, and design the particular
equipment to be operated, maintained, and controlled by plant personnel.

Element 7 Plant and Emeroency Operatina Procedure Development

Plant and emergency operating procedures (E0Ps) shall be developed to support
and guide human interaction with plant systems and to control plant-related
events and activities. Human engineering principles and criteria as well as
other design requirements shall be applied to develop technically accurate,
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comprehensive, explicit, easy to use, and validated procedures. The following
fm

\ types of procedures are covered in element 7:(b
normal plant and system operations (including startup, power, and=

shutdown operations)

abnormal and emergency operations=

alarm responsee

Element 8 Human Factors Verification and Validation (V&V)

Successful incorporation of HFE into the final HSI design and the accept-
ability of the resulting HSI, shall be thoroughly evaluated as an integrated
system using HFE evaluation procedures, guidelines, standards, and principles.

18.2 Human Factors Engineering Program

The NRC HFE PRM for advanced evolutionary reactors specifies that a fcrmal HFE
program (Element 1) should be established to guide HFE activities. The
staff's DSER review of the CESSAR-DC identified several issues related to HFE
PRM Element 1. These were designated as DSER Issues 18.3.1-1, 18.3.2-1, and
18.3.5-1.

The HFE PRM was developed assuming that an HFE program plan would be developed
at the beginning of the HFE effort. However, ABB-CE had already completed

p significant HFE analysis and design activities (before the HFE PRM was
i developed). It was therefore considered appropriate to modify some of the;d details of the HFE PRM Element I criteria to accommodate completed activities,'

as long as the substantive contributions of HFE activities to plant safety
were not compromised (so that the intent of the HFE program elements is
accomplished, even though some differences may exist between specific HFE PRM
criteria and ABB-CE activities).

18.2.1 Objective

The objective of this review is to evaluate ABB-CE's efforts related to HFE
PRM Element 1 Human Factors Engineering Program Management.

18.2.2 Methodology

18.2.2.1 Material Reviewed

The following ABB-CE documents were used in this review:

CESSAR-DC Section 18.2, " Design Team Organization and Responsibilities."*

CESSAR-DC Section 18.4.2, " Human Factors Program Plan," and Reference 4.

of Section 18.4, " Human Factors Program Plan for the System 80+ Standard
Plant Design" (NPX80-IC-DP790-01, Rev. 02, September 29,1993), hereaf-
ter referred to as the HFPP.

18.2.2.2 Review Scope

i

I
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This review focused on (1) resolution of DSER issues, and (2) evaluation of
ABB-CE documents with respect to the topics and general criteria of the HFE
PRM. Table 18.2 provides a " compliance matrix," which includes a cross-
reference between review items and the pertinent sections of the HFPP. As
indicated in the introduction, absolute adherence to the HFE PRM was not
considered mandatory. Differences in approach would be acceptable, provided
that (1) the program can still meet the HFE commitment and goals, (2) the
difference between the proposed criteria and those contained in the HFE PRM
are adequately justified, and (3) there is no adverse impact on other program
elements.

The System 80+ plant and CR design is quite far along, and there is a consid-
erable amount of actual design material available. ABB-CE has included such
design information along with the HFE program description. Hence, the scope
of the documents reviewed goes beyond the " submittal requirements" of the HFE
PRM. Because the review was model driven, those portions of the documents
that were within the scope of the HFE PRM were reviewed. Portions of the HFPP
that address design feature justification (HFPP Section 3, for example) were
not reviewed.

|

18.2.2.3 Review Procedure

The review began following the identification of DSER issues. A draft HFPP
responding to DSER issues related to HFE PRM Element I was submitted to the
review team in October 1992. A draft HFPP evaluation providing preliminary
questions and raising points of clarification was prepared in November 1992.
A meeting was then held with ABB-CE in November 1992, to discuss these review
comments, and a telephone conference in early December clarified the
reviewers' comments. The HFPP was revised following these discussions, and
the review of the revised HFPP is the subject of this FSER.

The following materials were consulted as part of the evaluation:

HFE PRM, forwarded to the Commission in SECY-92-299, dated August 27,-

1992.

Public meeting minutes from September 10 and 11, 1992, meetings between-

NRC and ABB-CE.

Technical Evaluation Report, " System 80 Operating Experience Issues-

Based Upon Interviews with System 80 Operators," BNL Technical Report
E2090-T2-4-3/93, J. O'Hara and W. Luckas, Jr., March 29, 1993 (BNL TER).

U.S. Nuclear Regulatory Commission (1992), " Draft Safety Evaluation=

Report" (NUREG-1492), Washington, D.C.

O
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18.2.3 Results-

18.2.3.1 DSER Review

18.2.3.1.1 DSER Issues

The staff's initial review of this element identified the following DSER
issues:

18.3.1-1 Human Factors Engineering Program=

18.3.2-1 HFE Program Milestones and Task Schedules*

18.3.5-1 Design Goals=

At the public meeting on September 10 and 11, 1992, ABB-CE agreed to address
the DSER issues by developing an HFE HFPP which fulfilled the following
requirements:

Address the human-centered design goals of HFE PRM criterion 1,and-

specify how the goals will be evaluated throughout the design process,
including the V&V effort.

Provide in the plan a schedule for tests and evaluation that (1) shows*

the relationship between the HF act.ivities and the overall plant design
process, and identifies the HFE products associated with the milestones.

18.2.3.1.2 DSER Issue Resolution

item a: Address the human-centered design goals of HFE PRM criterion 1, and
d specify how the goals will be evaluated throughout the design process,

including the V&V effort.

Evaluation: This item is resolved in Section 18.2.3.2.2, "Overall HFE Program
Goals and Objectives," below.

Item b: Provide in the plan a schedule for tests and evaluation that
(1) shows the relationship between the HF activities and the overall plant
design process, and identifies the HFE products associated with the mile-
stones.

Evaluation: This item is resolved in Section 18.2.3.2.2, "HFE Program )
Milestones," below.

18.2.3.2 HFE PRM Criteria-Based Evaluation
|

18.2.3.2.1 General Purpose, Scope, and Organization

Criterion: The HFE PRM specifies that the HFPP should address the overall
purpose and organization of the HFPP.

Evaluation:

1. Purpose - The plan generally encompasses the topics identified in the(p) HFE PRM and provides additional information by including overviews of
completed analyses and design justification and bases for proposedv
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design features. The additional information is not reviewed in this
section (but will be reviewed in conjunction with the appropriate HFE
PRM element reviews in the remaining sections of this chapter which
address the technical details of the HFE program). j

2. Scope - There is a one-to-one relationship between the main body of the ,

plan description and the program element descriptions in Appendix A of
the HFPP. The main body of the plan contains a description of the i

completed HFE activities to date and plans for future HFE activities
performed as the design proceeds. Appendix A provides detailed goals, j

requirements, and criteria for these future HFE activities.

A formal procedure element is explicitly excluded from the plan. ABB-CE
states that detailed procedure development is a licensee activity (as
described in CESSAR-DC Section 13.5). ABB-CE will prepare procedure
guidelines as technical input to the licensee. Because this guidance ,

will focus on content rather than format, it is not covered in the HFE |
program. Therefore, there is no element in the ABB-CE requirements
document that corresponds to HFE PRM Element 7. The acceptability of

,

'

this omission is evaluated in FSER Section 18.2.3.2.4.

3. Oraanization - The HFPP describes the HFE design team and the management
structure for the HFE effort. The plan also provides a clear descrip-
tion of the overall technical program and its relationship to completed
activities and planned analyses. No issues concerning HFPP organization
were identified.

The applicant's plan acceptably addresses the overall purpose and organization
of the plan. Hence, this criterion is satisfied.

18.2.3.2.2 Overall HFE Program Goals and Objectives

Criterion: The primary goal of the HFE program is to develop an HSI that
makes possible safe, efficient, and reliable operator performance, and that
satisfies all regulatory requirements stated in 10 CFR. The general goals of
this program are " human-centered." As the HFE program develops, these goals
will be objectively defined and shall serve as criteria for testing and
evaluation activities. Generic " human-centered" HFE design goals are listed
in General Criterion 1 of the HFE PRM.

|

Evaluation: Further discussion of the general goals was a provision of the
public meeting on September 10 and 11, 1992, concerning DSER issue resolution
(see Item "a" under Section 18.2.3.1.2, "DSER Issue Resolution," above). The

design philosophy and subsidiary " philosophies" appear to reflect a reasonable
and acceptable set of high-level design goals that are generally consistent
with the HFE PRM.

The staff concludes that the HFPP is acceptable and establishes the commitment
to evaluate human-centered goals as part of ABB-CE's HFE evaluations. Hence,
this criterion is satisfied.

18.2.3.2.3 Program Management and Organization

18.2.3.2.3.1 HSI Design Team
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Criteria: The HFE PRM provides criteria related to the organizational,m
) responsibility and expertise of the HFE design team which conducts the HFE(V The HSI design team should have the responsibility, authority,program.

placement within the organization, and composition to ensure that the design i

commitment to HFE is achieved. The team should be responsible for such
activities as developing HFE plans and procedures; the oversight and review of
all HFE design, development, test, and evaluation efforts; initiating,
recommending, and solving HFE problems identified during the design and
implementation of human / system interfaces; verifying the implementation of 1

'

team recommendations; assuring that HFE activities comply with HFE plans and
procedures; and scheduling activities and milestones. The team should have the
authority and organizational freedom to ensure that it controls its areas of
responsibility and is able to identify problems in the implementation of the
HSI design.

I
The HSI design team should include, at a minimum, the following areas of |

Iexpertise: technical project management, systems engineering, nuclear engi-
neering, instrument and control engineering, architectural engineering, human
factors engineering, nuclear power plant operations, computer systems / software
engineering, nuclear power plant procedures development, training program
development, system safety engineering, and reliability, availability,
maintainability, and inspectability (RAMI) engineering.

;
!

j Evaluation: The HSI design team is described in CESSAR Section 18.2, " Design )
l

| Team Organization and Responsibilities." The applicant's description of the
HSI design team complies with the criteria stated above with the exceptions
discussed below.p)

\U In CESSAR Section 18.2.2, "Nuplex 80+ Design Review Team," the applicant
explains how HFE design decisions are made through design review meetings.
However, the applicant did not adequately described the process that manage-
ment uses to make decisions on HFE issues. Also missing was an explanation of
how the HSI Design Team was involved in the decision-making process. The
tools and techniques (e.g., review forms, project review meetings, documen-
tation) the HSI Design Team uses to carry out their responsibilities was not
been included as part of the description of the HSI Design Team with the
exception of an explanation of " boiler room meetings."

The applicant's letter of July 31, 1992, " System 80 Human Factors Engineering
team description and markup of Part II Human Factors Criteria," described the
process that management uses to make decisions regarding HFE issues indicating
that the majority of decisions are made at the technical level and resolved
through review and consensus at review meetings. Decisions that cannot be
resolved are brought to the attention of management for them to resolve.
Further, the applicant indicated that an external design review team reviews
design developments and the work of the HSI Design Team. Specifically, the
external team reviews documents and the results of meetings produced by the
Team. This process acceptably addresses the staff's concern.

The applicant's letter of July 31, 1992, " System 80 Human Factors Engineering
team description and markup of Part II Human Factors Criteria," indicated that
the HSI Design Team uses project documents as the primary tool to accomplishp] their work. These include plans, system descriptions, human factors s % C rds!

L and guidelines, verification reports, task analysis reports, and panel desirn
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reports. The applicant reported that other tools include design review
meetings results that are documented through internal memoranda and the
computerized tracking of open issues system which includes human factors
efforts. The staff finds the information provided by ABB-CE regarding tools
and techniques used by the HSI Design Team is acceptable.

,

In CESSAR Section 18.2, " Design Team Organization and Responsibilities," and
Paragraph 1.2.1, " Organization of Design Team," of the Human Factors Engineer- ,

ing Program Plan of February 21, 1992, " Description of Human Factors Program
for the System 80 standard plant design," the applicant describes the composi-
tion and general qualifications of the HSI Design Team. However, the appli- |

cant had not provided job descriptions of the team's members nor identified |

key personnel and their qualifications related to the their areas of expertise '

and their responsibilities on the team. In addition, it was not clear how the
following expertise was integrated into the team: systems engineering, ;

architectural engineering, nuclear power plant procedures development, train-
ing, systems safety engineering, and RAMI engineering.

fThe applicant's letter of July 31, 1992, " System 80 Human Factors Engineering
team description and markup of Part II Human Factors Criteria," provided job |
descriptions for the following HSI Design Team members: Manager, Advanced |
Reactor Instrumentation and Control (I&C); Technical Supervisor, Control i

Complex Engineering; Consulting Engineer, HFE (I&C Department); Lead Engineer,
HFE (Services Department); Senior Engineer, HFE (Services Department);
Consulting Engineer, I&C; Lead Engineer, I&C/HF; Lead Engineer, I&C/HF/0perat-
ions; Consulting Engineer, I&C/ Operations; Technical Supervisor, I&C; Consult-
ing Engineer, I&C; and A/E Liaison and Operations Expert, Duke Engineering and

i Services. The applicant has satisfactorily described the jobs of the HSI'

Design Team members, and identified key personnel and their qualifications
regarding their areas of expertise and responsibilities on the Team. |

1

In the letter of July 31, 1992, the application indicated that the HSI Design
Team possesses the following technical expertise; systems engineering, ,

architectural engineering, nuclear power plant procedures development,
personnel training / systems approach to training, systems safety engineering,
and RAMI engineering. Previously, in CESSAR Section 18.2.2 and the letter |
of February 21, 1992, the applicant documented the Team possesses the follow- (
ing areas of expertise: technical project management, nuclear engineering,
I&C engineering, HF engineering, nuclear power plant operations and computer
systems / software engineering. Based on a review of these descriptions, the
staff finds that the applicant has the appropriate expertise.

The criteria related to the HFE Design Team are satisfied.
'

18.2.3.2.3.2 Integration of HFE and Other Plant Design Activities

Criterion: According to the HFE PRM, the HFPP should identify integrated
design activities.

Evaluation: Based upon the HFPP description, HFE is well integrated into the
design process. There are three mechanisms for this integration. First, the

design process shows HFE analyses and evaluations throughout the HSI design
cycle. Figures 1.3-1 through 1.3-6 of the HFPP illustrate the relationship

J
between HFE structured analyses and the system design. Second, there has been i

!
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active involvement of HFE specialists in the multi-disciplinary design team. !

) Third, HFE activities are part of design review meetings. Hence, this |
m

[V criterion is satisfied. ,

1

18.2.3.2.3.3 HFE Program Milestones

Criterion: According to the HFE PRM, the HFPP should identify HFE milestones
and provide a program schedule.

Evaluation: Further discussion of the schedule and milestones was a provision
of the public meeting on September 10 and 11, 1992, DSER issue resolution (see
Item "b" under Section 18.2.3.1.2 "DSER Issue Resolution," above).

Generic HFE activities are described in Figure (s) 1.3-2 through 1.3-6 of the
HFPP, which depict the flow of HFE efforts in terms of parallel and serial
activities and interdependencies. Milestones and general documentation
outputs are also illustrated in these figures. These figures provide a clear
overview of the overall program and its products. Hence, this criterion is

satisfied.

18.2.3.2.3.4 HFE Documentation

Criterion: According to the HFE PRM, the following items were expected for
each element:

Implementation Plan*

Analysis Report*n
Design Team Review Report( *

Evaluation: Section 1.3.2 of the HFPP provides a list of HFE products, but
several items specified by the HFE PRM are not on the list:

Implementation plans for Elements 2 through 4. This is acceptable*

because ABB-CE's efforts in these areas are well underway (or in some
cases essentially complete). Since the purpose of an implementation
plan review is to review methodology, CE incorporated a description of
their detailed methodology for conducting Element 2 to 4 in their
submittals for those elements. These submittals were reviewed by the
staff in FSER Sections 18.3, 18.4, and 18.5 respectively.

Procedure development reports. This is addressed in Section 18.7 of*

this report.

All reports of the design review evaluations. The reviewers were unsure*

of the function of the design review meetings (DRM) with respect to the
HFE PRM. DRMs are an important aspect of any design effort and are
commonly applied by most, if not all, developers of complex systems. In
ABB-CE's HFPP, the DRM are also intended as the approach to satisfy |

design team reviews of technical HFE program products (as identified in 1

the HFE PRM). The reviewers did not think that the approach meets the !
HFE PRM requirements of formal HFE product reviews or design review l

e reports. At the public meeting between ABB-CE and the staff on November 1

19, 1992, ABB-CE stated that a document review process is used but not I(v) formally documented. ABB-CE agreed to provide additional information |
4
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about the HFE product review process. The documentation of these
reviews was requested to ensure the interdisciplinary review of all HFE
efforts, and was provided on pages A-18 and A-19 of the HFPP. The plan
states that " analysis reports will be subject to a formal interdisci-
plinary review and comment resolution process." This acceptably
addresses the staff's concern, therefore, this criterion is satisfied.

18.2.3.2.3.5 HFE in Subcontractor Efforts

Criterion: The HFE PRM specifies that HFE in subcontractor efforts should
fulfill the following requirements:

Provide a copy of the HFE requirements proposed for inclusion in each.

subcontract.

,

Describe the manner in which the designer proposes to monitor the.

l subcontractor's compliance with HFE requirements.

Evaluation: In CESSAR, Section 18.2.1, "Nuplex 80+ Design Team," and in the
Human Factors Engineering Program Plan of February 21, 1992, the applicant
indicates in Paragraph 1.2.1.3, " Human Factors Efforts by Subcontractors,"
that Duke Engineering and Services (DE&S) is a subcontractor for "some balance
of plant work relating to the man-machine interface for System 80+..." The
staff's determined that HFE input to the work performed by DE&S occurs after,
rather than during, the actual panel design and is performed as a review
function by ABB-CE HFE, specialists, although ABB-CE stated that it retains
final design authority, review, and responsibility for the work performed by
Duke. The staff believes that human factors should be integrated throughout
the production process used by subcontractors and not only for review as
project milestones are achieved. The staff, therefore, found that the
applicant's approach was not appropriate for future human factors efforts by
subcontractors. The staff requested that the applicant (1) reconsider
its present approach to reviewing products produced by subcontractors or
(2) provide a justification that ensures subsequent products will reflect the
full application of human factors in the design.

The applicant noted in its submittal of May 22, 1992, that the HFE Standards
are part of the Human Factors Program Plan for System 80+. Further, the

applicant stated in Section 1.2, " Applicability" of the HFE Standards of
May 22, 1992: "The contents of the HFE Standards and Guidelines Document
apply, as appropriate, to all System 8C+ system and equipment designs built
by ABB Combustion Engineering and its subcontractors..."

The staff finds that this infortation satisfactorily responds to the staff's
concerns regarding HFE input to work by subcontractors. Hence, this criterion

is satisfied.

18.2.3.2.3.6 Literature and Current Practices Review

Criterion: HFE PRM General Criterion 2 identifies acceptable references upon I

which an HFE program can be developed. !

Evaluation: HFPP Appendix A indicates that the HFPP and related criteria were
based upon a review of 15 source documents. These include many of the same
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sources used as technical bases of the HFE PRM. Hence, this criterion is(q,

) satisfied.
LJ

18.2.3.2.3.7 HFE Issues Tracking System

Criterion: The HFE PRM identifies an human factors issues tracking system.
The method used for the tracking system should document and track human
factors engineering issues and concerns from the time they are identified
until they have been eliminated or reduced to a level acceptable to the
applicant's multidisciplinary review team. Each issue identified to qualify

for tracking should be documented along with the action taken to reduce or
eliminate the issue / concern, and the final resolution should also be docu-
mented in detail (e.g., person accepting, date).

Evaluation: In a letter of May 8, 1992, the applicant identified an HFE
issues tracking system as a part of the Human Factors Engineering Program
Management Plan. In its submittal, the applicant described an I&C department
comment-resolution tracking system that is used to assure future implementa-
tion of open items identified during the design process. The applicant agreed
to include a dedicated segment for tracking human factors issues; the system
will become a long-term, full-scope tracking method. The applicant has
described a tracking system that satisfies the criterion for a human factors
issues tracking system. This system was implemented and entries in it were
verified by the staff for adherence to the criteria. Hence, this criterion is
satisfied.

p 18.2.3.2.4 Technical Program

s'J Criterion: Identify and describe the development of implementation plans,
analyses, and the evaluation and verification of

operating experience review.

system functional requirements development.

allocation of function.

task analysisa

interface design=

plant and emergency operating procedure developmenta

HF verification and validation.

Evaluation: ABB-CE's HFE program is organized into the following eight
components:

Element I human factors engineering program management.

Element 2 incorporation of industry experience.

Element 3 evaluation and allocation of system functions.

Element 4 task analysis.

Element 5 man-machine interface design.

Element 6 availability verification.

Element 7 suitability verification.

Element 8 validation of ensemble,.

Table 18.3 shows the general relationship between the HFE PRM and ABB-CE model(o components. ABB-CE's technical program described in the HFPP is reviewedl
d using HFE PRM criterion to verify the incorporation of essential HFE elements.
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A detailed review of each technical HFE element is provided in the remaining
sections of this FSER. Table 18.3 shows the FSER section in which the
technical details of each element are reviewed.

The ABB-CE HFE technical program plan acceptably contains all but one of the
main components of the HFE PRM. The absence of a procedures element component
is discussed below.

Procedure development was defined in the HFE PRM as one of eight fundamental
elements of an HFE program. Along with other HFE program elements, procedure
development contributes to the successful integration of plant personnel and
systems, thereby supporting public health and safety. ABB-CE has not included
detailed procedure development as part of the System 80+ HFE program.

This o'rersight raised two concerns related to (1) the incorporation of
procecure development into the HFE development process to ensure procedures
that reflected HFE considerations, and (2) system validation with the final
design including procedures. Both concerns have been resolved. The detailed

,

I evaluation of these resolutions can be found in FSER Sections 18.7 and 18.8,
| respectively. To summarize, ABB-CE has committed to include procedure

( development as COL Action Item 13.5.1, Plant Operating Procedure (P0P)
| Development Plan in the CESSAR-DC. ABB-CE will develop the technical informa-
l tion required to serve as a basis for detailed procedure development as part

of the HFE process, and this information will be provided to the COL appli-
cant. This COL action item is acceptable.

With respect to impact on validation, ABB-CE included in the CESSAR-DC, a
requirement in COL Action Item 13.5.1, POP Development Plan, for the COL
applicant or holder to perform a POP validation effort that demonstrates the
acceptability of the completed procedures. CESSAR-DC Section 18.9.3, "Valida-
tion," was then modified to break validation into two phases. Section
18.9.3.1, Design Validation, addresses validation of the entire HSI without
final procedures. CESSAR-DC Section 18.9.3.2, " Operating Ensemble Validation
Plan," and HFE V&V Plan Section 6.3.4.4, Operating Ensemble Validation
Activities, address the " final" validation of the HSI after the final proce-
dures have been completed. Operating ensemble validation requirements are
addressed in CESSAR-DC Section 18.9.3.2. This validation, which will be

performed by the COL applicant, will ensure that trained operators using
final, plant-specific procedures in the as-built CR form an effective operat-
ing ensemble , this two-phased validation approach and associated COL action
item are found acceptable, therefore, this criterion is satisfied,

l

| 18.2.4 Findings

The ABB-CE HFPP and related sections of the CESSAR-DC acceptably address the
requirements of HFE PRM Element 1, " Human Factors Engineering Program Manage-
ment." While the HFPP did not include procedure development as part of its
technical program, ABB-CE has modified the CESSAR-DC to incorporate a COL
action item to address aspects of procedure development that were required by
the HFE PRM but not addressed in the ABB-CE's HF program. Therefore, the
criteria of HFE PRM Element I are acceptably met, and this COL action item is
acceptable.

18.3 Operating Experience Review
|

!
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The HFE PRM specified that an OER (Element 2) should be performed. The,m
t staff's DSER review of the CESSAR-DC identified OER as DSER Issue 18.4. Afterb) the DSER was issued, ABB-CE issued its OER in December 1992. The staff

reviewed this document and identified a number of issues. These were resolved i

during an iterative review process, and a revised OER was issued in June 1993. |
1

'

18.3.1 Objectives

The objective of the OER evaluation was to assess ABB-CE's efforts related to
HFE PRM Element 2, " Operating Experience Review."

18.3.2 Methodology

18.3.2.1 Material Reviewed

The following ABB-CE documents were used in this evaluation:

Reference 1 of CESSAR-DC Section 18.4, " Operating Experience Review for-

System 80+ MMI Design" (NPX80-IC-RR790-01, Rev. 01, June 9, 1993).

Reference 1 of CESSAR-DC Section 18.6, " Human Factors Engineering=

Standards, Guidelines, and Bases for System 80+" (NPX80-IC-DR-791-02,
Rev. 00, September 15, 1993).

Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for-

the System 80+ Standard Plant Design" (NPX80-IC-DP790-01, Rev. 02,
September 29, 1993).

G CESSAR-DC Chapter 17, Appendix A, " Closure of Unresolved and Generic*

Safety Issues through Amendment Q," June 30, 1993.

Reference 1 of CESSAR-DC Section 18.10, LD-92-076, " System 80+ Shutdown*

Risk Report, Revision 1," Attachment " System 80+ Shutdown Risk Evalua-
tion Report" (DCTR 10, Draft, June 15,1992), ABB-CE letter dated June
16, 1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human=

Factors Documentation Submittal," Attachment 2, "Nuplex 80+ Compliance
with NUREG-0737 Supplement 1 Requirements," ABB-CE letter dated Septem-
ber 23, 1993.

Reference 2 of CESSAR-DC Section 18.10, LD-92-115, " Closure of System*

80+ Draft Safety Evaluation Report Issues," attached response to DSER
Issue No. 20.2-28, ABB-CE letter dated November 24, 1992.

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System*

80+ Draft Safety Evaluation Report Issues," Attachment (untitled),
attached response to DSER Item 20.2-23 and 20.2-29, ABB-CE letter dated
December 18, 1992.

Reference 4 of CESSAR-DC Section 18.10, LD-93-135, " System 80+ Informa--

ltion for Issue Closure," Attachment 1, "ABB-CE Response to System 80p) Operating Experience issues Based Upon Interviews with System 80 .(U !Operators," ABB-CE letter dated September 1, 1993.
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Reference 5 of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-a

tion fcr Issue Closure," Attachment 5, "CESSAR-DC Markups for V&V and
Procedures," ABB-CE letter dated September 24, 1993.

18.3.2.2 Review Scope

This review focused on (1) the overall scope, structure, and completeness of
the ABB-CE documents, and (2) the evaluation of the documents with respect to
the HFE PRM. In conducting this review, absolute adherence to the HFE PRM was
not considered mandatory. Differences in approach were considered acceptable
provided (1) the program could still meet the HFE commitment and goals, (2)
the difference between the proposed criteria and those contained in the HFE
PRM were adequately justified, and (3) there was no adverse impact on other
program elements.

18.3.2.3 Review Procedure

The OER was reviewed using the HFE PRM. Further, since the OER addresses
various NRC unresolved and generic safety issues, a number of ABB-CE and NRC
documents covering these items were also reviewed. The unresolved and generic
issues were reviewed for the satisfactory resolution of their HFE aspects.

A concern identified early in the review related to the adequacy of ABB-CE's
review of operating experience relevant to System 80, the immediate predeces-
sor of the System 80+ plant. As a result, the reviewers collected and
reviewed licensee event reports (LERs) from System 80 plants, and visited a
System 80 plant and interviewed operators regarding their opinions of the HFE
and their plant operating experience.

The following materials were consulted as part of the evaluation:

HFE PRM, forwarded to the Commission in SECY *2-299, dated August 27,*

1992.

International Electrotechnical Commission (1989), " International*

Standard: Design for Control Rooms of Nuclear Power Plants" (IEC-964),
Geneva, Switzerland: Bureau Central de la Commission Electrotechnique
Internationale.

LD-93-005, " Closure of System 80+ Draft Safety Evaluation Report.

issues," Attachment " Control Complex Information System Bases for
Nuplex 80+" (NPX80-IC-DB791-01, January 15, 1993), ABB-CE letter dated
January 18, 1993.

Reference 1 of CESSAR-DC Section 18.10, LD-92-076, " System 80+ Shutdown*

Risk Report, Revision 1," Attachment, " System 80+ Shutdown Risk Evalua-
tion Report" (DCTR 10, Draft, June 15,1992), ABB-CE letter dated
June 16, 1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human*

Factors Documentation Submittal," Attachment 1, "Nuplex 80+ Advanced
Control Complex Design Bases" (NPX80-IC-DP-790-01, Rev. 00, January 15,
1990), ABB-CE letter dated September 23, 1992.
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Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of Sys-=m
[V) tem 80+ Draft Safety Evaluation Report Issues," Attached, " Operating

Experience Review for System 80+ MMI Design" (NPX80-IC-RR790-01,
Rev. 00), ABB-CE letter dated December 18, 1992.

f Reference 7 of CESSAR-DC Section 18.10, LD-92-120, " Closure of Sys-= i

tem 80+ Draft Safety Evaluation Report Issues," Attached, " Human Factors i

Program Plan for the System 80+ Standard Plant Design"
(NPX80-IC-DP790-01, Rev. 01, December 8, 1992), ABB-CE letter dated
December 18, 1992.

|

! NRC Internal Memorandum, Request for HICB Review of System 80+ Design-

Features I & C, (J.S. Wermiel to W. Swenson), June 16, 1993.

| NRC Internal Memorandum, Request for HICB Review of System 80+ Design*

Features I & C, (J.S. Wermiel to W. Swenson), June 23, 1993.

Nuclear Management and Resources Council (1991), " Guidelines for-

Industry Actions to Assess Shutdown Management," (NUMARC 92-106),
Washington, D.C.

Nuclear Safety Analysis Center (1981), " Verification and Validation for j*

Safety Parameter Display Systems" (NSAC-39), Palo Alto, CA. j

Public meeting minutes from September 10 and 11, 1992, meeting between*

NRC and ABB-CE.

O) Public meeting minutes from April 19 through 21, 1993, meeting between*
g
v NRC and ABB-CE.

Public meeting minutes from May 13 and 14, 1993, meeting between NRC and.

ABB-CE.

Technical Evaluation Report, " Review of the System 80+ Operating Experi-*

ence Review," BNL Technical Report E2090-T2-5-3/93, J. Higgins and
.

J. O'Hara, March 31, 1993 (BNL TER). !

| U.S. Nuclear Regulatory Commission (1992), " Draft Safety Evaluation=

I Report" (NUREG-1492), Washington, D.C.

IU.S. Nuclear Regulatory Commission (1980,1982), " Clarification of TMI*

Action Plan Requirements" (NUREG-0737 and Supplement 1), Washington,
D.C.

U.S. Nuclear Regulatory Commission (1988), "A Status Report Regarding-

Industry Implementation of Safety Parameter Display Systems" (NUREG-
1342), Washington, D.C.

U.S. Nuclear Regulatory Commission (1989), " Guidance to Operators at the-

Controls and to Senior Operators in the Control Room of a Nuclear Power
Unit" (Regulatory Guide (RG) 1.114, Rev. 02), Washington, D.C.

O U.S. Nuclear Regulatory Commission (1991), " Resolution of Generic-

Issue A-30, Adequacy of Safety-Related DC Power Supplies, Pursuant to'
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10 CFR 50.54(f)" (Generic Letter 91-06), Washington, D.C.

U.S. Nuclear Regulatory Commission (1991), " Reactor Coolant Pump Seal.

f ailures and Its Possible Effect on Station Blackout" (Generic Let-
ter 91-07), Washington, D.C.

U.S. Nuclear Regulatory Commission (1991), " Resolution of Generic.

Is. cues 48, LCOs for Class lE Vital Instrument Buses, and 49, Interlocks
and LCOs for Class IE Type Breakers Pursuant to 10 CFR 50.54(f)"
(Generic Letter 91-11), Washington, D.C.

U.S. Nuclear Regulatory Commission (1992), "A Prioritization of Generic.

Safety Issues" (NUREG-0933), Washington, D.C.

U.S. Nuclear Regulatory Commission (1992), " Standard Technical Specifi--

cations Combustion Engineering Plants" (NUREG-1432), Washington, D.C.

U.S. Nuclear Regulatory Commission (l''91), " Shutdown and Low-Power-

Operation at Nuclear Power Plants in N United States" (NUREG-1449),
Washington, D.C.

18.3.3 Results

18.3.3.1 DSER Issues Review

18.3.3.1.1 DSER Issue

In the staff's initial review of this element, DSER Issue 18-4 was defined,
indicating that ABB-CE had not submitted an OER.

18.3.3.1.2 Issue Resolution

At the public meeting on September 10 and 11, 1992, ABB-CE agreed to address
the DSER issue by

identifying past problems and lessons learned (in an organized, coordi--

nated, usable, and auditable form) for the CR, remoto shutdown panel,
and local control stations

giving examples and the rationale fer problems and issues in similar-

systems of previous designs to identify and analyze negative features
and retain positive features

addressing the criteria of HFE PRM Element 2-

submitting the System 80+ Design Basis Document and System 80+ Informa-=

tion System Design Basis Document

Evaluation: The ABB-CE OER (Rev. 00) and the revised OER (Rev. 01) contain
the information identified in the first three items, above. The adequacy of
the OER submittal is discussed below. The System 80+ Design Basis Document
and System 80+ Information System Design Basis Document were submitted to the
NRC and were used for the review of other HFE PRM elements. This issue is
resolved because CE has now submitted an OER.
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18.3.3.2 HFE PRM Criteria-Based Evaluation

The initial ABB-CE 0ER and the revised OER were evaluated according to the
criteria of the HFE PRM. The results are discussed below.

18.3.3.2.1 Implementation Plan

Criterion: An OER implementation plan shall be developed.

IEvaluation: As per the review of the ABB-CE HFPP (Reference 4 of CESSAR-DC
Section 18.4), implementation plans are not required for HFE program elements
currently underway or completed. Instead, a description of the methodology
used is to be incorporated in the report. ABB-CE describes their OER process
in Sections 1, 2, and 5.2 of the OER document. This satisfies the need to i

document the OER scope and process for' System 80+; hence, a separate implemen-
tation plan is not needed. ;

OER is generally comprehensive in its scope and level of detail. The OER
states that guidance and associated design resolutions apply to the entire
System 80+ design, which is considered appropriate. It also states that all
areas of the plant are being subjected to a detailed operability and maintain-
ability review. This is considered acceptable design practice. Further, the
commitment to continue to review new industry and government reports and other t

applicable documents is considered an acceptable practice.

However, the implementation scope of the initial 0ER was too limited in the
following areas:

Ox remote shutdown panels*

local control stationsa
'review of System 80 experience*

The staff noted that the OER should address recent documents on local control
stations developed in the review of the HF generic issue on local control

'stations, and those documents noted in paragraph 18.3.3.2.6, below. A list of
seven pertinent local control station documents was provided to ABB-CE by the
staff. ABB-CE reviewed these and documented the review in Appendix C of the
revised OER. Design guidance was some items in the System 80+. These issues
were entered into the HFE tracking system. Further, the ABB-CE OER design
resolutions appeared to somewhat narrowly exclude local control stations and
the remote shutdown panel. The revised OER has modified the design resolution >

section of thse items to include local control stations within their scope.
Therefore the PRM criterion is satisfied. The review of System 80 experience
wfli Se discussed 18.3.3.2.7, below.

18.3.e 2.2 Analysis Results Report

Criterion: The analysis of operating experience shall be conducted in
accordance with the plan, with the findings documented in an evaluation !

report.
;

Evaluation: The OER is the evaluation report for this element of the HFE PRM. I
'This report contains the objectives, methods, results, conclusions, and

recommendations or implications for HSI design of the OER as required by the
I
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HFE PRM and satisfies this criterion.

Section 3 of the ABB-CE OER contains the detailed results of the OER analysis,
and addresses a considerable number of HF/HSI issues. ABB-CE modified the OER
based on the staff's review of the initial OER. The following modifications
are particularly noteworthy:

Section 3.6.1, " Inconsistent Coding Conventions," also applies to local*

control stations.

Section 3.6.2, " Insufficient Tag Legibility," is clarified to say that*

it applies to the main control room (MCR), the remote shutdown panel,
and other local control stations.

Section 3.8.2, " Standardization of Man-Machine Interface" (MMI), also*

applies to remote shutdown panels and LCSs.

18.3.3.2.3 HSI Design Team Report Review

Criterion: The analysir shall be reviewed by the HSI design team and shall be
documented in an evaluation report.

Evaluation: ABL-CE did not initially provide in the HFPP a description of a
formalized design team review of the final analysis reports of each process
element. At the NRC meeting of November 19, 1992, ABB-CE stated that it
performs an interdisciplinary design team review of each of the major design
element results, and that this review is formally documented. Although ABB-CE
described its design review process in HFPP Section 1.3.1.3, " Design Review
Meetings," it did not meet the HFE PRM requirements for HSI design team
evaluation. ABB-CE subsequently revised the HFPP to address the concern, and
an open item related to design team review was resolved. Additionally, OER
Section 5.4 summarizes the design team review of the OER. Therefore, this
criterion is satisfied.

18.3.3.2.4 Issues Identification (Appendix A)

Criterion: As part of the design and implementation process, the OER should
include the issues listed in Appendix A of the HFE PRM

Evaluation: In the ABB-CE OER, Appendix A discusses the list of issues from
the HFE PRM, including all of the types of issues documents: unresolved
safety issues (USIs), THI issues, NRC generic letters, Office for Analysis and
Evaluation of Operational Data (AE00) studies, and low-power and shutdown
issues. All of the USIs, THI issues, and NRC generic letters listed in the
HFE PRM were addressed in Appendix A of the OER. Appendix A also addressed
AE0D studies and low-power and shutdown issues. Hence, this criterion is

satisfied.

18.3.3.2.5 USI, GSI, and TMI Action Items

The staff's DSER indicated that several USI, generic safety issues (GSI), and
TMI action items would be addressed in the FSER. Each of the issues related a
to this chapter is discussed below.
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DSER Issue 20.2-10: GSI Issue I.A.1.4 (Lono-Term Vooradina of Operatino
(n) Personnel and Staffino)
O'

Issue I.A.1.4 was considered by the staff to be beyond the scope of the design i

certification. The COL applicant will have responsibility for addressing this !

issue as part of the licensing process. In CESSAR-DC Chapter 1, ABB-CE
identifies this issue as COL Action Item 20.2-10. This COL action item is
acceptable.

DSER Issue 20.2-11: GSI Issue I.C.9 (Lona-Term Proaram for Uparadina Proce-

dures)

The staff reviewed GSI Issue I.C.9, "Long Term Plan for Upgrading Procedures,"
and determined that development of detailed procedures is beyond the scope of
the System 80+ certification and will be the responsibility of the COL
applicant. In CESSAR-DC Chapter 1, ABB-CE identifies this issue as COL Action
Item 20.2-11. This COL action item is acceptable.

DSER Issue 20.3-1: TMI Action Item I.A.4.2 (Simulator Caoabilities) and
Item II.J.3.1 (Manaaement Plan for Desian and Construction Activities)

Sections 50.34(f)(2)(1) and 50.34(f)(3)(vii) correspond to TMI Action
Items I. A.4.2 on simulator capabilities and II.J.3.1 on the management plan
for construction activities, respectively. The latter item includes proposed
procedures for handling the transition to operations. In CESSAR-DC Appendix
A, ABB-CE identifies these issues as COL Action Item 20.3-1. Therefore, the
COL applicant will have responsibility for addressing these issues as part of

,

) the licensing process. This COL action item is acceptable.
./

DSER Issee 20.1-19: USI Issue B-17 (Criteria for Safety-Related Operator

Actions-SROA)

This issue involved the development of a time criterion for safety-related
operator actions including a determination of whether automatic actuation is
required. Development and implementation of criteria for SR0As would likely
result in the automation of some actions currently performed by operators.
This should reduce the frequency of operator errors during transients or
accidents. This issue also concerns some current pressurized water reactor
(PWR) designs requiring manual operations to accomplish the switch-over from
the injection mode to the recirculation mode following a loss-of-coolant
accident (LOCA).

By agreeing to formalize the control room design process, including the use of
Function Analysis, Functional Allocation (i.e. between operators and automated
systems), and Task Analysis, CE has incorporated the concerns of this issue.
Actions that are candidates for automation should be identified and a design
that appropriately reduces the frequency of operator error should be produced.
Further, ABB-CE indicated that the goal of the System 80+ design is that no
manipulations requiring operator actions are required during the first 30
minutes for all System 80+ design-basis events.

Additionally, in the revised OER, ABB-CE indicates that the requirement for(O automation of the switchover from the injection mode to the recirculation modeV) is not applicable because the System 80+ design has an in-containment refuel-
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ing water tank. ABB-CE notes that the System 80+ design eliminates the
switch-over function. The staff finds the information provided by ABB-CE
acceptably addresses the concerns of this issue. The specific example of |

switch-over to recirculation has been handled by a systems design change and
the general aspect of the concern has been addressed by the HFE and Control ,

room design process. Therefore, this issue is resolved. |

DSER Issue 20.2-17: GSI Issue 125.I.3 (Safety Parameter Display System
Availability)

This issue addressed SPDS availability and the reliability of the information i
'

it displays. In CESSAR-DC Appendix A, " Closure of Unresolved and Generic
Safety Issues," ABB-CE states that the SPDS function will be performed by the
advanced control complex comprised on the IPSO, DPS, and DIAS systems.
Additionally each of these systems incorporates separate and redundant
hardware, power supplies and self-test features. In Section 18.7.1.8.2 of the
CESSAR, ABB-CE indicated that the DPS, which provides the System 80+ SPDS
function, has a reliability of greater than 99.99 percent.

In DSER Section 7.7.1.21, " Data Processing System," the staff indicated that
one of the major functions of the DPS is validation of sensed parameters. In
addition, the staff noted that ABB-CE states that the verification and
validation DPS software modules are implemented in accordance with NSAC-39,
" Verification and Validation for Safety Parameter Display Systems." As noted
in NUREG-1342, this methodology provides some assurance that the SPDS software
has been adequately designed, implemented, and tested.

As shown in CESSAR-DC (e.g., Figure 18.7.1-5), each DPS display page has in
the upper right hand corner a dedicated space for the date and time which is
continuously displayed. The time, provided in hour, minutes, and seconds,
confirms for the operator whether the DPS system is active. In addition,

validated parameters are displayed on DPS. In CESSAR-DC Appendix A, ABB-CE
indicates that the DPS is configured redundantly for improved reliability. In
addition, the DPS acquires and validates plant data. Additional discussion on
information systems important to safety is discussed in Section 7.5 of this
report.

The staff finds that the information reviewed above is acceptable because the
design of the SPDS system is integrated directly into the IPSO, DPS, and DIAS
systems which provide adequate separation and redundancy to ensure avail-
ability. Therefore, this issue is resolved.

DSER Issue 20.2-21: GSI Issue 1.C.1 (Guidance for Evaluation and Development
of Procedures for Transients and Accidents)

In the DSER, the staff indicated that ABB-CE should include a requirement that
the owner-operator of a System 80+ plant provide plant-specific E0Ps to comply
with guidance in NUREG-0737 and its Supplement 1.

In Reference 5 of CESSAR-DC Section 18.10, LD-93-140, ABB-CE provides a markup
of CESSAR-DC changes indicating that information concerning the site
operator's plant procedures is within the site operator's scope and shall be
provides in the site-specific safety analysis report. Further, ABB-CE

,

provided a markup of a COL action item for procedures development, " Plant ,
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Operating Procedures Development Plan." The COL applicant will have respon-
[ sibility for addressing this issue as part of the licensing process. In i

!

\s_ CESSAR-DC, Appendix A, ABB-CE has identified this issue as COL Action
Item 13.5-1, " Site-Specific Plant Operating Procedures." Furthermore, the ;

area of procedural development is covered by appropriate ITAAC and its ;

iimplementation will be reviewed by the NRC during the post-certification COL I

licensing process. This COL action item is therefore found to be acceptable.

DSER Issue 20.2-22: GSI Issue I.D.2 (Plant Safety Parameter Display System
Console)

Issue I.D.2 in NUREG-0933 identified the need for the provision of an SPDS i

that displays a minimum set of parameters which define the safety status of i

the plant. In Section 18.7.1.8.1 of CESSAR-DC and the revised OER, ABB-CE !
'

indicates how System 80+ complies with the Supplement I to NUREG-0737 SPDS
criteria. The staff reviewed the System 80+ advanced CR design against those
criteria and found it acceptable. The results of this review are described in
greater detail in Section 18.6.1.3.1.4. The staff found that ABB-CE's
responses and commitments regarding the eight SPDS requirements of Supple-
ment I to NUREG-0737 are acceptable and, therefore, the DSER open item and GSI
Issue I.D.2 are resolved.

DSER Issue 20.2-23: Issue I.D.4 (Control Room Desian Standard)

Issue I.D.4 in NUREG-0933 addressed the need for guidance on the design of CRs
to incorporate HF considerations. By letter dated December 18, 1992
(LD-92-120), ABB-CE indicated that this issue is resolved by (1) the Sys-fss
tem 80+ HF program which is being conducted in accordance with an HFPP for- } System 80+, that is based on current HFE program guidance, and (2) the
System 80+ human factors engineering standards, guidelines, and bases. The ,

staff finds this information acceptable and, therefore, this issue is re- [

solved.

DSER Issue 20.2-24: GSI Issue I.D.5(1) (Control Room Desian - Improved
Instrumentation Research Alarms and Disolavs)

.

The DSER noted that this issue would be discussed in the 75ER. Issue I.D.5(1)
in NUREG-0933 involved the human-machine interface in tur CR with regard to
the use of lights, alarms, and annunciators to reduce O o potential for
operator error, information overload, unwanted distract ans, and insufficient
information organization. ,

ABB-CE has provided lighting and illumination levels in the " Human Factors
Engineering Standards, Guidelines, and Bases for System 80+" ( SGB document -
Reference 1 of CESSAR-DC Section 18.6). Following the resolution of staff
concerns regarding the SGB document (discussed in section 18.6.3 below), the

'

technical adequacy of the aforementioned document was found acceptable. The
staff evaluated the System 80+ annunciator and alarm systems during the onsite
design features evaluation and concluded in the minutes of the public meeting
held on May 13 and 14, 1993 these systems are acceptable except for the issues
that were raised. The staff indicated in the May 13 and 14, 1993, public
meeting minutes, that the issues could be resolved by ABB-CE's commitment to
incorporate the issues into its HFE tracking system. ABB-CE will address the
staff's specific concerns through evaluation and resolution of specific alarm ,
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system issues in its HFE tracking system. Issue 101, which provides a commit-
ment for prototype testing, and a number of prior items that provide for
continued tracking of the concerns raised during tne meeting, have been
included in the tracking system.

The staff finds that ABB-CE's information and commitments discussed above are
acceptable and, therefore, this issue is resolved.

DSER Issue 20.2-27. GSI Issues I.D.3 and II.K.l.5 Recardina Safety-Related
Valve Position Description

Issues II.K.l.5 and I.D.3 in NUREG-0933 addressed the direct position-indica-
tion of relief and safety valve position in the CR, such that the alarming and
indication valve status should be clear and unambiguous and should be
evaluated for HFE design considerations.

In CESSAR-DC Amendment Q (i.e., revised OER and CESSAR-DC Appendix A, " Closure
of Unresolved and Generic Safety Issues"), ABB-CE indicated that the Sys-
tem 80+ CR has dedicated alarms to inform the operators when a valve has
opened, providing unambiguous, direct indication of an open or partially open
safety or relief valve. This information is acceptable and, therefore, GSI
Issues I.D.3 and II.K.l.5 are resolved.

DSER Issue 20.2-28: GSI Issue II.K.l.10 (Review and Modify Procedures for
Removina Safety-Related Systems from Service)

Issue II.K.l.10 in NUREG-0933 addressed the need to improve procedures. By
letter dated November 24, 1992 (Reference 2 of CESSAR-DC Section 18.10, LD-92-
115), ABB-CE indicated that this issue is not within the scope of design
certification and has been made COL action item 13.14 as noted in CESSAR-DC
Section 13.5.2, " Administrative Control Procedures." The staff agrees that
this issue is not within the scope of design certification and finds the COL
action item 13.14 to be acceptable. Therefore, this issue is resolved.

DSER Issue 20.2-29: Seven Human Factors-Related GSIs

(1) GSI Issue HF5.3 (MMI - Evaluation of Operational Aid Systems): By letter
dated December 18, 1992 (Reference 3 of CESSAR-DC Section 18.10, LD-92-
120), ABB-CE provided information regarding this issue. ABB-CE indicated
that the System 80+ MMI employs operator aids primarily to process data
prior to presentation to the CR operators. The aids are integrated into
the presentation hierarchy through application programs of the DPS and
DIAS. The following operational aids are provided as part of the System
80+ MMI (with the corresponding CESSAR-DC sections indicated):

signal reduction and validation,18.7.1.4 and 18.7.3.2.1.6.

integrated process status overview, 18.7.1.2 )=

alarm handling, 18.7.1.5 ;=

critical function monitoring, 18.7.1.8.2 and 7.7.1.10 |
-

success path monitoring, 18.7.1.8.2 |
-

core limit monitoring, 7.7.1.8.1 l.

computer-aided surveillance testing, 7.7.1.8.2.Me
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The staff finds the above information acceptable and, therefore, this issue isp
resolved.

(
'

(2) GSI Issue HF4.5 (Apolication of Automation and Artificial Intelliaence):
By letter dated December 18, 1992 (Reference 3 of CESSAR-DC Section
18.10, LD-92-120), ABB-CE indicated that critical function, success path
functions and allocation (manual or automatic) have been retained from
the predecessor System 80 design. Two functions (automatic closure of
shutdown cooling system isolation valves and recirculation actuation)
have been eliminated by design improvements. Automated functions or
features include automatic load dispatch and margin preservation by the
megawatt demand setter, validated aggregation of data, alarm mode
dependency, explicit display of derived parameters, low-power feedwater
control, automatic PPS surveillance, computer-aided testing (ESF) and
success path monitoring. ABB-CE noted that there is no artificial
intelligence used in System 80+.

The staff finds the above information acceptable and, therefore, this issue is
resolved.

(3) GSI Issue HF5.4 (MMI - Computers and Computer Displays): This issue
related to an evaluation of the safety significance and problems relating
to the management of data and information in the control room during
abnormal events. By letter dated December 18, 1992 (Reference ~3 of
CESSAR-DC Section 18.10, LD-92-120), ABB-CE indicated that computer-based
MMI are designed according to the HF program design process and meet the
criteria of the System 80+ human factors engineering standards, guide-

(n) lines, and bases. The staff finds this information acceptable, since the
V HF program design process will address the management of data and infor-

mation during abnormal events; therefore, this issue is resolved.

(4) GSI Issue HF1.4.4 (Guidelines for Vooradina Other Procedures): The staff
has reviewed HF1.4.4, " Guidelines for Upgrading Other Procedures," and
determined that development of detailed procedures is beyond the scope of
the System 80+ certification and will be the responsibility of the COL
tuplient. ABB-CE has included the procedure development process as COL
A:. tion Itein 13.5-1, " Site-Specific Plant Operating Procedures," as
described in CESSAR-DC Section 13.5. This COL action item is acceptable.

(5) GSI Issue HF5.1 (MMI - Local Control Stations): This issue notes that
regulatory efforts dealing with human / systems interface had been limited
to the control room and the remote shutdown panel and that further
guidance is necessary regarding local control stations. By letter dated
December 18, 1992 (Reference 3 of CESSAR-DC Section 18.10, LD-92-120) and
CESSAR-DC Appendix A, ABB-CE provided information regarding this issue.
ABB-CE indicated that all System 80+ local control stations are designed
in accordance with the criteria in the " Human Factors Engineering Stan-
dards, Guidelines, and Bases for System 80" (Reference 1 of CESSAR-DC
Section 1.8.6). Further, ABB-CE noted that local control stations
required to perform the System 80+ emergency operations guidelines are
designed using task analysis and HF V&V. The staff finds this informa-
tion acceptable and, therefore, this issue is resolved.

(
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(6) GSI Issue HF5.2 (MMI - Review Criteria for Human Factors Aspects of
Advanced Controls and Instrumentation): This issue deals with the |
utilization of advanced technologies to improve control room annunciator 1

systems and the fact that current guidelines do not address advanced l
technologies that are being introduced into new plant designs. By letter !

dated December 18, 1992 (Reference 3 of CESSAR-DC Section 18.10, |
ILD-92-120), ABB-CE conveyed that the System 80+ HF program is being

conducted in accordance with the HF program plan for System 80+, de-
scribec in CESSAR-DC Section 18.4.2, and the " Human Factors Engineering
Standards, Guidelines, and Bases for System 80+" (Reference 6 of CESSAR-
DC Section 18.4). Further, ABB-CE noted that the NRC's draft NUREG-5908,
" Advanced Control Room Design Review Guideline," was made available and
used to evaluate the System 80+ advanced CR design.

ABB-Cf. does in fact plan to utilize such advanced concepts into their
alarm system for the System 80+. ABB-CE describes the System 80+ annun-
ciator design in CESSAR-DC Sections 18.7.1.4, "Nuplex 80+ Information
Presentation" and 18.7.1.5, " Alarm Characteristics." In CESSAR-DC
Section 18.7.1.5, ABB-CE indicates that priority 1, 2, and 3 alarms are
processed and displayed independently through both the DIAS and the DPS.
The staff reviewed the relevant design documentation and conducted an
onsite evaluation of the mockup of the DIAS and DPS, including the
annunciator alarm system. A discussion of the staff's onsite evaluation
is provided in Section 18.6.1.2.1 of the FSER. Results of the staff's
review of the System 80+ alarm system relevant to Issue HF1.3.4.b are
provided below.

One characteristic of the DPS is as follows: The DPS display hierarchy
provides access to displays incorporating system / component status,
process parameters, and annunciator status / acknowledgement. ABB-CE
demonstrated available portions of the DPS display hierarchy on the
mockup, including display navigation paths based on plant CSFs and plant
segments and the representation of process parameters and
system / component status via DPS displays. Also demonstrated were the
incorporation of alarm status representations into these displays and the
alarm acknowledgement capability. The incorporation of the alarms into
the plant displays provides the capability to access alarm condition
information and then acknowledge alarms from any DPS CRT in the CR. This
characteristic provides flexibility to control room operations. IEC 964
(1.4-1) states, "An alarm shall be annunciated in the CR section where
the operator has the necessary means for initiating corrective actions."
The System 80+ CR provides this capability in two ways (1) the DIAS has
alarm display devices that are spatially dedicated to specific control
panels where the relevant controls are located, and (2) the DPS displays
can also be accessed from the relevant control panels. The staff found
this DPS characteristic acceptable, as is further described in section
18.6.

The onsite review also examined the DIAS alarm tile displays that were
resident on the RCS panel and the CVCS panel. The RCS panel DIAS alarm
tiles contained groups of alarms that were functionally related to each
other and to the RCS panel. The alarm tiles were spatially dedicated
within the display page. The DIAS alarm tiles were presented on electro-
luminescent panels on the vertical section of the RCS panel.
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The DIAS alarm tile display system is coordinated with the DPS display Ip) system such that (1) the same coding schemes are used in the DIAS and DPS i

(
V for indicating alarm priority and status, (2) the similar alarm messages

appear in both the DIAS and DPS message windows (DPS messages are more
detailed), and (3) alarms that are acknowledged by the operator on one
system are also acknowledged on the other system.

The DIAS alarm tile display system is an operator alerting system that
conveys the meaning and importance of alarm conditions through a hierar-
chical classification of alarm conditions and spatial dedication of alarm
messages. This concept was found to be acceptable based on current alarm ,

system guidelines and research addressing the value of alarm message
prioritization/ filtering and spatial dedication as techniques for reduc-
ing operator workload associated with handling alarm messages.

In summary, the staff finds that the documentation reviewed and the
results of onsite evaluation relative to the System 80+ alarm system are
acceptable and, therefore, this issue is resolved.

(7) GSI Issue HFl.1 (Shift Staffina): By letter dated December 18, 1992
(LD-92-120), ABB-CE addressed GSI Issue HFl.1, " Shift Staffing." ABB-CE
indicated that the System 80+ technical specifications (CESSAR-DC Chap-
ter 16) identify minimum shift staffing requirements (Chapter 5) in
accordance with the restructured Technical Specifications for ABB-CE
plants (NUREG-1432). Further, ABB-CE noted that implementation of this
requ|rement in accordance with RG 1.114, " Guidance to Operators at the
Controls and to Senior Operators in the Control Room of a Nuclear Power
Unit," will be documented as part of the site organization by the COL
applicant. The staff interprets this requirement to be a part of COL'

Action Item 13.1-1. This COL action item is acceptable.

18.3.3.2.6 Review of HFE Issues

Criterion: The operating experience issues that are identified shall be
reviewed an evaluated. These include

Human performance issues, problems and sources of human error shall be*

identified

Design elements which support and enhance human performance shall be.

identified

This evaluation will address in turn each category of issue: USIs, TMI .

'

issues, NRC generic letters, AEOD studies, and low-power and shutdown issues.

USIs and TMI issues
*

Evaluation: The ABB-CE OER treats USIs and TMI issues similarly. They are
divided into the following groups of items by ABB-CE: HFE tracking system
issues, issues addressed by and incorporated into the System 80+ design, COL
applicant issues, and issues that are not applicable (NA) to the System 80+
design. Those classified as going into the HFE tracking system are discussedn) below in Section 18.4. Those designated as COL applicant issues are listed

' (V here:
:
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Generic issues: GI-57, GI-75, GI-ll6, GI-117, B-32.a

THI item: III.A.I.2.*

Generic letters: 91-06 and 91-11.a

Further, ABB-CE will include in Chapter 1 of CESSAR-DC a summary list of all
COL applicant issues. Those issues designated as NA were reviewed on a
sampling basis and no problems were identified.

The next paragraphs discuss those items identified as incorporated into the
design. The discussions in the DSER, the OER, and CESSAR-DC were reviewed.
In the first version of the OER, the issues appeared to be resolved by hard-
ware / systems types of fixes. Details of just how an item was resolved in the
design were somewhat sketchy, especiany concerning the HF aspects of the
resolution. The references contained only the material which generated the
unresolved issue and not the technical findings documents, which resolve or
partially resolve the issue. The revised OER provided considerably more
detail for the TMI and USI issues and focused on the HF aspects of the issue.
The additional details in which the design addresses the particular concerns
of the identified USIs and GSIs are acceptable and hence, this criterion is
satisfied.

NRC Generic letters

Evaluation: Three generic letters (GL) are addressed in the OER. For
GL 91-06 and 91-11, ABB-CE states that monitoring, surveillance, equipment
status, and testing will be COL applicant issues. This appeared to be a very
broad transfer of responsibility to the COL. Certainly there are HF aspects
of these four areas which need to be addressed in the design. To defer all
consideration of these issues to procedural type resolutions that a COL would
create does not seem appropriate. As a result of these observations, ABB-CE
revised the OER to note those aspects of maintenance and testing that would be
addressed in the design. This is further covered in the review of the HFPP
and in the review of the ABB-CE " Human Factors Engineering Standards, Guide-
lines, and Bases for System 80+" (Reference 1 of CESSAR-DC Section 18.6) under
HFE PRM Element 6. Hence, this criterion is satisfied.

GL 07 on RCP seals is discussed in the section on HFE PRM Element 6, "HSI
design."

AEOD Studies

Evaluation: The HFE PRM specifies a review of recent AEOD studies in the
human performance area. A brief discussion of this report series was con-
tained in the OER. Additional detail as to how the items identified were
incorporated into the design was identified as being desirable. In the
revised OER, Appendix A was modified to explain in greater detail the design
resolution of the various issues raised in the AE0D series of reports. Hence,
this criterion is satisfied.

Low-Power and Shutdown Issues

Evaluation: ABB-CE's review of this area is described in a separate report,
System 80+ Shutdown Risk Evaluation Report (Reference 1 of CESSAR-DC Sec-
tion 18.10, LD-92-076), June 16, 1992. Based upon a brief review, the

ABB-CE SYSTEM 80+ FSER 18-38 June 1994



_ _ _ _ _ _

-

document was deemed to be reasonably thorough and comprehensive. The list of
/m-

reference documents was also appropriate and extensive. One item noted was,'

b) that considering the OER commitment to continue to review new information and
documents, two new documents would be particularly valuable to include. They -

are: the final version of NUREG-1449 and the December 1991, NUMARC 92-106,
" Guidelines for Industry Actions to Assess Shutdown Management." ABB-CE
agreed with this comment. Hence, this criterion is satisfied.

18.3.3.2.7 Interview Topics

Criterion: This item lists the topics which should be included in the
operator interviews.

Evaluation: The original version of the ABB-CE 0ER stated that System 80
operator interviews were not conducted. Input from operators was used. The
staff was concerned that interviews with System 80 operators were not
conducted, since System 80 is the direct predecessor of the System 80+.

As a result of this concern, the reviewers visited operating System 80 plants
and conducted interviews with licensed System 80 operators regarding their
experience with their plant. BNL Technical Report E2090-T2-5-3/93 was then
issued which details the results of these interviews and raises a number of
questions and issues relative to the incorporation of System 80 experience
into the System 80+. ABB-CE agreed to review those issues. In the first
review, ABB-CE noted for each issue whether the issue was already addressed in
the design. If the issue was not in the design, then ABB-CE either entered it
into the HF issues tracking system or designated it as a COL applicant issue.m

(v) This information, designating which category each issue fit into, was provided
to the staff in draft form and constituted the initial basis for closure of
this item, as documented in the minutes of the April 6,1993, conferen:e call
between the staff and ABB-CE. ABB-CE later provided the staff with a report
(Ref. 4 of CESSAR-DC Section 18.10, LD-93-135, Attachment 1) that explains in

; some detail how and why the identified issues are addressed. This report was
| reviewed by the staff. The report was noted to be comprehensive in analyzing
i the issues raised by the operator interviews. Many of the issues were not yet
' fully addressed in the System 80+ design; however, ABB-CE has noted that they

either will be addressed by the ongoing design process or they have been
specifically added to the HFE tracking system to ensure that they will be
addressed later. The combination of activities described above satisfies the
PRM criterion.

18.3.3.2.8 Literature Review

Criterion: The review shall include a literature review.

Evaluation: From the documents listed in the OER, it appears that a substan-
tial literature review was conducted. However, the list of references was
lacking in documents from ABB-CE System 80 plants. Since System 80 is the
direct predecessor to System 80+ it is especially important to consider
System 80 experience. As an example, there appears to be valuable information
in the System 80 LERs, as noted in Reference 4 of CESSAR-DC Section 18.10,

n LD-93-135, Attachment 1. As a result of this observation, the reviewers

(V)
performed a search of System 80 LERs, using the sequence coding and search
system, to identify human errors of various sorts and inadequate HSI. Several
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hundred LERs with such human errors were identified. The recent Licensee
Event Reports (1988 to present) were obtained, and reviewed by the staff to
ensure a broad range of human performance concerns were represented, and
forwarded to ABB-CE for their review. ABB-CE categorized these LERs as
follows: design' resolution already provided, incorporated into the HF issues
tracking system, or not applicable. The results of the review are contained
in Appendix B of the revised CE OER. During discussions between the staff and
CE during the conference call on April 6.1993, CE presented examples of how
the issues were categorized and either resolved through the design process or
identified in the issues tracking system. The staff agreed that the categori-
zation scheme was adequate and that CE would consider these issues as the
design process continued. Based on these discussions and the acceptance of
the detailed design process for the development of the CE System 80+ main
control room, the staff found CE's approach to considering these issues
acceptable. Therefore, this issue is resolved. ,

18.3.3.2.9 Sources
,

Criterion: This item identifies those industry-wide and plant or subsystem
relevant sources that should be included in the OER.

Evaluation: This criterion was satisfied in the DSER, with the following
discussicn. " Attachment 3, to the applicant's letter of May 8, 1992, satis-
factorily identified the various sources used by the applicant to complete its
operating experience review. However, the attachment failed to provide the
results of the OER that were incorporated into the System 80+ design."
Therefore, the relevant sources were considered to be satisfied in the DSER,
but the full OER report was developed by ABB-CE to address the second half of
the above discussion in the DSER.

18.3.3.2.10 Tracking System ,

1

Criterion: Each operating experience issue shall be documented in the HFE
tracking system.

I

Evaluation: Section 2.0 of the OER states that any unresolved design issues
identified during the reviews, which may impact the design, will be entered
into the HFE tracking system for subsequent resolution and documentation.
Section 5.0 of the OER states that the tracking system was implemented in
early 1992. Many items in various sections and in the Appendices of the OER
are listed as being included in the tracking system. This all appears
appropriate and programmatically the tracking system satisfies the PRM
criterion.

On a trip to ABB-CE, in May 1993, the tracking system was reviewed by the
staff. Selected items from the OER were verified to be included as stated.
One item noted was that the information included in the tracking was somewhat
sparse and the reference to the original document did not include the section

This could make later understanding of the issue difficult. ABB-CEor page.
corrected this during the visit, leading to a full satisfaction of the PRM
criterion.

18.3.3.2.11 Reference Documents
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p Criterion: This item lists four documents that the OER program should use in *

! I developing the implementation plan. !

Evaluation: The OER has satisfactorily used the four identified documents.

18.3.4 Operating Experience Review Findings )

An evaluation of the original "ABB-CE Operating Experience Review for Sys-
tem 80+ MMI Design" was completed using the HFE PRM as guidance. Overall, the
ABB-CE OER was quite impressive and showed a detailed review'of many aspects
of pertinent commercial NPP experience, and the subsequent incorporation of
appropriate design features into the System 80+ design. Not all aspects of
the HFE PRM were completely addressed, however, and so ABB-CE worked with the
staff to address the identified concerns. ABB-CE performed additional reviews
of areas of operating experience which resulted in items being added to the HF
issues tracking system for later incorporation into the design. This addi-
tional work is discussed in the revised OER, which also better describes how
ABB-CE had already incorporated operating experience into the System 80+
design. The revised ABB-CE OER meets the guidance in the HFE PRM and is
acceptable.

18.4 Functional Reauirements Analysis and Allocation

18.4.1 Objectives

The HFE PRM for advanced evolutionary reactors specified that a functional 'l

p requirements analysis (Element 3) and function allocation (Element 4) should
be performed. The objective of this review is to provide an evaluation of
ABB-CE's functional requirements analysis and function allocation for the
System 80+. ABB-CE presents its analyses in " Human Factors Evaluation and

'

Allocation of System 80+ Functions" (NPX80-TC-RR790-02, March 15, 1993).

ABB-CE stated that full analyses of functional requirements and function
allocation are not necessary because the System 80+ design.is an evolution of
the System 80 design that was previously reviewed and approved by the NRC and
has an operating history (Palo Verde Units 1, 2, and 3). In addition, ABB-CE
stated that both the definition and allocation of functions for the System 80+
are largely unchanged from its predecessor, the System 80. The reviewers
agree that the HFE PRM model required tailoring to the System 80+ design-
therefore, HFE PRM model modification was also part of this review. |

1

18.4.2 Methodology )
The following is a brief chronology of activities that occurred during this
review: )

(1) Conducted an initial review of ABB-CE's document, " Human Factors Evalua-
tion and Allocation of System 80+ Functions." Reviewers prepared a set of
questions to obtain additional information and clarification of several
issues. Held a telephone conference call on January 15, 1993, between
the staff and ABB-CE to discuss these questions.

O
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(2) Modified the HFE PRM to better tailor the acceptance criteria to the
review of an evolutionary design that is a close descendent of an NRC-
evaluated design with an operating history. The model revision is
briefly described in Section 18.4.3 below and is contained in BNL Techni-
cal Report E2090-T1-3-3/93.

(3) The reviewers performed a comparison of the System 80 and System 80+
designs to assess the degree to which the two designs are similar. This
was necessary since the revised HFE PRM focuses the review of Elements 3
and 4 largely on function and function allocation differences between a
new and predecessor design. The results of this review are presented in
Appendix B of BNL Technical Report E2090-T1-3-3/93.

(4) Conducted a preliminary review of ABB-CE's Element 3 and 4 analyses was
conducted addressing both the DSER issues and the revised HFE PRM crite-
ria.

(5) Held a telephone conference call on February 16, 1993, between the staff
and ABB-CE to discuss the preliminary review and design differences
between the System 80 and the System 80+. ABB-CE submitted a February
11, 1993 revision to its draft document entitled " Human Factors Evalua-
tion and Allocation of System 80+ Functions."

(6) Held a telephone conference cali on February 19, 1993, between the staff
and ABB-CE to discuss the revised ABB-CE document and design differences
between the System 80 and System 80+.

(7) ABB-CE submitted a February 23, 1993 revision to its draft document
entitled, " Human Factors Evaluation and Allocation of System 80+ Func-
tions."

(8) Conducted a review of the draft document was conducted and presented the
results in BNL Technical Report E2090-T2-2-3/93.

(9) Based on this review, ABB-CE issued a final version of its document
entitled, " Human Factors Evaluation and Allocation of System 80+ Func-
tions" (dated March 26, 1993).

(10) Reviewed the final version of " Human Factors Evaluation and Allocation
of System 80+ Functions." The following are the results of that review.

18.4.3 Revised Human Factors Engineering Program Review Model Elements 3
and 4

The functional requirements analysis described in Element 3 of the HFE PRM is
important to the HF review process because it provides a description of the
major functions that must be performed to ensure safe operation of a NPP. In
Element 4 of the HFE PRM, Allocation of Function, portions of the control !

function are assigned to the human operators and the plant control system.
This assignment should be based on an analysis of the inherent strengths and
weaknesses of humans and machines (hardware and software subsystems) as
controllers and the synergy that may be achieved through a joint human-machine
control system. I
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The HFE PRM was revised to tailor the criteria to an evolutionary plant in-
) which the functional requirements and allocations of the new design are based

./ largely on the predecessor design. The key' modifications to the HFE PRM
include

Greater reliance on evaluating the operating experience of the predeces-*

sor plant

Greater reliance on evaluating functional differences between the Sys-*

tem 80+ and the predecessor plant
1

A reduced scope of analysis that focuses on (1) differences between the*

System 80+ and the predecessor plant in terms of functional requirements
and function allocation and (2) functions that are unchanged between the
System 80 and System 80+ but have had problems identified through an'0ER

18.4.4 Evaluation of Element 3 - Functional Requirements Analysis

This section provides a review of ABB-CE's definition and analysis of Sys-
tem 80+ functions that are important to plant safety. The allocation of these,

| functions to personnel and plant systems is addressed in Section 18.4.5.

18.4.4.1 ABB-CE Documentation

Two main documents were used as the basis for the review:

September 10 and 11, 1992, public meeting minutes, dated October 21,A *

( 1992, meetings between NRC and ABB-CE.

Reference 7 of CESSAR-DC Section 18.4, LD-93-056, " System 80+ Human*

Factors Engineering," Attachment, " Human Factors Evaluation and Alloca-
tion of System 80+ Functions" (NPX80-IC-RR790-02, March 15, 1993), ABB-CE
letter dated March 26, 1993.

Element 3 is also discussed in the ABB-CE HFPP and CESSAR-DC, although these
documents were not the focus of this review.

18.4.4.2 DSER Review

18.4.4.2.1 DSER Issue

In the staff's initial review of this element, it was concluded that ABB-CE
i had not documented the system functions and identified DSER Issue 18.5.2 -
! Function Analysis. At the September 10 and 11, 1992, public meeting, ABB-CE

agreed to address the DSER issue by preparing a document addressing the i

following three items

(a) Describing the baseline system (System 80), its functional requirements
and the changes'and additions to those requirements for the new system ,

(System 80+)

(b) Identifying the system objectives, performance requirements, and con-
straints of the predecessor system
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(c) Identifying any changes to operator performance requirements for the new
system

The ABB-CE document, " Human factors Evaluation and Allocation of System 80+
Functions," was prepared specifically to address the DSER issue. The primary
focus of the document is on safety functions (which are described in terms of
the ABB-CE critical functions) and success paths.

18.4.4.2.2 DSER Issue Resolution

The DSER issue evaluation focuses on ABB-CE's provision of the three items
identified above.

Item (a)

Issue: Describe the baseline system, its functional requirements and the
changes and additions to those requirements for the new system.

Evaluation: The baseline system discussed is the System 80. Palo Verde
Units 1, 2, and 3 are the only operating NPPs of the System 80 design. The
discussion of functional requirements emphasizes safety functions, which are
described in terms of CSFs. Non-safety functions are not discussed in much
detail. A comparison of functions between the System 80 and the System 80+
are shown in Table 1 of " Human Factors Evaluation and Allocation of System 80+
Functions." Table 2 of that document provides a comparison of safety grade
and non-safety grade success paths associated with CSFs of the System 80 and
System 80+ plants. Narrative descriptions are provided of the success paths ;

for the System 80+ plant. This criterion is satisfied because these descrip-
tions described the baseline system (System 80+), its functional requirements,
and the changes and additions to those requirements for the System 80+.

Item (b)

Issue: Identify the system objectives, performance requirements, and con- p

straints of the predecessor system.

Evaluation: Table 1 of " Human Factors Evaluation and Allocation of System 80+ |
;Functions" lists the CSFs and their purposes (objectives). Table 2 provides a

comparison of System 80 and System 80+ in terms of critical functions and
their respective success paths. Success paths are components and resource

'

commodities that satisfy particular safety functions. Table 3 shows changes
in the evolution of System 80 to System 80+. The following CSF success paths
were identified as new:

Rapid depressurization (RCS heat removal function)a

Hydrogen ignitors (containment environment function)-

The following CSF success paths were identified as modified:

Alternate generator (vital auxiliaries function).

Startup feed (RCS heat removal)-

No CSF success paths were identified as deleted.
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The reviewers performed a comparison of the System 80 and System 80+. ABB-CE
,-m) discussed these differences with the reviewers during telephone conference(V calls on February 16 and 19,1993, and explained the relationship of these

differences to the CSFs and success paths described in " Human Factors Evalua-
tion and Allocation of System 80+ Functions." Based on this information,
ABB-CE has adequately addressed the HFE PRM Element 3 requirements to describe !

the functional basis of the System 80+. New and modified success paths will j
receive more detailed analyses during Element 5 Task Analysis to examine the
operator's role and the allocation of functions.

With regard to externally dictated performance requirements, Section 2 of
" Human Factors Evaluation and Allocation of System 80+ Functions" presents a
set of federal regulations, industry standards, and regulatory guidelines from
which a set of criteria presented in Section 3.3 were derived. These criteria
address control of safety functions via manual and automatic means. These
criteria provide useful man-machine function allocation considerations beyond
those imposed internally by the design of the plant. Hence, this issue is

resolved.

Item (c)

Issue: Identify any changes to operator performance requirements for the new
system.

Evaluation: Changes in the operator performance requirements for new and
changed success paths are described in Section 4 of " Human Factors Evaluation
and Allocation of System 80+ Functions." Hence, this issue is resolved.

18.4.4.3 HFE PRM Criteria-Based Evaluation

The following is a review of the ABB-CE function requirements analysis based
upon the revised HFE PRM criteria for Element 3.

HFE PRM Criterion 1.

Criterion: High-level plant safety goals and requirements shall determine the
plant safety functions.

Evaluation: Table 1 of ABB-CE's " Human Factors Evaluation and Allocation of
System 80+ Functions" provides a listing of high-level safety functions. The

purpose statement for each function illustrates a relationship to higher-level
safety goals. Hence, this criterion is satisfied.

HFE PRM Criteria 2 and 3.

Criterion 2: Safety-related functions shall be defined (i.e., those functions
required to achieve major system performance requirements; or those functions
which, if failed, could degrade system or equipment performance or pose a
safety hazard to plant personnel or to the general public).

Criterion 3: Safety-related functions of the new plant shall be compared to
em the predecessor plant to document (1) those that are new, (2) those that have

(d been changed, and (3) those that have been deleted. These shall be referredi
to as the " modified" functions. Safety-related functions that have not been
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modified shall be documented as unchanged.

Evaluation: Plant CSFs and their respective success paths are described in
" Human Factors Evaluation and Allocation of System 80+ Functions." This
criterion is satisfied because Table 3 of the aforementioned document identi- I

fies success paths as new, modified, deleted, and unchanged. |
I

HFE PRM Criterion 4.

Criterion: The technical basis for function modification shall be documented. i

Modified safety functions shall be identified and any functional interrela- |
!

tionships with non-safety systems shall be identified.

Evaluation: This criterion is satisfied because the technical basis for
function modification, modified safety functions, and inter-relationships with l

'

non-safety systems have been explained.

HFE PRM Criterion 5.

Criterion: Modified safety functions shall be defined as the most general,
yet differentiable means whereby the system requirements are met, discharged,
or satisfied. Functions shall be arranged in a logical sequence so that any
specified operational usage of the system can be traced in an end-to-end path.

Evaluation: Modified safety functions have been identified and described as
noted in this criterion. Hence, this criterion is satisfied.

HFE PRM Criterion 6.

Criterion: Modified safety functions shall be described initially in graphic
form. Function diagramming shall be done at several levels, starting at " top
level" safety goals where a very general picture of major functions is
described, and continuing to decompose major functions to several lower levels
until a specific critical end-item requirement will emerge, e.g., a piece of
equipment, software, or an operator. The functional decomposition should
address the following levels:

High-level safety goals (e.g., maintain RCS integrity)=

Critical safety functions (e.g., maintain RCS pressure control)=

Individual plant systems*

Specific plant components.

Evaluation: This criterion describes a function diagramming method that
graphically illustrates the hierarchical relationships of plant functions. In
" Human Factors Evaluation and Allocation of System 80+ Functions," Figure 2,
Goals-Means Relationships, is an example of this type of diagram. Figure 3
illustrates the relationship of the System 80+ success paths to the higher-
level goals. Although it does not extend to the level of specific components,
it generally satisfies the HFE PRM requirement of a graphic description of
safety function. Hence, this criterion is satisfied.

O
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HFE PRM Criterion 7.

b Criterion: Detailed narrative descriptions shall be developed for each of the {identified modified functions and for the overall system configuration design
itsel f. Each modified function shall be identified and described in terms of
inputs (plant condition in which operations are needed), functional processing
(control process and performance measures required to achieve the function),
outputs (indications of functional operation), feedback (indication of higher-
level goal achievement), and interface requirements so that subfunctions are
recognized as part of larger functional areas.

Evaluation: The descriptions of the CSFs and success paths are provided in
Sections 4.2 and 4.4 of " Human Factors Evaluation and Allocation of System 80+
Functions". This criterion is satisfied because the inputs, functional
processing, outputs, and feedback are described for ncw and modified func-
tions. This detailed information was not provided for those CSFs and success
paths of the System 80+ that were considered to be essentially the same in the
System 80 because the System 80 plant is an NRC-approved design. Interface
requirements were not provided in these descriptions because they were
established through ABB-CE's functional task analysis, which was reviewed and
found acceptable in Section 18.5. Therefore, this criterion is satisfied.

HFE PRM Criterion 8.

Criterion: Functional operations or activities shall include:

p detecting signals-

measuring information-

comparing one measurement with another-

processing information-

acting upon decisions to produce a desired condition or result on the-

system or environment (e.g., system and component operation, actuation,
and trips)

l
'Evaluation: The functional analysis describes the conditions under which the

success paths are required and, in some cases, the parameters that indicate
these conditions. Considerations related to detecting, measuring, comparing

fand processing values are generally not addressed in this document. More
detailed analyses are conducted during task analysis, which is addressed by
HFE PRM Element 5. Hence, this criterion is satisfied.

HFE PRM Criterion 9.

Criterion: The function analysis shall be kept current over the life cycle of
design development.

Evaluation: " Human Factors Evaluation and Allocation of System 80+ Functions"
does not define any procedure for keeping the function analysis current. 1

(mu}
However, Section 6.0 - Conclusions of the ABB-CE document states, " Evaluation |

of the interaction between the human and machine elements of the plant control
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system, and the resolution of specific problems identified, will continue as
part of Task Analysis, PRA, Verification and Validation, and procedure
development activities." Hence, this criterion is satisfied.

HFE PRM Criterion 10.

Criterion: The technical basis upon which the function analysis was performed f
shall be documented. |

Evaluation: ABB-CE has stated that the document, " Human Factors Evaluation
and Allocation of System 80+ Function" was written after the function alloca- |

'

tion was complete. In Section 5 - Results, ABB-CE states that this document
provides a descriptive evaluation that does not aim to create or revise the
System 80+ design. The document provides adequate discussions of key consid-
erations that determined the allocation of functions. Hence, this criterion |
1s satisfied.

18.4.4.4 Element 3 Findings

" Human Factors Evaluation and Allocation of System 80+ Functions" describes j

the critical functions and the success paths that are responsible for satisfy- |

ing the safety functions. Comparisons are made at a high level between the |

System 80 and the System 80+ designs and differences are noted.

The following CSF success paths were identified as new:

Rapid depressurization (RCS heat removal function).

Hydrogen ignitors (containment environment function).
i

the following CSF success paths were identified as modified:

Alternate generator (vital auxiliaries function)-

Startup feed (RCS heat removal)*

No CSF success paths were identified as deleted. ABB-CE has stated that these
changes should impose little change on the role of the operator compared to
the operator's role in the System 80. It was concluded that from a functional
basis the System 80 and System 80+ plants were very similar and that the
functional differences should not result in major changes in the role of the

| operator.
1

18.4.5 Evaluation of Element 4 - Allocation of Function

| This section provides a review of how functions were allocated to personnel
and plant systems in the System 80+.

18.4.5.1 ABB-CE Docunientation

The following ABB-CE document was reviewed:

Reference 7 of CESSAR-DC Section 18.4, LD-93-056, " System 80+ Human=

Factors Engineering," Attached, " Human Factors Evaluation and Allocation
of System 80+ Functions" (NPX-IC-RR790-02), Rev. 01, March 15, 1993),
ABB-CE letter dated March 26, 1993.
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m The following documents were consulted as a part of this evaluation:

September 10 and 11, 1992, public meeting minutes, dated October 21,x +

1992, meetings between NRC and ABB-CE.

Reference 7 of CESSAR-DC Section 18.4, " System 80+ Human Factors Engi--

neering Issue Closeout," Attached, " Human Factors Evaluation and Alloca-
tion of System 80+ Functions" (NPX-IC-RR790-02, Rev. 00, February 23,
1993).

18.4.5.2 DSER Review

18.4.5.2.1 DSER Issues

The staff's initial review of this element concluded that ABB-CE had not
confirmed that trade-off studies have been conducted to determine adequate
configurations of personnel and system-performed functions. DSER Issue 18.6,
" Function Allocation," was identified. At the September 10 and 11, 1992,
public meeting, ABB-CE agreed to address the DSER issue in the document,
" Human Factors Evaluation and Allocation of System 80+ Functions" by:

(a) describing the baseline system, its function allocation, and the changes
and additions to function allocation for the new system,

(b) confirming that trade-off studies or other means have been used to
determine adequate configurations of personnel and system performed

n functions,

(c) confirming that personnel can properly perform tasks allocated to them,

(d) providing auditable details regarding the bases used to allocate func-
tions to the (1) operator, (2) manually-operated controls, (3) automatic
control processes, and (4) computer.

18.4.5.2.2 DSER Issue Resolution

The DSER issue evaluation will focus on ABB-CE's provision of the four items
identified above as necessary to resolve the issue.

Item (a)

Issue: Describe the baseline system, its function allocation, and the changes
and additions to function allocation for the new system.

Evaluation: " Human factors Evaluation and Allocation of System 80+ Functions"
provides a comparison of the System 80+ to a baseline system - the System 80.
Table 1 of that document lists the names and purposes of safety functions for
the System 80 and System 80+. Table 2 provides a comparison of safety grade
and non-safety grade success paths for the System 80 and System 80+. Table 3
describes the success paths of the System 80+ as either unchanged, modified,
new or deleted relative to the System 80. Table 4 describes the function
allocation of the success paths of the System 80+. This document providespI sufficient information to describe the functional basis of the System 80+ and

td satisfy DSER Issue 18.6, Item a. Hence, this issue is resolved.
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Item (b)

Issue: Confirm that trade-off studies or other means have been nsed to
determine adequate configurations of personnel and system perfornad functions.

Evaluation: " Human Factors Evaluation and Allocation of System 80+ iunctions"
provides the results of a set of function allocation analyses that evaluated
functions performed by personnel and plant systems. ABB-CE stated verbally
that these analyses were conducted after function allocations had been
completed, as a form of verification. This evaluation examined the trade-offs
between allocating functions to personnel and plant systems and determined
that the function allocations for the System 80+ were consistent with human
factors principles of function allocation. Therefore, this issue is resolved.

Item (c)

Issue: Confirm that personnel can properly perform tasks allocated to them.

Evaluation: " Human Factors Evaluation and Allocation of System 80+ Functions"
provides the results of a set of function allocation analyses which justifies
the allocation of functions to the operator. Further confirmation that
personnel can properly perform tasks allocated to them will be addressed
during task analysis and verification and validation. Hence, this issue is
resolved.

Item (d)

Issue: Provide auditable details rQgarding the bases used to allocate
functions to the (1) operator, (2) manually-operated controls, (3) automatic
control processes, and (4) computer.

Evaluation: Section 4.4 - Allocation Data of Human Factors Evaluation and
Allocation of System 80+ Functions provides details related to the allocation
of functions to the operator. Important descriptive material includes |

(1) Table 4, which provides a summary of safety function allocations, and
(2) the " Allocation Rationale" discussion that is associated with each success
path.

In response to review concerns, ABB-CE provided additional information j

regarding Table 4 including
i

A description of the five categories of allocation for control functions: |=

automatic, automatic-AND-manual (AAM), manual, manual-OR-automatic, and
manual-XOR-automatic (MXA) used in column 7.

A clarification of the information presented on column 4, which provides=

the rationale for each function allocation based on a set of function
allocation criteria presented in Appendix B of " Human Factors Evaluation
and Allocation of System 80+ Functions." This set of criteria were
derived from criteria presented in NUREG/CR-3331.

Based on this additional information, the function allocation description was
found to be acceptable. Hence, this issue is resolved.
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18.4.5.3 HFE PRM Criteria-Based Evaluation |

q
b The following is a review of the ABB-CE function requirements analysis based

upon the revised HFE PRM criteria for Element 4.

HFE PRM Criterion 1. !
1

Criterion: Functions that were identified as unchanged in Element 3 shall be I

reviewed to determine (1) those for which the human-machine allocation is
unchanged, and (2) those for which the human-machine function allocation has
changed (e.g., through the increased use of automation). This latter group
shall be described as having " modified" function allocations.

Evaluation: ABB-CE addressed this requirement in Table 3 of Allocation Data
of Human Factors Evaluation and Allocation of System 80+ Functions by explic-
itly categorizing success paths as unchanged, modified, new, and deleted.
However, in the terminology developed in the revised version of HFE PRM
Elements 3 and 4 the term " modified" refers to those functions that are new,

changed, or deleted. ABB-CE's use of the term " modified" corresponds to the
term " changed" used in the HFE PRM. This difference is noted because it is a
potential source of confusion. Hence, this criterion is satisfied.

HFE PRM Criteria 2. 3. and 5.

Criterion 2: Unchanged functions that have modified function allocations
shall be analyzed in terms of resulting human performance requirements based
on the expected user population. This analysis should reflect (1) sensi-s

T tivity, precision, time, and safety requirements, (2) required reliability,
C/ and (3) the number and level of skills of personnel required to operate and

maintain the system.

Criterion 3: Modified functions (identified in Element 3) shall also be
analyzed in terms of resulting human performance requirements based on the
expected user population. This analysis should reflect (1) sensitivity,
precision, time, and safety requirements; (2) required reliability; and
(3) the number and level of skills of personnel required to operate and
maintain the system.

Criterion 5: The results of analyses and trade-off studies shall support the
adequate configurations of personnel- and system-performed functions.
Analyses shall confirm that the personnel element can properly perform tasks
allocated to them while maintaining operator situation awareness, workload,
and vigilance. Proposed function assignment shall take the maximum advantage
of the capabilities of human and machine without imposing unfavorable require-
ments on either.

Evaluation: " Human Factors Evaluation and Allocation of System 80+ Functions"
provides the results of a set of function allocation analyses that evaluate
functions performed by personnel and plant systems. This evaluation examined
the trade-offs between allocating functions to personnel and plant systems and
determined that the function allocations for the System 80+ were consistent
with human factors principles of function allocation. Therefore, this

( criterion is satisfied.
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HFE PRM Criterion 4.

Criterion: The allocation criteria, rationale, analyses, and procedures used <

in the analysis of function allocation shall be documented.

Evaluation: The allocation criteria, rationale, analyses, and procedures used i
'

in the analysis of function allocation are presented in " Human Factors
Evaluation and Allocation of System 80+ Functions." This generally provides i

an acceptable description of functions and function allocations. Specific
concerns regarding function allocation were adequately addressed in item b of
Section 18.4.5.2.2 of this report. Hence, this criterion is satisfied.

HFE PRM Criterion 6.

|
Criterion: The OER shall be reviewed to address the case of modified func-
tions. Problematic OER issues shall be considered during the function
allocation analyses for modified functions.

Evaluation: The following modified functions were described in " Human Factors
Evaluation and Allocation of System 80+ Functions"

Rapid depressurization (RCS heat removal function)=

Hydrogen ignitors (containment environment function)*

Alternate generator (vital auxiliaries function)-

Startup feed (RCS heat removal)*

Section 4.4 of " Human Factors Evaluation and Allocation of System 80+ Func-
tions," indicated that rapid depressurization was provided as an RCS heat
removal function in response to problems with PORVs that were identified from
previous plant operating histories. The other modified functions were
justified on the bases of improved redundancy and diversity or were a return
to the allocation of prior plant designs. Hence, this criterion is satisfied.

HFE PRM Criterion 7.

Criterion: The OER shall be reviewed to address the case of unchanged
functions that have unchanged function allocations. If problematic OER issues
are identified then an analysis shall be performed to (1) justify the original
analysis of the function, (2) justify the original human-machine allocation,
and (3) identify non-design solutions such as training, personnel selection, !

and procedure design that will be implemented to address the OER issues.

Evaluation: The analyses performed by ABB-CE did not identify problems with
unchanged functions. Problems identified by the OER were generally at the ,

itask level (e.g., performing cross-checks of values from redundant sensor
channel s) . These problems were addressed by the HSI conceptual design, which
was reviewed by HFE PRM Element 6 (see Section 18.6). Hence, this criterion
is satisfied.

HFE PRM Criterion 8.

Criterion: All function allocations shall be reviewed to evaluate the effect
of new function allocations on unchanged function allocations.
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Evaluation: " Human Factors Evaluation and Allocation of System 80+ Func-
(o) tions," indicates that overall the CSF have not changed between the System 80
U./ and the System 80+. It indicates further that the CSF success paths and their

.

control allocations are similar in System 80 and System 80+ with few changes )and additions. The following CSF success paths were identified as new: |

Rapid depressurization (RCS heat removal function)*

Hydrogen ignitors (containment environment function)*

The following CSF success paths were identified as modified:

Alternate generator (vital auxiliaries function)*

Startup feed (RCS heat removal)*

Rapid depressurization is used in conjunction with the safety injection
system / Direct Vessel Injection to accomplish "once-through-cooling" for
beyond-design-basis accidents.

Hydrogen ignitors are used as a backup to the hydrogen purge and recombiners
systems.

The alternate generator provides additional redundancy and diversity to the
other AC power success paths during loss-of-offsite-AC-power events.

The startup feed provides RCS heat removal during low-power conditions (0 to
5-percent power). It is an alternative to the emergency and main feedwater

p systems. Hence, this criterion is satisfied.

HFE PRM Criterion 9.

Criterion: Functions shall be re-allocated in an iterative manner, in
response to developing design specifics, operating experience, and the
outcomes of ongoing analyses and trade studies.

Evaluation: In Section 6.0 - Conclusions of " Human Factors Evaluation and
Allocation of System 80+ Functions," ABB-CE states that the evaluation of the
interaction between the human and machine elements of the plant control system
will continue as part of task analysis, PRA, V&V, and procedure development
activities. Hence, this criterion is satisfied.

HFE PRM Criterion 10.

Criterion: The technical basis upon which the function allocation analysis
was performed shall be documented.

Evaluation: Appendix B of " Human Factors Evaluation and Allocation of
System 80+ Functions" provides an acceptable technical approach to function
allocation. The ABB-CE document describes the allocation of functions in
terms of this approach. Hence, this criterion is satisfied.

18.4.5.4 Element 4 Findings

(nV) The function allocation analyses provided by ABB-CE in " Human Factors Evalua-
tion and Allocation of System 80+ F=ctions" were performed after much of the
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function allocation between personnel and plant systems had been completed for .

the System 80+. The ABB-CE report provided documentation and justification of
the function allocation from the System 80+ design process, rather than an
analysis of an allocation process that was "in progress." The justifications
for function allocations were found to be acceptable. Some specific informa-
tion requirements of the HFE PRM were not addressed by " Human Factors Evalua-
tion and Allocation of System 80+ Functions" but were adequately addressed by
ABB-CE's task analysis methodology. The task analysis methodology is reviewed
in FSER Section 18.5.

18.4.6 Summary of Findings For Elements 3 and 4

The ABB-CE report " Human Factors Evaluation and Allocation of System 80+
Functions" addresses the requirements for HFE PRM Element 3 - System
functional Requirements by documenting important functions of the System 80+
and comparing these to the System 80. This review found much functional
similarity between the System 80 and System 80+ designs. New success paths
included rapid depressurization and hydrogen ignitors, changed success paths
included the alternate generator and startup feed.

The ABB-CE report also addressed the requirements of HFE PRM Element 4 through
its justification of the allocation of functions between personnel and plant
systems. Therefore, Elements 3 and 4 are resolved.

18.5 Task Analysis

The NRC HFE PRM for advanced evolutionary reactors specified that a task
analysis (Element 5) should be performed. ABB-CE described their task
analysis methodology in Section 18.5 of CESSAR-DC and also in " System 80+
Function and Task Analysis Final Report" (dated January 1989, docketed
April 8, 1992). This methodology is referred to in this section as FTA - old
method. The staff, in the DSER, identified deficiencies in the scope and
depth of analyses provided by ABB-CE. This was identified as DSER Issue 18.7.
In response to this DSER issue, ABB-CE submitted their proposed task analysis
revision for Section 18.5 of CESSAR-DC (Amendment Q). The revised methodology
is referred to in this section as SSARFTA.

18.5.1 Objectives

The objectives of this review were to evaluate the scope of the analyses
proposed by ABB-CE and evaluate ABB-CE's task analysis methodology. Evalua-
tion of DSER issues resolution was addressed within each objective.

1

! 18.5.2 Methodology

18.5.2.1 Material Reviewed

The following ABB-CE documents were reviewed:

Functional Task Analysis (FTA), Section 18.5 of CESSAR-DC (through*

Amendment Q), hereafter referred to as SSAR-DCFTA (revised method).

Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for*

the System 80+ Standard Plant Design," (NPX80-IC-DP790-01, Rev. 02,
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o September 29, 1993).

Reference 7 of CESSAR-?C Section 18.10, LD-93-005, " Closure of System 80+i -

Draft Safety Evaluation Report Issues," Attachment 5, " Chapter 18, DSER l

Open Item Response," ABB-CE letter dated January 18, 1993.

Reference 11 of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-*

ments to RAI Responses," Attachment (untitled), attached response to RAI
Nos. 620.27 and 620.28, ABB-CE letter dated May 8,1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-10?, " System 80+ Human-

Factors Documentation Submittal," Attachment 2, 'Nuplex 80+ Compliance
with NUREG-0737 Supplement 1 Requirements," ABB-CE letter dated Septem-
ber 23, 1992. ]

|
Reference 8 of CESSAR-DC Section 18.10, LD-93-100, " System 80+ Informa- j-

tion for Issue Closure," Attachment 2, Subattachment 2, "Justificaticn of I

ABB-CE Positions Requested for Closure of Task Analysis," ABB-CE letter
dated June 25, 1993.

18.5.2.2 Review Procedure (
I

The following is a brief chronology of activities that occurred during this
review:

(1) Conducted a preliminary review of the ABB-CE document, " System 80+
Function and Task Analysis Final Report" (FTA - old method) during the

|
(p review of HFE PRM Elements 3 and 4 review.

(2) Conducted a more extensive review of this document, Section 18.5 of
CESSAR-DC, and other documents during the Element 5 review using HFE PRM |

criteria.

(3) ABB-CE provided responses to this review in Reference 8 of CESSAR-DC
Section 18.10, LD-93-100, Attachment 2 - Justification of ABB-CE Posi-
tions Requested for Closure of Task Analysis.

(4) Upon resolution of all review issues, ABB-CE provided a revised FTA
methodology in Section 18.5 of CESSAR-DC, Amendment Q (SSARFTA).

18.5.2.2.1 Review Criteria Documents

The following materials were consulted as part of the evaluation:

American National Standards Institute, ANSI /ANS 58.8, " Time Response=

Design Criteria for Safety-Related Operator Action," Santa Monica,
California.

Card, S.K., Moran, T.P. and Newell, A. (1983) The psychology of human-*

computer interaction, New Jersey: Lawrence Erlbaum Associates, pp. 23-97.

F RM, forwarded to the Commission in SECY-92-299, dated August 27,! *
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Letter from T. Wambach (NRC) to ABB-CE, "Public Meeting September 10 and=

11, 1992, Regarding Human Factors Engineering (HFE) Design Issues,"
(Docket No. 52-002).

Public meeting minutes from September 10 and 11, 1992, meetings between=

NRC and ABB-CE.

Rasmussen, J. (1986). Information processing and human-machine interac-*

tion: An approach to cognitive engineering. New York: Elsevier Science
(North-Holl and) .

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System 80+*

Draft Safety Evaluation Report Issues," Attachment, " Human Factors
Program Plan for the System 80+ Standard Plant Design" (NPX80-IC-DP790-
01, Rev. 01, December 15, 1992), ABB-CE letter dated December 18, 1992.

Reference 9 of CESSAR-DC Section 18.5, LD-92-065, " System St+ Supplements*

to RAI Responses," Attachment 4, " System 80+ Function and Yask Analysis
Final Report" (January 1989), ABB-CE letter dated May 8,1992.

U.S Nuclear Regulatory Commission (1992), " Draft Safety Evaluation-

Report," (NUREG-1492), Washington, D.C.

18.5.3 Evaluation of Element 5 - Task Analysis

The following review is organized into three major sections

Section 18.5.3.1 - Task Analysis Scope.

Section 18.5.3.2 - Task Analysis Methodology=

Section 18.5.3.3 - Issues Deferred from Element 4-

In the staff's initial revi N , DSER Issue 18.7 was defined. It provided
criteria for defining the behavioral requirements of the tasks that personnel
are required to perform to achieve the functions allocated to them. At the
September 10 and 11, 1992, public meeting, ABB-CE agreed to update its task
analysis methodology and incorporate the following modifications into Sec-
tion 18.5 of CESSAR-DC:

ltem A

Full range of operating modes

include low-power and abnormal events=

provide justification for not including an event on low-power operations*

during the task analysis for the RCS panel

item B

Evaluation of function allecation

document the resolution of the recommendations for re-allocation of g-

function noted on the following pages in Appendix I of the System 80+
Function and Task Analysis Final Report: pp. 1-45, 1-5, I-7 through I-12
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- Item C

Critical tasks

commit to identify through human reliability analysis for System 80+,a
,

critical tasks which impact safety, and to complete a task analysis for
any such tasks that are identified

item D

address the details of review criteria 3 of the HFE PRM Element 5-

Item E

single failure of DPS, DIAS, or IPS0a

provide justification for not completing a task analysis for operation*

without the DPS

Items F

Position descriptions

provide position descriptions for people expected to be in the CR during-

normal, abnormal, and emergency operations

Item G

O Provide justification for not completing a task analysis for the following

interactions between and among the crew in the CR=

interactions between the crew in the CR and other personnel in the plant*

equipment, documentation, acd supplies required to support personnel-

during normal, abnormal, and t.mergency operations

information needed for completing tasks or for reconstructing an event=

g
- that may not be explicitly identified in the generic procedures

task analyses for maintenance, inspection, and test activities that takea

place in the CR

input to personnel training programs*

Item H

Task analysis for 1, 3 , and 6-person operating crews

discuss ABB-CE's position regarding this issue=
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I

Item I

Provide commitment to address the following issues

maintenance work order tracking and tag out scheme for CR instruments and=

equipment identified via CRT and flat panel displays

an account of how operators will track the status of equipment undera

test, surveillance, or repair

impact of tracking scheme / system on normal, abnormal, and emergency-

operations

Items A, B, E, F, G, H, and I are addressed in Section 18.5.3.1 - Task
Analysis Scope and Items C and D are addressed in Section 18.5.3.2 - Task
Analysis Methodology of this report.

Unless otherwise indicated all ABB-CE responses to the DSER issues and HFE PRM
criteria cited in Sections 18.5.3.1 and 18.5.3.2 are from Reference 8 of
CESSAR-DC Section 18.10, LD-93-100, Attachment 2 - Justification of ABB-CE
Positions Requested for Closure of Task Analysis.

18.5.3.1 Task Analysis Scope

The purpose of this section is to review the proposed scope of ABB-CE's
function Task Analysis effort against

requirements identified at the September 10 and 11, 1992, public meeting-

between NRC and ABB-CE in response to DSER Issue 18.7

review criteria of HFE PRM Element 5-

18.5.3.1.1 DSER Issues Related to Task Analysis Scope

At the September 10 and 11, 1992, public meeting, the staff requested that
ABB-CE incorporate the task analysis methodology into Section 18.5 -
Functional Task Analysis of CESSAR-DC with specific modifications. This
section addresses DSER issues that relate to the scope of the task analysis.
In some cases DSER items are closely related to specific HFE PRM criteria. In
these cases the relevant HFE PRM criteria are referenced and discussions are
deferred to the HFE PRM section.

Item A

Criterion: (See review of HFE PRM Criterion 1 in Section 18.5.3.1.2.)
,

Item B

Criterion: Document the resolution of the recommendations for re-allocation
of functions noted on the following pages in Appendix I of the System 80+
Function and Task Analysis Final Report: pp. 1-4, I-5, and I-7 through I-12.

Evaluation: ABB-CE noted that the problems identified in the System 80+ ;

function and task analysis final report were corrected through the design of a :
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revised DPS access scheme. In addition, the specific concerns identified inp) that evaluation were entered into ABB-CE's HF issues tracking system to ensure(U follow-up evaluation. The original testing will be repeated for the revised
design. This issue is resolved through ABB-CE's inclusion of these issues in
ABB-CE's HF issues tracking system and because of the design commitment to
perform verification and validation of the operating ensemble to verify that
the tracking system items have been adequately dispositioned.

Item E

Criterion: Provide justification for not completing a task analysis for
operation without the DPS.

Evaluation: Section 18.5.1.5.1 of CESSAR-DC lists 15 event sequences that
will be addressed by the SSARFTA (revised method). Event M - Design Basis
Failures of DPS and DIAS indicated that this issue will be addressed by the'

task analysis. This item is acceptably addressed.

Items F

Criterion: Provide position descriptions for people expected to be in the CR
during normal, abnormal, and emergency operations.

Evaluation: Reference 11 of CESSAR-DC, LD-92-065, provides a description of
the minimum and maximum number of crew members to occupy the main control room
during Start-up, Normal Operations, and Post-trip recovery. The minimum crew

n size for post-trip recovery is defined as three crew members: one operator at
I the MCC to control normal success paths, one operator at the safety and'

auxiliary consoles to control emergency success paths, and one senior reactor
operator at the.CRS console to monitor critical functions and to direct
success path strategies. The maximum crew size for these conditions was
defined as six crew members: two operators at the MCC, one operator at the
safety console, one operator at the auxiliary console, and two operators at !

the CRS console. This description was found acceptable because the staffing '

levels are consistent with those defined in 10CFR50.54 and the description has i

adequate detail regarding the locations and roles of crew members in the
control room to allow interpretation of task analysis results and HSI design '

requirements.

Item G

Criterion: Provide justification for not completing a task analysis for the (
following ,

)

interactions between and among the crew in the CR j*

interactions between the crew in the CR and other personnel in the plant*

Evaluation: HFE PRM Element 5 Criterion 3 is related to this DSER issue. It

requires that the detailed task descriptions address communication require- i
ments. j

l
The SSARFTA (revised method) addresses operator tasks sequentially. This

., ,

approach is more conservative with respect to ABB-CE's primary performance j
;

|
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criterion, response time, than modelling operator activities with parallel
activities performed by multiple operators. In addition, the SSARFTA (revised
method) includes a remarks category for recording task requirements such as
communication, crew interaction, and task support that are identified during
the task analyses. This modification appears in Section 18.5.1.3.3 of CESSAR-
DC. The remarks category was found to be an acceptable mechanism for record-
ing important task requirements related to interactions between crew members
and between crew members and the rest of the plant and was therefore found to
be acceptable.

Criterion: Provide justification for not completing a task analysis for the
following

equipment, documentation, and supplies required to support personnel*

during normal, abnormal, and emergency operations

information needed for completing tasks or for reconstructing an evente

that may not be explicitly identified in the generic procedures

task analyses for maintenance, inspection, and test activities that take*

place in the CR

input to personnel training programs*

Each is described below.

G.1 Equipment, documentation, and supplies required to support personnel
during normal, abnormal, and emergency operations.

Evaluation: ABB-CE indicated that equipment, documentation, and supplies and
similar task support concerns are addressed through the modification of the
FTA - old method to include a remarks category. This category will be used to
record task support requirements that are identified during the task analysis
for specific events. The remarks category is described in Section 18.5.1.3.3
of CESSAR-DC. This modification, which was incorporated into SSARFTA,
adequately addresses the DSER issue.

G.2 Information needed for completing tasks or for reconstructing an event
that may not be explicitly identified in the generic procedures.

,

Evaluation: ABB-CE stated the task analysis [FTA - old method] elaborates the
| finer details of procedural tasks as a basis to assess the sufficiency of the
| available procedures. Therefore, task analysis does incorporate information
j that is not " explicitly identified" in the procedure guidelines.
.

In addition, the scope of SSARFTA (revised method) event sequences addressed
in Sections 18.5.1.5.1 and 18.5.1.5.2 of CESSAR-DC have been expanded beyond l

those reviewed for the DSER. The current set addresses a range of plant
~

conditions, operator tasks (operation and surveillance), I&C failures, and
tasks critical to plant reliability (as evaluated through PRA and HRA analy-
ses). This issue is resolved because the selected event scenarios are i

considered to encompass plant conditions that are not explicitly identified in |
generic procedures.
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G.3 Task analyses for maintenance, inspection, and test activities that take
place in the CR.

Evaluation: ABB-CE stated that the effect of CR maintenance, inspection, and
test activities on control room operations has been minimized through the 1&C
design, including features such as redundant indication capabilities (e.g.,
DIAS and DPS). Therefore, a single HSI failure does not require an immediate
need for repair. Therefore, the focus of FTA (both old and revised methods)
is on rule-based plant operations activities. Control room maintenance and
repair activities are addressed by V&V to ensure that they are adequately
supported by the design. This justification was considered acceptable.

G.4 Input to personnel training programs.

(See HFE PRM Criterion 5 in Section 18.5.3.1.2.)

Item H

Criterion: Discuss ABB-CE's position regarding the performance of task
analyses for 1 , 3 , and 6-person operating crews.

Response to this DSER issue also addresses HFE PRM Element 5 Criterion 3,
which requires that detailed task descriptions address staffing requirements
including the number of personnel, their technical specialty, and specific
skills.

r Evaluation: ABB-CE defines staffing requirements including number of person-
nel and their technical specialties in Sections 18.3.2 and 18.6.2.2 of
CESSAR-DC. ABB-CE's SSARFTA ensures that the HSI supports the operator's
input and output requirements and that individual task elements are within
human response capabilities. Coordination of activities between crew members
is addressed by verification. Together, task analysis and verification
adequately address these DSER and HFE PRM issues.

Item I

Criterion: Provide commitment to address the following issues

maintenance work order tracking and tag out scheme for CR instruments and
.

-

equipment identified via CRT and flat panel displays ;

an account of how operators will track the status of equipment undere

test, surveillance, or repair

impact of tracking scheme / system on normal, abnormal, and emergency*

operations

These issues are addressed below.

1.1 Maintenance work order tracking and tag out scheme for CR instruments and
equipment identified via CRT and flat panel displays.

r
i Evaluation: In Reference 7 of CESSAR-DC Section 18.10, LD-93-005, ABB-CE
C stated that tasks relating to maintenance work order tracking and tagout are
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not in the task analysis (both old and revised methods) because these tasks j
will not be performed in the controlling workspace and have no impact on the I

control room HSI design. A separate facility to support maintenance work tag-
out is provided adjacent to the main control room in the System 80+ design. ]

This justification was found to be acceptable.

I.2 An account of how operators will track the status of equipment under
test, surveillance, or repair.

Evaluation: ABB-CE's stated that equipment status data will be input and
maintained by personnel other than the operators. The operators will monitor
the status of plant components and success paths through the DPS displays and
the success path monitoring capabilities. The HSI characteristics for
inputting this data was addressed by the Element 6 review of HSI design
methods and general characteristics. This issue was resolved through ABB-CE's
agreed to describe in greater detail the HSI for inputting these data and
through the commitment in the HSI verification and validation commitments in
the SSAR.

I.3 Impact of tracking scheme / system on normal, abnormal, and emergency
operations.

Evaluation: ABB-CE's stated that the entry of and maintenance of status
information will be performed by personnel other than the operators. ABB-CE
also stated that the impact of unavailable components on safety and non-safety
success paths will be determined by the DPS success path monitoring algorithms
and indicated with alarms. CESSAR-DC Section 18.7.1.8.2 states that unavail-
able status of plant components will be indicated to the operator through
various coding schemes of the HSI, such as the use of cross-hatch over
component symbols. APB-CE's position that this activity will have little
impact on CR activities was found acceptable.

18.5.3.1.2 HFE PRM Criteria Related to Task Analysis Scope

HFE PRM Criterion 1

Subcriterion la: The scope of the task analysis shall include all operations,
maintenance, test, and inspection tasks.

Evaluation: CESSAR-DC Section 18.5.1.5.1 (Amendment Q) lists 15 event
sequences for the SSARFTA (revised method), which address a range of opera-
tional conditions including technical specification surveillances. Mainte-
nance tasks performed in the CR were determined not to be necessary for task
analysis (see Item G.3 in Section 18.5.3.1.1) because such tasks are addressed
by verification and validation to ensure they are adequately supported by the
design. This justification was considered acceptable. |

|
Subtriterion Ib: The analyses shall be directed to the full range of plant |

'

operating modes, including start-up, normal operations, abnormal operations,
transient conditions, low-power and shutdown conditions. (Note, response to
this concern also addresses DSER Item A from Section 18.5.3.1.1.) Item A
requests the following modifications to the task analysis methodology:

1

i
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Full range of operating modes

C' include low-power and abnormal operations events+

provide justification for not including an event on low-power operations.

during the task analysis for the RCS panel

Evaluation: The list of event sequences in CESSAR-DC Section 18.5.1.5.1 was
expanded to its current version in Amendment Q which includes 15 events.
These sequences adequately address the range of plant operating conditions
requested by this criterion.

ABB-CE provided the following justification for not including an event on low-
power operations during the task analysis (FTA - old method) for the RCS
panel:

Several distinctly different (low power) events (currently] receive
treatment in the System 80+ TA, but the tasks for which TA data were
generated using the RCS panel were limited to those with substantial
RCS panel interactions. One such " low power" event is plant
startup; this was included in the RCS TA work. . . . . All scenario,

data are entered as updates to a common TA database. Therefore'

complete coverage of all panels by all scenarios occurs via succes-
sive iterations of the TA performed for the remaining panel designs.
Impact of information gained through successive iterations will be
factored into tha RCS panel design.

t This criterion is satisfied because low power operations are adequately
\ addressed by the expanded range of event sequences presented in CESSAR-DC

Section 18.5.1.5.1.

Subcriterion Ic: The analyses shall include tasks performed in the CR as well
as outside of the CR.

Evaluation: The HFPP provides a commitment to perform task analyses for tasks
addressed by E0Ps that are performed at the remote shutdown panel and local !
control stations. This commitment satisfies this criterion.

1

:

HFE PRM Criterion 5. l

Criterion: The task analysis results shall provide input to the personnel
training programs.

Evaluation: Item G.4 - Input to Personnel Training Programs from Sec-
tion 18.5.3.1.1 also addresses training. It requests ABB-CE to provide a
justification for not performing task analyses to provide input to personnel |

training programs. In response to Item G.4, ABB-CE provided the following
justification:

Although the present TA (task analysis methodology] will be a useful
input to the COL applicant training program (and will be so provided
by ABB-CE), the purpose of the TA is to serve as a design tool.7. m Therefore, it remains a discretionary COL applicant issue as to how\

(d the TA database would be best enhanced to support training. This
'

'
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may depend on other aspects of the COL applicant's training program.
| It is in any case out of ABB-CE's scope for design certification.

(This response applies to both the FTA - old method and SSARFTA (revised
method.) ABB-CE provided a commitment in its HFPP to provide vendor task
analysis results to the COL applicant. Based on these responses both
Criterion 5 and item G.4 were found to be adequately addressed.

18.5.3.2 Task Analysis Methodology

The purpose of this section is to review the technical basis and typical
outputs of the FTA methodology against:

Requirements identified at the September 10 and 11, 1992, public meeting.

between NRC and ABB-CE in response to DSER issue 18.7.
i

I Review criteria of HFE PRM Element 5.*

The results are presented in three sections:
I

Section 18.5.3.2.1 - General Conments Related to Task Analysis Methodo-.

logy

Section 18.5.3.2.2 - DSER Issues Related to the Task Analysis Methodology-

Section 18.5.3.2.3 - HFE PRM Criteria Related to the Task Analysis-

Methodology

18.5.3.2.1 General Comments Related to Task Analysis Methodology

Section 4.2 of " System 80+ Function and Task Analysis Final Report" states
that the FTA was based in part on the human processor model for simple
decision processes (Card et al., 1983). The following concern addresses the
application of this model by ABB-CE to the FTA methodology.

The model human processor uses three estimates of human performance
(1) slowman (worst performance), (2) middleman (nominal performance), and
(3) fastman (best performance). The discussion provided by Card et al.
(pp. 44 - 45) indicates that both the middleman value and the range
(fastman-slowman) should be considered when describing human behavior.
The criterion used by ABB-CE is based only on the middleman value. This
may result in a failure to identify tasks that cannot be performed by
operators who have reaction times in the slowman range. ABB-CE was
requested to clarify the acceptability and limitations of using the
middleman value as a criterion for initial screening of the acceptability
of tasks.

Evaluation: ABB-CE's workload criteria, which compare estimates of time
available for task elements to estimetes of the time required by task ele-
ments, have been revised. The former analysis process had a two-level
screening process for task elements. The initial screening level was based on
the human processor model for simple decision processes and screened task
elements using the middleman criterion. Task elements that did not satisfy
this criterion t:ere further analyzed using a second screening procedure, which
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used an unspecified process to examine task elements in greater detail.m
l

(/ The refined analysis process, which appears in Section 18.5.1.4 of CESSAR-DC,
also has a two-level screening process. The initial screening level now uses
a screening criterion of one minute for each required manual manipulation
(task element). This value is based on ANS 58.8, " Time Response Design
Criteria for Safety-Related Operator Action." The second screening level is
now based on the human processor model and will use explicitly stated conser-
vative assumptions for human and equipment response time performance. During
the review it was determined that the middleman criteria of the model was not
conservative because it was not representative of those members of the user
population who had response times in the slow range. ABB-CE agreed to use the
slowman criterion rather than the middleman criterion as a conservative
estimate of slow response time. This commitment satisfies this concern
because it provides conservative estimates of operator performance.

18.5.3.2.2 DSER Issues Related to Task Analysis Methodology

At the September 10 and 11, 1992, public meeting, the staff requested that
ABB-CE incorporate the task analysis methodology into Section 18.5 -
Functional Task Analysis of CESSAR-DC with specific modifications. This
section addresses DSER issues related to the task analysis methodology. In
some cases, DSER items are closely related to specific HFE PRM criteria. In
these cases, the relevant HFE PRM criteria are referenced and discussions are
deferred to the HFE PRM section.

,m Item C (See HFE PRM Criterion 2.)

Item D (See HFE PRM Criterion 3.)

18.5.3.2.3 HFE PRM Criteria Related to Task Analysis Methodology

HFE PRM Criterion 2

Criterion: The analysis shall link the identified and described tasks in
operational sequence diagrams. A review of the descriptions and operational
sequence diagrams shall identify which tasks can be considered " critical" in
terms of importance for function achievement, potential for human error, and
impact of task failure. Human actions which are found to affect plant risk in
PRA sensitivity analyses shall also be considered " critical." Where critical
functions are automated, the analyses shall consider all human tasks including
monitoring of an automated safety system and back-up actions if it fails.

(Satisfaction of this criterion also satisfies Item C - Critical Task Analysis
from Section 18.5.3.2.2. Item C states, " Commit to identify through Human
Reliability Analysis for System 80+, critical tasks which impact safety, and
to complete a task analysis for any such tasks that are identified.")

Evaluation: The FTA methods (both SSARFTA and FTA - old method) present tasks
in timeline diagrams similar to operational sequence diagrams described in the
criterion above. This representation satisfies the HFE PRM requirement for
operational sequence diagrams.

V The FTA methods (both SSARFTA and FTA - old method) identify tasks for which
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the time required for execution may be in conflict with the time available for
execution. However, the FTA methods (both) do not specifically identify tasks
that can be considered " critical" in terms of function achievement, potential
for human error, and impact of task failure as described in the criterion
above. Task elements that do not satisfy the FTA criterion for response time
are identified for assessment and resolution through the design process and
HFPP.

ABB-CE has recently completed a PRA sensitivity analysis to identify human
actions that may be found to affect plant risk. Section 18.5.1.5.2 states
that the critical tasks identified through this analysis will be evaluated
further using task analysis. The critical tasks are not listed in Sec-
tion 18.5.1.5.2 of CESSAR-DC because they represent results rather than
methodology and are subject to revision with the PRA.

As a result of this PRA analysis, critical operator tasks were identified.
DSER Item C states that these critical tasks should be further evaluated using
task analysis. ABB-CE commits to do this in Section 18.5.1.5.2 of CESSAR-DC,
using SSARFTA. Therefore, ABB-CE has used PRA to identify critical tasks.
This approach is acceptable.

HFE PRM Criterion 3

Criterion: Task analyses shall begin on a gross level and involve the
development of detailed narrative descriptions of what personnel must do.
Task analyses shall define the nature of the input, process, and output
required by and of personnel. This criterion is composed of nine subcriteria
(a to 1). The FTA provides a valuable analysis of information requirements at
the gross level. However, additional information was required for the
following subcriteria: a, b, c, e, f, g, and h, discussed below.

(Response to this criterion also satisfies Item D - Address details of I
Criterion 3 in the HFE PRM from Section 18.5.3.2.2.)

Subcriterion 3a: Information Requirements

information required, including cues for task initiationa

information availablea

Evaluation: The SSARFTA will identify information requirements for
15 selected events (CESSAR-DC Section 18.5.1.5.1). Information requirements
will be derived for individual steps of these events. The description of the I

individual steps of these events are based on " Combustion Engineering
Emergency Procedure Guidelines" (1987). Time lines for these events is based
on process time estimates derived by " evaluating data from specific event
profiles, based on operator experience and process transient response models"
(Section 18.5.1.5.3 of Ref. 2). This criterion is satisfied because the
information requirements derived from SSARFTA, described in Section 18.5.1 of
CESSAR-DC, address information required and information available.

Subcriterion 3b: Decision-Making Requirements

description of the decisions to be made (relative, absolute, and probabi-a

listic)
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evaluations to be performed-

decisions that are probable based on the evaluation (opportunities for.

cognitive errors, such as capture errors will be identified and carefully
analyzed)

Evaluation: The FTA models all operator decisions as simple, rule-based
behavior. ABB-CE was requested in TA issue 4.2 to describe how complex
decision-making, operator errors, and knowledge-based behavior are addressed
by their task analysis methodology. Each is described below.

Complex decision-makina. ABB-CE stated that the TA deals with decision making
as it is structured by the procedures and the operating sequences... Although
information requirements necessary to evaluate all procedural decisions
(including contingencies) will be addressed, the event sequences and time
response evaluations will not necessarily exercise each possible decision
contingency. However, care will be taken in the development of TA scenarios
to ensure that they address a range of complexity in terms of demands on
operator performance, and are not limited to straight-forward or low-demand

| Cases.

This response was found to be acceptable because it provided a commitment to
use TA scenarios that vary in complexity with respect to demands on operator
performance and therefore ensures that challenging decision-making activities
are addressed.

Operator errors. ABB-CE stated that operator errors are addressed by threeg
mechanisms of SSARFTA. First, sections of event scenarios that are considered
to have high workload, based on their failure to pass the first screening
criteria, are considered error-likely situations and receive a more detailed
assessment through the more detailed analysis and screening criteria of the
SSARFTA. Second, critical tasks identified through the PRA will be subject to
analysis via SSARFTA. Third, observations regarding unique task requirements
such as communication, crew coordination, and task support requirements will
be recorded using the SSARFTA remarks category.

This was found to be acceptable because situations in which errors are likely
are specifically analyzed.

iKnowledae-based behavior. ABB-CE stated that the present TA methodology is
focused on rule-based (e.g., procedural) rather than knowledge-based (e.g.,
reasoning) behavior. This reflects the purpose of the TA, which is to support
design. In the tasks addressed by the present TA, the plant designer wishes
to minimize the need for operators to engage in complex knowledge-based
behavior.

While the examination of knowledge-based behavior (reasoning using detailed
knowledge of the plant) can be a valuable design tool for ensuring that the
HSI supports complex scenarios, such as diagnosis of multiple failures,
ABB-CE's focus on rule-based behavior was considered acceptable for
identifying basic control and display requirements. Events involving a

p variety of equipment failures will be addressed during validation. This
response was found to be acceptable because the task analysis process
addresses basic control and display requirements and because knowledge-based

,

,

ABB-CE SYSTEM 80+ FSER 18-67 June 1994

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - _ - _ _ - _ - _ - _ _ _ _ _ _ _ _ _ _ _ -



1

j|behavior is adequately addressed later in the design process during valida-
tion. |

Subcriterion 3c: Response Requirements

action to be taken.

overlap of task requirements (serial versus parallel task elements)*

frequency=

speed / time line requirementsa

tolerance / accuracy=

operational limits of personnel performance-

operational limits of machine and software*

body movements required by action takena

The applicability of the FTA to the specific response requirements of Subcrit-
erion 3c are in 3C-1 through 3C-4.

3c-1. The FTA methodology addresses the following response requirements

actions to be takena

frequency=

speed / time line requirements*

tolerance / accuracy*

operational limits of personnel performance (comparison of the timea

available to perform actions to the time theoretically required to
perform these actions).

Evaluation: This criterion is satisfied because the above categories of
response requirements are specifically defined and analyzed by ABB-CE's
CESSAR-DC FTA.

3c-2. The CESSAR-DC FTA (revised method) does not address overlap of task
elements, in Section 18.5.1.1 of the revised method ABB-CE states: "The FTA
will consider task elements to be additive and serially processed, unless
otherwise noted." No general consideration is given to complex interactions
of steps or personnel in the FTA.

Evaluation: ABB-CE's response reiterated that both FTA report and CESSAR-DC
FTA consider task elements to be additive and serially processed with no
complex interactions. This approach is conservative with respect to task
completion time - the main performance measure of the methodology. Task
interactions will be observed during validation. This response was found to
be acceptable.

3c-3. The operational limits of machine and software, such as computer
response time, are not addressed by the ABB-CE task analysis.

Evaluation: ABB-CE stated that machine response time is not limiting in the
proposed screening model for SSARFTA. The maximum system response time of the i

HSI (e.g., to call up a particular screen) is two seconds; the task analysis |
)
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n screening model assumes a task completion time of one minute. ABB-CE stated ,

!t i that machir.e response time may be significant in (and incorporated by) the
V more detailed analysis which uses a human processor model. ABB-CE stated in

Section 18.5.1.4 that these detailed analyses will use explicitly stated
conservative assumptions for human and equipment response time performance.
This criterion is satisfied because machine response time is accounted for in
the SSARFTA at both the task screening level and the detailed analysis level.
At the task screening level, machine response time is accounted for by the
conservative estimate of task completion time. At the detailed analysis
level, machine response time is addressed by ABB-CE's commitment to use
conservative estimates of machine response time.

3c-4. The body movements required for operation of the HSI are not adequately
addressed since the task analysis does not consider the physical design of the
control panels. Only very simple assumptions regarding target size and hand
movement distance are made. It does not take into account the effect of the
position and frequency of required motions upon operator performance and
fatigue.

Evaluation: The analysis of body movements with regard to usability and
comfort are addressed through suitability verification and validation. The
analysis of body movements with regard to task completion time is addressed
during the SSARF1A analysis by the loss of DPS event sequence. This is a
limiting scenario because it requires the greatest amount of travel around the
controlling workspace to access plant data. The concern for body movements
required to operate the HSI is adequately addressed by the use of the loss of
DPS event sequence and by the evaluations planned for verification andcD[O validation.|

|
| Subcriterion 3d: Feedback Requirements

feedback required to indicate adequacy of actions taken.

Evaluation: Feedback requirements are defined by the EPGs for the scenarios
addressed by the task analysis. Therefore the issue of feedback is acceptably
resolved for the tasks and HSI components addressed by this task analysis.

Subcriterion 3e: Workload

cognitive|
*

physical'

.

estimation of difficulty level.

Evaluation: Section 18.5.1.1 of CESSAR-DC states that regarding workload, the
main concern in the FTA is with mental tasks in control center activities.
The associated physical tasks are within the capabilities of the 5th percen-

, tile female operator. Exceptions to this assumption, such as might occur for
| a locally performed task, are documented in the data.
|

This criterion is satisfied with respect to mental workload because mental
| workload is acceptably addressed by the SSARFTA. This criterion is also
I satisfied with respect to physical workload because the 5th percentile femaleg operator is a conservative criteria for modelling operator characteristics.g
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Subcriterion 3f: Support Requirements

special/ protective clothinga

job aids or reference materials required |a

tools and equipment required*

computer-processing support aids*

ABB-CE was requested to describe the degree to which support requirements will
be addressed by the task analysis.

Evaluation: Some support requirements have received formal treatment during !

the review such as procedure storage in RAI Response 620.28 and the adequacy
of document lay-down space in HF issue tracking system (TOI) Item 92. Other
support requirements will be recorded as remarks category during conduct of
the task analysis. Section 18.5.1.3.3 states:

Remarks accommodate extra notations or miscellaneous task require-
ments from data categories with infrequent significance. In the
present task analysis [SSARFTA], these issues could include, for
example, specific workplace suitability issues, task support
requirements, communications requirements, crew interactions, or
hazard identification.

This criterion is satisfied because these commitments by ABB-CE to evaluate
support requirements address an adequate range of support requirements in an
acceptable manner.

Subcriterion 3g: Workplace factors

workspace envelope required by action taken-

workspace conditions.

location and condition of the work environmenta

Evaluation: The frequency and distance of movements required of operators in
the CR will be addressed by link analysis in which these movements will be
recorded and analyzed. Section 18.5.1.5.5 of CESSAR-DC (Amendment Q) states
that link analysis will be performed for design basis normal operations and
plant shutdown during a loss of the DPS. Loss of the DPS is considered a
limiting case because it requires the operator to travel to individual control
panels to access data from the DIAS displays.

In addition, workplace factors identified during task analysis that may have
important effects on operator performance will be recorded in the remarks
category.

Workplace factors are also addressed during the design of HSI systems and
components by the requirement to conform to the HFESGB. Conformance will be
evaluated during design reviews and suitability verification.

Subcriterion 3h: Staffing and Communication Requirements

number of personnel, their technical specialty, and specific skills.

communications required, including type.

personnel interaction when more than one person is involveda
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Evaluation: Unique communication and interaction requirements identified

O during the SSARFTA analysis will .be recorded in the remarks category. The
effects of staffing and communication will be evaluated during validation.

Suberiterion 31: Hazard Identification

identification of hazards involved.

Evaluation: Section 18.5.1.1 of CESSAR-DC states the following task analysis
assumption regarding environmental hazards:

The workspace environments in the main control room and/or remote
shutdown room remain habitable for all design basis events and
scenarios. However, local control stations included in the FTA
shall be individually evaluated for personnel hazards as part of the
evaluation of the specified operating sequences and tasks.

The analyses of operator tasks using the detailed processing model, per
Section 18.5.1.4 of CESSAR-DC, will use conservative assumptions for human and
equipment response time. Hazards will be recorded using the remarks category.

HFE PRM Criterion 4.

Criterion: The task analysis shall be iterative and become progressively more
detailed over the design cycle. The task analysis shall be detailed enough to
identify information and control requirements to enable specification of

' detailed requirements for alarms,-displays, data processing, and controls for
j human task accomplishment. ,

Evaluation: Although the SSARFTA was not considered to be highly iterative by
nature, it was found acceptable because the results of this process enables
specification of detailed requirements for alarms, displays, data processing,
and controls for human task accomplishment in terms of device type, measure-
rient units, and value range, accuracy, and precision.

18.5.3.3 Issues Deferred from Element 4

The following is a review of HFE PRM criteria from Element 4 that were
deferred until Element 5 - Task Analysis.

HFE PRM Element 4: Criteria 2. 3. & 5.
-

,

Unchanged functions (Criterion 2) and modified functions (Criterion 3) shall-
be analyzed in terms of resulting human performance requirements. The results
of analyses and trade-off studies shall support the adequate configurations of
personnel- and system-performed functions.(Criterion 5). ABB-CE was requested ,

to describe how these issues will be addressed. '

' Evaluation: The SSARFTA addresses unchanged and modified functions. ABB-CE
stated (TA review issue A.1) that the necessary uses of new and modified I

functions (i.e., rapid depressurization, hydrogen ignitors, alternate genera- !
tor, startup feedwater system) are specified in the procedure guidelines and j

' operating sequences employed in the task analysis. ABB-CE stated further in
LD-93-100,. System 80+ Information for Issue Closure, Attachment 2:
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The analytic scope of the TA [SSARFTA) will exercise the new and
modified functions, extend the specified details of the operators'
role from the function to the task level, identify human task
performance requirements, and assess the resulting task loadings.
Excessive loadings will result in further evaluation and formal
resolution of the resulting allocation and design issues.

These criteria are satisfied because unchanged functions and modified func-
tions will be analyzed in terms of resulting human performance requirements
and functions that pose excessive loadings will be subject to additional
analyses to ensure that the configurations of personnel- and system-performed
functions are adequately supported.

18.5.4 Task Analysis Findings

This review examined the adequacy of the scope and methodology of ABB-CE's
proposed task analysis effort to ensure that it established control and
display requirements and evaluated performance requirements imposed on
operators.

The task analysis was found to adequately address control and display require-
ments. The proposed scope of the SSARFTA effort was found to address an
adequate range of system failures and plant operating conditions and included
critical tasks identified through PRA. Acceptable categories of control and
display requirements are generated for individual HSI components including
device type, range, accuracy, precision, and units of measure. In addition,
the task analysis includes provisions for recording special support character-
istics necessary for facilitating operator tasks.

The task analysis was also found to be adequate for addressing performance
requirements imposed on operators. The task analysis evaluated task loading
by determining whether the time required for task element completion is
consistent with the time available for completion. The criteria for estimat-
ing the human performance time were revised by ABB-CE as a result of this
review. The resulting criteria were found to be acceptable. While this
methodology was adequate for addressing operator performance at the individual
task element level, it was found that some DSER issues and HFE PRM criteria
regarding communication and coordination between multiple crew members were

j

not addressed. However, these concerns are adequately addressed by ABB-CE's
verification and validation program. As a result, the proposed task analysis ,

effort was found to be acceptable. j

18.6 Human System Interface Design

The objective of HFE PRM Element 6 - HSI Design is to ensure that HFE princi-
pies and criteria have been applied along with other design requirements to
identify, select, and design the particular equipment to be operated,
maintained, and controlled by plant personnel. Element 6 is concerned with
design methods, criteria used for making design decisions, interim products
(e.g., standard design features) and the final design. HFE PRM Element 8 -
V&V will provide a detailed review of the final design.

Review issues related to Element 6 are addressed in three major subsections,
each pertaining to separate phases of the HFE PRM Element 6 review:
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Standard Design features*
,s

( T Human System Interface Design Methods and General Characteristics=

() Human factors Engineering Standards, Guidelines, and Bases.

The first subsection, 18.6.1, " Standard Design Features," provides a review of
important elements of the System 80+ design, including six standard design
features and the IPSO. The objective of the review was to determine the
acceptability of the basic design features of the System 80+ advanced CR as
described in the CESSAR-DC and other design basis documents. Further, CR
design was reviewed against the Supplement I to NUREG-0737 requirements for an
SPDS.

The second subsection, 18.6.2, " Human System Interaction Design Methods and
General Characteristics," addresses:

the methods for implementing the display and control requirements,*

selecting hardware and software, and refining design concepts

criteria used to determine CR and control panel arrangements including*

the overall configuration of the main control console and the position
of individual control / display devices within individual panels

general design characteristics that were incorporated into the HSIa

The application of the methods and criteria to the design of the CR configura-
tion, RCS panel, and remote shutdown panel is discussed. Relevant DSER issues
are also addressed.

(d-) The third subsection, 18.6.3, " Human Factors Engineering Standards, Guide-
lines, and Bases," provides a review of ABB-CE's HFE design criteria. The
ABB-CE document primarily addressed by this review is " Human Factors Engineer-
ing Standards, Guidelines, and Bases for Nuplex 80+" (NPX80-IC-DR-791-02).
This review addressed issues related to the design guidelines for technical
basis and validity, guideline integration, and procedure for implementation.

DSER Review

All of the DSER issues that pertain to HFE PRM Element 6 are subsumed in a
single issue: DSER Issue 18.8 Element 6 - Human / system Interface Design.
This issue contains the following sub-issues:

18.8.1 Information Coding Methods Used in the System 80+ Control Room*

- 18.8.1.1 - Shape Coding Used to Prioritize Alarms

- 18.8.1.3 - Flash Coding of Alarms

- 18.8.1.4 - Size Coding of Alarms

18.8.1.5 - Quality and Types of Information Encoded in the Control-

Room

18.8.2 - Additional HS1 Information Required for Staff Review-

V
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DSEP. Issue 18.8.2 contains the following sub-items:

(a) Provide human engineering justification for: ;

(1) control panel profiles

(2) control panel arrangement in the control room

(3) the selection of control devices

(4) the selection of the display devices

(5) the alarm scheme

(6) the interactive display hierarchy

(7) the number of colors, shapes, and patterns used to convey informa-
tion in the control room

(b) Provide results of System 80+ specific studies or analyses that deter-
mine the quantitative and qualitative thresholds of " adequate" rather
than "not adequate" human performance for:

(1) IPS0

(2) alarm scheme and alarm acknowledgement

(3) readability of alarm text and tiles from all operator positions in
control room

(4) display hierarchy and navigation scheme used for CRTs

(5) number of colors and shades used on displays

(6) types and amount of information encoded in the control room as
well as the encoding techniques used

(7) audible and tactile feedback for controls, controllers, and other
devices

(8) auditable documentation of the design process that supports the
human performance aspects of the reduction in the quantity of data
presented to the operator

(9) impact of human performance of the difference between breadth of
information in System 80 and System 80+ control rooms

(10) qualitative and quantitative criteria that identify when the
operator is receiving "enough" rather than "too many" or "too few"
number of alarms and displays

(11) auditable documentation to track the data /information that was
lost /gainec' between System 80 and System 80+ control room designs
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(12) effects (positive and negative) on operators performance of the

O changes, individually and collectively, between System 80 and
System 80+

The sub-issues and sub-items of Issue 18.8 were individually evaluated and
resolved during relevant _ phases of the Element 6 review. Table 18.4 provides
a cross-reference between the DSER sub-issues /sub-items and the appropriate !

FSER sections.

18.6.1 Standard Design Features'

The following is a review of important elements of the System 80+ design
including six standard design features and the IPSO. A complete list of
characteristics for each standard feature is provided in CESSAR-DC Sec-
tion 18.7.1. The review includes DSER i.; sues related to the HSI and CR design
compared to the staff's criteria for an SPDS.

18.6.1.1 Objectives

The objective of this review was to determine the acceptability of the basic
design features of the System 80+ advanced CR on the basis of their consis-

,

tency with established human factors standards, guidelines, and principles.
The focus was on the acceptability of these features as design elements, as
described in the CESSAR-DC and other design basis documents and as represented

,

in the mockups of the MCC and IPSO.

18.6.1.2 Methodology

18.6.1.2.1 Description of Review Methodology

In conducting the design features review the following methodology was used.
.

First, reviewed relevant design documentation. This included documentation
from Elements I to 5 of the HFE PRM that addressed the HFPP, OER, function
analysis and allocation, and task analysis. In addition, specific reports
noted below, that describe the design features, were reviewed.

Second, conducted an onsite review. ABB-CE demonstrated the design. features-
using a mockup and discussed how the RCS panels specifically were developed.
The RCS panels provided an example implementation of the design features.under
review.

Third, selected scenarios for use in evaluating the RCS panel from a func-
tional standpoint. Used these scenarios for panel walkthroughs to determine
if necessary controls and displays were available and if the operator could
easily access them. Identified the CSF success paths pertinent to the RCS
panel for use, namely: -

RCS pressure control=

Pressurizer heaters & spray-

Pressure relief-

Core heat removal, *

i Natural circulation )
-

|
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- Forced circulation

Selected two of the EOGs that contained steps relevant to the RCS panel

Reactor trip.

Loss-of-offsite power=

!,

Fourth, Used the above scenarios for a thorough set of walkthroughs at the !

panels. then the design features were evaluated against available HF stan- )dards, guidelines, and principles. In addition, specific displays were '

selected for more in-depth review using HF guidelines. Performed this review
both onsite using the dynamic mockup and in a desktop fashion using the design
drawings and descriptions.

Fifth, reviewed the HSI design against selected design concerns that had been
identified for System 80 plants via the OER to determine if operating experi-
ence was appropriately considered in the design of the System 80+ CR.

Finally, reviewed the HSI design against SPDS requirements identified in
Supplement I to NUREG-0737.

18.6.1.2.2 Material Reviewed

Used the following ABB-CE documents as the basis for the review:

Reference 10 of CESSAR-DC Section 18.10, ALWR-92-203, " Review of Human.

Factors for System 80+ and DCRDR Audit," ABB-CE letter dated April 30,
1992.

CESSAR-DC Section 18.7..

Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure of Sys-.

tem 80+ Draft Safety Evaluation Report Issues," Attachment 5, " Chap-
ter 18, DSER Open Item Response," ABB-CE letter dated January 18, 1993.

Reference 9 of CESSAR-DC Section 18.10, LD-93-106, "Nuplex 80+ Design.

Features Review Comment Responses," Attachment 1, " Design Features
Review Comment Responses," ABB-CE letter dated June 30, 1993.

Reference 11 of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-.

ments to RAI Responses," Attachment 1, "Nuplex 80+ Verification Analysis
! Report" (NPX80-TE790-01, Rev. 02, December 1989), ABB-CE letter dated

May 8, 1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human.

Factors Documentation Submittal," Attachment 1, "Nuplex 80+ Advanced
Control Complex Design Bases" (NPX-IC-DP-790-01, Rev. 00, January 15,

| 1990), ABB-CE letter dated September 23, 1992.
|
'

Reference 1 of CESSAR-DC Section 18.10, LD-92-076, " System 80+ Shutdown.

Risk Report, Revision 1," attached " System 80+ Shutdown Risk Evaluation
Report" (DCTR 10, Draft, June 15, 1992), ABB-CE letter dated June 16, a
1992.
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,m 18.6.1.2.3 Design Criteria Documents 1

(V\ \

The following materials were consulted as part of this evaluation:

Gertman, D., et al., Integrated Process Status Overview (IPS0): -Status=

Report, OECD Halden Reactor Project, HWR-158, April 1986.

NRC Internal Memorandum, Closure of Issues from the Draft Safety*

Evaluation Report (DSER) for System 80+, Docket No. 52-002, Letter from
B. A. Boger (NRC) to D.M. Crutchfield (NRC), June 14, 1993.

NRC Internal Memorandum, HICB Review of System 80+ Design Features*

Related to Instrumentation and Control, M83133, Memorandum from J.S.
Wermiel (NRC) to W. Swenson (NRC), June 23, 1993.

Reference 1 of CESSAR-DC Section 18.6, " Human Factors Engineering=

Standards, Guidelines, and Bases for System 80+" (NPX80-IC-DR-791-02,
Rev. 00, September 15, 1993).

Reiersen, C. et al., Further Evaluation Exercises with the Integrated*

Process Status Overview - IPS0, OECD Halden Reactor Project, HWR-184,
April 1987.

U.S. Nuclear Regulatory Commission (1988), "A Status Report Regarding=

Industry Implementation of Safety Parameter Display Systems," (NUREG-
1342), Washington, D.C.

( U.S. Nuclear Regulatory Commission (1991), " Compilation of Alarm System=

V Guidelines and Evaluation of Their Applicability to Hybrid and Advanced
Control Rooms," (Draft NUREG/CR-6105), Washington, D.C.

U.S. Nuclear Regulatory Commission (1992), " Advanced Human / system*

Interface Design Review Guideline," (Draft NUREG/CR-5908), Washington,
D.C.

|U.S. Nuclear Regulatory Commission, " Reactor Coolant Pump Seal Related*

Instrumentation and Operator Response," (NUREG/CR-4544), Washington, l
D.C. 1

,

U.S. Nuclear Regulatory Commission (1980,1982), " Clarification of TMI |.
'Action Plan Requirements," (NUREG-0737 and Supplement 1), Washington,

D.C.

U.S. Nuclear Regulatory Commission (1981), " Guidelines for Control Room*

Design Reviews" (NUREG-0700), Washington, D.C.

18.6.1.2.4 Scope and Limitations ;

The scope of this review encompassed the following design features:
,

DPS display hierarchy*

; DIAS alanc tile disp'aya,

v

ABB-CE SYSTEM 80+ FSER 18-77 June 1994



,

i

DIAS dedicated parameter display*

DIAS multiple parameter display*

CCS process controller display*

CCS switch configuration*

IPS0*

The first six features are standard in the sense that their basic design will
be applied to various panels in the CR. Associated with each standard feature
was a set of design characteristics, which were described in Reference 10 of
CESSAR-DC Section 18.10, ALWR-92-203. In addition, the IPS0 was included in
this review. The main control room configuration (MCRC) was not evaluated
because the design of the individual panels that comprise it was incomplete.

This review focused on the design basis of the design features and their
associated design characteristics. In addition, a limited review of design
implementation details was conducted for selected parts of the RCS panel and
the chemical and volume control (CVCS) panel.

The f.P8-CE mockup of the CR was used in this review. This mockup consisted of
selected panels of the MCC in a static representation as well as portions of
the RCS and CVCS panels in a dynamic stimulated HSI mockup. This mockup was
not driven by a plant simulation. In addition, a static representation of the
IPS0 was presented via a rear projection display device. |

iThe RCS panel is divided into three functional groups: RCPs on the left, the
RCS on the right, and the reactor coolant seal and bleed system in the
center. Only the functional group for the center portion of the panel, the
RCS portion, was mocked up. Regarding the design features themselves, the
DIAS multiple parameter display, the CCS process controller display, and the

,

CCS component controls were not functional on the RCS panel and were observed :

and operated on the CVCS panel. Additionally, a limited set of the CRT '

screens of the DPS were designed and not all features of the DIAS displays
were fully operational on the mockup. Further, the portions of the design
that were completed, have been reviewed by ABB-CE, but findings not yet
implemented on the mockup were due to cost, time, and higher priorities.
Therefore, discrepancies with ABB-CE's, " Human Factors Engineering Standards, ,

Guidelines, and Bases for System 80+" (HFESGB, Reference 1 of CESSAR-DC !
Section 18.6), guidelines were still present in the mockup. |

Additionally, the HSI features, as designed and mocked up, were based on the !
original reactor systems design that was completed several years ago. The !

lsystems design has continued to evolve and the HSI mockup did not completely
match the latest plant design.

While a final design was not available for the following evaluation, the
documentation and mockup permitted an evaluation of the design features at ;

their current level of description. A complete verification and validation of i

the final CR design is required before the issuance of a COL for a System 80+
plant. This will be addressed by HFE PRM Element 8 - V&V after the design is

,

complete. |
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18.6.1.3 Results of the Design Features Reviewg
i i
V This section presents the review results for the design features. Each

standard design feature (e.g., all design features except the IPS0) was
described by ABB-CE by a set of design characteristics. A full listing of the
design features and their characteristics is provided in Section 18.7.1 of
CESSAR-DC. During the evaluation of the characteristics, several were
identified that required clarification of the wording. ABB-CE provided
revised wording to satisfy the concerns of the staff. CESSAR-DC contains the
latest revised version.

ABB-CE's responses to review issues cited in this report are from Reference 9
of CESSAR-DC Section 18.10, LD-93-106, Attachment 1 - Design Features Review
Comment Responses, unless noted otherwise.

The seven design features were found to be acceptable. This conclusion was
based upon: (1) a review of the conceptual basis of the design features as
described in ABB-CE's design documentation, (2) the onsite demonstrations of
the functioning of the design features on a dynamic mockup using selected EPGs
and CSF success path monitoring, and (3) a top-level review of the design
features using available HFE guidance. In addition, a more detailed review of
the design features was conducted based on the design characteristics associ-
ated with each standard design feature and available HF guidelines. Specific
design concerns were identified as a result of this review and are presented
below. For each design feature, the conceptual basis of the feature as well
as a review of design characteristics and HF guidance issues is provided.

.
Some design characteristics required more extensive review and evaluation than
others because their implications to overall HSI and plant performance were

\ not fully understood initially. This review and evaluation included discus-
sions with ABB-CE, demonstrations and examinations using the mockup, and
additional reviews of supporting design documentation. The resolution of
these design characteristics and the resolution of the HF guidance issues are
presented in the following format: statement of characteristic or issue,
discussion of evaluation, and statement of review status. All identified
characteristics and issues have been resolved.

18.6.1.3.1 Evaluation of Design Features and Characteristics

18.6.1.3.1.1 DPS Display Hierarchy

The DPS display hierarchy was examined through a review of ABB-CE design basis
documents and an evaluation of a mockup that provided representative screens
of DPS. The mockup included the top-level IPS0 display page, CFM menu, plant
sector menus, and a sample set of second- and third-level display pages for
selected CSFs and plant sectors. This hierarchy of displays is to be accessi-
ble from any DPS CRT in the CR. The single-point acknowledgement capability
was demonstrated. This capability causes an alarm condition to be acknowl-
edged on both the DPS and DIAS when the operator acknowledges the alarm on
either system. The alarm acknowledgement and alarm message capabilities were
examined. When an alarm was acknowledged, a message describing the alarm
condition was observed in a spatially-dedicated alarm message window at the
bottom of the DPS display. The DPS alarm list display, which is used when |

-

/) multiple alarms exist, was not implemented and could not be examined. The iC/ capability to acknowledge an alarm and obtain information about the alarm
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condition from multiple locations in the CR via the DPS were discussed.

The DPS display hierarchy provides, through operator selection, major plant
status indications to support operator information requirements associated
with monitoring, controlling and diagnosing plant condition. This concept
addresses the operator's need to maintain awareness of significant changes in
plant conditions and the implications of these changes to plant safety and
operating goals. The basic concept of the DPS display hierarchy was found to
adequately support this need. Final acceptance of the DPS display hierarchy
will depend upon the final design implementation. ABB-CE has provided a set
of 11 design characteristics associated with the DPS display hierarchy.
Additional characteristics may also be considered in the post-certification
review of the design, which will be performed in accordance with the ITAAC. A
review of the 11 characteristics identified by ABB-CE is provided below.

18.6.1.3.1.1.1 Review of DPS Display Hierarchy - Design Characteristics

An initial review of the 11 characteristics associated with the DPS display
hierarchy found the following characteristics to be acceptable - 1, 4, 5, 6,
9, and 10 - based on their support of the operator's need to access and

i process information regarding plant conditions. Characteristics 2, 3, 7, 8,
'

and 11 received additional review because their implications to overall HSI
and plant performance required further analysis. The results of these reviews
are discussed below.

Characteristic 1: addressed the fact that the DPS display hierarchy provides
access to the total set of plant data, as opposed to the subset provided by
the DIAS. Plant data is organized in the DPS to support operator needs. This
includes CSFs and critical success paths presented in display pages using
graphical display formats such as schematic diagrams and bar charts. The
display pages are organized in a three-level hierarchy with increasing levels
of detail to support operator information needs for monitoring, control, and
diagnosis.

Characteristic 4: each display page provides a menu window to support naviga-
tion through the display hierarchy. After an alarm has been acknowledged, a
message describing the alarm condition appears in the spatially-dedicated
area.

Characteristics 5 and 6: addressed the fact that alarms may be acknowledged
from the relevant DPS screens and that all DPS screens can be accessed from
any DPS CRT in the CR. The above characteristics support the operator's tasks
by providing necessary information when it is needed.

Characteristic 9: the DPS display units can be read at the control panel.
Greater viewing distances are not necessary because the full set of DPS
displays can be accessed from any control panel.

Characteristic 10: the DPS display units are located oa the vertical panel
sections, which maintains a logical separation of displays on the vertical
section and controls on the bench section of the panels.

Characteristic 2: The DPS display hierarchy provides access to displays
incorporating system / component status, process parameters, and annunciator !
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status / acknowledgement.

b Evaluation: ABB-CE demonstrated available portions of the DPS display
'

hierarchy on the mockup, including display navigation paths based on plant
| CSFs and plant segments and the representation of process parameters and

system / component status via DPS displays. Also demonstrated were the incorpo-
ration of alarm status representations into these displays and the alarm

| acknowledgement capability. The incorporation of the alarms into the plant
displays provides the capability to access alarm condition information and
then acknowledge alarms from any DPS CRT in the CR. This characteristic
provides flexibility to CR operations. IEC 964 (1.4-1) states, "An alarm .

shall be annunciated in the control room section where the operator has the I
necessary means for initiating corrective actions." The System 80+ CR lprovides this capability in two ways (1) the DIAS has alarm display devices j
that are spatially dedicated to specific control panels where the relevant

!controls are located, and (2) the DPS displays can also be accessed from the I
relevant control panels. This characteristic was found acceptable because, |
based on this review, it was determined that the design did provide the
information defined in Characteristic 2 and the approach used for presenting
this information is consistent with human factors principles for supporting
operator performance.

Characteristic 3: Touch screen VDU devices are utilized.

In the DPS, user inputs are provided through touch screens. At the time of
this evaluation, the touch screen of the DPS mockup was designed such that

f- when the user touched the screen a cursor appeared above the finger tip and
( followed the finger tip's position. ABB-CE stated that the design is being
\s modified to eliminate the cursor. The touch area will become backlit when

touched and activated when the iinger is removed, which is more typical of
touch-screen implementation. Seven concerns regarding the prototype implemen-
tation were evaluated: arm fatigue, obstructed vision by arm or cursor, touch
screen sensitivity, cursor positioning, alternative input methods, and the
rationale for touchscreens over other technologies.

(a) Repeated input actions using the DPS may cause arm fatigue.

Evaluation: Table 3-1 of draft NUREG/CR-5908, " Advanced Human / system Inter-
face Design Review Guideline," states that touch screens should not be used if
the application requires moving / holding the arm to screen for long periods of
time. While interactions with the DPS generally do not require long periods
of time, their frequency may cause fatigue. This may increase the chance for
operator error, slow reaction time, and reduce the operator's willingness to
use the system. This was evaluated further via onsite trials. It was found
that when raaterials are placed on the laydown space in front of the CRT the
user may be required to reach toward the screen in an awkward position which

1

can be fatiguing. While fatigue was not a serious problem during the limited '

duration of the onsite evaluation, it may be a concern during a full-operating
shift. ABB-CE has entered Item 72 into its HF issue tracking system to
provide a commitment to evaluate alternative input devices in addition to the
touch screen design interface, prior to detailed design of the CR panels.

fm 1
e i (b) The user's hand or arm may obscure some portions of the DPS screen.O

l
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Evaluation: Table 3-1 of draft NUREG/CR-5908 states that touch screens should
not be used if the task will be disrupted by the hand temporarily blocking the I
screen. This was evaluated further via onsite trials using the mockup and
found not to be a problem.

(c) The cursor, which appears above the user's finger tip, may not be
visible when the user is in a seated position.

Evaluation: ABB-CE stated that the final design will not use a cursor.
Instead it will use touch targets that become backlit when touched and then
activated when the finger is removed. ABB-CE later demonstrated this capabil-
ity on a different part of the mockup. This was found acceptable because the
backlit area is visible when the user is in a seated as well as standing
position.

(d) The DPS touch interface implemented in the mockup did not appear
sensitive enough in that it did not always respond to touch. The touch
targets appear to be susceptible to both failure to activate and
inadvertent activation.

Evaluation: ABB-CE stated that this is a prototype implementation problem.
DPS prototype touch screens are being improved and this problem will be
corrected in the final design implementation.

(e) Positioning the cursor using touch was at times a problem due to slow
response time of the cursor movement and/or difficulty positioning the
cursor over the poke point.

Evaluation: ABB-CE stated that the final design will not have a cursor.
Touch screen cursor response is an implementation problem with the prototype.
ABB-CE design reviews will ensure that this is corrected.

(f) The design documentation does not identify any interfaces or input
methods that may be available to the operator for use as alternatives to
the touch screens. ABB-CE was requested to consider providing alterna-
tive input mechanisms, such as trackball, mouse, or keyboard entry to
provide the operator with more that one method for providing input to
the DPS and which would address the potential arm fatigue and sensi-
tivity problems noted above.

Evaluation: ABB-CE entered Item 72 into its hF issue tracking system to
provide a commitment that ABB-CE evaluate whether an alternative input device,
in addition to the touch screen design, is necessary. ABB-CE stated that if
an alternative is determined necessary, the feasibility of adding specific
user interface devices will be considered. This evaluation will occur prior
to detailed design of the CR panels.

(g) ACd-CE was requested to describe its rationale for selecting touch
screens over other control / input devices, including the results of trade
studies and consideration of the concerns listed in Sub-Items a torough
f, above.

Evaluation: ABB-CE stated that touch screens are used as an interface for
accessing information (i.e., monitoring) because they support the inclination
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,m of humans to point. Trade literature was reviewed to determine the potential
\(V use of touch screen technology, to determine the capabilities of off-the-shelf

touch screen products, and the availability of these products and related
services. Surface acoustic wave technology was selected over designs using
capacitive or resistive techniques. Infra-red touch screen technology is used
on DIAS; thereby, addressing diversity concerns. A mouse or trackball is a
pointing interface. Using a pointing interface requires allocation of panel
real estate and employment of design techniques to address resulting seismic /
missile hazard concerns. Considering these costs, the benefits of a pointing
interface are considered low.

Using the touch screen interface for display screen selection, alarm
acknowledgement, and information access supports the DPS monitoring
interactions required for tha eticipated tasks of these devices. This
was confirmed by verification analysis in which touch screen response
was specifically evaluated. The verification analysis recommended that
touch selection could be improved by using flatter screen CRTs and
improving software response. Subsequent to this analysis, new software
and hardware were purchased to address this concern.

ABB-CE's response did not indicate that the selection of touch screens was
derived from a systematic evaluation of human performance requirements. The
response did indicate that trade studies were conducted after the initial
selection of touch screens had been made to guide the selection of particular
touch screen hardware / software,

p Alternative input devices such as the trackball or mouse should not be

V) excluded from consideration for use as a DPS input device on the basis of(
panel space requirements or seismic qualification considerations. Because
trackballs can be permanently mounted to a panel they require little panel
real estate. Because the DPS is not a seismically-qualified system, it is
not necessary that the input device be seismically qualified. Seismic
qualification of the input devices is only a concern to the extent that the
DPS interfaces should have some consistency with respect to method of use with
the input device of a seismically qualified system.

ABB-CE provided a commitment in Item 72 of its HF issues tracking system to
evaluate alternative input devices, in addition to DPS touch screen design
interface, prior to detailed design of the control panels.

Characteristic 7: The DPS automatically provides specific alarm condition
messages at the time of alarm acknowledgement.

At the time of alarm acknowledgement a message appears in a message window ati
l the bottom of the CRT screen to describe the alarm condition. The alarm

message contains the parameter's descriptor, data base point ID and current
value. If the parameter is in an alarm state, then the message will also
contain the alarm severity and alarm set point. The concept of providing a
message is consistent with draft NUREG/CR-6105, " Compilation of Alarm System
Guidelines and Evaluation of Their Applicability to Hybrid and Advanced
Control Rooms," guideline, " Ensure that the content of each annunciated

g, message identifies, at a minimum, the alarm source (e.g., control power,

|;V) Pump A) and the nature of the deviation (e.g., lost, failed)." The message
presentation is delayed until the alarm is acknowledged. This message
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m esentation method provides the essag at the time it is needed by the
aperator and is consister t with HF principles for reducing visual clutter.
The following specific concerns were identified with respect to the alarm
messages.

(a) The presentation of alarm condition messages when TJltiple alarm
conditions are associated with a single alarm was not clearly understood
from the design documentation. ABB-CE was requested to clarify the
method of presenting multiple alarm condition messages within DPS (e.g.,
Must the operator access the DIAS alarm list display to see all of the
related alarm messages at one time?).

Evaluation: The design approach for responding to multiple alarm conditions
or, a single tile through the DPS was demonstrated and explained by ABB-CE. In
addition, ABB-CE provided additional descriptions of the alarm system in
Section 18.7.1.5 of CESSAR-DC. This section states that in the case of
multiple alarms, information pertaining to the alarms may be obtained from the
DPS through prioritized, hierarchical, and time- sequential alarm lists. In
addition, alarm information may be obtained from the DPS unacknowledged alarm
list and the DPS display pages that describe process parameters and compo-
nents. This was found to be acceptable because the revised description states
that alarm information can be accessed within the DPS through alarm lists
displays and plant process r.nd component displays; access ta the DIAS is not
required to access this information.

(b) The alarm messages do not present the operator with the required alarm
response actions or references to relevant steps in the alarm response
procedure. Inclusion of this information is consistent with the draft
NUREG/CR-6105 guideline that states ". . recommend that references.

to alarm response procedures be provided [in messages displayed on CRTs
or printers)." ABB-CE was requested to clarify its position regarding
inclusion of this additional information in the alarm messges.

Evaluation: ABB-Cr stated that the Nuplex evolutionary design supports use of
hardcopy procedures. Computer based procedures are not in the design bases
because they do not represent proven technology and there is no basis for
determining acce tability. ABB-CE will allocate space on the DPS CRT screen
for information which will reference applicable alarm response procedures.
This information would be provided by the COL applicant once alarm response
procedures are developed and implemented consistent with HF standards and
guidelines. This response was found acceptable.

Characteristic 8: Conforms to System 80+ Human Factors Standards, Guidelines,
and Bases (HFESGB). ;

|Evaluation: The HFESGB document was reviewed separately and found to be
acceptable as a basis for the DPS design. The results of this review are
presented later in Section 18.6.3. In addition, the DPS mockup was indepen-
dently evaluated against HF guidelines selected from draft NUREG/CR-5908. The

.

!
results are provided below in the subsectics titled Review of DPS Display
Hierarchy-Design Implications. Based on the resolution of concerns identified i
in Review of DPS Display Hierarchy-Design Implications and Section 18.6.3 this i

characteristic was found to be acceptable.
1
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Characteristic 11: The DPS display hierarchy is diverse and independent ofbs the DIAS.'

Evaluation: Diversity and independence are design considerations related to
equipment reliability. The NRC I&C Branch (HICB) was requested to review this
issue and provided the following evaluation:

The DPS is physically separated and independent of both DIAS
channels. Independent Clast. IE power busses are provided for each
redundant Category I sensor int.trument channel, up to and includ-
ing the channel isolation devices. The DIAS-P processing units
and displays are powered from the isolated Class IE, battery- '

backed, A and B instrument buses. The DPS is powered from non-
safety-related, battery-backed computer buses. The category 2
variables are displayed on DIAS-N and DPS with power supplies from
the safety instrument buses and computer bus, respectively. Both
are battery backed. The instrument channels are powered from the
C and D instrumentation bus. The redundant information systems
conform to the guidelines for the physical independence of elec-
trical systems in RG 1.75.

The staff is reasonably assured that the information systems important
to safety conform to the requirements of GDC 13 for monitoring systems

|and variables over their anticipated range for normal operation, for I

anticipated operational occurrences, and for accident conditions.
Further, crnformance to GDC 13 and the applicable guidelines satisfies

,

the requirements of GDC 19 with respect to information systems provided |
in the control room from which actions can be taken to operate the unit

L safely under normal conditions and to maintain it in a safe condition
under accident conditions.

Based on this review this characteristic was found to be acceptable.

18.6.1.3.1.1.2 Review of DPS Display Hierarchy - Design Implementation

The following ten DPS issues were iden:* 'd and resolved using HFE guidelines
and current 6esign practice (subject tt, H detailed implementation
limitations described above).

Issue 1: DPS response time

During the onsite evaluation, the time required by the DPS to respond to'

inputs was, at times, excessive. It was requested of ABB-CE to clarify the
| intended response time for the System 80+ and to identify any response time
i differences between the design goal and the actual performance of the mockup.

Evaluation: ABB-CE stated that transitions between screens in the DPS
hierarchy were likely to requi N the most time while responses to other
operator input actions would i ewire less time. The raviewers timed a number
of the screen changes and noted that many were at the 2-second range. This
was considered slow for operator needs, given the amount of screen switching
that was noted during the walkthroughs.

d In its response ABB-CE stated tnat its application software response guideline
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is 2 seconds (Section 4.5 of the HFESGB). The 2-second response time is
consistent with industry guidance. This is the maximum acceptable time from
the moment of touch request at the display page menu option until the direc-
tory page is displayed. This also applies to a touch request at the display
page directory until the selected display page is presented. Any response
time in excess of the 2 seconds is a prototype implementation problem that
will be corrected on the mockup. An HFE tracking system item [ Item 73] has
been added to address the fact that the NRC staff found the DPS response time
was slow during the onsite evaluation and has concerns that this may interfere
with the operators' ability to rapidly scan and collect information.

This concern was satisfied based on ABB-CE's commitment to include this
concern in the HFE tracking system.

Issue 2: RCS flow indication

The onsite review indicated that the parameter RCS flow is not available on
the DPS or DIAS. The walkthroughs, which were based on critical safety factor
indications, indicated that this is a potentially valuable parameter for
indication / verification of proper forced cooling flow or natural circulation
flow. It was requested that ABB-CE state its position regarding the inclusion
of RCS flow indications in the DPS.

Evaluation: ABB-CE stated that the function and task analysis shows no use of
RCS flow, RCP differential pressure, SG differential pressure, or core
differential pressure to verify RCS loop circulation. Loop differential
temperature, hot and cold leg temperatures, core exit thermocouples, and
subcooling are required by Emergency Operations Guidelines to determine the
existence of circulation. There is a low flow reactor trip on steam generator
differential pressure to protect against a sheared shaft event. RCS flow
(gpm,1bm/hr) is not required.

Upon further review the current set of parameters was found to be adequate
based on the information requirements derived from the function and task
analysis.

Issue 3: Measurement units for plant parameters are not presented

The DPS displays do not consistently show units of measurement such as
temperature, pressure, level, and power for the depicted plant parameters.
This is in conflict with HF design guidance including Guideline 1.3.6-6 of the
draft NUREG/CR-5908.

Evaluation: ABB-CE stated that the HFESGB document will be updated to require
that measurement units will be included for all numerically-displayed values.
ABB-CE entered Item 80 into the HF TOI to record its commitment to make this
HFESGB modification.

Issue 4: Deviation bar chart orientation and scaling

Three concerns were identified with respect to the deviation bar charts
depicted in the screen titled " Primary (level 1)" and similar DPS screens.

(a) Inconsistencies were noted in the orientation of deviation bar charts. !

!
'
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On the comparison of charging and letdewn, toward movement of the bar l[sh) indicates that inventory is increasing. However, for the comparison of
steam flow and feed flow, upward movement of the bar indicates that
inventory is decreasing. This is potentially cc9 fusing to operators and 1

in conflict with HF guidelines that pertain to consistency. |

Evaluation: ABB-CE stated that the bar chart referred to is a mismatch bar
Jgraph not a deviation bar graph. This is a prototype implementation problem.
JDesign review will correct this. The orientation will be changed [to be]

consistent with the comment.

This change will also be reflected in ABB-CE's HFESGB document. ABB-CE
committed in Item 105 of the HFE tracking system to expand the HFESGB document
to include detailed guidance for display design conventions for deviation bar
charts and other graphic formats. (See Section 18.6.3.3.2.1.) This concern
was satisfied based on these commitments from ABB-CE.

(b) Digital values are not provided for the deviation bar charts. As a
result, operators must either try to interpret values from the scale or
obtain values from the DIAS. ABB-CE was asked to consider adding bands
to the scales of these charts that indicate normal operating ranges to
facilitate interpretation of these scales.

Evaluation: ABB-CE stated that the mismatch bar graphs are provided without
digital values because they are used for qualitative display of process
dynamics on Level 1 monitoring display pages. There are many power plant

n\ operating situations in which varying magnitudes and directions of mismatch
/ (e.g., charging flow - letdown flow) are acceptable and expected. ABB-CE willb consider adding a normal deviation band on a case-by-case basis for each

mismatch bar graph used.

Based upon ABB-CE's explanation of the intended use of this display format,
it was determined that display format was adequate and that this concern was
resolved.

(c) The scales of the deviation bar charts are not scaled to facilitate
reading / interpreting the displayed value. For example, the chprging/
letdown scale has no intermediate values between zero and 0.5m / min
(130 gpm).

Evaluation: ABB-CE agreed to modify Section 18.5.1.5.3 of CESSAR-DC to
require that parametric requirements for display and control variables be
defined in terms of precision, in addition to device type, range, accuracy,
and units of measurement, as part of the task analysis methodology. ABB-CE
also committed to modifying Section 6.1.5.2 - Phase 2 Availability Inspection
Criteria of its verification and validation plan (NPX80-IC-VP790-03) to
indicate that precision specifications will be verified for each as-built item

;

of the HSI. In addition, ABB-CE agreed to enter Item 105 into the TOI to i

record its commitment to provide additional guidance in the HFESGB regarding
graphic formats such as mismatch and deviation bar charts,

n Issue 5: Bar chart scaling

! Three concerns were identified with respect to normal bar charts as depicted
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in the screen titled "RCS Control (PRI) Level 2" and similar DPS screens. |

|
i(a) Digital values are not provided for the normal bar charts. As a result

operators must either try to interpret values from the scale or obtain
values from the DIAS.

Evaluation: ABB-CE stated that the bar charts referred to are on Level 2 i

displays (RCS control and inventory control). The bar charts display the !
parameters which comprise the Level 1 monitoring display's mismatch ba graph |

(i.e., charging flow and letdown flow). The bar charts on the Level control
displaysprovideafinerdegreeofinformation(thescalesaredemarcaedin
increments of 0.04m / min (10 gpm) but the precision afforded by digi' 1 values
is not required at the bar chart. The precision is required and prsvided at
the ultimately controlled parameter (i.e., pressurizer level) which is also
located on the same display page. That is, the precision is provided on the
RCS parameters because it is the RCS control page. On the CVCS control page,,

digital values are provide for charging flow and letdown flow because it is|

this page that is designed to be used for monitoring when controlling CVCS
components and prncess parameters. Also digital values and finer scales are
provided on the process control devices where these parameters are controlled.

Based upon ABB-CE's explanation of the intended use of this display format,
it was determined that display format was adequate and that this concern was
resolved.

3(b) Units of measurement (e.g., m / min (gpm)) are not provided. This is in
conflict with HF design guidance including Guideline 1.3.6-6 of draft
NUREG/CR-5908.

Evaluation: This issue is covered by the response to Issue 3 above. Units of
measurement will be provided.

(c) The scales of the bar charts are not scaled to facilitate reading /
interpreting the displayed value. The scale is numbered zero, 100, and
200. Lines are provided to indicate 50 and 150.

Evaluation: ABB-CE stated that this is a prototype implementation concern
that will be corrected by ABB-CE design review.

Issue 6: Labeling of symbols

Symbols used to represent major plant components in the DPS displays are not
consistently labelled. For example, in the screen titled " Primary (PRI)
Level 1" the labels for symbols for reactor coolant pumps, steam generators,
and pressurizer are located below the symbol. In other DPS screens, the label j
appears inside the symbol. This is in conflict with HF guidelines for
consistency and symbol labeling.

Evaluation: ABB-CE stated that this is a prototype implementation concern.
.

Any labeling that does not meet our guidelines to be meaningful, unambiguous,
consistent, compatible, take into consideration the users, their tasks,
working environment, and specific guidance for data descriptors (HFESGB |Sections 2.1.b, 2.1.c, 2.1.d, 2.1.e, 2.1.h and 4.1.5) will be corrected by .

ABB-CE design review. Based on this guidance, it is ABB-CE's assessment that
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labels in two locations for specific reasons provide no hinderance in using[\ the display and introduces no likely human errors even though every label
V position is not identically oriented.

Upon further consideration ABB-CE's position that this was an acceptable
deviation from human factors guidance was found acceptable. This concern is
satisfied.

Issue 7: Improper terminology

The display pressurizer pressure (PRI) Level 3 uses obsolete terminology -
SDS.

Evaluation: ABB-CE stated that this a prototype implementation problem. The
design and the prototype will be made consistent with system design. Display
terminology will be corrected by design review.

Issue 8: Poke point labeling

j in the display pressurizer pressure (PRI) Level 3, single characters such as T
'

or P are used as labels for dynamic parameters. These parameters are coded in
cyan to draw attention to the fact that they are dynamic. These labels are
also used to designate poke points for obtaining more detailed data about the
particular parameter. Two concerns regarding the small size of these labels
were identified.

p (a) The convention of coding these labels with the color cyan loses its

V) effectiveness when short labels are used; the ability to discern color,

decreases with target size.

Evaluation: ABB-CE stated that the issue of single letter designators is a
trade off between screen clutter and identification. The present use of cyan
single letter parameter labels has been demonstrated to be effective [during
suitability analysis). Single letters are used only on these most frequently
used labels (P - pressure, T = temperature, F - flow, L = level) to reduce
screen clutter. This meets the reference general guidance (HFESGB Section
2.1).

(b) The size of the single letter label violates guidelines for minimum poke
point size.

Evaluation: ABB-CE indicated that the poke area size is larger than the
singleletterdpsignator. Section 3.4.9.1 of the HFESGB specifies a size of
at least 1.6 cm (.25 square in.) in area and 0.64 cm (.25 in.) in height.
ABB-CE further stated that the parameter descriptor is smaller and centered jwithin the poke area. The minimum poke area is defined to assure that the

i

finger will not address more than one area when the finger is directed at the i
parameter or component descriptor. Poke areas do not overlap. |

This concern was resolved based on ABB-CE's explanation that the actual poke
area is larger than the single letter designator.

Issue 9: Operator aids '

g

In general the DPS does not provide adequate operator aids such as a RCP seal
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diagnosis chart or a display correlating pressurizer level with RCS volume. i

Inclusion of such aids may enhance operator performance by making effective 4

use of the processing capabilities that computer-based information systems
possess. It was requested that ABB-CE clarify its position regarding the
inclusion of computer-based operator aids in the DPS.

Evaluation: ABB-CE stated that this suggestion has been added to the TOI
system [ item 86). ABB-CE's position on computer-based operator aids is that
they are a good idea where they actually enhance the operator's ability to
perform anticiptted tasks. Evaluation of the benefits and drawbacks of each
potential operator aid is warranted. ABB-CE relies on the results of a multi-
disciplinary design review, procedure guidelines, and utility feedback for
potential operator-aid candidates for the Nuplex 80+ standard design. ABB-CE
will add operator aids to the Nuplex 80+ control room design contingent upon
the results of the evaluation. The evaluation will identify useful operator
aids but avoid those which may be distracting for the operators.

Issue 10: CRT glare

A potential problem with CRT glare was noted during the onsite review. There
was a concern that the ambient lighting in the mockup room is dimmer than the
anticipated CR conditions. In addition, the selection of CRTs that are
different from those used in the mockup may increase glare. It was requested
that ABB-CE to describe the measures that will be taken to reduce glare in the
final design.

Evaluation: ABB-CE stated that its de. sign criteria (HFESGB Section 3.4.6)
recognizes the need to reduce CRT glare. ABB-CE stated that it will c.ontinue
to evaluate CRT hardware for its acceptability in reducing CRT glare and that
the concern will be resolved by design review. In addition, evaluation of CRT
glare characteristics is explicitly included in the staff's review of the
final design as per NUREG-0700 and HFE PRM Element 8, " Verification and
Validation."

18.6.1.3.1.2 DIAS Alarm Tile Display

The onsite review examined the DIAS alarm tile displays that were resident on
the RCS panel. A set of DIAS alarm tiles were also examined at the CVCS
panel. The DIAS alarm tiles contained groups of alarms that were functionally
related to each other and to the RCS panel. The alarm tiles were spatially
dedicated within the display page. The DIAS alarm tiles were presented on
electro-luminescent panels on the vertical section of the RCS panel.

The DIAS alarm tile display system is coordinated with the DPS display system
such that (1) the same coding schemes are used in the DIAS and DPS for
indicating alarm priority and status, (2) similar alarm messages appear in
both the DIAS and DPS message windows (DPS messages are more detailed), and
(3) alarms that are acknowledged by the operator on one system are also
acknowledged on the other system.

The DIAS alarm tile display system is an operator-alerting system that conveys
the meaning and importance of alarm conditions through a hierarchical classi-
fication of alarm conditions and spatial dedication of alarm messages. This
concept was found to be acceptable based on current alarm system guidelines
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and research addressing the value of alarm message priorifization/ filtering[q and spatial dedication as techniques for reducing operator workload associatedV} with handling alarm messages. Specific concerns are reviewed below.

18.6.1.3.1.2.1 Review of the DIAS Alarm Tile Display - Design Characteristics

An initial review of the 17 characteristics (see Se', tion 18.7.1 of CESSAR-DC,)
associated with the DIAS alarm tile display found the following characteris-
tics to be acceptable: 1, 6, 7, 8, and 10. Characterisitics 2, 3, 4, 5, 9,
11 through 17 required additional review. Cnaracteristics 1, 6, 7, 8, and 10
as described in the design literature and represented in the mockup, were
found to be generally consistent with accepted HF design principles and
guidelines related to providing necessary information to support operator
tasks. Some apparent discrepancies are noted below and were resolved through
commitments for further review when the design is more complete.

Characteristics 1, 6, and 8 addressed the fact that individual alarm messages
are organized using functional grouping and spatial dedication. A single
alarm tile may be associated with a group of individual alarm conditions that
are functionally related (characteristic 1). Alarm tiles are further grouped
by functional relationships within an alarm tile display page (characteris-
tic 8). An alarm tile display device is assigned to a control panel based on
functional relationships with the indicators and controls that reside on that
panel (characteristic 6). These characteristics support the operator's
interpretation of the alarm message content; much of the alarm message content
is conveyed by the location of the tile in the CR.

) Characteristic 10 addressed the fact that while the alarm tile messages must
v be read at the panel, their status is visible from across the controlling work

space. This characteristic supports operator awareness of plant condition and
is consistent with NUREG-0700, which states that an alarm should be readable
from the position in the work station where the annunciator will be acknowl-
edged.

The DIAS alarm tile display units are located on the vertical panel sections
(characteristic 7), which maintains a logical separation of displays on the
vertical section and controls on the bench section of the panels.

Characteristics 2, 3, 4, 5, 9, 11, 12, 13, 14, 15, 16, and 17 received
additional review because their implications to overall HSI and plant perfor-
mance required further analysis. The results are discussed below.

Characteristic 2: Touch screen VDU devices are utilized. In the DIAS alarm
tile display, user inputs are provided through touch screens. Table 3-1 of
draft NUREG/CR-5908 states that touch screens should not be used if the
application requires moving / holding the arm to screen for long periods of time
or if the task will be disrupted by the user's hand temporarily blocking the
screen. ;

Evaluation: These concerns were evaluated through use of the mockup. Arm l
fatigue was not determined to be a problem because use of the DIAS required !

n momentary touches by the operator; it did not require the operator to hold the |

h i finger over the touch area for a long period of time. The alarm tiles were i
O touched repeatedly in a manner that simulated acknowledgement of multiple
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I
alarms. Arm fatigue was not noted after repeated touches. Use of the touch I

screen did cause the finger and portions of the hand to block the operator's
view of portions of the alarm tile display. However, this did not interfere
with the operator's task of acknowledging the alarms because portions were
blocked momentarily, only. This characteristic was found to be acceptable |
because arm fatigue and blockage of the alarm tile display were not found to
be problems.

4

Characteristic 3: On each DIAS alarm tile display device, the status of alarm
tiles is presented on a single alarm tile display page; for each tile, an
associated alarm list page is available to present the status of individual

)
alarm conditions. {

!

Evaluation: The DIAS alarm tile display uses an alarm tile format to convey )
! alarm status information such as priority and state for a specific set of {

plant parameters. An alarm message list format is used to convey information '

about the specific alarm conditions that were responsible for generating the
alarm. This concept of using alarm tile and list formats together to convey
plant status is consistent with Guideline 3.1-3 of draft NUREG/CR-6105, which
states that for computerized annunciator systems, consideration should be
given to including a mix of VDT-displayed warnings and tile-displayed warn- 1

ings. Therefore, thir characteristic was found to be acceptable.

Characteristic 4: Unacknowledged alarms on a single tile are acknowledged
through the display as a group.

Evaluation: This characteristic is consistent with traditional CR designs in
which groups of alarms are acknowledged through a single operator action. In
traditional control rooms each alarm condition generally has a dedicated alarm
tile and pushing the acknowledge button acknowledges the active alarms. In
the DIAS, an alarm tile may have a group of alarms associated with it. When
an alarm tile is acknowledged detailed information (e.g., title, parameter,
setpoint) related to the individual associated alarms is presented on the DIAS
alarm tile list display page. Therefore, this characteristic was found to be
acceptable because it operates in a manner similar to traditi.onal alarm
systems but organizes alarms in functionally related groups which may providei

additional benefit to the operator's understanding of plant conditions.

Characteristic 5: Alarm condition messages are automatically provided upon
alarm tile acknowledgement.

The concept of providing a message is consistent with Guideline 3.3.3-3 of
draft NUREG/CR-6105, which states that the content of each annunciated message
should identify, at a minimum, the alarm source (e.g., control power, Pump A)

| and the nature of the deviation (e.g., lost, failed). The message presenta-
tion method of the DIAS alarm system provides the message at the time it is
needed by the operator and is consistent with HF guidelines for reducing
visual clutter. Upon acknowledgement of an alarm tile a message appears at
the bottom of the display device to describe the alarm condition. If multiple
alarm conditions were associated with the alarm tile then the DIAS alarm list
display will automatically be presented. However, the following three
concerns have been identified.

(a) When the alarm list display is presented it replaces the alarm tile
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display and the operator can no longer see the alarm tiles. It is

[s} understood that the alarm list display shows an " Alarm Stat" tile, which
(,/ indicates the status of highest level active alarm from the alarm tile

page. liowever, it appears that this tile does not show the title of the
highest priority alarm, only its status. Also, the other alarm tiles
that may have similar or lower levels of priority are not visible at
this time. There is a concern that while the alarm list display is
shown, the operator may lose site of other alarms. Under what condi-
tions is the alarm tile list display page returned again to the DIAS
alarm tile display (e.g., new alarm condition, operator action, auto-
matic time-out)?

Evaluation: The alarm tile list display page returns to the DIAS alarm tile
display upon operator action, only. The design of the DIAS alarm list display
page includes the alarm tile of interest and an alarm ' STAT' tile. The
operation of this characteristic was demonstrated to the review team using the
mockup and found to be acceptable because the ' STAT' tile provides a salient
alert to the operator regarding the presence of new alarms. In addition, the

ability of operators to use the ' STAT' tile and not lose cognizance of other
alarms on that alarm tile matrix while the alarm list is displayed will be
evaluated during the validation tests of the completed design.

(b) It does not appear that alartn set points are displayed on:

The message window of the alarm tile display, or.

The alarm list display if the tile has not yet alarmed.

n

(v) During the onsite review, ABB-CE was requested to clarify its position on
presenting alarm setpoint information via DIAS for parameters that are not in

| alarm conditions.
<

Evaluation: ABB-CE stated that it wili add design guidance relating to alarm
setpoints contingent upon the results c,f a multi-disciplinary design review.
This concern has been added to the TOI system [ item 74].

This concern was satisfied through ABB-CE's inclusion of this concern in its
HFE tracking system.

(c) The alarm messages do not present the operator with the required alarm
response actions or references to relevant steps in the alarm response
procedure. Inclusion of this information is consistent with Guide-
line 3.3.1-5 of draft NUREG/CR-6105, which recommends that references to
alarm response procedures be provided in messages displayed on CRTs or
printers and that the document title, major section, and page numbers
are included in such references. ABB-CE was asked to further describe
the operation of the alarm tile and list displays and clarify its
position regarding inclesion of this additional information in the alarm
messages.

Evaluation: ABB-CE did not indicate plans to provide this capability on the
DIAS but did commit to provide additional space on the display pages of the
DPS to allow the inclusion of references to applicable alarm response proce-p) dures. This information would be provided by the COL applicant once alarm(V response procedures are developed and implemented. The intent of this concern
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is addressed satisfactorily t., the inclusion of this capability on the DPS
.

rather than the DIAS because this information will be readily available to the i
operator via the DPS. )

|
Characteristic 9: DIAS alarm tile displays are cnnfigured to conform to i

System 80+ human factors standards, guidelines, and bases. !

Evaluation: This characteristic was found to be acceptable because the HFESGB
document was reviewed separately and found to be generally acceptable as a
basis for the HSI design for the System 80+.

Characteristic 11: Alarm tiles are established for process parameters that
provide direct indication of:

(a) critical safety functions

(b) critical power production functions
(c) success path performance
(d) success path availability
(e) damage to major equipment
(f) personnel hazard

Evaluation: Guideline 1.2-2 of draft NUREG/CR-6105 states that to warrant
inclusion in the alarm system, a potential alarm source should require
operator action to stabilize deviant conditions or to verify automatic control
equipment conditions. In addition, the deviancy should be such that normal
surveillance activities of personnel cannot be relied on to result in its
reliable detection within acceptable time periods. Guideline 1.2-6 of draft
NUREG/CR-6105 states that, where practical, alarms should be provided such
that the operator is alerted before a major system or component problem
results in a condition which causes a loss of availability (e.g., reactor
trip), equipment damage, violation of Technical Specifications, or other
serious consequences. The six alarm categories (a through f) are consistent
with these guidelines.

The NRC Instrument and Controls branch (HICB) reviewed this concern further.
The staff stated that it was reasonably assured that the information systems
that are important to safety conform to the requirements of GDC 13 for
operation, for anticipated operational occurrences, and for accident condi-
tions.

The staff evaluated the plant process display instrumentation and has found
the instrumentation to be acceptable. The staff's evaluation was presented in
Section 7.5.2 of the DSER. The open items in Section 7.5 of the DSER have

'
,

been resolved. Therefore, this characteristic was found to be acceptable.
l

Characteristic 12: Alarms are presented in one of four alarm states: new, !
existing, cleared, and reset. |

!

Evaluation: The use of four alarm states is consistent with Guideline 3.2.2-1 l
t of draft NUREG/CR-6105, which states that the annunciation sequence for each !

alarm should uniquely indicate: incoming alarms, acknowledged alarms, anJ
cleared alarms. The use of coding schemes (flashing, intensity, and audible
tones) to designate these alarm states are generally consistent with the
following guidelines from draft NUREG/CR-6105:
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|
1

3.2.2-1 (flashing, audible, and other visual coding) ~l.

[%. 3.2.2-2 (audible and other visual coding) |V) 3.2.2-3 (audible coding) )
*

=

3.2.2-4 (flashing and color coding).
,

The specific flash rates used in the implementation of codes for alarm state
are a concern. ABB-CE stated that new alarms would have a 1-second flash
cycle with a 50-percent ON duty cycle (i.e., ON for 0.5 seconds and then 0FF
for 0.5 seconds) and the cleared alarms would have a 2-second cycle with a
25-percent ON duty cycle (i.e., ON for 0.5 seconds and then 0FF for

'
1.5 seconds). The resulting flash rates for new and cleared alarms are 1 and
O.5 Hz, respectively. These flash rates are slower than the flash rates
recommended by Guideline 1.3.10-13 of draft NUREG/CR-5908, which states, "A
flash rate in the range of 2 to 5 Hz, with a minimum duty cycle (On interval) !

of 50 percent should be used." These flash rates are also slower than
Guideline 2.3.3.3 of ABB-CE's HFESGB, which indicates that when two flash
rates are used the higher priority state shall be between 3 and 5 Hz and the
lower priority state shall be between 1 to 2 Hz. ABB-CE stated that it will
implement flash rates that are consistent with the HFESGB guidance while '

meeting the functional design requirement to show unacknowledged alarms
simultaneously with the highest priority existing alarm.

The following additional concerns were identified as a result of a demonstra-
tion of the alarm tile display system during the onsite review on May 13 and
14, 1993:

The flash rat'es for new and cleared alarms did not appear to be suffi- |.

ciently different to facilitate rapid discriminatinn.
,.

Due to the timing of flash rates of new and cleared alarms the illumi--

nated alarm tiles produced the illusion of motion between adjacent alarm
tiles (marquee effect). There was a concern that this would be visually
distracting to operators. 1

While the alarm tile display concept has mary characteristics that are* '

individually consistent with current HF guidelines, the integration of
these characteristics represents an innovation in alarm presentation
that is largely untested. The effectiveness of this presentation method
as an integrated part of a human / system interface cannot be predicted
from past experience or current research. This concern extends beyond
issues of perception and discrimination of individual tiles. It

includes the ability of operators to maintain awareness of plant status
and extract necessary information in coordination with plant dynamics.

ABB-CE agreed to review each of these concerns further and entered Items 75,
76, and 77 into the TOI to record its commitment. In addition, ABB-CE

,

subsequently agreed to evaluate these and other issues related to the alarm
system using a stand-alone DIAS alarm tile display prototype, prior to
verification and validation. ABB-CE entered Item 101 into the TOI to record
its commitment to perform this evaluation. Based on these commitments this
characteristic was found to be acceptable.

; Characteristic 13: Individual alarm tiles have the capability to indicate
either the highest priority of new or cleared alarm (i.e., N1, N2, N3, C1, C2,
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1

C3 in that order of priority) while continuing to indicate the highest ,

priority existing alarm.

Evaluation: This characteristic refers to the fact that when alarm tiles
flash for new or cleared alarms, the highest priority existing alarm is also i

visible between flashes. The concept of presenting the highest priority )
conditions is consistent with Guideline 1.1-5 of draft NUREG/CR-6105, which

l
states that the alarm system should have display functions to permit the
operator to easily identify an alarm and its seriousness. In addition,
Guideline 1.4-1 states that the steadied (acknowledged) alarm shall be
indicated to ensure that its existence is not forgotten. Guideline 1.1-3 of
draft NUREG/CR-6105 states that the system should reduce the overall number of
discrete visual and aural alerts. This concept reduces the number of alarm
tiles that the operator is presented but does not limit the operator's access
to alarm information because all alarm information is available elsewhere in
the CR.

Alarm priority is coded by shape. This is consistent with draft NUREG/CR-6105
Guideline 3.2.1-1 which states that acceptable methods for priority coding
include color, position, shape, or symbol coding. The implementation of this
characteristic, including simultaneous presentation of multiple alarm states
on a single tile, was reviewed at the mockup. When presented on a single
alarm tile the alarm presentation scheme was considered adequate by reviewers.
However, when this scheme was presented on multiple alarm tiles it was noted
that the flashing of adjacent alarm tiles interact in undesirable ways (e.g.,
when new and clearing alarm tiles conditions exist on adjacent tiles, the
alarm tile pattern appears to move from one tile to the other). (See the
review of characteristic 12, above.)

ABB-CE agreed to consider this concern during subsequent suitability verifica-
tion, design review, and validation. ABB-CE entered Item 76 into the TOI
system to record its commitment. In addition, ABB-CE subsequently agreed to
evaluate this and other issues related to the alarm system using a stand-alone
DIAS alarm tile display prototype, prior to verification and validation.
ABB-CE entered Item 101 into the TOI to record its commitment to performing
this evaluation. Based on these commitments this characteristic was found to
be acceptable.

Characteristic 14: An alarm tile stop-flash capability is provided for use
during situations of high alarm activity to focus attention on new priority 1
alarms by temporarily stopping the flashing of all other unacknowledged alarm
states.

Evaluation: This characteristic is consistent with Guideline 1.3.10-14, Flash
Suppression, of draft NUREG/CR-5908, which states that event acknowledgement
of flash suppression keys should be provided. On this basis this characteris-
tic was found acceptable.

Characteristic 15: A momentary tone provides an initial audible alert of the
transition of one or more alarms to new or cleared states for priority 1 or 2
alarms.

Evaluation: The concept of using an audible alarm to indicate new and cleared
alarms is consistent with draft NUREG/CR-6105 Guideline 3.2.2-1, which states
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1

q that the annunciator sequence for each alarm should uniquely indicate incoming
I alarms, both by visual (e.g., flashing) and audible means; and clearing
( alarms, by visual and/or audible means, if the operator is required to take

action on alarm clearing. The concept of using only an initial tone rather
than a continuous tone is consistent with draft NUREG/CR-6105 Guideline 1.12-6
which states that the alarm system shall be designed to minimize distractions
and unnecessary workload placed on the operators by the alarm systems. Based
on these criteria this characteristic is acceptable.

Characteristic 16: A momentary reminder tone provides a recurring audible
alert if priority 1 or 2 alarms remain unacknowledged.

Evaluation: The concept of a reminder tone rather than a continuous tone is
consistent with draft NUREG/CR-6105 Guideline 1.12-6 which states that the
alarm system shall be designed to minimize distractions and unnecessary
workload placed on the operators by the alarm systems. The presence of a
reminder tone, as compared to no reminder tone, reduces the burden on the
operator's memory and is consistent with draft NUREG/CR-6105 Guideline 1.1-3
which states that the alarm system should reduce the demands on operator
memory requirements and operator decision-making requirements.

The reminder tone was implemented with an activation interval of one minute.
It was requested that ABB-CE provide a basis for the selection of this
interval. ABB-CE stated that the one-minute interval was based on a one-
minute task time per ANS 58.8, " Proposed Criteria for Safety Related Operator
Actions." (ANS 58.8 uses the value of one minute as a conservative estimate

p of typical operator tasks. Therefore, the alarm reminder interval is roughly
equivalent to the duration of other tasks that the operator may be perform-,

\ ing.) The objective of the interval is to remind without annoying or becoming
excessively intrusive. ABB-CE stated that this will be confirmed in integrat-
ed operation during validation. The reminder interval was found acceptable
based on ABB-CE's rationale of operator task time.

Characteristic 17: Alarm tones emit from the console where the alarm display
is located.

Evaluation: Draft NUREG/CR-6105 Guideline 3.4.4-16 recommends that each major
console be equipped with a separate sound generator capable of producing a
distinctive sound. This guideline supports the use of tone generators that
emit from the console where the alarm display is located. However, it
recommends that different tones be used for each panel. The documentation
provided by ABB-CE does not indicate whether the same or different tones will
be used. Requested ABB-CE to clarify its position on this matter.

ABB-CE stated that the same new alarm tone, cleared alarm tone, and unacknowl-
edged alarm " reminder" tones are used on all (3) consoles because:

The spatial tone direction without further distinguishing features is-

acceptable for the desired reliance on DIAS alarm tile acknowledgement.
IThis eliminates potential confusion by limiting audible alerts to only.

three tones for control panel alarms (new, cleared, reminder).

fxv) Alarm location is shown on the DPS display page menu options by plant=
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sector and display page directories which are organized by panel.

94The alarm tile is displayed, accessed, and acknowledged on any CRT. The=

operator does not have to leave the console because alarm tile acknowl-
edgment or alarm condition diagnosis can be accomplished at any control
panel CRT. |

1

The use of the same new alarm tone, cleared alarm tone, and unacknowledged I

alarm " reminder" tones for all (3) the consoles was found acceptable because
alarm information was readily accessible from any DPS CRT, therefore reducing |

'the need to direct the operator to specific consoles via a unique tone.

18.6.1.3.1.3 DIAS Dedicated Parameter Display

The onsite review examined the DIAS dedicated parameter displays that were
present on the RCS and CVCS panels. Each dedicated display continuously shows
a value that has been derived from a set of redundant sensors. A lower-level
display page may also be accessed from the dedicated parameter display to view
redundant sensor values as well as the derived validated value. The DIAS
deaicated parameter displays were spatially dedicated within the RCS panel.
The current digital values of the plant parameters are displayed in large
characters allowing them to be read from across the main control console.
Display details such as trends and redundant sensor data must be read at the
control panel.

The DIAS dedicated parameter displays are a set of continuously-available
indications of key plant parameters that are located in fixed, spatially-
dedicated positions in the CR. These locations are coordinated with the
locations of other functionally-related indicators and controls. This concept
is consistent with HF guidelines that address the use of spatial dedication
and functional grouping as a way of organizing displayed data. It is also
consistent with Guideline 1.1-22 of draft NUREG/CR-5908 which states, "Dedi-
cated displays should be available to provide continuous indications of a
minimum set of parameters necessary to assess the safety status of the plant."
(This guideline was derived from SPDS requirements).

18.6.1.3.1.3.1 Review of the DIAS Dedicated Parameter Display - Design
Characteristics

An initial review of the 12 characteristics (see Section 18.7.1 of CESSAR-DC),
associated with the DIAS dedicated parameter display found the following
characteristics to be acceptable: 1, 2, 3, 4, 7, 8, and 10. Characterisitics
5,6,9, and 11 received additional review. Characteristics 1 and 2 address the
fact that the values from redundant sensors are processed and a validated
value is presented on the dedicated parameter display. The display system
provides indications to the operator when significant discrepancies are
identified between the redundant sensor values and provides indication of the
quality of the displayed value. The operator is provided with the capability
to examine the individual sensor values and select the individual sensors to
be used for calculating the dedicated parameter value. These characteristics
are consistent with Guidelines 1.4.1-9 and 1.4.1-11 of draft NUREG/CR-5908.
Characteristics 3, 7, and 8 pertain to the locations of the dedicated parame-
ter displays in the CR. Characteristic 3 is consistent with HF guidelines
that address the use of spatial dedication as a mechanism for organizing data
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presentation and characteristic 7 is consistent with HF guidelines that(qt require related controls and displays to be located together. Characteristic
_(/ 8 indicates that the displays are located on the vertical section of the panel

which maintains the separation of controls on the bench section and displays
on the vertical section of the control panels.

Characteristic 10, which indicates that the dedicated parameter displays can
be read from across the main control console, is consistent with HF guidelines
that state that display character size should be consistent with the antici-
pated viewing distances of the operator.

Characteristics 5, 6, 9, and 11 received additional review because their
implications to overall HSI and plant performance required further analysis.

Characteristic 5: DIAS dedicated parameter displays incorporate automatic
range change features.

Evaluation: This characteristic is intended to facilitate the monitoring of
multiple indicators with different ranges by providing a single indicator that
is capable of changing its displayed range in response to plant conditions.
This characteristic was found acceptable based on its implications for reduced
operator workload.

Characteristic 6: Touch Screen VDU devices are utilized.

Evaluation: Table 3-1 of draft NUREG/CR-5908 states that touch screcns should
not be used if the application requires moving / holding the arm to the screen(q for long periods of time or if the task will be disrupted by the user's hand,

V temporarily blocking the screen. The following concerns were evaluated during
the onsite evaluation: arm / hand fatigue, arm / hand obscuring the display, and
acceptability of poke point size. This characteristic was found to be
acceptable because, based on the on-site evaluation, the touch screens are not
anticipated to be a source of arm / hand fatigue, visual blocking of the oisplay
was momentary and is not anticipate to interfere with operator tasks, and the
poke point size was consistent with human factors guidelines.

Characteristic 9: DIAS dedicated parameter displays are configured to conform |

to the System 80+ human factors standards, guidelines, and bases, j
1

Evaluation: The HFESGB document was reviewed separately and found to be I
acceptable as a basis for the HSI design. )

Characteristic 11: DIAS dedicated parameter displays are provided for the
following

critical safety functions=

success path performance-

post-accident monitoring instrumentation (PAMI) indication=

RG 1.97, " Instrumentation for LWR Nuclear Power Plants to Assess Plant |*

and Environs During and Following Accident" '

Evaluation: An effective method of supporting rapid comprehansion of plant
I status is the use of spatially-dedicated, continuously-presented plant
\ displays for key plant parameters. The CSFs, success path performance, and
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RG 1.97/PAMI, are key parameters that are related to safety. Due to their
importance to plant safety they are acceptable parameters for the DIAS
dedicated parameter displays. This is consistent with Guideline 1.1-22 of
draft NUREG/CR-5908, which states, " Dedicated displays should be available to
provide continuous indications of a minimum set of parameters necessary to
assess the safety status of the plant."

The NRC HICB was requested to review this concern further. The staff
|evaluated the plant process display instrumentation and found the instrumenta- !

tion to be acceptable. The staff's evaluation was presented in Section 7.5.2
of the DSER. The open items in Section 7.5 of the DSER have been resolved.

Characteristic 12: DIAS dedicated parameter displays are diverse and indepen-
dent of the DPS display system.

Evaluation: HICB was requested to review the above characteristic. The staff
stated that the DPS is physically separated and independent of both DIAS
channels. Independent Class lE power buses are provided for each redundant
Category I sensor instrument channel, up to and including the channel isola-
tion devices. The DIAS-P processing units and displays are powered from the
isolated Class IE, battery-backed, A and B instrument buses. The DPS is
powered from non-safety-related, battery-backed computer buses. The Category
2 variables are displayed on DIAS-N and DPS with power supplies from the non-
safety-related instrument buses and computer bus, respectively. Both are
battery-backed. The instrument channels are powered from the C and D instru-
mentation bus. The redundant information systems conform to the guidelines
[NRC staff guidance) for the physical independence of electrical system in
RG 1.75.

Based on this review this characteristic was found to be acceptable.

18.6.1.3.1.3.2 Review of Dedicated Parameter Display - Design Implementation

Selected DIAS dedicated parameter displays were examined and evaluated against
HF guidance and current design practices. Tha following two issues were
identified and resolved.

Issue: Resolution of trend displays.

The vertical resolution of trend displays such as pressurizer pressure and
level is quite small and may not be adequate for monitoring purposes. The
normal operations band is narrow and the operator may have difficulty deter-
mining whether the current value is trending toward a limit. During the
onsite evaluation ABB-CE stated that the range of the scales is not adjustable
(i.e., operators cannot change the limits of the display such that a desired
range of the scale is shown with greater resolution). Requested ABB-CE to
describe its position regarding adjustable trend displays and any implications
to other DIAS capabilities, such as the automatic range change features of the
dedicated parameter displays.

Evaluation: During the onsite review, ABB-CE described its position regarding
this display. ABB-CE stated that it is not intended that the DIAS displays be
used to determine if values are trending towards limits. The DIAS control i

bands are only provided as reference points for the normal operating range.
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ABB-CE further explained that this display presents trends with the same,

( resolution as the strip chart recorder that it replaces. These displays are
V provided to present continuously visible status histories for selected

parameters that are controlled automatically. If the operator requires trends
with different resoluticas than the dedicated parameter displays, then these
may be obtained from the DPS. The DPS provides the capability to present
adjustable trend plots for a broad range of plant parameters. The trend
display resolution was found acceptable based on ABB-CE's description of the.

intended use of this display and because the DPS will have the capability of
providing adjustable trend plots for a broad range of plant parameters.

Issue: Trending time intervals.

DIAS provides trends for selected variables over a 30-minute period. This
interval may not be appropriate for all variables in all situations.
Guideline 1.2.5-7 of draft NUREG/CR-5908 states that trend displays should be
capable of displaying trends over a variety of time intervals to address
operator information needs. Requested ABB-CE to address the issue of provid-
ing the trend displays with the capability of trending data over a variety of
time intervals.

Evaluation: ABB-CE stated that the various DIAS trend displays were imple-
mented in the prototype with the same trend time and, the capability exists
and will be used to specify trend times based on the specific use of the trend
displays. DIAF dedicated parameter displays are provided for post accident
parameter monitoring, so the EOGs will define their trend times. The operator

p always has the DPS capability to establish ad hoc trends with adjustable trend
times.(v
This was found acceptable based on ABB-CE's explanation that the trends will
be established based on the E0Gs.

18.6.1.3.1.4 DIAS Multiple Parameter Display

The DIAS multiple parameter display is a spatially-dedicated device that
displays a limited set of functionally-related plant parameters on multiple
display pages. The plant parameters are a redundant subset of those presented
by the DPS. However, the multiple parameter display does not display data
trends. Each DIAS multiple parameter display device contains a group of
functionally-related parameters that are accessed through operator action.
The display set for each parameter includes analog / menu pages and system
parameter selection pages. The analog / menu pages contain bar graphs of the

; selected parameters and menus for display navigation. The system parameter
j selection pages provide buttons for system value selection. The onsite review

examined the DIAS multiple parameter displays that were present on the RCS and
CVCS panels.

The DIAS multiple parameter displays are display devices that contain a
selection of functionally-related plant parameter displays and are spatially
dedicated in the CR with respect to other functionally-related displays and
controls. This is consistent with HF guidelines pertaining to functional

fm grouping and spatial dedication to support operator monitoring tasks. The use
. (V of a computer-based medium for selecting and displaying individual parameters)
| as consistent with current design practice for other computer-based plant
i
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display systems such as the SPDS.

18.6.1.3.1.4.1 Review of the DIAS Multiple Parameter Display - 9esign
Characteristics

An initial review of the 10 characteristics (see Section 18.7.1 of CESSAR-DC,)
associated with the DIAS dedicated parameter display found the following to be
acceptable: 1, 2, 3, 4, 6, 7, and 9. Characterisitics 5, 8, and 10 required
additional review. Characteristic 2 addresses the fact that the values from
redundant sensors are processed and a validated value is presented on the
parameter display. The display system provides indications to the operator
when significant discrepancies are identified between the redundant sensor
values and provides indication of the quality of the displayed value. This
use of redundant sensors and indications of data quality is consistent with
Guidelines 1.4.1-9 and 1.4.1-11 of draft NUREG/CR-5908.

Characteristics 1, 3, and 4 pertain to the fact that once a parameter has been
selected by the operator it is continuously presented in analog and digital
formats. These characteristics are generally consistent with HF guidelines
pertaining to the presentation of data to support operator task requirements.
In addition, the data presented was consistent with the information require-
ments of the limited set of operator tasks that were addressed during the
walkthroughs of the onsite review.

Characteristic 6 refers to the fact that plant parameters are combined into
individual multiple parameter display units and assigned to panels based on
plant system relationships. This is consistent with HF guidelines pertaining
to functional grouping of information. Characteristic 7 indicates that the
displays are located on the vertical section of the panel which maintains the
separation of controls on the bench section and displays on the vertical
section of the control panels.

Characteristic 9, which indicates that the dedicated parameter displays are
read at the panel, is consistent with HF guidelines that state that display
character size should be consistent with the anticipated viewing distances of
the operator.

Characteristics 5, 8, and 10 received additional review because their implica-
tions to overall HSI and plant performance required further analysis. The
results are discussed below.

Characteristic 5: Touch screen VDU devices are utilized.

Evaluation: Table 3-1 of draft NUREG/CR-5908 states that touch screens should
not be used if the application requires moving / holding the arm to the screen
for long periods of time or if the task will be disrupted by the user's hand
temporarily blocking the screen. The following concerns were evaluated during
the onsite evaluation: arm / hand fatigue and arm / hand obscuring the display.
This characteristic was found to be acceptable because, based on the on-site
evaluation, the touch screens are not anticipated to be a source of arm
fatigue and the visual blocking of the display by the hand / arm was momentary
and is not anticipated to interfere with operator tasks.

Characteristic 8: DIAS multiple parameter displays are configured to conform
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/m to the System 80+ human factors standards, guidelines, and bases.f.
\

b Evaluation: The HFESGB document was reviewed separately and found to be
acceptable as a basis for the HSI design.

Characteristic 10: DIAS multiple parameter displays are diverse and indepen-
dent of the DPS display system.

Evaluation: HICB was requested to review characteristic 10. The staff stated
that the DPS is physically separated and independent of both DIAS channels.
Independent Class lE power buses are provided for each redundant Category I
sensor instrument channel, up to and including the channel isolation devices.
The DIAS-P processing units and displays are powered from the isolated Class
IE, battery-backed, A and B instrument buses. The DPS is powered from non-
safety-related, battery-backed computer buses. The Category 2 variable are
displayed on DIAS-N and DPS with power supplies from the safety-related
instrument buses and computer bus, respectively. Both are battery backed.
The instrument channels are powered from the A and B instrumentation bus. The
redundant information systems conform to the guidelines for the physical
independence of electrical system in RG 1.75.

Based on this review this characteristic was found to be acceptable.

18.6.1.3.1.4.2 Review of DIAS Multiple Parameter Display - Design Implemen-
tation

p Selected DIAS multiple parameter displays were examined and evaluated against

(~>) HF guidance and current design practices. The following two issues were
identified and resolved.

Issue: RCS flow indication.

The onsite review indicated that the parameter RCS flow is not available on
the DPS or DIAS. The CSF walkthroughs indicated that this is a valuable
parameter. Requested ABB-CE to state its position regarding the inclusion of
RCS flow indications in the DIAS.

Evaluation: ABB-CE stated that the Function and Task Analysis shows no use of
RCS flow, RCP differential pressure, SG differential pressure, or core
differential pressure to verify RCS loop circulation. Loop differential
temperature, hot and cold leg temperatures, core exit thermocouples, and
subcooling are required by Emergency Operations Guidelines (E0Gs) to determine
the existence of circulation. There is a low flow reactor trip on steam
generator differential pressure to protect against a sheared shaft event. RCS
flow is not required.

The absence of RCS flow on the DPS and DIAS was found acceptable after it was
determined that RCS circulation could be acceptably inferred froa existing
plant parameters and instrumentation.

Issue: Display glare.

A potential problem with display glare was noted during the onsite review.
't/ There was a concern that the ambient lighting in the mockup room is dimmer
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that the anticipated CR conditions. In addition, the selection of display
i

devices that are different from those used in the mockup may increase glare. i

Requested ABB-CE to describe the measures that will be taken to reduce glare
in the final design. j

l

Evaluation: The ABB-CE HFESGB document provides guidance that adequately
addresses the issue of glare. The selection and installation of hardware for
the final design will be performed in accordance with this document. ABB-CE
stated that it will continue to evaluate display hardware for its acceptabili-
ty in reducing display glare. Display glare will be evaluated during suit-
ability verification. ABB-CE's treatment of glare was found acceptable based
on ABB-CE's commitment to design and review the HSI based on the guidance of
the HFESGB document, which addresses glare.

18.6.1.3.1.5 Component Control System Process Controller Display

The onsite review examined the following CCS process controller displays:
pressurizer pressure control resident on the RCS panel and pressurizer level
control (charging and letdown) resident on the CVCS panel. The displays were
presented on electroluminescent devices located on the bench-board section of
the control panels. The following control modes were examined: master
control level (e.g., RCS inventory), subloop level (e.g., charging), and
component level (e.g. , valve) .

The CCS process controller display is an input device that combines the
controllers for physically dissimilar but functionally-related systems into a
single device that permits manual or automatic control at a number of differ-
ent hierarchical levels (master, subloop, and component). This concept
generally supports operator monitoring and control activities by organizing
controls and displays by functional relationships and task requirements rather
than by the physical relationships of plant equipment.

18.6.1.3.1.5.1 Review of the CCS Process Controller Display - Design Charac-
teristics

An initial review of the 9 characteristics (see Section 18.7.1 of CESSAR-DC,)
associated with the CCS process controller display found the following
characteristics to be acceptable: 1, 3, 5, 6, 7, and 8. Characterisitics 2,
4, and 9 required additional review.

Ch4racteristic 6 addresses the HF concern that in traditional CRs operators
mu.:t adjust and monitor numerous controllers that together achieve a higher-
lesel control goal. For example, a set of separate, hardwired controls may be
physically separated on the control panel by the type of plant system that is
to be controlled (e.g., fluid system controllers may be separated from
electrical system controllers). The CCS process controller display combines
control interfaces for a variety of plant component / systems into a single
interface. For example, controls for pressurizer heaters and spray are
combined into a single controller. Characteristic 7 addresses the fact that
the CCS process controller provides the operator with three levels of control:
master control, subloop control, and component control. Characteristic 9
addresses the fact operator inputs at these levels include selection of manual
or automatic control modes, selection of control signals for loop control, and
selection of loop control set points. This configuration reduces the operator
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workload associated with monitoring and adjusting a dispersed set of controls.

( Characteristics 1 and 7 refer to the fact that the CCS process controller
display provides software-generated representations of control devices and

,

associated controlled variables. Control is accomplished by accessing the i
appropriate control device in the dynamic section of the CCS process control- |

ler display unit and then providing appropriate control inputs via touch-
sensitive input devices. These characteristics, as represented by the current
state of the design, are consistent with operator task requirements for
accessing control and display devices, providing control inputs, and monitor-
ing status. The location of the CCS process controller display (characteris-
tic 3) maintains the separation of displays on the vertical section and input
devices on the bench portion of the panel. Characterist x. 5, which refers to
the fact that the controller is read from the panel, is consistent with HF
guidelines that state that character size should be consistent with the
viewing distance of the operator's tasks. Since the controller is operated
from the panel, this viewing distance is appropriate.

Characteristics 2, 4, and 9 received additional review because their implica-
tions to overall HSI and plant performance required further ar.alysis.

Characteristic 2: Touch screen VDU devices are utilized.

Evaluation: In the CCS process controller display, touch screens are used to
access process controllers and provide control inputs such as selecting manual
or automatic control modes and adjusting controller set points. The following
concerns were reviewed: repeated input actions may cause arm fatigue and the

) user's hand or arm may obscure some portions of the display. These issuest
V were evaluated during the onsite review using the mockup and were not found to

be problematic. Use of the touch screen is not anticipated to cause arm / hand
fatigue due to the position of the CCS process controller display and the fact
that this control is not anticipated to be used frequently. The user's
hand / arm obscures very little of the display and the display is blocked only
momentarily. Therefore, this characteristic was found to be acceptable.

Characteristic 4: DIAS dedicated parameter displays are configured to conform
to the System 80+ human factors standards, guidelines, and bases.

Evaluation: The HFESGB document was reviewed separately and found to be
acceptable as a basis for the HSI design.

Characteristic 9: CCS process controller is a man-machine interface only.
All control loop electronics are located outside the MCR.

Evaluation: HICB was requested to review this characteristic and provided the
following evaluation, which confirms the characteristic description. A
further discussion of the CCS process controller and its acceptability from an
I&C perspective is provided in Section 7.7. of this document.

ABB-CE states that the portions of the EFS and process component control
,systems that are located in the main control room and the remote shutdown !

n panel are man-machine interfaces only. All control loop electronics are

(v) located outside the main control room. The staff concurs.
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18.6.1.3.1.5.2 Review of the CCS Process Controller Display - Design Imple-
mentation

The CCS process controller display for pressurizer level control was examined
and evaluated against HF guidance and current design practices. The following
three issues were identified and resolved.

Issue 1: Deviation bar chart - salience of origin.

Evaluation: The zero value of this scale is not marked with a horizontal line
to the right of the scale. This may hinder the operator's ability to rapidly
assess conditions by requiring the operator to first determine which end of
the bar is the origin. This is particularly important when the bar is short
and both ends of the bar are near the origin.

ABB-CE stated that this is a prototype implementation issue that will be
corrected by design review. The scale zero value will be marked to make it
more salient. Hence, this criterion is satisfied.

Issue 2: Deviation bar chart - normal control band.

Evaluation: The normal operating range is indicated by a vertical band along
the scale. This band is thin and not highly salient. This makes comparison
of the bar to the normal range difficult. This is a problem with the pressur-
izer pressure control resident on the RCS panel. ABB-CE stated that the CCS
process controllers will not be implemented using that display unit but
instead with the same type of display unit as the pressurizer level control of
the CVCS panel. The deviation bar charts of the pressurizer level controller
were found to be acceptable. Hence, this criterion is satisfied.

Issue 3: Deviation bar chart - scale resolution.

Evaluation: The deviation bar charts for charging and letdown have scale

demarcations in units of 10, with a range of -20 to +20, while the ap/ min
tual

values are presented with a resolution of a single unit (e.g., 0.0lm
(3 gpm). This appears to conflict with guidelines that state that the
resolution of the scale should match the resolution requirements of the user's
information requirements. ABB-CE was requested to provide a justification for
not providing a scale with a finer level of resolution.

ABB-CE stated that this is a prototype implementation problem that will be
corrected in design review and that the scale resolution will match require-
ments for use. ABB-CE subsequently committed to modify Section 18.5.1.5.3 of
CESSAR to state that parametric requirements for display and control variables
will be defined in terms of precision in addition to the current dimensions of
device type, range, accuracy, and units of measure. ABB-CE also committed to
modify Section 6.1.5.2 - Phase 2 Availability inspection Criteria of its
verification and validation plan (NXP80-IC-VP790-03) to indicate that preci-
sion specifications will be verified for each as-built item of the HSI. This
response was found acceptable because it provides a commitment to systemati-
cally evaluation display precision requirements and verify precision in the
as-built display. Hence, this concern is resolved,

issue 4: Accidental input or activati m prevention.
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Evaluation: The CCS process controller display does not provide safe guards
5

for preventing accidental activation such as confirmation steps. This is in
/ apparent conflict with guideline 3.1-4 of the NUREG/CR5908 which indicates%

that protection should be provided to prevent accidental actuation.

Evaluation: ABB-CE demonstrated actuation of the CCS process controller
display using the mockup. Two features reduce the likelihood of accidental
activation. First, direct access to controlled components is prevented by a
summary display. For actuation to occur an input display, rather than the
top-level summary display, must be present in the dynamic area of the CCS
process control display. This feature is only effective if the previous user
had returned the summary display to the dynamic area after using an input
display. Second, accidental activation is protected by the way in which the
touch screen operates. To activate a touch area the operator must move a
finger into the touch target area to provide an input signal and then remove
the finger without entering the inactive area around the poke area. This
requires a fairly deliberate action. Simply sliding one's finger across the
screen should not activate a touch area.

ABB-CE stated that if an accidental activation did occur, the consequences
would be no worse than if the component actuation were due to a single failure
or push button switch misoperation (e.g., loss of electrical power). Addi-
tionally, ABB-CE stated that when specifically required by fluid system
design, provisions to preclude inadvertent component actuation are provided in
the CCS (e.g., component breaker rackout, administrative controls).

ABB-CE stated that it is not its policy to provide confirmatory messages forn

G) the CCS process controller displays because these messages do not effectively(
prevent errors of intent and the consequences of erroneous input are not
immediate and evere. The absence of confirmatory messages was found to be
acceptable based on the justification provided by ABB-CE.

18.6.1.3.1.6 CCS Switch Configuration

The onsite review examined the CCS switch configuration for the CVCS makeup
system on the CVCS panel. In addition, non-functioning mockups of the
switches were observed at the RCS panel for control of reactor coolant pumps
and backup pressurizer heaters. The switches consisted of physical push
buttons with backlit legends that indicated operating status. Color coding
was used to indicate status (e.g., red - active, green - inactive). In
addition to status conditions, the component discrepancy state was examined.
A component discrepancy occurs when the demanded state of a component
(demanded by remote, automatic control action) is different from the actual
state of the component. This condition was indicated by the flashing of the
red or green backlit portion of the switch associated with the current state
of the component.

The CCS switches are spatially-dedicated, functionally-grouped input devices
that allow the operator to provide discrete control inputs (as opposed to
control set points for automatic controllers as with the CCS process control-
1er). This conceptual design generally supported operator requirements for
controlling components and monitoring component status. The design and

/m) placement of the switches was found to be acceptable based on consistency with
(/ HFE guidelines for coding, spatial dedication and functional grouping and on

|
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I
functional similarity to other existing control panel switches. The accept- <

ability of specific characteristics of the switches are reviewed in the
sections below.

18.6.1.3.1.6.1 Review of the CCS Switch Configuration - Design Characteris-
tics

The six characteristics (see Section 18.7.1 of CESSAR-DC,) associated with the
CCS switch configuration were reviewed and found to be act.eptable.

Characteristic 3: refers to the fact that CCS switch configu ation devices are
organized at control panels based on their functional relationships to the
plant systems that are controlled from that panel. In addition, individual
switch devices are grouped by functional relationships. At the RCS panel the
switches were grouped in vertical columns by reactor coolant pump and control
train. At the CVCS panel the switches were organized in a mimic configuration
to reflect the control relationships between the individual switches and the
overall plant system. This organization is consistent with HF guidelines
related to functional organization of information to match operator tasks.

The CCS switch configuration uses physical push buttons with backlit legends
(characteristic 1) that are consistent with traditional CR input devices. The
ability to perform on-line replacement (characteristic 2) was successfully
demonstrated and found acceptable.

Characteristic 4: refers to the location of the CCS switch configuration
device on the bench board section of the control panels. This location was
found acceptable; it maintains the separation between controls, which are
located on the bench section, and displays, which are located on the vertical
section. This configuration is consistent with HF guidelines that state that
controls should be located such that their operation does not obstruct the
operator's view of necessary displays.

Characteristic 5 states that CCS Switch Configurations conform to the Sys-
tem 80+ HFESGB. This document was subject to a separate review and was found
to be acceptable as a basis for the System 80+ HSI.

Characteristic 6, which refers to the fact that the controller is read from
the panel, is consistent with HF guidelines that state that character size
should be consistent with the viewing distance of the operator's tasks. Since
the switch is operated from the panel, this viewing distance is appropriate.

18.6.1.3.1.6.2 Review of CCS Switch Configuration - Design Implementation I

The CCS switch configuration devices for the backup pressurizer heaters were
examined and evaluated against HF guidance and current design practices. The
following issue was identified and resolved.

Issue 1: Accidental input or actuation prevention.

Guideline 3.1-4 of draft NUREG/CR-5908 states, "The system should prevent or
minimize tFe accidental manipulation of control and input devices which could
result in changes to the status of the system functions, components, or data."
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Evaluation: During the onsite review, these switches were evaluated for
/nV resistance to accidental actuation. It was found that the raised bezel around
V the switch provides limited protection against accidental activation. Also,

switch operation does not include confirmatory messages.

Guideline 3.1.5 of the HFESGB statas that interface hardware should be
designed and located so that accidental activation is unlikJy. This guide-
line will be included in ABB-CE's verification of the final design. In
addition, ABB-CE agreed to investigate methods to further reduce the
probability of accidental component actuation. ABB-CE entered Item 79 into
the TOI to record its commitment to address this issue. Hence, this criterion
is satisfied.

,
,

18.6.1.3.1.7 Integrated Process Status Overview

As part of the walkthroughs, the onsite review examined the IPSO, which was
implemented on a large rear-projection display screen at the front of the CR
mockup. This overview of the plant included a critical function matrix,
success path status indications, digital or trend indications of key parame-
ters, and alarm presentations. The success path status indications used;

I color-coded triangular symbols to indicate the operational status of individ-
ual success paths (collections of plant systems and equipment that are
required for achieving specific CSFs). The symbology, placement, and color
coding of the success path status indications were examined.

One HF concern in advanced CRs, where the majcrity of the displays are
presented in " compact workstations" on largely computer-based display devices,

.(oJ is the potential inability of the crew to maintain a unified overall view of
b plant status. The IPS0 addresses this concern by providing important plant

status information to the entire crew and support staff (e.g., STA) in a fixed
location, permanent display. The intention is to provide a common frame of
refere.nce and enhance the situation awarenecs of the individual crew members
who are working at their own workstations and viewing different plant data.

The need for a spatially-dedicated, permanent display of plant status is the
technical basis for the SPDS requirement and is generally recognized in
current nuclear industry standards such as IEC 964, ALWR URD, and draft
NUREG/CR-5908. In addition, support for the IPS0's achievement of this
objective comes from a study conducted at the Halden Project, in Norway
(HWR-184). The display was found to facilitate a rapid ac essment of plant
state and support operator detection and diagnosis of transients, although
some problems were noted.

18.6.1.3.1.7.1 Review of the IPSU - Design Characterir. tics

Seven issues were identified and resolved. ;

Issue 1: Selection of plant parameters for the IPSO.

The selection of plant parameters for the IPS0 is based on twelve critical
functions, which are related to safety and power production. High-level alarm

,m status boxes are provided on the IPS0 display for these critical functions.
( i Associated with each critical function are a number of plant parameter /'

V indicators that are represented numerically (e.g., reactor power) and/or with
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symbols (e.g., atmospheric dump valve status).

The following parameters, identified in NUREG-1342 as important SPDS parame-
ters, were either not present or not fully implemented on the IPS0 mockup.
These parameters are listed below according to the safety functions used by
NUREG-1342

Reactivity control-

- source range

Reactor coolant system integrity*

- containment sump level

Radioactivity control-

- effluent stack radiation
- steamline radiation
- Conteinment radiation

Containment conditions.

- containment pressure
- containme!:4 isolation status

Evaluation: In the April 19 through 21, 1993, meeting minutes, the NRC staff
stated that this issue can be acceptably resolved by ABB-CE's commitment to
incorporate these parameters, plus containment hydrogen concentration, into
the IPS0 display and to enter this commitment into its open issue tracking
system. ABB-CE agreed to include these parameters and entered Item 62 into
the TOI to record its commitment. Hence, this criterion is satisfied.

Issue 2: Trend indication symbols for key parameters.

Evaluation: The IPS0 display includes arrows beside the digital values of key
parameters to indicate the direction of change. This concept is consistent
with Guideline 1.3.5-6, Direction of Change in Digital Display, of draft
NUREG/CR-5908. Hence, this concern is resolved.

Issue 3: Logic for indicating the operational status of CSF success paths.

The status of plant systems such as safety injection (SI) is indicated on the
IPS0 with a triangle symbol. A solid green triangle indicates that the system
is inactive. An open triangle with a red outline indicates that the system is
active. The logic for indicating the operational status of success paths was
found to be a potential source of confusion for operators. For example, the
volume control system is not designated as active unless both the charging and
letdown systems are active (i.e., if letdown is active and charging is
inactive the volume control status is indicated as inactive). This may be
misleading to operators because the net effect to the volume control system is
to change (e.g., reduce) the RCS inventory. ABB-CE was requested to provide a
rationale for the logic used to determine system status.<

Evaluation: ABB-CE stated that the rule for system activity is that if any
redundant train of a system is active, then the system is active. This a
prototype implementation problem. The application of this rule for indicating
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the status of charging and letdown will be addressed by design review andO prototype implementation.
V

This response was considered to be acceptable.

Issue 4: Measurement units for plant parameters. j

Evaluation: The IPS0 does not show units of measurement for temperature,
pressure, level, and power for the depicted plant parameters. This ir, in

conflict with HF design guidance including Guideline 1.3.6-6 of draft
NUREG/CR-5908. ABB-CE stated that the HFESGB document will be updated to
require that measurement units be includea for all numerically displayed
values. ABB-CE entered Item 80 into the TOI to record its commitment. The
staff found this response acceptable based on the requirements to resolve all
TOI issues as part of the V&V activities required by ITAAC and DAC.

Issue 5: System symbols.

! Plant systems such as SI are indicated on the IPS0 with a triangle symbol.
Three guideline discrepancies regarding the use of this symbol were identi-
fied.

First, the triangle symbol is depicted in a vertical orientation for some
systems, such as SI and in a sideways orientation for other systems, such as
feedwater (FW). The sideways orientation is apparantly intended to depict
direction of flow. However, it is in conflict with Guideline 1.3.4-8, Upright

p Orientation, of the Guide, which states, " Icons and symbols should always be

V) oriented upright."(

Evaluation: ABB-CE entered Item 81 in the TOI to record a commitment to
provide proper orientation for system triangle symbols. Hence, this issue is
resolved.

Second, the triangle symbol has the same size, shape, and line width as the
delta symbol used for RCS temperature. This is in conflict with Guide-
line 1.3.4-5, Distinguishability, of draft NUREG/CR-5908, which states, "Each
icon or symbol should represent a single object or action, and should be
easily discriminable from all other icons and symbols."

Evaluation: ABB-CE entered Item 82 in the TOI to record a commitment to
revise the IPS0 design so that the system symbol and delta symbol are differ-
ent in size. Hence, this issue is resolved.

Third, the triangle symbol has the same line width and a similar shape as the
symbol for a valve. While the symbols are different they do have significant
similarities that may affect the operator's ability to rapidly comprehend the
information presented by the display. This is also in conflict with Guide-
line 1.3.4-5, Distinguishability, of draft NUREG/CR-5908.

Evaluation: ABB-CE stated that there is sufficient difference between the
valve symbol, which has been adopted from plant P&ID drawings, and a triangle.
The triangle represents a new symbol for the operator to learn. No potentialfm
errors have been identified or are expected. V&V will confirm that this is

(V) not a problem.
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This response was found satisfactory based on ABB-CE's commitment to confirm
the adeqm y of these symbols during verification and validation. Hence, this
issue is :esolved.

Issue 6: Symbols for direction of flow.

The triangle symbol used to represent plant systems is utilized to indicate |

direction of flow of major plant systems (e.g., the FW symbol points toward
the steam generator to indicate FW flow). This is in conflict with Guide-

'line 1.2.8-5, Directional Arrowheads, of draft NUREG/CR-5908, which states,
" Flow directions should be clearly indicated by distinctive arrowheads." The
symbol for system should not be manipulated to serve the function of an
arrowhead.

Evaluation: ABB-CE entered Item 81 in the TOI to record a commitment to
provide proper orientation for system triangle symbols. ABB-CE stated that no
arrowheads are needed to indicate direction. ABB-CE's response was fcund to
be acceptable because the inclusion of the TOI item will ensure consistent use
of the triangle symbol. The absence of arrow heads was found acceptable
because the representations of plant systems were not sufficiently complex to
require arrowheads to clarify the direction of flow.

Issue 7: Trend indication symbols for key parameters.

Evaluation: The IPS0 display includes arrows beside the digital values of key
parameters to indicate the direction of change. In addition, plus and minus
symbols are used to indicate, respectively, that the current value is above
and below the normal control bounds. The arrows are coded in white when the
values are inside normal control bounds. The arrows and plus/minus symbols
are coded in yellow when the values are outside of normal control bounds. The
implementation of this coding scheme is consistent with the coding principles
of consistency, simplicity, and discriminability described in Guide-
line 3.4.1-1 of draft NUREG/CR-6105. The use of color coding is redundant
with the use of the plus and minus symbols and is therefore consistent with
Guideline 1.3.8-11, Redundant Color Coding, of draft NUREG/CR-5908. Hence,
this issue is resolved.

18.6.1.3.2 OER Item Review

As part of the overall design features review, items were selected from the
OER in order to determine, on a sampling basis, if operating experience was
appropriately considered in the design of the System 80+ CR. Three specific
areas were selected:

Generic Issue 23, RCP seals as a sample USI/GSI.

low-power and shutdown issues-

System 80 operating experience issues based upon interviews with*

System 80 operators

The following are the results of these reviews.

18.6.1.3.2.1 Generic Issue 23 - RCP Seal Related Instrumentation and Operator
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Response(o\
( ,/ For the review of Generic Issue 23, NUREG/CR-4544 - Reactor Coolant Pump Seal

Related Instrumentation and Operator Response was reviewed to determine
pertinent items that should have been considered for incorporation into the CR
design. The primary concern was instrumentation and displays to prevent or
anticipate possible seal failures and to cope with the occurrence of failures.
Parameters identified as desirable were seal pressure, seal temperature, seal
leakage, injection flow and temperature, seal staging flow and temperature,
CCW flow and temperature, RCP shaft vibration related measurements, and
overall RCS related parameters. All of the noted parameters were addressed by
the ABB-CE design. Trending of parameters is also important. The DPS allows
the or'rator to obtain trend plots for DPS parameters.

NUREG/CR-4544 also discusses the desirability of establishing diagnostic aids
for trending seal degradation. The diagnosis of potential seal failures is
difficult and such aids are pump vendor specific. Example charts are given in
Figures A-3 and A-4 of that report. Charts such as these could be implemented
quite well in a computer-based CR environment, where the parameters necessary ,

for the chart (e.g., seal leakages and interseal pressures) are already
monitored. ABB-CE has added Item 42 to their HF issues tracking system as a
commitment to evaluate the need for this and other operator decision aids.

18.6.1.3.2.2 Low-Power and Shutdown

For the low-power and shutdown area, GL 88-17 and the ABB-CE shutdown risk
report were reviewed. This review focused on two key concerns (1)'twop) independent, continuous temperature indications representative of core exitg

V conditions when the RCS is in a mid-loop condition, and (2) two independent,
continuous RCS water level indications whenever the RCS is in a reduced
inventory condition. A related concern regarding level indication is ensuring
adequate overlap between the scales for normal level and the reduced inventory
level.

The System 80+ design includes core exit thermocouple temperatures, hot leg
temperatures and a new core heated junction thermocouple probe. These would
appear to satisfy the temperature monitoring requirement. However, the
details of these instruments and their displays are not yet designed. ABB-CE
also included reactor vessel level, refueling level, and pressurizer level
instruments in the design. Again, the HSI design of the reactor vessel level
and the refueling level instruments and displays is not complete. ABB-CE
stated that adequate overlap would be provided between the reactor vessel
level and the refueling level instruments. Alarms related to these instru-
ments are also not yet complete.

Therefore, ABB-CE has taken appropriate actions to address the low-power and
shutdown area, given the current stage of the System 80+ design, and continues
to give this important area attention. It is anticipated that those areas
that have not yet been designed will receive similar attention by ABB-CE as
the design process proceeds,

18.6.1.3.2.3 System 80 Experience
(n)
'V The third area examined for RCS-related OER items was the review of a number
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od System 80 operator interviews. These are summarized below, along with the
status of the ABB-CE design in each area. Subsequent to the onsite reviews,
ABB-CE provided a formal response to the System 80 operator interviews (Ref. 4
of CESSAR-DC Section 18.10, LD-93-135).

(1) Tracking of heat-up and cool-down rates: ABB-CE developed a proof-of-
principle DPS screen to aid the operators in tracking these rates.
Further work is needed and will be done during the design process. An
example of one area needing improvement is the cool-down rate, which as
currently provided, is only based on a one-hour time frame. In addition
to this one-hour-based rate, the operators need a rate that is based on
a much shorter time interval for control purposes. ABB-CE stated that
consideration would be given to that during the design process.

(2) Operator decision aids to assist in initial post-trip actions: ABB-CE is
-

considering such an aid but has not yet developed it. Item 41 has been
entered into the TOI system to address this issue.

(3) Exploration of automation of RCP seal isolation: ABB-CE entered Item 85
in the TOI to record its commitment to evaluate the need for this and
other operator decision aids.

(4) Operator decision aid for calculation of primary leak rate: ABB-CE
stated (Ref. 4 of CESSAR-DC Section 18.10, LD-93-135) that they intend
to develop such an aid during the detailed design process.

(5) Mid-loop reduced inventory operations: System requirements have been
established; however, the HSI has not yet been designed. This should
proceed well, as noted in the previous section, due to the attention
given to shutdown by ABB-CE in their shutdown risk report.

(6) Pushbutton lamp replacement is problematic: ABB-CE adopted a design that
will alleviate this problem by using a special tool for removing the
light fixture, rep? acing the bulb in the fixture, and then reinserting
the fixture. ABB-CE demonstrated the light bulb replacement task during

'the May 13 and 14, 1993, onsite review. With careful reinstallation of
the fixture, inadvertent actuation of the push button can be avoided.

(7) Improved means to manually depressurize: As compared to the System 80
design, ABB-CE made considerable improvements in this area with the
reactor depressurization system (RDS), the reactor coolant gas vent
system, and integrated controls and displays for pressurizer control.

(8) Use of units familiar to operators: Only one issue was noted in this
area, namely the lack of RCS flow measurement indicated in percent of
full-power flow rate. This was later determined to be acceptable based
on a review by NRC Reactor Systems Branch, which determined that such an
indication was not required.

In summary, ABB-CE has appropriately addressed, for the current stage of the
design, the incorporation of operating experience into the design of the

@ System 80+. Further, ABB-CE has made a commitment to continue to evaluate
operating experience (in the form of new industry and government reports and
other applicable documents) and to incorporate issues, as identified, into the
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/m design. Specific items have been entered into ABB-CE's HF issue tracking *
,

b) system to ensure that they receive attention during the detailed design
process.

18.6.1.3.3 DSER Issues

The following DSER issues are relevant to the design features review

18.8.1 - Shape Coding Used to Prioritize Alarms.

18.8.1.3 - Flash Coding of Alarms.

18.8.1.4 - Size Coding of Alarms i.

18.8.2 - Additional HSI Information Required for Staff Review.

DSER Issue 18.8.2 contains 19 sub-items (see Section 18.6 of this report under
"DSER Review"). The following sub-items were relevant to this review:

(a) Provide human engineering justification for the
'

(5) alarm scheme
(6) interactive display hierarchy

(b) Provide results of System 80+ specific studies or analyses that deter-
mine the quantitative and qualitative thresholds of " adequate" rather
than "not adequate" human performance for

(1) IPS0
(2) Alarm scheme and alarm acknowledgementn) (3) Display hierarchy and navigation scheme used for CRTs(

V
18.6.1.3.3.1 DSER Issue 18.8.1 - Shape Coding Used to Prioritize Alarms

As a result of the meeting of September 10 and 11, 1992, ABB-CE committed to
provide information to describe its rationale for shape and salience coding of
alarms.

Evaluation: The alarm system employs a coding scheme to express two dimen-
sions of alarm importance: priority and state. Alarm priority is based on
the proximity of the alarm setpoint to a significant operator action condi-
tion. Alarms are organized into three levels of priority; priority I being
the last warning prior to a significant operator action condition, priority 2
being the next to last warning, and priority 3 being any number of warnings
prior to the next to last warning. The alarm priority scheme, including six
categories of significant operator actions, was reviewed as part of the review
of design methods and general characteristics and found to be acceptable.
Alarm priority is represented by the following shape codes; priority 1 - an
illuminated box, priority 2 - an illuminated frame, and priority 3 - illumi-
nated brackets (four corners of the frame).

Alarm state has four levels (new, existing, cleared, wd reset) that are coded
by tile intensity and flash rate. These are applied to the shape (e.g.,
reverse video, frame, or brackets) surrounding the alarm tile. New alarms
have the highest intensity shape and flash with a 50/50 on-off cycle.p) Existing alarms have an intermediate level of intensity and do not flash.t

'V Cleared alarms have the lowest level of brightness and flash with a 25/75 on-
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off cycle. Reset alarms have no illumination.

ABB-CE described a design process in which various design concepts for the
alarm tiles were generated, subjectively evaluated, and modified. ABB-CE
described informal experimentation and subjective evaluation of various
alternatives for the alarm coding scheme. No formal process for collection
and analysis of empirical data was presented by ABB-CE. While the information
coding schemes are consistent with general HF guidance for information coding,
concerns were identified regarding the specific coding values that were
implemented in the design. ABB-CE entered Items 74, 75, 76, and 78 into the
TOI system to record its commitment to address these concerns.

While individual dimensions of the alarm coding scheme may be consistent with
HF guidelines, the effectiveness of the overall alarm coding scheme, including
the integration of shape, flash, and intensity codes remains largely untested.
ABB-CE entered Item 77 into the TOI to record its commitment to evaluate the

-

effectiveness of the alarm system through verification and validation activi-
ties when the system is fully implemented. In addition, ABB-CE entered Item
101 into the TOI to record its commitment to evaluate the alarm system using a
prototype of the DIAS alarm tile prior to verification and validation.

Based on these commitments from ABB-CE, it was recommended that DSER
Issue 18.8.1.1 is resolved.

18.6.1.3.3.2 DSER Issue 18.8.1.3 - Flash Coding A Alarms

As a result of the meeting of September 10 and 11, 1992, ABB-CE committed to
provide a rationale for the alarm flash duty cycle that is 50/50 on-off for
new alarms and 25/75 on-off for cleared alarms. This rationale was to include
a justification for inconsistency with NASA 3000, " NASA Man-Systems Integra-

| tion Standards," (1989) which states " Flashing lights shall have approximately
,

I equal amounts of ON and 0FF time."
|

Evaluation: The alarm system uses flashing as a coding scheme to draw
attention to those changes in alarm states that require an acknowledgement
from the operator (i.e., new and cleared alarms). Because multiple alarm
conditions are associated with each alarm tile, the flash rate was configured
to allow more than one alarm state to be conveyed. For example, the coding
shape for a new alarm is visible during the ON portion of its duty cycle and
the coding shape for an existing alarm may be visible during the OFF portion
of the new alarm's duty cycle. ABB-CE stated that the alarm system employs
different flash rates for new and cleared alarms to compensate for the
possibility that the flash rates for new and existing alarms may drift and
overlap. If overlap did occur the new alarm would not be masked by the
cleared alarm; the new alarm would be visible because it has a longer 0N cycle
than the cleared alarm. ABB-CE further stated that flash coding is redundant
with intensity coding and that similar duty cycles are used for new and
cleared alarms in traditional CRs that have tile annunciators.

The rationale for the flash rates is satisfactory. However, because the
effectiveness of the overall alarm coding scheme, including the integration of
shape, flash, and brightness codes is largely untested, ABB-CE agreed to enter
a number of specific issues into its tracking system for open HF issues.
These issues are discussed in the review of Characteristic 12 in Sec-
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tion 18.6.1.3.1.2 of this report. The inclusion of these items will ensure

O that they will be addressed in later phases of the design and evaluation
process including V&V. Based on ABB-CE's action to include these items in its
tracking system, it is recommended that DSER Issue 18.8.1.3 is resolved.

18.6.1.3.3.3 DSER Issue 18.8.1.4 - Size Coding of Alarms

As a result of the meeting of September 10 and 11, 1992, ABB-CE committed to
clarify ABB-CE's use of size coding of alarms and its relationship to color,
shape, and flash rate.

Evaluation: ABB-CE clarified its use of size coding of alarm priority symbols
and its relationship to color, shape, and flash rate at the April 19 through
21, 1993, public meeting. The design specifications for alarm tile symbols
indicate that symbols for new alarms are slightly larger than those for
existing and cleared alarms. However, alarm state is primarily coded by color
and flash rate. Operators are not expected to make discriminations between '

alarm tiles based on tile size. Therefore, this characteristic may be
disregarded for the purpcses of this review. Based on this review, it was
recommended that this DSER issue be closed. Hence, this issue is resolved.

18.6.1.3.3.4 DSER Issue 18.8.2.a - Human Engineering Justification r

ABB-CE was requested to provide human engineering justification for the
following

(5) the alarm scheme
(6) the interactive display hierarchy .

(5) Alarm Scheme

Evaluation: The alarm scheme was addressed in Section 18.6.1.3.1.2 in the
review of the DIAS alarm tile display. Seventeen characteristics were

,

reviewed and generally found acceptable based on compliance with HF principles
and guidelines. Specific issues were raised during the review regarding the '

alarm flash rate and the lack of prior experience and research from which
;

predictions could be made regarding the effectiveness of the alarm coding
1

scheme as an integrated part of a human-system interface. ABB-CE has entered !these concerns in its tracking system for open HF issues (see characteris-
tic 12 in Section 18.6.1.3.1.2). Hence, this issue is resolved.

,

(6) Interactive Displav Hierarchv

'

Evaluation: The interactive display hierarchy was addressed in Sec-
tion 18.6.1.3.1.1 in the review of the DPS display hierarchy. Eleven charac-
teristics were reviewed and generally found acceptable based on compliance
with HF principles and guidelines. A specific concern was raised during the
review regarding arm fatigue resulting from use of the DPS touch screen .

interface. ABB-CE addressed this concern by entering an item in its tracking i

system for open HF issues to ensure that ABB-CE evaluates whether an alterna-
tive interface in addition to the touch screen design is necessary (see
characteristic 3 in Section 18.6.1.3.1.1). Hence, this issue is resolved.

O 18.6.1.3.3.5
,

DSER Issue 18.8.2.b - System 80+ Specific Studies
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Requested ABB-CE provide results of System 80+ specific studies or analyses
that determine the quantitative and qualitative thresholds of " adequate"
rather than "not adequate" human performance for

(1) IPS0
(2) alarm scheme and alarm acknowledgement
(3) Display hierarchy and navigation scheme u.ed for CRTs

Evaluation: In Reference 7 of CESSAR-DC Section 18.10, LD-93-005, ABB-CE
responded to this DSER issue by citing (1) Halden Reactor Project reports that
supported the inclusion of the IPS0 into the System 80+ HSI, and (2) suit-
ability analyses that were conducted by ABB-CE to evaluate

alarm scheme and alarm acknowledgement=

display hierarchy and navigation scheme used for CRTsa

The Halden Reactor Project reports (Gertman 1986 and Reiersen 1987) evaluate
the usefulness of a large overview display. However, these studies are not
specific to the System 80+.

The suitability analyses were described in Part C, of NPX-TE790-01. The
format of each evaluation was the same: statement of the issue, recommenda-
tion and resolution. Evaluation was subjective; no criteria for acceptability
were specifically stated. No attempts to define the thresholds of acceptable
and unacceptable human performance were presented.

Design justifications provided by ABB-CE throughout the review process have
shown a heavy reliance on HF guidelines, as presented in ABB-CE's HFESGB
document, and subjective evaluation based on previous design experience.
Efforts to evaluate the limits of human performance during the design process
through System 80+ specific experiments or other analyses are very limited.

ABB-CE committed to address issues of human performance during its verifica-
tion and validation efforts using mockups and simulators that represent the
final, integrated HSI design. In addition, ABB-CE committed to evaluate
during verification and validation those issues that were identified by
reviewers during the HF review of the HSI. Based on these commitments, it is
recommended that these DSER items are resolved.

18.6.1.3.4 Review of Design Features Against Safety Parameter Display System
Criteria

ABB-CE addresses the SPDS concerns and criteria via an integrated design ;

rather than a stand alone add-on system, as used at most current operating
plants. The System 80+ design includes a large format IPSO, viewable from
anywhere in the controlling workspace. The IPS0 information screen is also
available on any DPS CRT display (in the CR, TSC, E0F, and remote shutdown
panel.) Further, the SPDS parameters have been integrated into the various
other panels and screens.

The System 80+ design was reviewed against the NUREG-0737, Supplement 1
criteria, as well as the additional guidance provided in NUREG-1342. These
criteria and the evaluation of the related ABB-CE features are described
below.
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(1) Should provide a rapid and concise display of critical plant variables
to CR operators.

The concise display of critical plant parameters is provided by the IPS0
information screen, which is preser.ted on the IPS0 wall-mounted projection
display as well as the DPS CRTs. The IPS0 information screen provides in a
clear, concise manner the selected plant parameters. Every two seconds new
IPS0 data is acquired and the IPS0 displays are updated, which provides the
necessary rapid response. This information is acceptable and resolves the
SPDS rapid and concise requirement of Supplement I to NUREG-0737.

(2) Should be located convenient to CR operators.

The IPS0 information is provided as a dedicated single page display at the top
of the DPS display hierarchy. It is accessible from any DPS CRT in the CR,
TSC, EOF, or remote shutdown panel. The IPS0 is also displayed on a large
overview panel visible to all personnel in the control room. This information
is acceptable and resolves the SPDS convenience requirement of Supplement I to
NUREG-0737.

(3) Will continuously display plant safety status information.

The large overview IPS0 panel is continuously "on" and visible to all opera-
tors. The contents of the IPS0 display either contain the information
variables or contain alarm boxes in the critical function monitoring (CFM)
matrix that alert the operator to discrepancies and then directs the operator
to the required information in the CFM displays of the DPS. Information ish' immediately accessible from the DPS via touch screens. This information is
acceptable and resolves the SPDS continuous display requirement of Supplement
I to NUREG-0737 because it meets the intent of NUREG-1342, "A Status Report
Regarding Industry Implementation of SPDS," in that defines the content of
SPDS displays to provide information which is sufficient to represent plant
status but is not so large that meaningfulness and accessibility are nega-
tively impacted.

(4) Should have a high degree of reliability.

This item has been reviewed and found acceptable by the Instrumentation and
Controls Branch. See detailed discussion above under DSER Issue 20.2-17 in ;

Section 18.3.3.2.5 regarding SPDS availability and reliability. The staff ;

finds that the information provided by ABB-CE regarding SPDS reliability is I

acceptable and, therefore, this requirement of Supplement I to NUREG-0737 is '

resolved. j

i

(5) Shall be suitably isolated from electrical or electronic interference '

with safety systems.

This item was reviewed and found acceptable by the Instrumentation and
Controls Branch. Therefore, this requirement of Supplement I to NUREG-0737 is
resolved.

|

|

(6) Shall be designed incorporating accepted HFE principles. ]
t i

\ The IPS0 and MCC were designed according to the ABB-CE's HFESGB document.
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Additionally, the panel design was reviewed using portions of draft
NUREG/CR-5908. The design was found to be generally acceptable, although some
issues were identified. Acceptable resolutions were subsequently achieved for
these issues. The detailed results of that review of the MCC and IPS0 are
discussed in Section 18.6.1.3.1.7 above. Overall, the design was found
acceptable, and therefore, this SPDS requirement of Supplement I to NUREG-0737
is resolved.

(7) Minimum information displayed shall be suffic)ent to determine plant
safety status with respect to five safety functions.

Additional information on the five safety functions is provided in NUREG-1342,
which was used for this review.

(i) For reactivity control, the SPDS should display power range, intermedi-
ate range and source range reactor power. The IPSO has provisions to
display all of these. However, the source range information had not yet
been added to the design. Further, the source range information will be
calibrated in counts per minutes while the power / intermediate range will
be in percent. This was potentially confusing in the mockup because the
IPS0 information screen did not display measurement units. However,

| ABB-CE has committed to display all measurement units.

(ii) For reactor core cooling and heat removal, the SPDS in ABB-CE PWRs
should monitor RCS level, subcooling margin, temperatures (T , T,, core3
exit), and RHR flow. The IPS0 has both reactor vessel and pressurizer
level, an alarmed subcooling monitor, T , T , core exit thermocouples,

n c
and a shutdown cooling success path indicator for when shutdown cooling
is in operation, which will give an alert when a failure or loss of flow
occurs. The shutdown cooling success path indication was not fully

| implemented.
1
l (iii) For RCS integrity, the SPDS should monitor RCS pressure, T,, containment

sump level, and for the steam generator (SG) - pressure, level, and
blowdown radiation. The IPS0 contains RCS pressure, T and SG level
and blowdown radiation (the last via the critical funcl, ion monitor). SG
pressure is needed for a SG tube rupture event. ABB-CE, however, is
using main steamline radiation (through the radiological emissions CFM
block) as a surrogate for SG pressure. The IPS0 does not have contain-
ment sump level, but ABB-CE has indicated that sump level may be
included as part of one of the other CFM blocks, which are not yet

,

designed.'

l

(iv) For radioactivity control, the SPDS should monitor effluent stack
monitors, steamline radiation, and containment radiation. ABB-CE stated
that these would be contained on the radiological emissions CFM block,
which is not yet designed.

(v) For containment conditions, the SPDS should monitor containment pressure
and isolation status. The IPS0 has containment pressure and a contain-
ment isolation CFM block. The CFM block, however, is not yet designed
in detail, nor described in the CESSAR-DC.

! In the April 19 through 21, 1993, public meeting minutes, the NRC staff stated
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that this issue can be acceptably resolved by ABB-CE's commitment to incorpo-
rate into the IPS0 display the missing parameters, plus containment hydrogent

/ concentration. ABB-CE agreed to this an entered Item 62 into the TOI to
record its commitment. The staff finds that ABB-CE's information and
commitments discussed are acceptable, and therefore, this SPDS requirement of
Supplement I to NUREG-0737 is resolved.

(8) Procedures and operator trainina, addressing actions with and without
SPDS, should be implemented.

Currently ABB-CE does not intend to develop detailed procedures. By letter
dated September 23, 1992, ABB-CE indicated that the System 80+ SPDS is being
developed in a complementary (parallel) fashion with the development of System
80+ emergency operations guidelines. Further, ABB-CE indicated that in
developing System 80+ guidelines which involve use of SPDS information,
provisions for operating with and without critical functions monitoring are
being made.

The minutes of the May 13 and 14, 1993, public meeting (dated July 15, 1993)
note ABB-CE's position that operator training relative to the SPDS will be a
COL action item. This COL action item was found to be acceptable.

In summary, the staff finds that ABB-CE's responses and commitments regarding
the eight SPDS r-equirements of Supplement I to NUREG-0737 are acceptable, and
therefore, GSI Issue I.D.2 is resolved. Hence, this issue is resolved.

(9) The staff's position regarding an exemption from 10 CFR 50.34(f)(2)(iv)p for a plant safety parameter display console:

The regulation 10 CFR 50.34(f)(2)(iv) requires that an application:

Provide a plant safety parameter display console that
will display to operators a minimum set of parameters
defining the safety status of the plant, capable of
displaying a full range of important plant parameters
and data trends on demand, and capable of indicating
when process limits are being approached or exceeded
(I.D.2).

Combustion Engineering, as part of the System 80+ SSAR, commits to meet
~

,

the intent of this requirement. However, as discussed below, the
functions of the safety parameter display system (SPDS) will be inte-
grated into the control room design rather than on a separate " console."i

| The purpose of the requirement for an SPDS, as stated in NUREG-0737,
Supplement 1, is to "... provide a concise display of critical plant
variables to the control room operators to aid them in rapidly and
reliably determining the safety status of the plant. ... and in |

assessing whether abnormal conditions warrant corrective action by l
operators to avoid a degraded core."

The System 80+ design does not provide a separate SPDS, but rather, the |
functions of the SPDS are integrated into the overall control room3

i display capabilities. In lieu of the requirements in 10 CFR
50.34(f)(2)(iv) for a " console," CE has proposed the following commit-
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|
ments in the System 80+ SSAR:

(1) Section 18.7.1.8.1, Safety-Related Data, states that the Nuplex !
80+ Advanced Control Complex provides a concise display of criti- !
cal function and success path performance indications to control !

room operators via the Data Processing System

(2) Section 18.7.1.8.1 states that the IPS0 big board display is a
dedicated display which continuously shows all critical function
alarms and key critical function and success path parameters

(3) Section 18.7.1.8.1 describes the SPDS for the System 80+ and
states that all five of the safety function elements are included
in the DPS Critical Function Hierarchy which forms the basis of
the Nuplex 80+ SPDS function:

(a) Reactivity control
(b) Reactor core cooling and heat removal from the primary system
(c) Reactor coolant system integrity
(d) Radioactivity control
(e) Containment conditions

(4) Section 18.7.1.8.2 states that the critical function and success
path monitoring application in conjunction with the continuous
IPS0 display and the DPS CRTs meet SPDS requirements for Nuplex
80+ without using stand-alone monitoring and display systems

The Commission may, upon its own initiative or at the request of an
applicant, grant exemptions from the requirements of the regulations of
Part 50. The exemption must comply with 10 CFR 50.12 (a) criteria
regarding special circumstances. An exemption from the " console" of the
SPDS may be granted since not having an SPDS " console" (1) does not
present an undue risk to the public health and sahty, and is consistent
with the common defense and security (10 CFR 50.12 9)( )); and (2)
special circumstances exist that application of the regulation to the
System 80+ design of the SPDS rule is not necessary to achieve the
underlying purpose of the SPDS rule (10 CFR 50.12 (a)(2)(ii)). As
presented here, the staff uses the special circumstances in 10 CFR 50.12
(a)(2)(ii) to justify the deviation from the regulation (exemption) for
an SPDS " console" for the System 80+ design.

In conclusion, the staff finds an exemption from the requirement for an
SPDS " console" to be appropriate based upon (1) the description in the
CE SSAR of the intent of the System 80+ design to incorporate the SPDS
function as part of the plant status summary information which is
continuously displayed on the fixed-position displays on the large
display panel; and (2) a separate " console" is not necessary to achieve
the underlying purpose of the SPDS rule which is to display to operators
a minimum set of parameters defining the safety status of the plant.
The staff therefore finds that CE has adequately supported an exemption,

I from 10 CFR 50.34(f)(2)(iv) because SSAR sections 18.2(6),18.4.2.l(14),
18.4.2.8 and 18.4.2.11 achieve the underlying purpose of the rule by
ensuring that the SPDS functional requirements are satisfactorily
incorporated in the control room design without a separate " console."

|
'
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18.6.1.4 Standard Design Features Findings

The seven design features addressed by this review were found to be generally
consistent with HFE design principles and guidelines. Further, the HSI design
appeared to adequately address SPDS criteria. In some cases specific concerns
were identified that could not be resolved at this stage of the HSI design.
ABB-CE has recorded these issues in its HF issue tracking system and has
committed to address these issues in later stages of the design and evaluation
process.

Design justifications provided by ABB-CE throughout the design features review
have shown a heavy reliance on HF guidelines (as presented in ABB-CE's HFESGB
document) and subjective evaluation. The review has shown a high degree of
consistency between the design and these guidelines. However, some concerns
regarding human performance are not directly addressed by available guide-
lines. Efforts by ABB-CE to evaluate issues of human performance during the
development of HSI via System 80+ specific experiments or other analyses that
measure human performance have been very limited. ABB-CE committed to address
issues of human performance related to its final, integrated HSI design during
its verification and validation effort. These evaluations will use mockups
and simulators. This effort is addressed by HFE PRM Element 8 - Verification
and Validation. In addition, ABB-CE committed to evaluate issues related to
the alarm system using a prototype of the DIAS alarm system prior to verifica-
tion and validation. Based on the review of ABB-CE's design features and its
commitments to address human performance issues in later stages of the design
process, the design features issues addressed by this report are resolved.

h 18.6.2 Human-system Interface Design Methods and General Characteristics
V

This section addresses the following

the methods for implementing the display and control requirements,*

selecting hardware and software, and refining of design concepts

design criteria used to determine CR and control panel arrangements-

including the overall configuration of the main control console and the
position of individual control / display devices within individual panels

general design characteristics that were incorporated into the HSIa

The application of the methods and criteria to the design of the CR configura-
tion, RCS panel, and remote shutdown panel is discussed. Relevant DSER issues
are also addressed.

| 18.6.2.1 Objectives

| The objective of this review is to ensure that the design methods and criteria
| used to determine the content and arrangement of displays and controls in the

System 80+ are consistent with accepted HF guidance and practices.

18.6.2.2 Methodology

h 18.6.2.2.1 Description of Review Methodology
&
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This review included a desktop review of design documentation as well as an
onsite review of ABB-CE's System 80+ mockup. During the desktop review, ABB-
CE design documentation was examined and evaluated against accepted HF design
guidance and practices. During the onsite review, which was conducted as part
of the System 80+ design features review, a selected set of design features
were analyzed using walkthrough evaluations of operator tasks and evaluations
using HF guidelines. This provided a practical format for examining the
appropriateness of the design criteria and the acceptability of preliminary
design products.

18.6.2.2.2 Material Reviewed

The following ABS-CE documents were referenced in this review:

Reference 11 of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-*

ments to RAI Responses," Attachment 1 (untitled), attached response to
RAI No. 620.2, ABB-CE letter dated May 8,1992.

Reference 6 of CESSAR-DC Section 18.10, LD-92-102, " System 80+ Human-

Factors Documentation Submittal," Attachment 1, "Nuplex 80+ Advanced
Control Complex Design Bases" (NPX80-IC-DP-790-01, Rev. 00, January 15,
1990), ABB-CE letter dated September E3,1992.

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System*

80+ Draft Safety Evaluation Report Issues," Attachment (untitled),
I attached response to DSER Item 20.2-29," ABB-CE letter dated December

18, 1992.
!

Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure of System-

80+ Draft Safety Evaluation Report Issues," Attachment 5, " Chapter 18 !

DSER Open Item Responses," ABB-CE letter dated January 18, 1993.

Reference 12 of CESSAR-DC Section 18.10, LD-93-135, " System 80+ Informa--

tion for Issue Closure," Attachment 6, Sub-Attachment 1, " Comments from
,

| Draft TER (July 14, 1993) on Nuplex 80+ HSI Justification of ABB-CE
|

Positions Requested for Closure of HSI Issues," ABB-CE letter dated
| September 1, 1993.

I

Reference 13 of CESSAR-DC Section 18.10, LD-93-147, " System 80+ Informa-=

tion for Issue Closure," Attachment 1, " Response to Cross-Branch
Chapter 19 Questions (October 4, 1991)," ABB-CE letter dated October 18,
1993.

Reference 6 of CESSAR-DC Section 18.4, " Human Factors Engineering-

Standards, Guidelines, and Bases for System 80+," (NPX80-IC-DR-791-02,
Rev. 00), September 15, 1993).

Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for-

the System 80+ Standard Plant Design," (NPX80-IC-DP790-01, Rev. 02,
September 29,1993).

CESSAR-DC, Sections 18.6, 18.7 and 18.8.*
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i

18.6.2.2.3 Design Criteria Documentsn
IV) The following materials were consulted as part of this evaluation:

Electric Power Research Institute (1990). Advanced Light Water Reactor-
i

Utility Requirements Document, Volume II, ALWR Evolutionary Plant,
Chapter 10: Man-Machine Interface Systems.

Human Factors and Ergonomics Society (1988). "American National-
:

| Standard for Human Factors Engineering of Visual Display Terminal .

| Workstations" (ANSI HFS-100), Santa Monica, CA: Human Factors and
j Ergonomics Society.
| IEEE Standard: Criteria for Protection Systems for Nuclear Power' -

Generating Stations, IEEE Standard 279, 1971.

Kinkade, R.G. & Anderson, J. (1984). Human Factors Guide for Nuclear-

Power Plant Control Room Development (EPRI NP-3659). Palo Alto, CA:
Electric Power Research Institute.

.
Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System.

! 80+ Draft Safety Evaluation Report Issues," Attachment (untitled),
attached response to DSER Item 20.2-29," ABB-CE letter dated December
18, 1992.

U.S. Code of Federal Regulations, Part 50.54 (k) and (m) U.S. Government )=

o Printing Office, Washington, D.C. '

U.S. Nuclear Regulatory Commission, (May 1973) " Bypassed and Inoperable*

Status Indication for Nuclear Power Plant Safety Systems," (RG 1.47),
Washington, D.C.|

I

U.S. Nuclear Regulatory Commission (1981). " Guidelines for Control Room-

Design Reviews" (NUREG-0700), Washington, D.C.

U.S. Nuclear Regulatory Commission (1989), "A Status Report Regarding.

Industry Implementation of Safety Parameter Display Systems"
(NUREG-1342), Washington, D.C.

U.S. Nuclear Regulatory Commission (1994), " Advanced Human-System Inter-*

face Design Review Guideline," (Draft NUREG/CR-5908), Washington, D.C.

U.S. Nuclear Regulatory Commission (1989), " Guidance to Operators at the=

Controls and to Senior Operators in the Control Room of a Nuclear Power
Unit," (RG 1.114, Rev. 2), Washington, D.C.

| 18.6.2.2.4 Scope and Limitations
|
' The focus of this review is on the design of the HSI both within and outside

of the MCR. Within the MCR the review addresses the overall CR configuration
and the design of panels at the MCC and auxiliary console and safety console
(ACSC). Many of the details of the System 80+ CR design are not specifiedn)(V because the design is not yet complete, However, design details are provided
by ABB-CE for most of the RCS panel of the MCC as an example of how the design|
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methods and criteria will be applied by ABB-CE. This review also addresses
HSI elements located outside the MCR including the remote shutdown panel and
local control stations. The designs for the remote shutdown panel and local
control stations were also not complete.

18.6.2.3 Results

The following is a review of the System 80+ HSI design methods and general
characteristics based on relevant DSER issues and HFE PRM criteria. Unless
specifically noted otherwise, ABB-CE responses to these issues and criteria
are from LD-93-135, Attachment 6, Sub-Attachment 1: Comments from Draft TER
(July 14, 1993) on System 80+ HSI Justification of ABB-CE Positions Requested
for Closure of HSI Issues.

<

18.6.2.3.1 DSER Review

DSER Issue 18.8.2 contains 19 sub-items (see Section 18.6 above). The
following sub-items were relevant to this review.

(a) Provide human engineering justification for

(1) control panel profiles
(2) control panel arrangement in the control room
(3) the selection of control devices
(4) the selection of the display devices

(b) Provide results of System 80+ specific studies or analyses that deter-
mine the quantitative and qualitative thresholds of " adequate" rather
than "not adequate" human performance for the following sub-items:

. (8) Auditable documentation of the design process that supports the
l human performance aspects of the reduction in the quantity of data

presented to the operator

(9) Impact of human performance of the difference between breadth of
information in System 80 and System 80+ CRs

(10) Qualitative and quantitative criteria that identify when the
operator is receiving "enough" rather than "too many" or "too few"
number of alarms and displays

(11) Auditable documentation to track the data /information that was,

| lost / gained between System 80 and System 80+ CR designs

(12) Effects (positive and negative) on operators performance of the
changes, individually and collectively, between System 80 and
System 80+

These DSER items are addressed in Section 18.6.2.3.2. Table 18.5 provides a
cross-reference between the DSER items and the subsections of this document .

where items are addressed. |

18.6.2.3.2 HFE PRM Criteria-Based Evaluation

|
| ABB-CE SYSTEM 80+ FSER 18-126 June 1994
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|
|

l

This section provides a review of the System 80+ based on the HFE PRM Ele-
[) ment 6 criteria. Because of the broad scope of the HSI, this review has been
( j' divided into the following sections that correspond to major portions of the

System 80+ HSI design:

General evaluation - Issues that are relevant to the overall HSI reviewa

scope. ;

CR configuration - Issues related to the overall configuration of thea
i

MCR including design methodologies, analyses, and products.

Information presentation - Issues related to the design criteria and*

methods used for the depiction of plant information through controls and
displays.

Panel layout - Issues related to the design criteria and methods used*

for the organization of controls and displays within panels.

Also reviewed were

reactor coolant system panel*

remote shutdown panel=

These were provided by ABB-CE as examples of application of the HSI design
approach.

q 18.6.2.3.2.1 General Evaluation

This section addresses evaluation issues that apply to the overall HSI design
methods and criteria.

(1) Criterion: HFE PRM General Criterion 1 states that the design configu-
ration shall satisfy the functional and technical design requirements
and insure that the HSI will meet the appropriate HFE guidance and
criteria.

Evaluation: Specific design issues related to functional and technical design
requirements and HFE guidance and criteria are described in the design issues
subsections of Sections 18.6.2.3.2.2 through 18.6.2.3.2.7. This HFE PRM
criterion was held open until all specific design issues were resolved.
Hence, this issue is resolved.

(2) Criterion: HFE PRM General Criterion 2 states that the HFE effort shall
be applied to HSI both inside and outside of the CR (local HSI).

Evaluation: ABB-CE has committed to the overall scope in the HFPP and the
staff has found the scope acceptable (the staff's review of HFPP scope is
provided in FSER Section 18.2.3.2.1, " General Purpose, Scope, and Organiza-
tion."

(3) Criterion: HFE PRM General Criterion 5 states that the HSI shall be-

free of elements which are not required for the accomplishment of any(g,

j task.
! v
!
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Evaluation: The information/ panel layout method described in Section 18.7.2
of CESSAR-DC includes reviews of information requirements to identify HSI
elements that are necessary for operator tasks. This process requires that
HSI elements have an established need before they are included in the HSI
design and thus excludes unneeded HSI elements. Further, the V&V analyses are
intended to evaluate the availability of required displays and controls and
the overall effectiveness of the integrated HSI for task performance. Hence,
this issue is resolved.

(4) Criterion: HFE PRM General Criterion 8 states that the HFE/HSI problems
shall be resolved using studies, experiments, and laboratory tests.
Examples are:

Mockups and models may be used to resolve access, workspace and.

related HFE problems and incorporating these solutions into system
design.

Dynamic simulation and HSI prototypes shall be evaluated for use-

to evaluate design details of equipment requiring critical human
performance.

The rationale for selection of design and evaluation tools shall be
documented.

Evaluation: Sub-Items a, b.8 and b.9 address the application of this criteri-
on to:

CR configuration-

Information presentation: symbols, formats, and other means.

| Panel configuration*

Remote shutdown panel and the local control panels|
-

!

!

(a) CR configuration.

Evaluation: Visibility and personnel mobility issues related to the design
and arrangement of consoles in the control room were evaluated in CESSAR-DC

| Section 18.6.5.6. Specific concerns related to visibility between locations
; in the CR are reviewed in Issues 3 and 4 of Section 18.6.2.3.2.2 and were

found acceptable. This criterion is satisfied based on the analyses performed'

by ABB-CE.

(b) Information presentation: symbols, formats, and other means.

Evaluation: ABB-CE's discussion of symbols, formats, and other information
presentation means provided in Section 18.7.1 of CESSAR-DC does not provide
descriptions of empirical studies or other analyses that were conducted to
resolve problems related to symbols, formats, and other information presenta-
tion means. ABB-CE's discussions of its design evaluation activities, found
in LD-93-005, indicated that ABB-CE relied largely on HF guidelines rather

I than empirical studies or other tests. ABB-CE stated that the use of guide-
| lines is acceptable and preferred as cost-effective, unless specific problems

are identified which require a more resource-intensive approach for resolu- gi tion. ABB-CE agreed to conduct additional testing of the DIAS alarm tile
display system to address concerns regarding the coding of alarm information.
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This commitment is recorded in Item 101 of ABB-CE's HF TOI. This testing is

O) to be conducted using a DIAS alarm tile display prototype prior to the 1(, verification and validation of the final HSI design. While human factors ;

guidelines can provide an acceptable basis for HSI design, additional evalua- '

tions and tests should be performed to address design concerns that are not
adequately resolved through human factors guidelines. This criterion is
satisfied based on ABB-CE's commitment to conduct tests of the DIAS alarm tile
display system to address specific design concerns.

(c) Panel configuration.

Evaluation: Requested ABB-CE to describe any studies that it conducted that
addressed the resolution of panel layout design problems associated with the
earlier stages of design. ABB-CE stated that its use of mockups remains
ongoing and its use of task, availability, and suitability analyses culminate
with the complete design but receive iterative efforts throughout the design
process. This criterion was satisfied based on ABB-CE's iterative analyses
that include use of the control panel mockup.

(d) Remote shutdown panel and the local control panels.

Evaluation: In CESSAR-DC Section 18.8, ABB-CE indicated that the remote
shutdown panel has the same profile of the MCC in the MCR and is based on the
criteria of that panel. However, ABB-CE has indicated that the designs for
the remote shutdown panel and the local control panels are not complete. The
remote shutdown panel and the aspects of the local control stations that are
relevant to emergency procedures will be addressed through suitability and(n) availability analyses and finally by validation testing. Additional analyses

(/ have not been proposed by ABB-CE. No design issues were identified that
extended beyond the scope of those analyses that were already planned. Hence,
this issue is resolved.

(5) Criterion: HFE PRM General Criterion 10 states that the HSI design
elements shall be evaluated to assure their acceptability for task
performance and HFE criteria, standards, and guidelines. Further, DSER
Issue 18.8.2.b stated that ABB-CE should provide results of System 80+
specific studies or analyses that determine the quantitative and
qualitative thresholds of " adequate" rather than "not adequate" human
performance for:

Auditable documentation of the design process that supports the=

human performance aspects of the reduction in the quantity of data
presented to the operator

Impact of human performance of the difference between breadth of-

information in System 80 and System 80+ CRs

Qualitative and quantitative criteria that identify when the=

operator is receiving "enough" rather than "too many" or "too few"
number of alarms and displays

Auditable documentation to track the data /information that was=

[m] lost / gained between System 80 and System 80+ CR designs
,

'

LJ
1
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I
Effects (positive and negative) on operators performance of the*

changes, individually and collectively, between System 80 and
System 80+. ;

I
Evaluation: The five sub-items of the DSER are addressed below. The numbers I

j of the sub-items correspond to those used in Section 18.6. {

|
(a) Sub-Item b.8 - Auditable documentation of the design process. j

{

Evaluation: ABB-CE's response in LD-93-005 describes the measures taken to
|reduce the quantity of data presented to the operator. This issue is resolved

based on this approach for documenting HSI information and control require-
ments based on analyses of operator tasks and excluding information and
controls that are not supported by a specified need.

(b) Sub-Item b.9 - Impact of human performance of the difference between
breadth of information in System 80 and System 80+ control rooms.

! Evaluation: In LD-93-005, ABB-CE states that there is no difference between
! breadth of information in the System 80 and System 80+ CRs, but there are

differences in the way in which information is presented through the HSI.
,

Based on a review of functional similarities conducted as part of HFE PRM !

Elements 3 and 4, there does not appear to be major differences in the breadth !
of required information. Availability analyses and integrated validation )
conducted as part of V&V will evaluate the adequacy of the breadth of informa- )
tion provided in the completed design. Hence, this issue is resolved.

(c) Sub-Item b.10 - Qualitative and quantitative criteria that identify when
the operator is receiving "enough" rather than "too many" or "too few"
number of alarms and displays.

Evaluation: The FTA is intended to define the minimal required set of
information. In LD-93-005, ABB-CE indicated that this issue will be further
evaluated during V&V, using the final design. Hence, this issue is resolved.

(d) Sub-Item b.11 - Auditable documentation to track the data /information
that was lost / gained between System 80 and System 80+ control room
designs.

Evaluation: In LD-93-005, ABB-CE stated that there is no requirement to track
this difference, but that the effectiveness of the HSI will be evaluated
during verification and validation. The function analysis reviewed in Section
18.4 identified differences in functions between the System 80 and System 80+
plants and determined that those functions of the System 80+ that were
allocated to the operator were acceptable. HSI requirements will be derived
from analyses of operator tasks associated with these functions. This issue
was resolved because an acceptable approach is used for deriving HSI informa-
tion and control requirements and because differences in the operator role
which result from differences in the plants are identified and evaluated.

(e) Sub-Item b.12 - Effects (positive and negative) on operators performance
of the changes, individually and collectively, between System 80 and
System 80+.
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Evaluation: In LD-93-005, ABB-CE stated that a direct comparison is notf.,
possible due to the lack of an adequate baseline. However, the effectivenessV) of the System 80+ design will be evaluated separately from the System 80

(

during verification and validation. This response was found to be acceptable.
Hence, this issue is resolved.

(6) Criterion: HFE PRM General Criterion 11 states that design and evalua-
tion efforts associated with the HSI shall be performed using a listed
set of documents as guidance.

Evaluation: ABB-CE references HF sources in " Human Factors Engineering
Standards, Guidelines, and Bases for Nuplex 80+," NPX80-IC-DR-791-02
(HFESGB). This issue was addressed in a separate review of the HFESGB
document and found to be acceptable. Hence, this issue is resolved.

18.6.2.3.2.2 Control Room Configuration Design

Section 18.6 of CESSAR-DC describes the process by which the System 80+ CR
configuration was designed including the arrangement of the MCC, the auxiliary
console and safety console, and other control room features. The following
issues were identified.

(1) Criterion: HFE PRM General Criterion 6 states that the selection and
design of HSI hardware and software approaches shall be based upon
demonstrated criteria that support the achievement of human task
performance requirements. Criteria can be based upon test results,

- demonstrated experience, and trade studies of identified options.

s Evaluation: The CR configuration process described in Section 18.6 of
CESSAR-DC is acceptable. This is based on reviews of the design criteria as
well as the description of the process by which alternative designs were
developed and evaluated. Specific design issues related to the CR configura-
tion are presented below and addressed separately. Hence, this issue is
resolved.

(2) Criterion: HFE PRM General Criterion 7 states that the HFE standards
shall be employed in HSI selection and design. Human engineering
guidance regarding the design particulars shall be developed by the HSI
designer to (1) insure that the human-system interfaces are designed to
currently accepted HFE guidelines and (2) insure proper consideration of
human capabilities and limitations in the developing system. This
guidance shall be derived from sources such as expert judgement, design
guidelines, and standards, and quantitative (e.g., anthropometric) and
qualitative (e.g., relative effectiveness of differing types of displays
for different conditions) data. Procedures shall be employed to ensure,

HSI adherence with standards.

Evaluation: The application of HFE standards to the design of the CR configu-
ration is reviewed below. Also addressed is DSER Issue 18.8.2, which requires
" human engineering justification for control panel profiles." (See DSER
Issue 18.8.2, Sub-Item a.1 in Sections 18.6 and 18.6.2.3.1 of this report.)

O The design criteria for CR configuration described in Section 18.6.3 of
V CESSAR-DC include NUREG-0700 criteria for anthropometrics, line-of-sight to
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information and controls, and desk and chair design. These criteria were
found to be acceptable. The process used to develop the System 80+ CR
configuration was an iterative process that started with a Nuplex 80 control i

room as a baseline. Design alternatives were evaluated against operational
and HF concerns. This process was found to be acceptable. However, the
specific dimensions for the MCC and ACSC profiles are not provided in suffi-
cient detail to allow the application of the process and design criteria to be
verified. ABB-CE was requested to describe the control panel profiles in
sufficient detail to demonstrate conformance to HF criteria. Control panel
dimensions and relevant reach and vision envelopes were provided in Fig-
ures 18.6.5-11 and 18.6.5-12 of CESSAR-DC. These were reviewed in greater
detail as part of the review of the HFESGB and found to be acceptable. Based
on this review it was determined that both HFE PRM General Criterion 7 and the
DSER Issue 18.8.2 that pertains to human engineering justification for control
panel profiles are satisfied because acceptable design guidelines and quanti-
tative data were used to provide an acceptable human engineering justification
for the control panel profiles.

Design Issues Related to Control Room Configuration Design

The following issues are relevant to Criterion 1 as well as other criteria of
HFE PRM Element 6. ABB-CE's responses to these issues are discussed. The
full text of ABB-CE's responses may be found in Reference 14 of CESSAR-DC
Section 18.10, LD-93-135.

(1) Issue: Section 18.6.6.1 of CESSAR-DC states a minimum CR ventilation
rate of 0.42 cubic m (15 cubic ft) of air per minute. NUREG-0700 states
a minimum of 0.42 cubic m (15 cubic ft) per minute per room occupant.
Since a supervisor may be frequently present in the CR, in addition to
two operators, the minimum ventilation value stated by ABB-CE appears to
be too low. ABB-CE was requested to address this apparent discrepancy.

Evaluation: In its response, ABB-CE stated that Guideline 7.3.1 of HFESGB
correctly cites the NUREG-0700 guideline regarding ventilation and that
Section 18.6.6.1 of CESSAR-DC was modified to indicate that control room
ventilation rates will meet HFESGB guidelines. Hence, this issue is resolved.

(2) Issue: Section 18.6.6.1 of CESSAR-DC states that background noise
levels will be in accordance with HFESGB, which states a maximum back-
ground noise level of 65 db(A) and a reverberation time of one second or
less. This section also states that workstation lighting will be in
accordance with HFESGB, which states detailed illumination criteria.
ABB-CE was requested to specify how the environmental conditions of the
CR will be evaluated. Will they be verified by ABB-CE in an ABB-CE
facility or will this be a COL responsibility? What tools and methodo-
logy will be used for this evaluation.

Evaluation: ABB-CE stated that workspace (e.g., CR) environmental conditions
will be evaluated through survey and measurement of the actual as-built
facilities per applicable criteria from the HFESGB. This is part of the
suitability inspection specified in the HF V&V plan, which in turn is part of ;

the verification of suitability required by the HFPP and ITAAC items for the i

MCR and remote shutdown panel . Verification of environmental conditions is I

Ithus a COL applicant responsibility. Selection of personnel to perform the
l
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3 activity will be at COL applicant discretion. ABB-CE further stated that
while the measurement (i.e., acceptance) criteria need to be specified, it isv) not necessary to specify measurement tools at this time. This position was
found acceptable because necessary measurement tools can be more appropriately
determined after the control room has been completed.

(3) Issue: Section 18.6.5.6.1.2 of CESSAR-DC states that the MCC is visible
,

from a central location at either the auxiliary console (AC) or safety 1

console (SC). However, from Figure 18.6.5-8, it appears that only a :
'portion of the plant monitoring and control panel, and none of the RCS

and CVCS panels are visible from the AC and SC. ABB-CE was requested to
clarify its statement including a discussion of the possible effects of
impaired visibility of the MCC. ABB-CE was also asked to address the
apparent discrepancy between these visibility limitations and the design
requirement for large digital readouts on the DIAS displays.

Evaluation: ABB-CE stated that visibility of the MCC area from the AC and SC
panels is provided to facilitate operator communication and coordini. tion, not
for direct monitoring or reading activities, and is therefore acceptable. In
addition, the CRT displays on the AC and SC panels provide access to all
information available at the MCC. The IPS0 provides plant overview informa-
tion that can be read throughout the CR. DIAS digital displays are designed
to be read across the MCC (e.g., read RCS panel DIAS displays while standing
at the turbine panel), not across the CR. ABB-CE revised CESSAR-DC Section
18.6.5.6.1 to clarify the statements that refer to visibility. The visibility
characteristic were found to be acceptable because they were consistent with
tasks performed in the CR. ABB-CE's commitment to clarify the description in(q CESSAR-DC satisfies this concern.1

%)
(4) Issue: Section 18.6.5.6.1.4 of CESSAR-DC states that unobstructed

visual access exists to the MCC from the CR supervisor (CRS) and shift
supervisor (SS) offices. However, from Figure 18.6.5-9, it appears that
the RCS panel is not visible from the shift supervisor's office. ABB-CE
was requested to address this apparent contradiction.

Evaluation: ABB-CE stated that visibility of the MCC area from the CRS and SS
offices is provided for general observation, it is not intended to support
direct personnel supervision or plant monitoring. ABB-CE revised CESSAR-DC
Section 18.6.5.6.1 to clarify the terminology and related subordinate state-
ments. (See also Issue 3 of Section 18.6.2.3.2.2.) The visibility charac-
teristic were found to be acceptable because they were consistent with tasks
performed in the CR. ABB-CE's commitment to clarify the description in
CESSAR-DC satisfies this concern.

(5) Issue: Section 18.3.2 of the CESSAR-DC discusses CR staffing and the
design bases for the CR configuration. Section 18.6.1 defines the
various terms used in describing the control room configuration, such as
" controlling workspace," and " control room." 10 CFR Part 50 uses the
terms "at the controls" and " control room." RG 1.114 provides guidance
in detail as to what is meant by, and necessary for, these areas. One
example is the need for an unobstructed view of controls, displays and
alarms "at the controls." ABB-CE has not used the same terms and has i

[ not provided a commitment to RG 1.114, thus making it unclear as to 1
|-\. their commitment to the detailed guidance and requirements of the RG and
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10 CFR Part 50. ABB-CE was requested to provide such a commitment or ;

alternatively describe clearly their method to be used in place of the |

RG. ABB-CE was also requested to provide one of its CR figures that
clearly demarcates the pertinent areas.

,

Evaluation: ABB-CE stated that the design of the Nuplex 80+ control room will
accommodate the COL applicant's meeting of the requirements of 10 CFR 50.54(k) I

and (m), and RG 1.114. However, RG 1.114 presents behavioral and administra-
tive requirements on COL applicant operators, rather than design requirements;
thus it does not form the basis for a coherent commitment by ABB-CE. Compli-
ance with these issues, as RG 1.114 states, are COL applicant responsibili-
ties.

Nonetheless, the Nuplex 80+ philosophy and design are cognizant of and
consistent with the general intent of RG 1.114, i.e., to keep undivided
operator attention focused on the plant. The following additions to CESSAR-DC
aim to reinforce this point and address reviewer concerns.

CESSAR-DC Section 18.3.2 has been modified to further address control room
staffing. The Nuplex 80+ controlling workspace is equivalent to the " surveil-
lance area" specified in RG 1.114; an operator atte:1 ding to and responsible
for performing operations on the controlling workspace panels is considered to
be "at the controls." Related definitional statements will be added to the
discussion in CESSAR-DC Section 18.3.2, and the controlling workspace will be
shaded in Figure 18.6.5-3. The " control room vital area" discussed in RG
1.114 is equivalent in System 80+ to the area within the control room security
boundary identified in CESSAR-DC Chapter 13 Appendix A, Sections 2.2.I and
2.2.J.

This response was found to be acceptable because it clarifies ABB-CE's
terminology and commitment to Regulatory Guide 1.114.,

|
(6) Issue: Section 18.6.3 of CESSAR-DC states as a design criterion for the'

CR configuration that adequate work surface (laydown space) is provided
at, or near, controllino workspace consoles for procedures, etc. without
interfering with display viewing or control manipulation. However,
specific criteria in terms of location and size are not provided. ABB-
CE was asked to describe the measures that will be taken to ensure
adequate laydown space.

Evaluation: ABB-CE stated that because it was unable to identify specific
acceptance criteria on procedure laydown space in the general literature, the
regulatory guidance, or the System 80+ design that it was reluctant to develop
its own criteria. ABB-CE stated that rolling bookcases, two controlling
workspace desks, and a clear area on the plant monitoring and control panel
all provide procedure laydown space options for operators at the control panel
area. The CRS console and the large desk behind it also provide laydown space
for documents. ABB-CE added Item 92 to its HF issues tracking system to
ensure consideration of this issue in subsequent design and verification and
validation activities. Hence, this issue is resolved.

18.6.2.3.2.3 Information Presentation

This section provides a review of the methods and criteria used in the
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|
presentation of information on indications and controls in the System 80+ CR. i,3

|! ) The full text of ABB-CE's responses to these issues may be found in Refer-
V ence 14 of CESSAR-DC Section 18.10, LD-93-135.

(1) Criterion: HFE PRM General Criterion 6 states that the selection and
design of HSI hardware and software approaches shall be based upon
demonstrated criteria that support the achievement of human task
performance requirements. Criteria can be based upon test results,
demonstrated experience, and trade studies of identified options.

Evaluation: Software approaches for presenting plant information through
symbols and graphical formats on computer-generated displays rely on HF
guidance embodied in ABB-CE's HFESGB document to which ABB-CE has committed to
use as its HF standard. This document has undergone a separate review and was
accepted. Hence, this issue is resolved.

(2) Criterion: HFE PRM General Criterion 7 states that procedures shall be
employed to ensure HSI adherence with standards. ABB-CE was requested
to describe measures that will be taken to ensure that information
presentation conventions / criteria will be systematically applied during
the development of the balance of the System 80+.

Evaluation: ABB-CE stated that the HFPP provides a formal structure for
disseminating the HFESGB to the design team. The use of standard features and
computer aided engineering (CAE) tools in the detailed design will provide
configuration control over the implementation of design conventions. Suit-
ability verification ensures that conventions and criteria have been accept-m

[dT ably applied. These mechanisms collectively form an integrated and comprehen-
sive approach to this aspect of design control. In addition, ABB-CE has
entered an item in its HF issue tracking system to ensure that the reference
design for the MCR and remote shutdown panel indications and controls shall be
detailed using a systematic process incorporating HFE guidance. Hence, this
issue is resolved.

(3) Criterion: HFE PRM General Criterion 9 states that HFE shall be applied
to the design of equipment and software for maintainability, testing,
and inspection. Software maintenance / upgrade is a growing concern as a
source of failure for complex human-machine systems. Software plays ;

critical roles in many aspects of the System 80+ including sensor data j
processing and verification, alarm procest.ing, and control / display 1

aspects of the user interface. ABB-CE was requested to describe ;

provisions for protecting against loss of software integrity due to '

maintenance / upgrade work that will be performed by ABB-CE and by the
utility.

Evaluation: ABB-CE stated that the HFESGB provides some guidance applicable
to software maintainability. Verification by memory checks passed to the DPS
for comparison with stored values will serve to reduce entry errors. Develop-
ment and maintenance of all software is governed by the System 80+ Software QA
program (NPX80-SQP-0101.0). Hence, this issue is resolved.

Design Issues Related to Information Presentation.m

(1) Issue: Item G of Section 18.7.1.1.2 describes the use of the color
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orange to code " operator established information." However, it is
unclear from the description which information is being referred to
(e.g., operator established alarms? operator aids?). ABB-CE was
requested to clarify this statement including the type of information
that will be coded and methods by which this coding that will be
applied.

Evaluation: ABB-CE stated that operator established alarms are yellow,
consistent with all other alarms. Operator aids are orange to denote non-ord-
inary, non-alarming conditions. CESSAR-DC Section 18.7.1.1.2 has been revised
for clarity. Hence, this issue is resolved.

(2) Issue: Section 18.7.1.1.2 states that in the case of loss of indication
from a valve, the position prior to instrument failure is displayed and
the instrument failure condition is indicated with an asterisk placed
before the valve symbol. Since the actual valve position may be
different from the position prior to instrument failure, the displayed
position may be misleading. ABB-CE was requested to provide a rationale
for presenting this position versus other options such as indicating the
position as unknown.

Evaluation: ABB-CE stated that power for position indication and power for
' valve movement are typically provided by separate circuits and mechanisms.

Loss of indication does not imply other changes in component status. Thus, ;

the last indicated state remains informative as the best estimate of actual
state; to not display it would be to discard information. This position was
found an acceptable approach for presenting information to the operator in the
case of a failure.

,

(3) Issue: In the case of fault select the operator may select sensor
channels via the discrete (DIAS) monitor. How will the sensor channels
be selected on the DPS for the same parameter? How will sensor selec-
tion be handled for parameters that are only displayed on the DPS and
not on the DIAS?

Evaluation: ABB-CE stated the controlled-access keyboard interface identified
in Item 4, below, will be used for the selection of sensors for the DPS
displays. The keyboard interface is located at the CRS console. It was found i
acceptable because the CRS console is readily accessible from the MCC and
access to sensor channel selection is already available at the MCC via the !DIAS displays.

(4) Issue: Section 18.7.1.1.8 of CESSAR-DC indicates that component or
parameter information unavailable from automated data acquisition means
are entered manually into the DPS. ABB-CE was requested to describe the
human-computer interface that will be used for entering data including
data entry screens, methods of interaction, provisions that will be made
to reduce input errors, and provisions that will be made to ensure that
entered values are kept current.

|
Evaluation: ABB-CE stated that a controlled-access interface for data entry
(i.e., a keyboard) has been functionally specified. The interface will be
located on the CRS console and in MCR office (s). An item has been entered in
ABB-CE's HF issue tracking system (Item 95) to ensure treatment of this
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human-computer interface in subsequent design and V&V activities. Hence, thisg\ issue is resolved.I

b
(5) Issue: Section 18.7.1.1.4 of CESSAR-DC describes the assignment of I

alarms into categories (e.g., priorities 1 to 3 pins a fourth category
called operator aids). This assignment is. based on the proximity of the
alarm setpoint to the significant operator action conditions. The
following issues were identified.

(a) The meaning of the term "significant operator action" should be defined.
This definition should include the implications for automatic system
actuations. For example, if a condition will result in the activation
of an automatic protection system (e.g., safety injection or reactor
trip) no operator action may be required. In this case is the alarm
considered to be high priority?

Evaluation: ABB-CE stated, "Significant Operator Actions are those judged to
be necessary to prevent specific undesirable consequences; these will often be
redundant with automatic (i.e., protective) actions (for defense in depth).
Alarms are not associated with automatic actions, per se." This position was
found acceptable because it emphasizes the use of alarms to alert the operator
to the need to take action and makes a distinction between alarm messages and
other messages that indicate changes in plant status such as the actuation of
an automatic system.

(b) How are alarms that are relevant to multiple conditions addressed? For
example, if a single alarm is the third warning before a CSF violation

i and the last warning before a success path availability violation, would
the alarm be assigned priority 3 or I? This discussion should discuss
whether some significant operator action conditions are of more impor-
tance to operator action than others (e.g., CSF violation versus major
aamage to equipment).

Evaluation: ABB-CE stated, "The alarm priority scheme does not focus on
prioritizing the relative importance of alarms because this is a context-depe-
ndent judgment that remains the operator's responsibility. Rather, the
priority scheme seeks to provide a strict ordering of priorities within
aimensions that can be aggregated as the level of abstraction increases.
Where a condition leads to redundant alarms, the alarm judged to be of lesser
importance will be incorporated or suppressed." This position was found
acceptable because the ordering priorities indicates alarm importance while
allowing the operator to determine the relative importance of alarms within
the same category based on the context of the specific plant event. This Lids
the operator while keeping the operator involved in the decision-making
process. Also, the suppression of lower priority alarms is an acceptable
alarm processing method for reducing operator workload

(c) Section 18.7.1.1.4 of CESSAR-DC implies that all personnel hazard alarms
are priority I since these alarms often have a single setpoint. ABB-CE
was requested to clarify this section of CESSAR-DC.

,m Evaluation: ABB-CE stated that all radiation alarms are not priority 1.

(V)
Smoke / hazard alarms will be prioritized using the same criteria as other
alarms. Such personnel hazard alarms could easily be prioritized on the basis
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of exposure limits and toxicity. This may result in adding criteria to those
already stated, as is practically necessary to impart meaningful organization
to the alarm scheme. Any added or revised rules will be incorporated in the
alarm system design documentation. This issue will continue to receive
consideration as one of several being tracked on the alarm system. Hence, this
issue is resolved.

(d) ABB-CE stated that additional rules may have to be added before the
alarm categorization is complete. ABB-CE was requested to document
these rules in their design documentation and to keep these records
current.

Evaluation: ABE-CE stated that any added or revised rules will be incor-
porated in the alarm system design documentation. Hence, this issue is
resolved.

(6) Issue: Section 18.7.1.1.7 of CESSAR-DC specifies that the IPS0 shall be
readable from the shift supervisor's office. ABB-CE was requested to
identify the critericn that will be applied for legibility of the IPSU
from the shift supervisor's office.

Evaluation: ABB-CE stated the criterion of 15 minutes of arc (M0A) for
minimum character height found in Section 18.7.1.1.7 of CESSAR-DC was outdated
and was revised to indicate a minimum height of 12 MOA for any specified
reading distance. This will make CESSAR-DC consistent with HFESGB Section
2.2.3.2.b. Letter heights on the IPS0 (5.3 cm (2.1 in.)) at the specified
reading distance from the SS office (approximately 12m (40 ft)) yield a
proximal character height of 15 M0A. Since these values are ultimately based
on the position of the reader with respect to the display, and since there are
no tasks outside the controlling workspace that preclude viewers from adjust-
ing their position for a better view of IPSO, ABB-CE considered the present
character sizes to be acceptable.

The acceptability of ABB-CE's legibility criterion of 12 M0A, rather than a
value of 15 M0A as specified by NUREG-0700 or 16 M0A as specified by
ANSI-HFS-100, was addressed by the HFESGB review. ABB-CE's rationale for
using 12 MOA as a robust criterion for legibility was not found to be fully
supported by HF literature. However, it was acknowledged that actual viewing
distances may be less than design assumptions stated in HFESGB. ABB-CE agreed
to include item 102 in its HF issue tracking system to ensure that legibility
be further evaluated under conditions that are representative of anticipated
work conditions. The character height of 5.3 cm (2.1 in.) for the IPS0 was
found acceptable on the basis that it resulted in a visual angle of 15 M0A,
not 12 MOA, wnen viewed from the SS office. Hence, this issue is resolved.

(7) Issue: Section 18.7.1.1.7 of CESSAR-DC states that a DPS CRf located on
an adjacent panel may be used by the operator to support monitoring
tasks. CESSAR-DC, Amendment E stated that data on CRTs is sized for
readability assuming the largest CR panel size. In CESSAR-DC Amendment
N, that sentence was omitted. ABB-CE was requested to describe the
degree of legibility (e.g., only alarm symbols versus all text) required
of CRTs on adjacent panels to support operator task requirements. ABB-
CE was also requested to describe how the DPS screens will be designed
(including design criteria for character heights) to address these
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viewing requirements.

O Evaluation: ABB-CE stated that although DPS screens do not normally need to
be read from adjacent panels, the specified DPS screen character size (4.4 mm
(.175 in.)) yields a proximal character height of 12 M0A at the specified
reading distance (127 cm (50 in.)). This value is sufficient between panel
centers, and is reasonably robust to off-angle viewing (see basis for HFESGB
Section 2.2.3.2.b). The 12 M0A value also meets the criterion of NUREG-0700 |

Section 6.7.2.2.b(1) for character size on CRT displays. |

Verification of legibility of CRTs from adjacent panels is addressed by HF
issue tracking Item 102. Hence, this issue is resolved.

(8) Issue: Section 18.7.1.6.2 of CESSAR-DC discusses various mechanisms for
controlling and indicating components and systems. Items addressed
include: control location, engineering safety features actuation system 1

(ESFAS) control signals, bypassed and inoperable status, interlocks and
actuation signals, etc. While many positive features were noted, the
description of the operator override scheme for actuated signals
contained in Sections 18.7.1.6.2.2 through 18.7.1.6.2.5 seemed contra-
dictory and was not completely clear. The following are specific

,

examples.

(a) Section 18.7.1.6.2.2 states that n_o alarms or status indication is
required for override at the component level. However, per RG 1.47 and
IEEE 279, an override at the component level should give a system-level
bypass or override indication.

V Evaluation: ABB-CE stated that overrides and bypasses are separate and ;

distinct entities. Overrides are a component-level control capability for
manual action following automatic action. Override may follow, but cannot
prevent (or meaningfully precede) an automatic actuation. Override does not
produce a unique indication or annunciator per se; the manually operated
component simply indicates its new operating state (i.e., active / inactive).
However, this does not rule out that the new component state may in turn cause
one or more alarms of various types.

RG 1.47 requires automatic indication in the control room of bypassed /
inoperable status at the system level . . . of the protection system and the
systems actuated or controlled by the protection system. Execution of a
component override could conceivably change a safety system's status to
bypassed / inoperable, in which case indication would be required per RG 1.47.
However, component override capabilities and safety system bypass / inoperable
status indication requirements are independently determined in all cases.
Based on this explanation and a review of additional details regarding
bypassed / inoperable status indication that were provided in CESSAR-DC this
concern was considered to be resolved.

(b) Section 18.7.1.6.2.2 states that there is an operator override for all
ESFAS signals, yet 18.7.1.6.2.5 states that interlock signals cannot be
overridden by the operator.

im
\ Evaluation: ABB-CE stated that both are correct, because interlocks and(d overrides are not equivalent. Section 18.7.1.6.2.2 states that the operator
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can override the ESFAS signals on any individual ESF-actuated component (over-
ride is not a system-level capability.) However, interlocks cannot be
overridden. An interlock inhibits specific control action (either manual or
automatic) until the condition (s) monitored by the interlock's sensor (s) are
satisfied. Note: Interlocks are provided for component / system protection and
safety (e.g., the SIT isolation valve cannot be shut if the RCS pressure is
above the SDC entry pressure). No interlocks have been identified that
prevent automatic actuation of a safety system component.

This explanation was found acceptable,in that it clarifies the meaning of the
terms so that there is no longer an apparent contradiction and the basic
requirements of RG 1.47 and IEEE 279 are satisfied.

(c) Section 18.7.1.6.2.5 states that a component cenerally remains in the
actuated state when the control signal clears, yet Section 18.7.1.6.2.2
indicates that the component will always remain in the pre-cleared
state.

Evaluation: ABB-CE stated that the actuated state typically is the pre
; -cleared state. The actuated state is the position called for by ESFAS, and
I is the position a component will oe in when the ESFAS signal clears unless (1)

it was manually repositioned following initiation (i.e., overridden), or (2)
it did not respond to the initiating automatic signal in the first place.
ABB-CE also stated that there are currently no instances in the design where a
component changes state upon the clearing of the control signal. If this
feature is implemented, CE stated that each case would be evaluated and
dispositioned during the detailed design process implementation. This
explanation was found acceptable, because of the verification and validation
requirements placed on the detailed design process implementation.

(d) Section 18.7.1.6.2.2 states that operator override capability is
provided on all ESF actuated components, yet Section 18.7.1.6.2.5 states
that in some cases an actuation signal can be overridden by the opera-
tor.

Evaluation: ABB-CE stated that ESFAS and actuation signals are defined
separately. Operator override capability is generally provided for all ESFAS
signals (although the design permits exceptions to this feature, none have

,

been identified to date.) Actuation signals have three types. Priority 2 and'

. 3 signals can be overridden; priority 1 signals (no override) are typically
l used for equipment protection (none identified for ESFAS signals to date).

However, some interlocks will prevent the operator from overriding specific
components if permissive conditions are not met (e.g., SIT isolation valves
discussed in Issue 8b of Section 18.6.2.3.2.3.) The staff reviewed CE's
response and prioritization scheme and found that it adequately addressed the
staff's questions regarding operator override and ESFAS actuation. Further
evaluation of the ESFAS system and specific interlocks is provided in Section
7.3 of this document.

(9) Issue: It was recommended that both the NRC I&C and the Reactor Systems
| Branches review Section 18.7.1.6.2 since there is material in it

pertinent to their review areas.'

Evaluation: ABB-CE entered Item 99 into its HF issue tracking system and

|
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l.
provided acceptable responses to the results of these reviews in Reference 13 !-

V)/ of CESSAR-DC Section 18.10, LD-93-147. The issues identified by the staff and i

responses provided by CE in LD-93-147 focussed on ensuring consistency in 1

instrumentation descriptions and listing (e.g., nomenclature used, ranges for
indications) within CESSAR. CE's responses indicated that various sections of 1

CESSAR would be modified to ensure consistency. The staff reviewed the
responses in LD-93-147 and the associated CESSAR modifications and found that
CE had adequately addressed the staff's concerns. This issue is resolved.

(10) Issue: ABB-CE stated that the status of unavailable equipment will be
explicitly provided through DPS and the success path monitoring system.
ABB-CE was requested to describe specifically how the following condi-
tions will be indicated to the operator via these two systems

bypass and inoperable statusa

tagout status (how controls will be " tagged")-

blocked status (how controls will be physically blocked)=

In addition, ABB-CE was requested to describe how the blocking and tagging
functionality that exists in traditional plants will be provided in the
System 80+. The response should include instrumented and non-instrumented
components and their representation on the DPS, CCS process controllers and
CCS switches. For example, will tagout information be presented in the
message area of the DPS after a symbol is poked? Will this representation be
different on the CCS process controller? How will this information be

p\ conveyed for the CCS switches? How will equipment be blocked (isolated) from
operation. How will this be presented to the operator? Will the representa-

| (d tion be changed manually or automatically? Will physical barriers be provided
|

such as covers over controls?

Evaluation: ABB-CE stated that unavailable equipment will be presented using
the separate code conventions for alarms (yellow rectangles, etc.) and
uncontrollable equipment (cross-hatching). Instrumented and not-instrumented
components will, where their status is indicated, apply similar conventions.
Status explanations will be provided on the DPS via point-poke messaging in
the standard message area. Switches and discrete components will possibly
continue to use tags; use of [ physical) covers is not necessary or antici-
pated. The equivalent treatment for process controllers has not yet been
determined. Input of not-instrumented component status information is
intrinsically an administrative control issue. On the other hand, how control
blocking will be implemented in the CCS is a design issue and has yet to be
addressed. ABB-CE acknowledges this to be an important set of issues; their
detailed treatment has been entered as TOT Item 96 for future treatment. Based
on the evaluation and disposition of all 101 issues as required in the
detailed HFPP, this issue is resolved.

. (11) Issue: A review of the design documents and the HSI mockup indicates
I the apparent lack of a systematic approach for determining the degree of i

I precision with which data are presented, whether in digital or graphic I
form, to the operator via the HSI. Section 18.5.1.5.3 of CESSAR-DC
states that parametric requirements for display and control variables

h will be defined in terms of device type, range, accuracy, and units asI b part of the FTA methodology. While accuracy of data is an important |
'

|
,

1
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requirement, it is a separate concern from the precision with which data
,

are presented to the operator (e.g., the number of significant digits in l

digital displays, the number of intervals on scale displays). Specific ,

examples of the lack of clearly defined display precision requirements
were observed during the design features review with respect to the
scaling on bar charts and other indicators. The ABB-CE HFESGB document
provides general criteria for scaling but this is insufficient for
determining the precision requirements for specific parameters. ABB-CE
was requested to define a systematic process by which precision require-
ments will be defined for displayed values.

Evaluation: ABB-CE agreed to enhance the guidance for specifying precision
that is contained in the HFESGB Section 2.4.3. ABB-CE modified Section
18.5.1.5.3 - Information and Control Requirements of CESSAR-DC to require that
the precision requirements for each measured variable be specified based on an
analysis of operator task requirements. In addition, ABB-CE modified Section
6.1.5.2 of the V&V plan to ensure that precision requirements are verified for
each as-built control or display item. This is acceptable because it assures
that display precision is defined and verified.

(12) Issue: The DIAS alarm tile display system assigns sets of alarm states
to individual alarm tiles. The use of alarm list displays may become
cumbersome or ineffective if an excessive number of alarm states are
assigned to individual tiles or if the total number of alarms states
assigned to an alarm tile display device is excessive. ABB-CE was
requested to describe design criteria for the maximum number of alarm
states associated with (1) a single DIAS alarm tile, and (2) a single
DIAS alarm tile display device.

Evaluation: ABB-CE stated that there are no firm human performance criteria
|
' limiting the number of alarms within one tile or display device. ABB-CE

generally acknowledges the concern for excessive alarms within a tile as a
. possible downside on the revised depth / breadth tradeoff of conventional
I control rooms, but believes that larger problems of conventional alarm systems

(e.g., excessive breadth) have been mitigated, achieving a net usability
improvement. In addition, the ratio of the expected number of alarm variables
(1500) to active alarm tiles (400) is only about 4-to-1, a quite manageable
average figure. Ultimately, the breadth of alarm activity must be faced by
operators somewhere in any design (e.g., alarm logs); the question is whether
the burden is being reasonably managed.

ABB-CE subsequently agreed to evaluate this issue further using a prototype of
the DIAS alarm tile display system prior to verification and validation of the
final design. This commitment is recorded in Item 101 of ABB-CE's HF issue

| tracking system. Hence, this issue is resolved.

18.6.2.3.2.4 Panel Layout

This section addresses issues related to the design criteria and methods used
in the arrangement of controls and displays within panels and the arrangement
of panels in the CR as presented in Section 18.7.2 of CESSAR-DC.

(1) Criterion: HFE PRM General Criterion 3 states that the HSI design shall,

| utilize the results of the task analysis and the I&C inventory to assure j

,
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the adequacy of the HSI.

Evaluation: The design method described in Section 18.7.2 of CESSAR-DC
described the process by which operator functions are organized on the panels
using the results of the FTA. Then controls and displays are organized within
these functional groups using the results of the FTA and the I&C inventory.
This requirement is satisfied because the design method described in Section
18.7.2 of CESSAR-DC utilizes the results of the task analysis and the I&C
inventory along with human factors criteria and methods to assure the adequacy
of the HSI.

(2) Criterion: HFE PRM General Criterion 6 states that the selection and
design of HSI hardware and software approaches shall be based upon
demonstrated criteria that support the achievement of human task
performance requirements. Criteria can be based upon test results,
demonstrated experience, and trade studies of identified options.
Further, DSER Issue 18.8.2 states that ABB-CE should provide human
engineering justification for the selection of control devices and
display devices. (See DSER Issue 18.8.2, Sub-Items a.3 and a.4, in
Sections 18.6 and 18.6.2.3.1 of this report.)

Evaluation: In LD-93-005, ABB-CE states that because switches and CRTs are
extensively used in industry, HF was not extensively involved in their
selection. ABB-CE's responses in LD-92-033 and LD-92-065 regarding RAI 620.2
indicate that the selection of flat panel hardware was primarily based on
considerations other than HF. However, a preliminary evaluation was conducted

p to determine whether flat panel devices could provide required display

(V) features. Although human factors evaluations were not extensively involved in
the selection of these HSI interfaces, ABB-CE did conduct human factors;

evaluations to evaluate the suitability of these interfaces to operator tasks.
This criterion is therefore satisfied.

(3) Criterion: HFE PRM General Criterion 7 states that the HFE standards
shall be employed in HSI selection and design. Human engineering
guidance regarding the design particulars shall be developed by the HSI
designer to (1) ensure that the human-system interfaces are designed to
currently accepted HFE guidelines and (2) ensure proper consideration of
human capabilities and limitations in the developing system. This
guidance shall be derived from sources such as expert judgement, design
guidelines and standards, and quantitative (e.g., anthropometric) and
qualitative (e.g., relative effectiveness of differing types of displays
for different conditions) data. Procedures shall be employed to ensure
HSI adherence with standards.

Evaluation: The application of HFE standards to control panel layout is
reviewed below. Also addressed is DSER Issue 18.8.2, which required " human
engineering justification for control panel arrangement in the control room."
(See DSER Issue 18.8.2, Sub-Item a.2 in Sections 18.6 and 18.6.2.3.1 of this
report.)

The panel layout procedure described in Section 18.7 of CESSAR-DC is generally
well organized and documented. It consists of three steps (1) determinationg} of functional groups and assignment to respective control panels, (2) determi-;V nation of required control and indication devices and assignment to appropri- 1
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ate functional groups, and (3) criteria and procedure for the detailed layout
of controls and indications within functional groups. The methods for
organizing HSI elements within functional groups include arrangement by flow
path, sequence, and related function. Based on these considerations the panel 1

layout approach was found to be acceptable. Control panel arrangements of the j
final design will be further evaluated during the verification and validation i

analyses. Hence, this issue is resolved. !

Design Issues Related to Panel Layout

(1) Issue: CESSAR-DC Section 18.7.2.1.1.1 states that the MCC design basis
requires that all controls and indications be provided to perform the
following tasks:

(a) Perform monitoring and control tasks associated with maneuvering
the plant from hot shutdown to full-power operation and return to
hot shutdown.

(b) Monitor major automatic controls (i.e., pressurizer automatic
pressure and level controls) to maintain plant availability.

(c) Perform standard post-trip actions following a reactor trip.

(d) Maintain monitoring capability of plant investment concerns.

It was noted that these criteria do not include:

Perform plant heatup, cooldown, cold shutdown, and refueling.*

Perform monitoring and control tasks associated with normal plant*

operations.

Perform monitoring to diagnose plant failures.-

Perform monitoring of CSFs and success paths to assess threats to plant*

safety and plan / select appropriate response paths.

The importance of the MCC for responding to emergency conditions was
demonstrated through prior analyses including the walkthrough evalua-
tions conducted by the staff using emergency operations guidelines and
CSFs. ABB-CE was requested to describe why the above criteria were not
considered in the layout of the MCC.

Evaluation: ABB-CE stated that the purpose of the cited design basis state-
ments in CESSAR-DC is to generally define the role of the MCC as distinct from
other controlling workspace facilities, which aims to minimize unnecessary
movement during normal (i.e., frequent) operations. However, it should be
evident from other portions of the review that the cited concerns have been
and are being addressed by other aspects of the System 80+ design and design
process, and are incorporated in the MCC (e.g., via DPS and IPS0).

The task analysis scenarios defined in Section 18.5.1.5.1 of the CESSAR-DC a
address the operator activities described above including those performed at
the MCC. The task analyses will establish control and display requirements
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for the MCC. Therefore, these operator activities will be addressed by theg) MCC design process, although they are not explicitly stated as design crite-;V ria. Therefore this criterion is satisfied.

(2) Issue: CESSAR-DC Section 18.7.2.3 states that the criteria for the
maximum height above the bottom edge of the upper panel for devices
requiring operator touch are 51 cm (20 in.) and 81 cm (32 in.), respec-
tively, for sit-down and standing panels. The derivation of these
values, which is based on a fifth percentile female, is unclear. ABB-CE
was requested to describe the derivation of the specific dimension used
in the panel design.

Evaluation: ABB-CE stated that these specifications were removed from
CESSAR-DC. Instead, Section 7.6 of HFESGB is referenced. The control panel
vision and reach envelops described in CESSAR-DC Section 18.6 and the corre-
sponding guidance found in HFESGB were reviewed as part of the HFESGB review
found in Section 18.6.3 and found to be acceptable. Therefore this concern is
satisfied.

(3) Issue: The six-step procedure for Part II Determination of Required
Control and Indication Devices and Assignment to Appropriate Functional
Groups described in Section 18.7.2.1.6 of CESSAR-DC (Amendment N) i
contains confusing references to previous text. For example, Step 5 of I

Section 18.7.2.1.6 refers the reader back to the same section (Sec- |

tion 18.7.2.1.6). ABB-CE was requested to review this section and make
appropriate modifications.

m

IC} Evaluation: ABB-CE has revised CESSAR-DC Section 18.7.2.1.6 (Amendment Q) to |

correct confusing references. Hence, this issue is resolved.

18.6.2.3.2.5 Application of the Design Method to Reactor Coolant System Panel

The design of the RCS panel is provided in Section 18.7.3 of the CESSAR-DC as
a demonstration of the System 80+ standard design features, information
presentation conventions, and panel layout method. The approach is to be
applied to the other panels of the MCC and ACSC. The following issues were
identified.

(1) Issue: In Sections 18.7.3.1 and 18.7.3.2 of the CESSAR-DC, it is stated
that procedures were reviewed to determine if other functions or
parameters are required for the RCS panel. ABB-CE was requested to
describe which procedures were reviewed and how they were used.

( Evaluation: ABB-CE stated that Palo Verde Nuclear Generating Station Proce-
j dures (Normal, Abnormal, Emergency, and Alarm Response) and ABB-CEN-152, Rev.
| 3 (Emergency Operations Guidelines) were reviewed. These were used to help
| identify functional groups, indications, controls, alarms, and system details
! that had not yet been specified in System 80+ documents.
!

Since Palo Verde is a System 80 plant and is the predecessor plant for the
| System 80+ design, this use of the Palo Verde procedures is appropriate. The

particular Palo Verde procedures selected were also deamed appropriate. Thisp) together with the other elements of the Human factors Engineering Program Plan(v should serve to allow correct determination of functions and parameters. This
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I
acceptably addresses this issue.

(2) Issue: Section 18.7.3.2.1.3 of CESSAR-DC describes the DIAS dedicated
parameter display for RCS hot-leg temperature. Figure 18.7.3-13 shows
this display in the menu mode, which allows the operator to select the
sensors that are used as input to the displayed value (e.g., during
fault select conditions). After the operator has selected specific
sensors and returned the display to the analog / trend mode, will the
display show a full trend (e.g., 30-min) for the new sensor selection,
or will the trend hist xy begin with the time of selection? Does the
DPS possess the capability to immediately generate a trend or will the
trend start plotting at the time that the selection is made?

Evaluation: ABB-CE stated that a new process representation value can only be
selected by the operator for the analog / trend display if a validation fault
occurs. If new sensors are used to drive the process representation, the
trend will continue adding new values to follow the old values (i.e., the
trend will not restart, but continue). The DPS possesses additional capa-
bility to display historical data and initiate operator defined trends.

This response was found to be acceptable on the basis that the operator's
access to parameter trends is supported in the case of sensor failures. (See
Issues 7 and 8 of Section 18.6.2.3.2.5 for review of related concerns.) Hence,
this issue is resolved.

(3) Issue: Figure 18.7.3-13 of CESSAR-DC indicates that the calculated
values for cold-leg temperature for Loops 1 and 2 are on separate
display pages of the DIAS display. What cyabilities are provided to
allow the operator to view the Loop 1 and 2 values together and facili-
tate comparison of loop values?

Evaluation: ABB-CE stated that the capability to view Loop 1 and 2 T tg

values together is provided on any (DPS) CRT via selected display pag,e,s, and
could be provided on DIAS subpages. There is no task that requires such
capability to be used routinely.

This issue was found to be acceptable based on the capability to perform
cross-checks manually or by viewing adjacent DPS CRTs. (See Issue 6 of this
section for review of a related issue.) Hence, this issue is resolved.

(4) Issue: The menu display for the acoustic leak monitoring system shown
in Figure 18.7.3-18 is not consistent with other pages of this display
in that it does not provide unique system identifiers. For example, the
identifier Z-107 is not present for the RC-200 relief valve.

Evaluation: ABB-CE stated that the unique system identifier for the acoustic
leak monitoring system in Figure 18.7.3-18 was omitted. These figures in
SSAR-DC were provided as examples. The final design will have identifiers for
all displays. Hence, this issue is resolved.

(5) Issue: It was recommended that the selection of RCS parameters to be
displayed in the DPS and DIAS systems, including the selection of those
to be displayed on dedicated displays, be reviewed by other branches of
the NRC for concurrence.
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Evaluation: ABB-CE stated that the minimum inventory of fixed location main
. control room (MCR) alarms, controls, and indications needed to complete tasks

identified in the emergency operations guidelines (E0Gs) and PRA (Probabilis-
tic Risk Assessment) analyses are being reviewed by NRC branches other than
Human Factors (e.g., Containment, Reactor Systems, and I&C). Additional
parameters are defined based upon US NRC Regulatory Guidelines (e.g., RG
1.97), task analyses and requirements of the System designers and confirmed in
Availability Verification. TOI entry 99 commits to consider the results of
these reviews.

The subject NRC branches have reviewed the MCR minimum inventory and found it
acceptable. A detailed discussion on the minimum inventory review is provided
in Section 18.9.3.3 of this document.

(6) Issue: The DIAS multiple parameter display for the RCS, described in
Section 18.7.3.2.1.3 of CESSAR-DC, contains 32 sensor or validation ;

outputs that can be displayed one at a time. How would operators '

perform cross-checks between these values, which are displayed sepa-
rately (e.g., compare pump differential pressures between reactor

; coolant pumps IA, IB, 2A, and 28)? What provisions are made to facili-
tate cross-checks between values in the multiple parameter display,

,

especially in the case of a failure of the DPS system? (It was noted '

that the DPS screens do not show pump differential pressure for all
four pumps on the same screen, but provide separate screens for Loops 1
and 2).

Evaluation: ABB-CE stated that many parameters in the DPS are presented to
facilitate comparisons within a single screen. Adjacent DPS screens further
allow comparisons of multiple parameters with diverse screen locations (the i_

Plant Monitoring and Control Panel provides two CRTs side-by-side, as shown in
Figure 18.7.4-2. The DPS is a highly reliable system with a mean time to
repair of 4 hours. There is no requirement during that time to do cross-check
tasks; therefore, it is not justified to explicitly design for it. The
historical data storage and retrieval (HDSR) system provides some cross-check-
ing capabilities, but it is not presently known how many parameters may be
displayed at once. DIAS provides display of all values on subpages, permit- ;

ting cross-checks to be performed manually. This would be similar to perform- ;

ing cross-checks in current plants using control board meters. Hence, this
~

issue is resolved.

(7) Issue: Section 18.7.3.2.1.4 of CESSAR-DC states that historical and
trend data are available for only selected reactor coolant pump (RCP)
parameters via the DPS. During the onsite review, ABB-CE stated that- |

the ability to select any of the DPS plant parameters and generate a '

trend with the desired scale resolution will be provided via DPS. ABB-
'CE was requested to describe the trend capsility to be provided via DPS- '

and resolve the apparent contradiction regarding which parameters will
-be compatible with this capability.

Evaluation: ABB-CE stated that any DPS data point can be trended from the
present time however, the HSI needs to be designed for this interface. The .

DPS HDSR function stores 750 analog data points (parameters) for historical.m
trending at resolutions of 5 seconds and 10 minutes. TOI database entry 91
has been made to ensure that the HDSR HSI is detailed, and that parameters to ,
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be stored and the display resolution are defined. Hence, this issue is
,

resolved.

(8) Issue: Section 18.7.3.2.1.5 of CESSAR-DC states that historical and i

trend data are available via DPS for all RCP seal / bleed system parame- i

ters. ABB-CE was requested to describe what it means by the terms |

" historical data" and " trend data" including a discussion of the time
limits that are used for storing these data.

Evaluation: ABB-CE stated that historical data is archival data; it must be
retrieved prior to display. It can be displayed in a time series format.
Trend data is a time history plot of the most recent data over a specified
short duration (e.g., 30 min). The purpose of a trend display is to explic-
itly present a timeserial view of the parameter's recent and ongoing changes.
This supports extraction of higher order information (i.e., first and second
derivatives), observation of process characteristics, and the extrapolation
and prediction of future process values. Trend data is retained during
display, not retrieved prior to display. TOI database entry 91 has been made
to ensure that the HSI for the HDSR is provided and designed in accordance
with HFPP requirements, and that the HDSR parameters to be stored and the

| data / display resolutions are defined. Hence, this issue is resolved.

(9) Issue: Sections 18.7.3.2.3.4 and 18.7.1.5.2 of CESSAR-DC describe
priority 2 operator established alarms. Two concerns exist: alarm
establishment and alarm presentation. Section 18.7.1.5.6.D briefly
describes the process by which the operator may establish new alarms,
which includes accessing a database and entering new alarm setpoints.
ABB-CE was requested to describe the interface to be used to perform
this task including displays to be accessed and input devices used to
supply setpoints and applicable alarm messages. With respect to the
representation of operator established alarms, ABB-CE was requested to
describe measures that will be taken to ensure that operator established
alarms are not confused with each other or with standard plant-generated
alarms. In addition, ABB-CE was requested to describe constraints on
the number of parameters and the number of setpoints per parameter for
operator established alarms and how operator established alarms will be
managed across shift turnovers.

Evaluation: ABB-CE stated that the operator-established alarms have a
dedicated alarm tile on each panel and each operator established alarm has a
separate alarm message. However, the design details of the interface for
operator established alarms are not yet completed. Item 87 has been entered
into ABB-CE's HF issue tracking system to ensure that the identified concerns
are addressed. Hence, this issue is resolved.

(10) Issue: Section 18.7.3.2.3.5 of CESSAR-DC states that priority 3 alarms
are only available on the DPS and individual alarm tiles are not
required for these conditions. Other sections of CESSAR-DC and the
onsite review have demonstrated the use of priority 3 alarms on the DIAS ;
alarm tile display. ABB-CE was requested to clarify this apparent '

contradiction.
|

Evaluation: ABB-CE stated that priority 3 parameters that do not degrade to l
priority 2 or 1 conditions are processed and displayed only by the DPS. DPS |

|
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performs processing and display of all alarms and operator aids. CESSAR-DCl'-} Section 18.7.3.2.3.5 will be clarified with regards to the DIAS alarm system. )'v The final RCS panel design was modified to incorporate the System 80+ standard I

features and conventions described in other sections of CESSAR-DC. Hence, this
issue is resolved.

1

(11) Issue: Section 18.7.3.6 of CESSAR-DC states that an operator aid alarm I
tile is provided in the lower-right corner of the DIAS alarm tile
display. Several issues are described below. j

(a) Figures 18.7.3-39 apparently identifies this as a tile for operator
established alarms, not an operator aid. Section 18.7.1.5.5 states that
operator aids are only presented on the DPS. Is this tile actually an
operator established alarm tile?

Evaluation: ABB-CE stated that this tile is actually an operator established
alarm tile. Operator aids are only presented on the CRTs, as stated in
CESSAR-DC Section 18.7.3.2.3.6. Hence, this issue is resolved.

(b) How many operator established alarm tiles will be provided per DIAS
alarm tile display and per panel of the MCC?

Evaluation: ABB-CE stated that only one operator established alarm tile per
panel will be provided. CESSAR-DC Section 18.7.3.2.3.4 was revised to clarify
this. It was determined that one operator established alarm tile per panel
was not likely to greatly increase operator workload. Therefore this concern
was satisfied.

(c) How many plant parameters may be associated with a single operator
established alarm tile?

Evaluation: ABB-CE stated that this is a design detail and is addressed by
Item 87 of its HF issue tracking system as described in Issue 9 of this
section. Hence, this issue is resolved.

(d) How may setpoints may be associated with a single parameter of an
operator-established alarm tile?

Evaluation: ABB-CE stated that this is a design detail and is addressed by
Item 87 of its HF issue tracking system as described in Issue 9 of this
section. Hence, this issue is resolved.

(12) Issue: Section 18.7.1.5.5 of CESSAR-DC describes operator aids, as
information that is helpful to the operator for plant control, but lower
in priority than priority 3 alarms. Operator aid information will be
presented on the DPS CRTs using an ". . . orange underline of the text of
the information it applies to. The operator aid information flashes
when unacknowledged and then may be acknowledged by the operator;
however, there is no reset state." The following concerns were identi-
fled. I

l
(a) The content and appearance of the operator aid should be described in

(nV)
1

greater detail. For example, where will the text reside (e.g, in the
message window?, in the main part of the screen?).

|
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Evaluation: ABB-CE stated that the operator aid text will reside in the
message window on the lower part of the CRT screen. ABB-CE has entered ;

Item 100 into its HF issue tracking system to ensure that it will provides an |operator aid illustration in the future following further implementation of |
operator aids in the prototype. Hence, this issue is resolved. I

(b) The coding scheme, which was an orange underline, appears. to conflict
with Section 18.7.1.1.2 of CESSAR-DC which states that the color white
will be used for operator aids and orange will be used for operator
established (alarm) information.

Evaluation: ABB-CE stated that an orange underline is used for operator aids.
ABB-CE also stated that CESSAR-DC Section 18.7.1.1.2.G was corrected to say
" operator aids" instead of " operator established information." Hence, this
issue is resolved.

(13) Issue: Apparent inconsistencies were noted within the DPS with respect
to abbreviations. For example, the DPS display, " Inventory Control
(CFM) Level 2," shown in Figure 18.7.1-6 of CESSAR-DC provides a poke
area labeled "PZR PRES" for quick access to a supporting diagnostic
page. However, the corresponding designator of the PRI menu page shown
in the Figure 18.7.1.5 of CESSAR-DC is labeled "PZR PRESS". Other
apparent inconsistencies were noted with the use of the abbreviations SI
and SIS within the IPS0 display and the rest of DPS display hierarchy.
These apparent inconsistencies conflict with guidelines from
NUREG/CR-5908: 1.3.22 Abbreviation Rule and 1.3.3-4 Consistent Wording
of Labels, which state that consistent abbreviations / labels should be
used. This also conflicts with Section 2.2.2 of ABB-CE's HFESGB
document, which states that abbreviations and acronyms should be unique.
ABB-CE was requested to provide a justification for the current imple-
mentation of abbreviations or provide a commitment to make the necessary
modifications.

Evaluation: ABB-CE stated that there is an abbreviation and acronym algorithm
in the HFESGB. TOI entry No. 88 is tracking the issue of establishing
consistent abbreviations and label conventions for System 80+. Hence, this
issue is resolved.

(14) Issue: The DPS menu pages such as for CFM and PRI do not have titles
associated with them. This is in conflict with Guideline 1.1-4 of the

: NUREG/CR 5908. The absence of unique titles may result in confusion
| between menu pages and the top-level display pages of the corresponding

plant sector. For example, the menu page for the primary coolant sidei

of the plant, which is accessed by pressing "PRI" on the main menu bar,
'

may be confused with the top-level display page, which is labeled
PRIMARY (PRI) Level 1. ABB-CE is requested to provide a justification
for the current implementation or provide a commitment to make the
necessary modifications.

Evaluation: ABB-CE has entered Item 89 into its HF issue tracking system to
ensure that titles are considered for all display pages, including the CFM and
PRI menu pages. Hence, this issue is resolved.

1 (15) Issue: Inconsistencies were noted between the IPS0 and the DPS CFM menu
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display with respect to the use of abbreviations and the location of
(c) critical function designators. The abbreviations RxC and SF on the IPS0

' N ) apparently correspond to RC and SF on the DPS CFM menu display. This is
inconsistent with guidelines from draft NUREG/CR-5908: 1.3.2-2 Abbrevi-
ation Rule and 1.3.3-4 Consistent Wording of Labels, which state that
consistent abbreviations / labels should be used. This also conflicts |
with Section 2.2.2 of ABB-CE's HFESGB document, which indicates that i
abbreviations and acronyms should be unique. The locations of the

i

individual critical function designators within the IPS0 critical !

| function matrix do not correspond well to their locations within the DPS |
| CFM menu display. This is inconsistent with guidelines pertaining to
( consistency in the position of displayed information.

Evaluation: ABB-CE stated that TOI entry No. 88 has been made to establish,

l consistent abbreviation / label conventions for System 80+. Once established,
! abbreviation consistency will be a straightforward implementation issue. TOI

{entry No. 90 has been made to confirm the consistency of and evaluate possible '

changes in the CFM scheme. The locations of the individual CFM designators on
the IPS0 critical function matrix (a 3 X 3 matrix) is not consistent with the
CFM menu page layout because the CFM menu layout is consistent with the other
menu formats (available CRT pages listed under a title). The IPS0 and CFM 3 X
3 matrix saves space and corresponds to the CFM matrix convention. However,
revision to the IPS0 matrix will be considered.

| This response was found acceptable based on ABB-CE's commitment to re-exaiuine
consistency between the IPS0 and DPS when the HSI design is more complete.

O Consistency between the IPS0 and DPS will also be addressed by the suit-

(V) ability verification with the final design.

16.6.2.3.2.6 Application of Design Method to Other System 80+ Control Room
Panels

Section 18.7.4 of CESSAR-DC discusses the panels in the MCR other than the RCS
panel. A number of positive features were noted such as functional grouping
on panels, consistent use of System 80+ standard techniques and conventions,
continuous display of RG 1.97 variables, and a separate communications panel.
The following issues were identified.

(1) Issue: There does not appear to be.a system level actuation in Sec- |

tion 18.7.4.2 of CESSAR-DC for the auxiliary feedwater system per
IEEE-279.

Evaluation: ABB-CE stated that System 80+ emergency feedwater system level
actuation is identified in CESSAR-DC Table 7.3-2, and shown in Figures 7.3-Ic
and 7.2. Conformance to IEEE-279 is described in Section 7.3.2.3.2. System
level activation is at the Plant Monitoring and Safety Monitoring Panels (two
channels on each panel); detailed panel designs are to be determined for these
panels. Hence, this issue is resolved.

(2) Issue: There may not be adequate communications coverage between the CR
and auxiliary operators throughout the plant. There are no criteria or
commitments in Section 18.7.4.13 of CESSAR-DC for full coverage, and(g} there is no radio communications system as has been established by many

'V current plants to address this issue.
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Evaluation: ABB-CE stated that CESSAR-DC Section 18.7.4.13 (the communica-
tions panel) has been removed from Amendment N. The design of the plant .

Communications System as discussed in CESSAR-DC Section 9.5.2 (Amendment L) is I

current. Communications criteria are covered in HFESGB Section 6. Radic 'i
systems can be flexibly configured at COL applicant discretion; their incorpo- |

ration in the design is not itself a requirement. |
l

Section 9.5.2 of CESSAR-DC discusses the site telephone system, the public |
'address system, sound-powered phone systems, offsite communications, and an

intraplant portable, wireless communication system. CESSAR-DC commits to
ensuring clear intelligible communications throughout the plant. Emergency
power is provided for the wireless system. HFE aspects of the communications
systems are appropriately addressed in Section 6 of the HFESGB document.
This acceptably addresses this issue.

(3) Issue: The message tile monitor shown on Figure 18.7.4-3 for the
feedwater and condensate system is not described. Is this actually a
DIAS alarm tile display?

Evaluation: ABB-CE stated that the message tile monitor shown on Fig-
ure 18.7.4.3 was actually a DIAS alarm tile display that was incorrectly
labeled. Hence, this issue is resolved.

(4) Issue: Section 18.7.4.5 of CESSAR-DC states that the CCS module of the
safety monitoring panel provides access to all CCS controls and indica-
tions. (This capability is also stated for the remote shutdown panel.)
The number of controls that may be accessed through the module may be
large and impose high demands on the operator for control access and
status monitoring. ABB-CE was requested to describe this module in
greater detail along with provisions for facilitating control access and
status monitoring.

Evaluation: ABB-CE stated that the design for the operator's module is not
complete. ABB-CE entered Item 97 into its HF issue tracking system to ensure
that the demands on the operator for control access and status monitoring are
addressed during suitability analysis. Hence, this issue is resolved.

(5) Issue: Section 18.7.4.14 of CESSAR-DC describes the CRS console. The
following issues were identified.

The method by which work space requirements were identified is not.

described. ABB-CE was requested to describe the basis for the proposed
design.

Two potential benefits of including two DPS terminals in the CRS console-

are to compensate for the absence of dedicated (DIAS) indications and to
allow rapid cross-checks to be made between different DPS display pages.
These potential benefits are mitigated by the location of the DPS
terminals at opposite ends of the console. ABB-CE was requested to
provide its rationale for the CRS console.

Evaluation: ABB-CE stated that the CRS console is basically a desk that
includes certain data processing and communications devices. It is specifi-
cally not a control panel, and does not support a specific set of rule-based

|

ABB-CE SYSTEM 80+ FSER 18-152 June 1994



. ..

tasks. Rather, supervisors perform less well-defined tasks that involve
observing, reading, writing, data entry, and communications. The CRS console,

\ provides appropriate devices and generous space for two individuals (e.g., CRS
and Shift Technical Advisor) to engage in such activities. The dual DPS
screens present a tradeoff. If centrally located, their height impedes
observation and communication; if located together at either end, their use by
separate individuals would be restrictive. While facilitating side-by-side
comparisons would be useful, it was deemed the less useful alternative.
Continued evaluation of this issue will be considered, and has been entered as
TOI Item 98. Hence, this issue is resolved.

(6) Issue: It was recommended that both the NRC I&C Branch and the Systems
Branches review Section 18.7.4 since it contains material pertinent to
their review areas.

Evaluation: The staff stated that ABB-CE should complete a consistency check
between CESSAR-DC Section 18.7.4 and CESSAR-DC Chapter 7. ABB-CE agreed (Ref.
13 of CESSAR-DC Section 18.10, LD-93-147) to review the CESSAR-DC for consis-
tency. Therefore, this issue is resolved.

18.6.2.3.2.7 Application of the Design Method to the Remote Shutdown Panel
and Local Control Stations

(1) Criterion: HFE PRM General Criterion 3 states that the HSI design shall
utilize the results of the task analysis and the I&C inventory to assure
the adequacy of the HSI.

[ \ Evalua! .on: LD-92-120 states that local control stations required to perform
emergency operations guidelines are designed using task analysis. Sec-
tion 18.8.1 of CESSAR-DC states that the same human engineering criteria as
that used for the MCR will be used for the remote shutdown panel. The HFPP
and its subordinate documents make the ABB-CE commitments to the method
explicit. Hence, this issue is resolved.

(2) Criterion: HFE PRM General Criterion 4 states that the HSI and working
environment shall be adequate for the human performance requirements it
supports. The HSI shall be capable of supporting critical operations
under the worst credible environmental conditions.

Evaluation: ABB-CE war requested to describe provisions in the design process
that will ensure adequate human performance in areas outside of the MCR where
extreme environmental conditions such as high noise and requirements for
protective clothing may exist. ABB-CE stated that the System 80+ maintains
normal conditions for occupied workspaces as its design basis. Treatment of
specific environmental hazards, particularly for local control stations, is
provided via task analysis for tasks that are addressed by the emergency
procedures. Task analysis is an acceptable method-for assessing environmental
factors that may affect task performance. Therefore this criterion is
satisfied.

(3) Criterion: HFE PRM Ceneral Criterion 6 states that the selection and
design of HSI hardware and software approaches shall be based upon

ABB-CE SYSTEM 80+ FSER 18-153 June 1994

- _ - _ _ _ . ._



demonstrated criteria that support the achievement of human task
performance requirements. Criteria can be based upon test results,
demonstrated experience, and trade studies of identified options.

Evaluation: Sections 18.7.2.4 and 18.8.1.2 of CESSAR-DC state that the remote
shutdown panel design uses the same panel profile as the main control console.
It also uses the same criteria for human engineering and for information
display and control allocation as the MCR. A review of criteria for selection
and design of HSI hardware and software approaches are addressed in the review
of MCR. Hence, this issue is resolved.

(4) Criterion: HFE PRM General Criterion 7 states that the HFE standards
shall be employed in HSI selection and design. Staffing assumptions for
the remote shutdown panel and the local control stations are important
considerations for the application of these criteria. ABB-CE was
requested to describe its staffing assumptions for the remote shutdown
panel and the local control stations.

Evaluation: ABB-CE stated that staffing assumptions for the remote shutdown
panel and the local control stations will be provided on a task-specific basis
via FTA, consistent with the 10 CFR 50.54 and RG 1.114 staffing requirements.
Hence, this issue is resolved.

(5) Criterion: HFE PRM General Criterion 9 states that HFE shall be applied
to the design of equipment and software for maintainability, testing,
and inspection. In particular, the following are not clearly described:
(1) provisions for maintenance at locations in the plant such as local
control stations, and (2) provisions for in-service, surveillance
testing in the remote shutdown panel, local control stations, and other
locations in the plant.

Evaluation: Maintainability considerations are provided in the HFESGB.
ABB-CE stated that the design of HSI for surveillance testing are not com-
plete, and therefore, cannot be described in detail. However, they will
conform to the HFESGB. Selected surveillance and local control stations tasks
will be addressed by FTA and validation. Hence, this issue is resolved.

Design Issues Related to Remote Shutdown Panel and Local Control Stations

(1) Issue: Section 18.8.1.4 of CESSAR-DC states the assumption that a
reactor trip is performed prior to evacuating the MCR. Does the remote

j shutdown panel (RSP) provide the capability to perform a reactor trip?
- If not, where outside of the CR is the reactor trip capability provided?
1
' Evaluation: ABB-CE stated that the remote shutdown panel does provide the

capability to perform a reactor trip. Hence, this issue is resolved.

(2) Issue: Table 18.8-2 of CESSAR-DC indicates five alarms related to the
primary coolant system that will not be provided on the RSP alarm panels!

because these alarms pertain to conditions that are ". . .not considered
to occur coincidentally with control room evacuations." Since CR

I habitability is largely a separate concern from other plant failures and
| may occur for a variety of reasons, the rationale for excluding alarms

for this subset of plant failures is unclear. ABB-CE was requested to

|
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I

describe its rationale in greater detail, including a discussion of how :

[n} operators would cope with these failures in the absence of these alarms. l

Evaluation: ABB-CE stated that credit is taken for considering MCR evacuation lto be an uncomplicated scenario. The limited panel real estate available for
dedicated displays will be allocated first to the credited safe shutdown
success path applications. However, the fact that dedicated tiles are not

!provided does not mean that the alarms are not available. All alarms are
available on the DPS at the RSP.

This concern is satisfied because alarms are available on the DPS at the RSP.

(3) Issue: Table 18.8-2 of CESSAR-DC states that the RSP will use a single
RCP trouble alarm tile instead of the 16 RCP dedicated alarm tiles and
the two seal / bleed alarm tiles that are provided on the RCS panel in the
MCR. This appears to conflict with good design practice for alarms as
reflected in EPRI NP-3659, " Human Factors Guide for Nuclear Power Plant
Control Room Development," which states, "Use of shared, or so-called
" trouble" annunciator tiles should be minimized" and NUREG-0700 which
states, " Annunciators with inputs from more than one plant parameter set
point should be avoided." ABB-CE was requested to describe its ratio-
nale in greater detail. What are the implications for operator workload
for processing alarms? How will this affect the opeiator's ability to
rapidly determine the state of the RCPs when multiple alarm states have
been tripped? What provisions have been made to ensure that the many
alarm states associated with the RCPs will not interfere with the

,, operator's ability to access other alarm information from the DIAS alarm
tile display, including when using the alarm list displays?

Evaluation: ABB-CE stated that the Nuplex 80+ tile reduction philosophy
acknowledges the paradox between the benefits of spatial dedication and the
hazards of information overload in conventional control room alarm displays.
Nuplex 80+ uses prioritization, functional organization, and digital techno-
logy to make alarm handling more manageable. Dedicated tiles now provide
organizing and directing functions, but alarm information is.provided through
more flexible and dynamic messaging features. Lowest priority alarms are
segregated from the high priority dedicated tiles. Guidance document caveats
regarding multiple alarm inputs to single tiles are not applicable to the
Nuplex 80+ implementation. These guidelines are concerned with the effort
required to resolve the ambiguity of the alarm's source on conventional tiles.
This is not an issue for DIAS because it provides individual messages.

ABB-CE subsequently agreed to address alarm system concerns through additional
testing using prototypes of the DIAS alarm tile display system. Item 101 was
entered into ABB-CE's HF issue tracking system to provide a commitment to
conduct this testing. Sub-Item g of Item 101 addresses concerns related to =

the use of multiple alarms and the ability of operators to access alarm
, information.
, ,

, ,

Additionally, ABB-CE removed table 18.8-2 from CESSAR-DC and modified section I

13.8.1.4 to indicate that RSP alarm requirements will be identified as part of
the functional task analysis and detailed panel design. Hence, this issue is,,
resolved.
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18.6.2.4 Methods and General Characterisitics Findings

This review addressed:

The methods for implementing the display and control requirements,.

selecting hardware and software, and refining of design concepts

Design criteria used to determine CR and control panel arrangements*

including the overall configuration of the main control console and the
position of individual control / display devices within individual panels

General design characteristics that were incorporated into the HSI-

These considerations were evaluated within the context of the MCR configura-
tion, the presentation of information on controls and displays, and the layout
of panels. Specific attention was given to the RCS panel and the remote
shutdown panel.

This review found the application of methods, design criteria, and general
design characteristics to be acceptable. Specific concerns identified
included information presentation, panel layout, and configuration. ABB-CE
provided responses and commitments via its HF issue tracking system to address
these concerns in later stages of the design process. The most significant of
ABB-CE's commitments was to provide more detailed descriptions of the human-
system interface to support the following

data entry tasks*

blocking and tagging tasks via the DPS and the DIAS of instrumented and*

non-instrumented components

operator established alarmse

CCS operator module-

In addition, ABB-CE committed to

Establish consistent abbreviation conventions to be used throughout the.

System 80+ design.

Evaluate the need for titles for all DPS display pages, including menu-

pages.

Evaluate consistency between the CFM matrix configuration and the CFM-
,

menu page layout. |

Provide, in Amendment V of CESSAR-DC, illustrated examples of informa-*

tion coding of operator aid information for the DPS (TOI issue 100). !

This is part of FSER Confirmatory Item 1.1-1. !

With respect to panel layout, ABB-CE also provided commitments via its HF
issue tracking system to !

Evaluate the adequacy of laydown space in the controlling workspace for=
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procedures and other materials.m

Evaluate the placement of DPS CRTs of the CRS console to determine*

whether side-by-side positioning or the inclusion of additional CRTs is
necessary to support CRS tasks.

In addition, specific plant parameters cited by ABB-CE for inclusion in the
System 80+ HSI were reviewed and approved by the staff.

18.6.3 Human Factors Engineering Standards, Guidelines, and Bases

The following is a review of documentation prepared by ABB-CE that provides
HFE design criteria. Also addressed are (1) DSER issues that are relevant to
HF guidelines, and (2) issues that were deferred from other human factors
reviews associated with HFE PRM Element 6.

18.6.3.1 Objectives

The objective of this review is to evaluate ABB-CE's HFE principles and
ctiteria used to identify, select, and design equipment to be operated /
maintained / controlled by plant personnel with respect to accepted HF guidance
and practices. This review focused on the specific HF principles and criteria
that ABB-CE identified as a basis for the System 80+ HSI and embodied in the
ABB-CE document, " Human Factors Engineering Standards, Guidelines, and Bases"
(HFESGB). The HFESGB document was evaluated with respect to its scope,
technical basis / validity, level of detail, and procedure for implementation.

'

18.6.3.2 Methodology

18.6.3.2.1 Description of Review Methodology

. Reviewed the HFESGB document as a whole for scope, technical basis and
validity, level of detail, and procedure for implementation. Evaluated the ,

overall technical basis of the document by reviewing the source documents
referenced in the HFESGB. Evaluated individual guidelines on a selective
basis for technical basis / validity and level of detail. Reviewed with ABB-CE
discrepancies or concerns identified during this review and subsequently
resolved through clarification, modification, or inclusion in ABB-CE's HF TOI
with a commitment to address the issue more fully at a later stage in the
design process.

18.6.3.2.2 Material Reviewed '

The following ABB-CE documents were referenced in this review:

Reference 11 of CESSAR-DC Section 18.10, LD-92-065, " System 80+ Supple-a

ments to RAI Responses," Attachment 1, "Nuplex 80+ Verification Analysis
Report" (NPX80-TE790-01, Rev. 02, December 1989), ABB-CE letter dated
May_8, 1992.

Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure of System< =
'

80+ Draft Safety Evaluation Report Issues," Attachment 5, " Chapter 18,
DSER Open Item Response," ABB-CE letter dated January 18, 1993. <

|
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Reference 4 of CESSAR-DC Section 18.10, LD-93-135, " System 80+ Informa-=

tion for Issue Closure," Attachment 1, "ABB-CE Response to System 80
Operating Experience Issues Based Upon Interviews with System 80
Operators," ABB-CE letter dated September 1,1993.

Reference 5 of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-*

tion for Issue Closure," Attachment 5, "SSAR-DC Markups for V&V and '

Procedures," ABB-CE letter dated September 24, 1993.

Reference 6 of CESSAR-DC Section 18.4, " Human Factors Engineering*

Standards, Guidelines, and Bases for System 80+," (NPX80-IC-DR-791-02,
Rev. 00, September 15, 1993).

Reference 3 of CESSAR-DC Section 18.4, " Human Factors Engineering-

Verification and Validation Plan for Nuplex 80+," (NPX80-IC-VP790-03,
Rev. 00, September 24, 1993).

Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for*

the System 80+ Standard Plant Design" (NPX80-IC-DP790-01, Rev. 02,
September 29, 1993).

CESSAR-DC.-

18.6.3.2.3 Design Criteria Documents

Consulted the following materials as part of this evaluation:

American National Standards Institute, ANSI HFS-100, "American National-

Standard for Human Factors Engineering of Visual Display Terminal
Workstations," 1988.

D00-HDBK-761A: Human Engineering Guidelines for Management Information*

Systems, 1990, (Department of Defense).

EPRI NP-3659: Human Factors Guide for Nuclear Power Plant Control Room*

Development, 1984, (Electric Power Research Institute - Kinkade, R.G.,
and Anderson, J.).

EPRI NP-3701: Computer-Generated Display System Guidelines (Vols. I and=

2), 1984, (Electric Power Research Institute - Frey, R. et al.).

EPRI NP-4350: Human Engineering Design Guidelines for Maintainability,*

1985, (Electric Power Research Institute - Pack, R. et al.).

ESD-TR-86-278: Guidelines for Designing User Interface Software, 1986, 1
*

(Department of Defense). i

Gilmore, Walter E. et.al, User-Computer Interface in Process Control: A-

Human Factors Engineering Handbook, Academic Press, San Diego, CA, 1989.

Human-Computer Interface Style Guide (Version 1), 1992, (Department of*

Defense - Defense Information Systems Agency).

International Electrotechnical Commission (1989), " International Sta-=
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ndard: Design for Control Rooms of Nuclear Power Plants" (IEC-964),yT Geneva, Switzerland: Bureau Central de la Commission Electrotechnique[V Internationale.

MIL-HDBK-759A: Human Factors Engineering Design for Army Material,.

1981, (Department of Defense).

MIL-STD-14720: Human Engineering Design Criteria for Military Systems,.

Equipment and Facilities, 1989, (Department of Defense).

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System*

80+ Draft Safety Evaluation Report Issues," Attachment (untitled),
attached response to DSER Item 20.2-29," ABB-CE letter dated December
18, 1992.

| U.S. Nuclear Regulatory Commission (1980), " Functional Criteria for.
'

Emergency Response Facilities" (NUREG-0696), Washington, D.C.

U.S. Nuclear. Regulatory Commission (1981), " Guidelines for Control Room I.

Design Reviews," (NUREG-0700), Washington, D.C.

U.S. Nuclear Regulatory Commission (1984), " Standard Review Plan (Rev. |.

1)," (NUREG-0800), Washington, D.C.

U.S. Nuclear Regulatory Commission (1992), Advanced Human-System*

Interface Design Review Guideline," (Draft NUREG/CR-5908), Washington,(mV) D.C.

USE-1000: Space Station Freedom Human-Computer Interface Guide.-

Houston, TX: NASA (1988).
,

|
1

18.6.3.2.4 Scope and Limitations

The focus of this review is on HF guidelines identified by ABB-CE that pertain
to their design of the HSI both within and out:ide of thn MCR. The human
factors guidance documented in HFESGB will be expanded aiid modified as HF -

issues are identified through the continued design efforts and as a result of
the HF review process. Thus, the review is limited to guidance currently
included in the document. Individual guidance was sampled conducted using a
sampling methodology. This methodology to include a review of the coverage of
guidance for the individual topics addressed by the HFESGB as well as detailed
review of guidance for design characteristics that could be demonstrated by
the MCC mockup. This provided a context for examining the application of the
guidance.

18.6.3.3 Results

Results of this review are organized in three major sections: DSER review,
general criteria review, and specific issues. The DSER review addresses those
DSER issues that are most relevant to the guidance provided in the HFESGB

. document. The general criteria review addresses the following issues: scope,
h- technical basis / validity, level of detail, and procedure for implementation.
( s' The specific issue review addresses specific concerns that were identified
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during resolution of the DSER issues, identified through sampling of individ- ,

ual guidelines, or deferred from other portions of the HF review process. !

18.6.3.3.1 DSER Review

This section provides a review of those DSER issues that were most relevant to
the HF guidance that was addressed by the HFESGB review. The following DSER
issues were reviewed:

18.8-1 - Human-System Interface Designa

18.8.1.5 - Quality and Types of Information Encoded in the Control Room=

18.8.2 - Additional HSI Information Required for Staff Review.

DSER Issue 18.8.2 contained 19 sub-items (see Section 18.6). The following
sub-items were relevant to the HFESGB review:

(a) Provide human engineering justification for the number of colors,
shapes, and patterns used to convey information in the CR (Sub-Item 7).

(b) Provide results of System 80+ specific studies or analyses that deter-
mine the quantitative and qualitative thresholds of " adequate" rather
than "not adequate" human performance for:

(c) Readability of alarm text and tiles from all operator positions in the
CR

(d) Number of colors and shades used on displays

(e) Types and amount of information encoded in the CR as well as the
encoding techniques used

(f) Audible and tactile feedback for controls, controllers and other devices

These DSER items are addressed below.

18.6.3.3.1.1 DSER Issue 18.8-1 - Human-System Interface Design

Criterion: DSER lssue 18.8-1, Human-System Interface Design, states that
ABB-CE does not address in CESSAR-DC Chapter 18 how the results of the human
engineering systems analyses were applied to the selection or design of the

| System 80+ CR, control panels, software, and hardware.

Evaluation: This issue was held open pending resolution of all other DSER and
HFE PRM issues related to the HSI design found in Sections 18.6.1 through

i 18.6.3. Based on the resolution of all other HSI design issues this issue was
I found to be acceptably addressed.

18.6.3.3.1.2 DSER Issue 18.8.1.5 - Quantity and Types of Information
Encoded in the Control Room

Criterion: DSER Issue 18.8.1.5, Quantity and Types of Information Encoded in
the Control Room, states, "ABB-CE should provide empirical data or other means
of demonstrating that operators can effectively utilize the 27 prope,cies and
parameters encoded, the 15 colors, and the 10 shape / symbol codes under normal,
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abnormal, and emergency operations and under all modes of plant operations."

Evaluation: ABB-CE's discussion of coding schemes (Ref. 7 of CESSAR-DC
Section 18.10, LD-93-005) justified the codes based on the number and types of
code discriminations that operators must perform for specific information
processing activities. In addition, the results of the suitability analysis,
reported in Part C of NPX80-TE790-01, described a critique of specific coding
characteristics that were found to be problematic during this analysis. While
ABB-CE's responses provided a rationale for important characteristics of the
coding scheme and provided evidence that the scheme has undergone refinement,
they do not demonstrate the ability of operators to use the coding scheme
under the various operating conditions that were specified in the DSER issue.
The effectiveness of the coding scheme will be addressed in an operational
setting during the integrated system validation portion of ABB-CE's V&V
program. The various operating conditions specified in the DSER issue will be
addressed at that time. ABB-CE's commitment in the HFPP and the V&V plan to
perform this testing was found to address this issue satisfactorily. Hence,
this issue is resolved.

18.6.3.3.1.3 DSER lssue 18.8.2.a - Human Engineering Justification

DSER Issue 18.8.2, Additional HSI Information Required for Staff Review,
states, in part, that ABB-CE should provide human engineering justification
for seven characteristics of the HSI design. The following is a review of
Sub-Item 7 - the number of colors, shapes, and patterns used to convey
information in the CR.

) Evaluation: ABB-CE provided a justification (Reference 7 of CESSAR-DC(
(/ Section 18.10, LD-93-005) for the coding scheme used to convey information in

the CR. ABB-CE stated that clarm and information processing is context
dependent; the number of codes that require discrimination is reduced to a
manageable set for specific uses. The table "Nuplex 80+ Coding Matrix"
describes information properties that are conveyed through shape, color, color
intensity, flash rate, and switch position. Review of this table and support-
ing text indicated that the number of codes requiring discrimination is
reduced by the context of the operator task. For example, identification of
alarm priority requires discrimination of four shape codes: a solid (reverse
video) box, an open box (frame), brackets, and underline. This is consistent
with Guideline 1.3.9-7, Clearly Discriminable Shapes, of draft NUREG/CR-5908,
which indicates that as many as 15 different shapes can be readily distin-
guished if the shapes are properly designed. The table indicates that eight
color codes are used. However, the number of discriminations is limited to

; two or three depending on the context. For example, identification of symbols
for active and inactive components require discrimination of the colors red
and green while identification of labels for dynamic data and RG 1.97 Category
1 data requires discrimination of the colors cyan and purple. This is
consistent with draft NUREG/CR-5908 Guideline 1.3.8-9, Minimum Color Differ-
ences, which states that at least 7 to 10 simultaneous colors may be discrimi-
nated if they are significantly different.

While the coding scheme was generally consistent with HF guidelines, the
g following issues were identified.

V)?
'

(a) In the table of Reference 7 of CESSAR-DC Section 18.10, LD-93-005, ABB-

I
ABB-CE SYSTEM 80+ FSER 18-161 June 1994

i

|



CE identifies three alarm states (e.g., unacknowledged, acknowledged,
reset) corresponding to three intensities of yellow (e.g., bright,
saturated / dull, and dark). These three alarm states conflict with those
provided in design description documentation - unacknowledged, acknowl-
edged, cleared. ABB-CE was requested to clarify this discrepancy.

ABB-CE's response in Reference 14 of CESSAR-DC Section 18.10, LD-93-135
provides revised terminology for both the alarm states and the intensity
levels. The four alarm states are identified as: new, existing, cleared, and
reset. Reset is the null state (i.e., no alarm) and is null coded - labeled
but otherwise is an empty tile outline. The three relative intensity values
are identified as high, medium, and low. ABB-CE stated that the revised
terminology for alarm states and intensity levels will appear in a future
amendment of CESSAR-DC. Table 18.7.1-1 of CESSAR-DC is an update of the table
from Reference 7 of CESSAR-DC Section 18.10, LD-93-005. The terminology in
this table was modified in Amendment V to CESSAR-DC. Therefore, this issue is
resolved.

(b) The identification of alarm state requires the discrimination of three
intensities of yellow. This is in conflict with Guideline 1.3.10-5 of
draft NUREG/CR-5908 which states that coding by differences in bright-
ness should be used for applications that only require discrimination
between two categories of display items.

Based on a review of HF literature it was determined that the use of three
intensity (brightness) levels does challenge the limits of acceptability
provided by available HF guidance and, therefore, underscores the importance
of testing. In addition, ABB-CE should take efforts to maximize the differ-
ences between the brightness levels. MIL-HDBK-761A states that each level of
brightness coding should be separated from the next nearest level by at least
a 2:1 ratio. Brightness levels selected for the alarm codes should be
verified against this criteria. In Reference 14 of CESSAR-DC Section 18.10,
LD-93-135, ABB-CE agreed to enter this concern as Item 101 in its tracking
system for open HF issues. Item 101 states that a number of concerns,
including brightness coding, will be evaluated further using a prototype prior
to V&V testing. ABB-CE also agreed to verify that the brightness levels in
the final design vary by at least a 2:1 ratio. Hence, this issue is resolved.

(c) The coding for both active and inactive equipment status is indicated by
the same switch position code (bottom) on both the CCS process control-
1ers and the CCS switches. ABB-CE is requested to describe how the
bottom switch position code is represented on the CCS process control-
1ers and CCS switches and how the switch position code is used to
identify equipment status.

In Reference 14 of CESSAR-DC Section 18.10, LD-93-135, ABB-CE described switch )
positions and codes for CCS process controllers and CCS switches. In addi- '

tion, Table 18.7.1-1 of CESSAR-DC was modified to indicate that the coding
scheme for two-state components is as follows: active equipment is top and |
inactive is bottom. This concern was satisfied by the description of switch
positions and codes and modification to CESSAR-DC. !

(d) A color is not specified for the cross-hatch marks, which are used to
indicate that a component is uncontrollable from the CCS. Should this
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color be considered a color code?

h In Reference 14 of CESSAR-DC Section 18.10, LD-93-135, ABB-CE stated that
cross-hatching is applied as a texture without color and is therefore not a
color code. ABB-CE's position that cross-hatch marks should not be considered
a color code was found acceptable beca'use the cross-hatch marks are applied
differently than color and conveyed different types of information than the
color codes. Therefore, this concern is satisfied.

18.6.3.3.1.4 DSER Issue 18.8.2.b - System 80+ Specific Studies

DSER Issue 18.8.2, Additional HSI Information Required for Staff Review,
states, in part, that ABB-CE should provide results of System 80+ specific
studies or analyses that determine the quantitative and qualitative thresholds
of " adequate" rather than "not adequate" human performance for:

(a) Readability of alarm text and tiles from all operator positions in CR

(b) Number of colors and shades used on displays

(c) Types and amount of information encoded in the CR as well as the
encoding techniques used

(d) Audible and tactile feedback for controls, controllers and other devices

The number before each item corresponds to the numbers used in Section 18.6.
The items 3, 5, 6, and 7 are discussed below.,m

l 't
V (3) Readability of alarm text and tiles from all operator positions in CR

Evaluation: ABB-CE's response cited the following sections of HFESGB as the
criteria for verifying readability, Section 2.5 - Equipment Labels and Sec-
tion 5.3.2 Tile Matrices. The HFESGB criteria are based largely on accepted
guidelines. The response did not present System 80+ specific studies.
However, issues have already been entered into ABB-CE's tracking system for
open HF issues to ensure that the effectiveness of the alarm tile coding
scheme will be evaluated. Additional tracking items are not necessary. Hence,
this issue is resolved.

(5) Number of colors and shades used on displays

(6) Types and amount of information encoded in the CR as well as the
encoding techniques used

Evaluation: ABB-CE's response to these items indicated that the bases for
these items were derived largely from existing guidelines rather that Sys-
tem 80+ specific studies. The suitability analyses, cited in ABB-CE's
responses, were System 80+ specific studies that were performed to identify
problematic features. However, these studies did not define thresholds of
adequate and inadequate human performance. The effectiveness of these items

| will be addressed through validation studies. However, the validation studies
| will not define thresholds of acceptable human performance with respect ton
I ( ) these specific issues.

V
!
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The verification analysis will evaluate the acceptability of the coding scheme
against HF guidelines and the validation studies will address acceptability '

with respect to the HSI as a whole. This approach was considered acceptable
for evaluating the HSI becaust it will determine whether the coding scheme is
consistent with human factors guidance and can be used effectively in the task
environment. Thus acceptability can be established by determining that human
performance is adequate without defining the thresholds of adequate and
inadequate human performance.

(7) Audible and tactile feedback for controls, controllers and other devices

Evaluation: ABB-CE stated that auditory feedback is not used in System 80+
and tactile feedback is only provided for pushbuttons. ABB-CE stated that the
criteria for verifying suitability of tactile feedback for pushbuttons were
provided in Section 3.2 of HFESGB and Part C (Suitability Analysis) of NPX-
TE790-01. Because the issue of tactile feedback for pushbuttons is largely
understood and because the pushbutton hardware is commonly used in industry,
the requirement for System 80+ specific studies is not considered necessary.
However, ABB-CE was requested to provide its justification for not providing
auditory feedback for touch screens.

In Reference 14 of CESSAR-DC Section 18.10, LD-93-135, ABB-CE stated that
auditory feedback would be redundant with the existing visual feedback and was
considered unnecessary to ensure the effective usability of the interface.
Although ABB-CE has not excluded consideration of its later use, ABB-CE does
not consider the lack of redundant auditory feedback to be a deficiency in the
design. The reviewers found ABB-CE's position to be acceptable because visual
feedback is more immediate and salient than auditory or tactile feedback given
the state of the art of touch screen interfaces. Direct tactile feedback is
only possible through devices such as glove interfaces, which are not highly
practical for NPP control applications. Auditory feedback provided via audio-
speakers is less direct and less salient than visual feedback that is emitted
from the touch target. In addition, auditory feedback has potential disadvan-
tages that must be carefully considered including accidental activation of
adjacent touch targets due to reliance on auditory feedback alone, and
distraction / confusion resulting from auditory feedback from other touch screen
devices. Hence, this issue is resolved.

18.6.3.3.2 General Criteria Review

18.6.3.3.2.1 Scope

A review was conducted to determine whether aspects of the HSI that are
important to the safe operation and maintenance of the plant by personnel are
addressed in the HFESGB document. The guidance included in HFESGB was
compared against the topic areas presently addressed in draft NUREG/CR-5908, 1

NUREG-0700, and other topics identified as important to safety. The draft
HFESGB generally covered the topic areas includtd in NUREG-0700, which
addresses HF issues related to traditional CRs. In addition, HFESGB addressed
many, although not all, of the advanced HSI topics that are reflected in draft
NUREG/CR-5908 and other guidelines. The following specific concerns were
identified:

(1) Issue: Standard design features - HFESGB lacks guidance pertaining to
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the standard design features. The DIAS dedicated and multiple parameter
I(n) displays, DIAS alarm tile displays, CCS process controller, and other
,

V standard design features, are to be used throughout the HSI. '

Evaluation: While specific examples of the standard features are provided in
CESSAR-DC for the RCS and CVCS panels, guidance is not provided in HFESGB for
the general application of the standard features. ABB-CE agreed to provide in
a future revision of the HFESGB an additional section that provides illustra-
tions of each standard design feature that are annotated with references to
relevant HFESGB guidelines for important characteristics. ABB-CE has entered
Item 105 (Sub-Item a) into the TOI to record its commitment to provide this
guidance at which time it will be reviewed by the staff. This is acceptable
because the a final design is not available for design certification review.
The relevant guidance will address detailed design features which will be
developed later in the design process as the design matures.

(2) Issue: Graphic formats - HFESGB lacks specific guidance pertaining to
graphic formats used in the DPS displays including mimics, bar charts,
deviation bar charts, etc. Relevant guidance including graphic orienta-
tion, labeling, coding, etc. should be addressed.

Evaluation: ABB-CE agreed to provide in a future revision of the HFESGB
specific additional guidance pertaining to graphic formats used in DpS
displays such as bar graphs, mismatch bar graphs, deviation bar graphs,
schematic displays, and tables. This guidance will address the following
where approp-iate: the selection of display formats and descriptions of
graphic orientation, descriptor and title conventions, and coding. ABB-CE hasn)(V entered Item 105 (Sub-Ivem b) into the TOI to record its commitment to provide
this guidance at which time it will be reviewed by the staff. This is'

acceptable because the a final design is not available for design certifica-
tion review. The relevant guidance will address detailed design features which
will be developed later in the design process as the design matures.

(3) Issue: Data entry fields and human-computer interaction - HFESGB lacks
specific guidance pertaining to the design of the human-computer inter-
face associated with entering and maintaining data associated with
operator established alarms, component, tagging and blocking, and status
indication of non-instrumented components.

Evaluation: ABB-CE agreed to provide in a future revision of the HFESGB
additional guidance pertaining to data entry / text editing tasks appropriate to
operator established alarms, component tagging and blocking, and entry of non-
instrumented component status ,tata. ABB-CE entered Item 105 (Sub-Item c) into
the TOI to record its commitment to provide this guidance at which time it
will be reviewed by the staff. This is acceptable because the a final design
is not available for design certification review. The relevant guidance will
address detailed design features which will be developed later in the design
process as the design matures.

(4) Issue: Guidance for extreme environmental conditions - The HFESGB does
not provide design guidance pertaining to the operation and maintenance

p' of plant equipment in areas of extreme environmental cor.ditions such as

V) high noise or contamination / radiation that may require wearing protec-(,

tive equipment (e.g., ear protection, respirators, gloves, anti-contami-
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nation clothing).

Evaluation: ABB-CE stated in Reference 2 that the System 80+ maintains normal
environmental conditions as its design basis for occupied workspaces. In lieu
of providing general guidance for extreme environmental conditions, environ-
mental hazards are treated on an ad hoc basis in response to the results of
task analysis. Task analysis will be performed for operator tasks performed
outside of the CR (e.g., local control stations) that are addressed by
emergency procedures. ABB-CE's position that guidance for extreme environmen-
tal conditions were not included in the HFESGB document because extreme
conditions are not consistent with the design basis was found acceptable. The
task analysis and the method for addressing environmental conditions was
reviewed in Section 18.5 and found to be acceptable. Therefore, this concern
is resolved.

(5) Issue: Surveillance testing - Provisions for surveillance testing of
the MCR panels, the remote shutdown panel, local control stations, and
other locations in the plant have not been clearly described.

Evaluation: While the HFESGB does not include a section dedicated to surveil-
lance testing, the maintenance section of the HFESGB incorporates good HF
principles which would support surveillance activities. Hence, this issue is
resolved.

18.6.3.3.2.2 Technical Basis / Validity

The content of design-specific guidelines and specifications should be derived ,

from (1) the application of generic HFE guidance to the specific application,
and (2) the development of the designer / applicant's own guidelines based upon
design-related analyses and experience.

Selection of generic HFE guidelines documents as sources for design-specific
guidance should be based upon consideration of " validated" principles.
Validity may be defined in terms of two aspects

the degree to which the individual guidelines within a source document-

are based upon empirical research and an audit trail from each guideline
back to its basis

the degree to which the source document is subjected to peer reviewa

In general, documents which satisfy both of these criteria are considered the
best primary source documents for a design-specific application.

Design guidelines / specifications may contain guidance that is not derived from
generic HFE guidelines and may contain guidelines that are discrepant from NRC
review guidance. In these cases, justification should be provided to support
the review of the acceptability of these guidelines. A documented analysis-
based rationale should be provided for these guidelines, such as

an analysis of recent literature=

an analysis of current practices-

tradeoff studies and analysese

the results of design engineering evaluationsa
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The following are the results of a review of the HFESGB document based on :

these considerations. !

(1) Issue: Validity of generic guidelines.

Evaluation: The reference section of the HFESGB stated that the guidelines
were derived from 26 source documents. This list states many of the signifi-

.

cant works in HSI guidance. This list includes seven of the eight source
documents of draft NUREG/CR-5908 that have undergone extensive review. It

'

also included an additional document that was included in the list of recom-
mended source documents in HFE PRM Element 6 General Criterion 11. These .

!
.

eight source documents are frequently cited in Part B, the bases section of
HFESGB. The HFESGB list includes additional documents such as handbooks !
(Helander,1988 and Salvendy,1982), textbooks (Tufte,1983), and journal
articles (Ledgard, 1989). These sources were not included in draft NUREG/CR-
5908 or HFE PRM Element 6 General Criterion 11 because their validity was
considered more difficult to establish. However, use of these additional -

documents was acceptable because rationales were provided for the specific ,

guidelines derived from these sources. Hence, this issue is resolved. !
>

18.6.3.3.2.3 Level of Detail '

Generic HFE guidelines should not be used in the abstract. The tailoring ;

(translating / interpreting) of individual guidelines to the specific design i
through function and task analysis data should be reflected in the designer / :
applicant's document and should be available for review. The designer / '

applicant's document should be detailed enough to permit use of the document. ;

by design personnel and subcontractors to achieve a clear, consistent, and i

verifiable design that meets the designer / applicant's guideline / specification. +

The following issue is the result of a review of the HFESGB document based on i

these considerations. .

!

(1) Issue: System 80+ versus generic guidance - The HFESGB should provide ;

specific guidance that have been extracted from the broad body of exist-
ing HF literature and other sources to provide rationales / justifications :
for specific aspects of the System 80+ design. The HFESGB should also ;

include general guidance to support design decisions that have not yet
been made.

:

Evaluation: A review of the HFESGB indicated that general guidance is 1

provided when specific guidance would seem more appropriate. Requirements for |
specific guidance were addressed in Issues 1, 2, and 3 of Section 4.2.1. .i
ABB-CE has provided a commitment through Item 105 of the TOI to provide this ,

additional guidance at which time it will be reviewed by the staff. This is ,

acceptable because the a final design is not available for design certifica-
i

tion review. The relevant guidance will address detailed design features which !

will be developed later in the design process as the design matures.

8.6.3.3.2.4 Procedure for Implementation

The designer / applicant's guideline specification document should provide an
; indication of how it is to be used in the overall design process.

|-
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The following are the results of a review of the HFESGB document based on
these considerations.

(1) Issue: Procedures that ensure systematic application of guidance to
display design - While the HFESGB provides guidance regarding the
details of display design, it does not provide guidance to designers to
ensure systematic application of its guidelines.

Evaluation: ABB-CE provided the following commitment to apply a systematic
process to display design in Appendix A, Section A-3.5.2.1.6 of the HFPP:

The reference design for the MCR and Remote Shutdown Room (RSR)
indications and controls (i.e., screen design, panel layout, etc.)
shall be detailed through a systematic process incorporating HFE '

design guidance. Appropriate documentation for the systematic
process shall include the following (1) documentation showing the
results of design reviews, (2) documentation that shows how the
results of the functional task analysis are being applied to the
design of specific displays, and (3) a checklist for each display
page indicating important characteristics.

This response satisfactorily addresses the intent of this issue by specifying
specific steps that will be performed and documented as part of the design
process. Although detailed guidance for a systematic design process is not
provided, this commitment will insure that the design process proceeds
systematically and that documented evidence of a systematic approach will be
available. Therefore, this concern is resolved.

.

(2) Issue: Procedures for HSI design in non-CR environments - Neither the
HFESGB nor the FTA methodology provides a procedure or guidance for
systematically reviewing environmental concerns.

Evaluation: ABB-CE commits to using task analysis as an input to the design
of local control stations that are addressed by the emergency operations
guidelines. Provisions have been made for recording significant environmental
considerations in a miscellaneous category. The evaluation of environmental
considerations will be addressed by ABB-CE via suitability verification during
verification and validation. Hence, this concern is resolved,

l

(3) Issue: Procedures for establishing the precision with which values are l
displayed - A review of the design documents and the HSI mockup indi- ,

cates the apparent lack of a systematic approach for determining the !

ldegree of precision with which data are presented, whether in digital or
graphic form, to the operator via the HSI.

i

Evaluation: Section 18.5.1.5.3 of CESSAR-DC states that parametric require-
ments for display and control variables will be defined in terms of device
type, range, accuracy, and units of measure as part of the FTA methodology.
While accuracy of data is an important requirement, it is a separate concern
from the precision with which data is presented to the operator (e.g., the 4

number of significant digits in digital displays, the number of intervals on i

scale displays). Specific examples of the lack of clearly defined display ;

precision requirements were observed during the design features review with !
respect to the scaling on bar charts and other indicators. The HFESGB
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provides general criteria for scaling. However, this is insufficient forn
/ i determining the precision requirements for specific parameters.
V

In Amendment S to the CESSAR-DC, ABB-CE modified Section 18.5.1.5.3 to require
that parametric requirements for display and control variables be defined in
terms of precision, in addition to, device type, range, accuracy, and units of
measure. This entry states that the display precision of each measured
variable is provided based on operator task requirements. In addition, ABB-CE
modified Section 6.1.5.2 - Phase 2 Availability Inspection Criteria of its V&V
plan (NPX80-IC-VP790-03) to state that precision specifications will be
verified for each as-built item of the HSI. These modifications satisfy the
review issue.

18.6.3.3.3 Specific Issues

This section provides a review of issues and concerns that were identified
through reviews of selected guidelines of the HFESGB or were identified during
the evaluation of other review issues.

(1) Issue: Symbols and graphical formats - Graphic forms (e.g., bar charts '

and deviation bar charts) that are used in the HSI displays and control-
1ers are not adequately described in the HFESGB.

Evaluation: The symbols and graphical formats included in HFESGB were found
to be generally consistent with those used within the nuclear power industry.
The specific implementation of these symbols and graphical formats will be

n evaluated during verification and validation when the design is complete.
) However, the review indicated that the specific graphic forms (e.g., bar(V charts and deviation bar charts) that are used in the HSI displays and

controllers are not adequately described in the HFESGB.

ABB-CE agreed to provide in a future revision of the HFESGB specific addi-
tional guidance pertaining to graphic formats used in DPS displays such as bar
graphs, mismatch bar graphs, deviation bar graphs, schematic displays, and
tables. ABB-CE entered Item 105 (Sub-Item b) into the TOI to. record its
commitment to provide this guidance at which time it will be reviewed by the
staff. This is acceptable because the a final design is not available for
design certification review. The relevant guidance will address detailed
design features which will be developed later in the design process as the
design matures.

(2) Issue: The criteria for minimum character heights specified in HFESGB
is inconsistent with draft NUREG/CR-5908 and other guidelines.

Evaluation: Guideline 2.2.3.2b of HFESGB states a recommended character
height of 18 to 20 subtended M0A at the design basis reading / working distance
and a minimum of 12 M0A at an unspecified distance to ensure legibility. A ,

review of the basis for Guideline 2.2.3.2b found in Part B of HFESGB indicates |
that ABB-CE had selected 12 M0A as a " robust" standard for minimum character )
height. These values were in conflict with Guideline 1.3.1-4 of draft i

NUREG/CR-5908, which recommends a minimum character height of 16 M0A and a !
maximum of 24 M0A. !s

A subsequent review of ABB-CE's rationale for using 12 M0A as a " robust"
i
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minimum value was conducted. A review of HF literature indicated recommended
character heights in access of 12 M0A. The conditions for which smaller
character heights may be appropriate (e.g., where reading speed is not
important, where sufficient contrast is provided) were considered not relevant
to this CR application.

ABB-CE applied the criterion value of 12 M0A and pre-determined maximum
viewing distances to determine minimum character heights, in centimeters
(in.), for text presented on control panels. Minimum character height values,
in centimeters (in.), were determined for three categories: text viewed at
the panel, text viewed from an adjacent panel, and text viewed from across the
MCC. These values are shown in Table 2.2.3.2 of HFESGB.

It was recognized that actual viewing distance and display hardware are
important factors in display legibility. The actual operator viewing dis-
tances may be different from (less than) the maximum viewing distances
specified in Table 2.2.3.2 of HFESGB. The final display hardware may be
different from that used in the prototype. ABB-CE was requested to consider
specifically evaluating text legibility under conditions that are representa-
tive of actual use. ABB-CE agreed and entered issue 102 into the TOI to
ensure that the legibility of controls and displays will be evaluated under
conditions that are representative of anticipated work conditions. Hence,
this concern is resolved.

(3) Issue: The criteria for minimum size of poke areas for touch screens
specified in HFESGB is inconsistent with draft NUREG/CR-5908 and other
guidelines.

Evaluation: Guideline 3.4.9.1ofHFESGBspecifiesthattouchtargetareap
should have a minimum height of 6 mm (0.25 in.), a minimum area of 161 mm
(0.25 sq in.) and a resulting minimum width of 25 mm (1.0 in.). In addition,
the HFESGB criteria for separation of touch target areas is unclear. Guide-
line 3.2.4-10 of draft NUREG/CR-5908 specifies a minimum height and width of

215 mm (0.6 in.) with a resulting minimum area of 232 mm (0.36 sq in.).
Therefore, the size recommended by draft NUREG/CR-5908 is over 40 percent
larger than the area specified by HFESGB. ABB-CE was requested to address
this apparent inconsistency.

ABB-CE's basis for Guideline 3.4.9.1 of HFESGB was subsequently reviewed in
greater depth including consideration of unique characteristics of the
System 80+ touch screens such as the provision of visual feedback when the
touch area is entered and the "make on break" mode of actuation. Based on
these considerations the minimum touch area dimensions were found to be
acceptable because the visual feedback of touch area and the "make on break"
mode of actuation reduced the likelihood of accidental activation. In addi-
tion, ABB-CE agreed to clarify the wording of the criteria for separation of
touch target areas. Therefore, this concern is satisfied.

(4) Issue: Anthropometric dimensions.

Evaluation: The bases for HFESGB Guideline 7.5.2.1 provides a discussion of
anthropometric data pertaining to the distance from the central axis of the
body to the panel edge and the eye distance forward of the central axis of the
body. However, the use of these dimensions in the evaluation of panel
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dimensions is not clear in this discussion.

ABB-CE's response in Reference 2 explained how these dimensions may be used in i

the evaluation of panel dimensions. Therefore this concern is satisfied. j
!

(5) Issue: Justification of vision and reach envelopes on System 80+ :
control panels.

Evaluation: The description of control panel dimensions found in Sec-
tion 18.6.5.7 of CESSAR-DC states that the anthropometric data for these
profiles are based on the HFESGB and MIL-STD-1472D. Further justification for
the specific dimensions of these panels was not clear based on the material
presented in Section 7.6.2.1 of HFESGB. This section states that the reach
envelopes are unique to each panel according to bench board depth and slope
and must be evaluated individually. Based on this review the following
concerns were identified.

(a) Figures 18.6.5-11 and 18.6.5-12 of CESSAR-DC show eye heights for a 95th
percentile male and a 5th percentile female. This position is alignedi

| with the leading edge of the bench board. Why are these positions not
set off horizontally to allow for torso and head width? What are the
resulting maximum viewing distances for the male and female? How do
they compare to the specified viewing distances for controls and
displays?

ABB-CE's response in Reference 2, LD-93-138, " System 80+ Information for Issue
g^ Closure, Attachment 12, sub-attachment 1, ABB-CE Responses to Human Factors
g Engineering Standards, Guidelines, and Bases Technical Evaluation Report" i

states that the "at-the-panel" viewing distance in HFESGB Section 2.2.3.2
(i.e., 91 cm (36 in.)) is only slightly greater than the 95th percentile male
reach envelope, which is shown to easily capture the panel work surfaces.
Maximum viewing distances imposed by the panels, which are most limiting for

'the 5th percentile female, are less than 76 cm (30 in.) for standup panels,
less than 79 cm (31 in.) for sitdown panels. This provides an adequate margin i

for torso width, particularly since nothing except oversize labels will be
~

available for reading on the uppermost panel edges.

This explanation was found to be satisfactory. Hence, this concern is
resolved.

(b) Figures 18.6.5-11 and 18.6.5-12 of CESSAR-DC show arm reach for a 95th
percentile male and a 5th percentile female. These figures indicate
that a 5th percentile female cannot reach the upper portion of the
stand-up panel when standing nor the upper portion of the sitdown panel
when sitting. ABB-CE was requested to provide justifications for these.
apparent design discrepancies.

ABB-CE's response in Reference 2 states that tradeoffs between panel area,
cabinet access, frequency of use, and 5th percentile female stature dictate
that seated operators may be required to stand to acknowledge some DIAS alarm
tiles on the MCC; similarly, on ACSC panels, a standing operater may be

f- required to use the DPS for alarm acknowledgement. All control devices are
( within the seated reach envelope. Panels could even be made taller, if

,

N viewing and visibility were not impacted. The designs are thas sufficient to '

I
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support task demands.

This explanation was found to be satisfactory since the design does not I

prevent operators from performing necessary tasks. Therefore, this concern is ;

resolved. j
,

18.6.3.4 Findings
1

This review indicated that the HFESGB ;

has an acceptable scope that includes aspects of the HSI, both inside=

and outside of the MCR, that are important to safe operation and
maintenance of the plant by personnel

included general design guidance that 'was derived from acceptable HF.

source documents

The guidance provided by the HFESGB was presented at a level of detail that
was appropriate for many of the design areas addressed. However, in some
cases specific guidance was lacking with respect to unique aspects of the
System 80+ HSI design. Three areas were identified

standard design features*

graphic formats used in DPS displaysa

data entry / text editinga

ABB-CE committed to include additional guidance in the HFESGB to address these
three areas. Guidance for the standard design features will include illustra-
tions annotated with references to relevant guidelines for important charac-
teristics. Guidance for the graphic formats will include topics such as
criteria for selection of formats, descriptions of graphic orientation,
descriptor/ title conventions, and coding. Guidance for data entry / text
editing will address operator established alarms, component tagging and
blocking, and entry of status information for non-instrumented components.

The review identified a lack of procedures or other guidance for the systema-
tic implementation of the HFESGB guidelines and standards for the design of
DPS displays. While procedures for other design activities such as CR layout
and panel layout are well defined in CESSAR-DC, neither the HFESGB nor
CESSAR-DC provided similar procedures for the application of HFESGB guidance
to the design of DPS displays. ABB-CE addressed this concern by providing a
commitment in its HFPP to employ a systematic process for display design. The
application of this systematic process can be verified through documentation
showing the results of design reviews, the application of FTA results, and
checklists of important characteristics for each display page.

Through the sampling review of detailed guidelines, some significant differ- I

ences were found between specific design criteria provided by the HFESGB and )
design criteria recommended by draft NUREG/CR-5908. An example is the design |

criteria for minimum character height. In this particular case, the discrep- I

ancy was addressed through a commitment by ABB-CE to specifically evaluate
legibility in the design. Since (1) the guidance of the HFESGB must be
interpreted within the context of the actual System 80+ design to ensure
compatibility with the underlying assumptions of tasks and environment that
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the HFESGB source documents were based upon, and (2) the System 80+ design is
# the subject of an ongoing design process, the verification and validation<) process will address both the details of the HFESGB guidance and the interpre-

tation of this guidance within the context of the detailed HSI design.

The commitments made by ABB-CE in response to this review adequately address
the general concerns of scope, technical basis / validity, level of detail and
procedure for implementation that were this review's focus. On that basis the
HFESGB was found to be a generally acceptable source of HF guidance for the
design of the System 80+ HSI. j

l

18,7 Procedures

The HFE PRM for advanced evolutionary reactors specified that a review of
Plant and Emergency Operating Procedure Development (Element 7) should be
performed. The staff's DSER review of the CESSAR-DC identified DSER Issues
18.9.1 - Operating Support Information Program (OSIP) and 18.9.2 - Emergency
Operations Guidelines, and 20.2-3 (Issue I.C.1, ABB-CE committed to modify
EOGs to ensure compatibility with System 80+ design). This review addresses
these DSER issues. ,

i

18.7.1 Objectives

The objective of this review is to ensure that HFE principles and criteria are
applied along with all other design requirements to develop procedures that
are technically accurate, comprehensive, explicit, easy to utilize, and
validated. The types of procedures covered in this element arefx

)(V plant and system operations (including startup, power, and shutdown*

operations)

abnormal and emergency operations=

preoperational, startup, and surveillance tests-

alarm responsee

18.7.2 Methodology

18.7.2.1 Material Reviewed

The following ABB-CE documents were used in this review:

Reference 5 of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-*

tion for Issue Closure," Attachment 5, "CESSAR-DC Markups for V&V
Procedures," ABB-CE letter dated September 24, 1993.

CESSAR-DC Section 18.9.3.2.*

18.7.2.2 Review Scope

m The staff initially envisioned that detailed POPS would be delivered as part

[Vt of the System 80+ certified desi97., and as such considered that the OSIP would|
serve as the avenue for the development of such POPS. Based on further review
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)

of the application and the requirements of 10 CFR Part 52, the staff deter-
mined that development of POPS was in fact beyond the scope of the System 80+
design certification and will be the responsibility of the COL applicant.

,However, as described in the HFE PRM - Element 7 - Procedures - certain vendor
|

technical documentation was required to support the COL's POP development '

process. The staff, therefore, redirected its efforts to review ABB-CE's !

program to assure that the vendor's technical information important for POP |
development was incorporated into the material provided to the COL applicant i
as part of the certified design.

1

18.7.3 Results !

18.7.3.1 DSER Issues Review

18.7.3.1.1 DSER Issues

18.7.3.1.1.1 DSER Issue 18.9.1 - Operational Support Information Program
(OSIP)

In the DSER, the staff stated that ABB-CE should provide the following
information concerning the contents of the OSIP:

(a) the OSIP development process including,

(1) the scope of the OSIP (e.g., types of procedures and training
covered, types of guidance documents such as procedure writer's
guides, and verification and validation guides covered)

(2) the basis of the OSIP development (e.g., consideration of plant
design basis, function, and task analysis; PRA/HRA-identified
human actions)

(b) indicate how OSIP is expected to integrate with the results of the >

Nuclear Power Oversight Committee (NPOC) Block 7, " Enhanced Standardiza- I

tion Beyond Design," activities.

18.7.3.1.1.2 DSER Issue 18.9.2 - Emergency Operations Guidelines

At the time of the System 80+ DSER development, ABB-CE had not provided the
staff copies of the System 80+ E0Gs for staff review. In the DSER, the staff

.

requested that ABB-CE submit information including (1) System 80+ E0Gs, and I

(2) an analysis of the differences between the System 80+ E0Gs and the current !

NRC-approved CEN-152, Revision 3, E0Gs. The staff also requested that ABB-CE
identify the differences between the current ABB-CE Owners Group EOGs and the '

System 80+ E0Gs and the bases for the differences for each step of the EOGs.

18.7.3.1.1.3 DSER Issue 20.2-3 - ABB-CE Commitment to Modify EOGs

ABB-CE committed to modify the EOGs within current CEN-152 structure to ensure
operational compatibility with the System 80+ design and to include an
appropriate analytical basis.

18.7.3.1.2 Issue Resolution
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18.7.3.1.2.1 DSER Issue 18.9.1 - Operational Support Information Program/m (OSIP)V)
Issue: The staff indicated that ABB-CE should provide the information I

identified above concerning the contents of the OSIP.
.

Evaluation: The information ABB-CE described in CESSAR-DC (e.g., Sec- I
tion 13.5.1, " Plant Operating Procedures Development Plan," and Sec- )
tion 18.9.3.2, " Operating Ensemble Validation Plan") includes, but is not j

limited to (1) the detailed task analysis, (2) complete event scenarios, data,
,

results, and acceptance criteria from the design validation exercises, (3) '

applicable procedure development guidelines (e.g., emergency operating
procedures guidelines), and (4) additional plant design basis material
including the results of the PRA effort.

The staff reviewed the applicable CESSAR-DC sections against the requirements
outlined in the HFE PRM to ensure that the important vendor's technical

l information required for the COL applicant's POP development process was
'

identified. The staff concluded that ABB-CE had adequately described the
required technical information. Therefore, Items a.1 and a.2, above, are
resolved.

In response to the staff's RAI concerning the NPOC/OSIP integration, ABB-CE
described that the program was under initial development and that detailed
programmatic processes to ensure integration of the OSIP efforts with the NP0C
work had not been fully developed. As a result of the staff's determination

,m that the development of POPS will be a COL applicant activity, the staff

(v) concluded that it was premature to require programmatic details associated
with the NPOC activities during the certified design application review. The
staff will, therefore, review this aspect of P0P development as part of the
review of a COL application. Therefore, Item b, above, is resolved. DSER
Issue 18.9.1, Operational Support Information Program (OSIP) is resolved.

18.7.3.1.2.2 DSER Issue 18.9.2 and DSER Issue 20.2.3 - Emergency Operations
Guidelines and ABB-CE Commitment to Modify E0Gs

ABB-CE submitted the System 80+ E0Gs for the staff's review. The E0Gs are a
revision to the latest version of ABB-CE's report, CEN-152, on emergency
procedure guidelines for its operating plants and reflect the design features
of System 80+. CEN-152 has been reviewed and approved by the staff.

ABB-CE also submitted a deviation document identifying the procedural differ-
ences from CEN-152 along with supplemental information to explain the techni-
cal bases for the deviations. During the staff's review, ABB-CE provided
responses, in a letter dated September 1,1993, to staff review comments
included in RAls Q440.223 through Q440.246.

The staff reviewed the E0Gs for System 80+, the deviation document, and the
responses to RAls. The staff concludes that the System 80+ E0Gs are adequate
and acceptable. The staff's acceptance of the EOGs is based on the following:

| m (1) The E0Gs retain the structure and event mitigation strategies of CEN-
/ 152. The E0Gs contain both symptom-oriented and function-based proce-

' C)|
dure guidelines. The symptom procedure guidelines include the procedure
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guidance for standard post-trip actions, reactor trip recovery, excess
steam demand, loss-of-coolant accident, loss of offsite ac power, total
loss of feedwater, steam generator tube rupture, and station blackout.
The function recovery guidelines (FRG) address the safety functions such
as reactivity control, maintenance of vital power sources, reactor
inventory and pressure control, RCS and core heat removal, containment
temperature and pressure control, containment isolation, and containment
combustible gas control.

(2) The E0Gs have been modified to reflect the System 80+ design including
design features such as: four SI pumps (instead of two high pressure
and two low pressure SI pumps in ABB-CE's existing plants), additional
emergency feedwater pumps, interchangeability of containment spray and
shutdown cooling pumps, in-containment refueling water storage tanks,
alternate ac power supply, and safety depressurization system.

(3) The EOGs adequately incorporate the procedure guidelines required for
the closure of DSER Open Items. The E0G changes for resolution of items
are:

(a) SI flow rate at the low pressure range - see Section 6.3.1 of this
report for the resolution of DSER Open Item 6.3.1-1.

(b) Use of the RCGS for RCS pressure control - see Section 6.7.1 of
this report for the resolution of DSER Open Item 6.7.1-1.

(c) Use of the RDS for the feed-and-bleed operation - see Section
6.7.2 of this report for the resolution of DSER Open Item 6.7.2-4.

(d) Procedure changes reducing challenge to the primary safety valves
to open during an SGTR event - see Section 15.3.0 of this report
for resolution of DSER Open Item 15.3.8-1.

(e) Avoidance of de-boration during an SGTR event - see Section 15.3.9
of this report for resolution of DSER Open Item 15.3.8-2.

(f) Use of a dedicated seal injection system for RCP seal cooling -
see Section 20, Item GSI-023 of this report for resolution of DSER
Open Item 20.2-7.

(4) The most significant change to the containment isolation FRG was the
i design specific value for verifying containment isolation. This value
'

of 19 kPa (2.7 psig) is consistent with the high containment pressure
nominal trip setpoint given in Table 7.2-4 of CESSAR-DC. For the
containment temperature and pressure control FRG, the most significant
changes were the design specific values for verifying actuation of
containment spray and the eventual termination of containment spray.

| The E0Gs direct the operator to verify containment spray actuation when
| containment pressure reaches 59 kPa (8.5 psig) and to terminate contain-

ment spray once containment pressure is reduced below 38 kPa (5.5 psig).,

| Table 7.3-5 of CESSAR-DC lists the containment spray actuation signal as
| 59 kPa (8.5 psig). Containment sprays are terminated at 38 kPa (5.5

psig) to reduce the possibility of wetting electrical connectors which
may result in electrical grounds. There were no significant changes to

|
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the containment combustible gas control FRG. The staff believes that,s

[ } the differences, as provided by ABB-CE, between the System 80+ E0Gs and
( ,/ the EPGs contained within CEN-152 do not affect the structure and event

mitigation strategies of the previously approved guidance and are
therefore acceptable.

(5) Another major difference between CEN-152 and the System 80+ E0Gs is the
addition of Appendix A, " Severe Accident Management Guidance," to the
System 80+ E0Gs. This appendix provides guidance on when to actuate the
mitigative features that have been incorporated into the System 80+
design in order to cope with the consequences associated with a severe
accident. Guidance has been provided for the following systems: safety
depressurization, cavity flooding, hydrogen igniters, external connec-
tion for internal containment spray, and containment venting. The
safety depressurization system is to be actuated by the operator when a
primary safety valve lifts. The cavity flooding system and the hydrogen
igniters are to be actuated upon diagnosis of a severe accident condi-
tion and when core exit temperatures exceed 371 "C (700 *F). Appendix A
stipulates that a severe accident can be diagnosed based on the unavail-
ability of the safety injection system and a low and continuously
decreasing reactor coolant level as indicated by the reactor vessel
level monitoring system. Guidance on the use of the external connection
for internal containment spray and the containment vent is to be given
to the operator by the technical support center. The staff finds this
guidance adequate to ensure that appropriate decisions can be made by
the plant operator during a severe accident until the technical support

m center can be established.

V) Since ABB-CE provided adequate EOGs for System 80+, the staff concludes that
DSER Open Item 18.9.2-1 and DSER Confirmatory Item 20.2-3 are resolved.

18.7.3.2 HFE PRM Criteria-Based Evaluation

As a result of the staff's determination that the development of plant :
operating procedures will be a COL applicant activity, HFE PRM criteria 1 and '

2 were considered to be relevant to the present concern of System 80+ design
certification. The focus of the HFE PRM criteria-based evaluation was on the
ABB-CE EPGs, which provide important input to the procedures of a COL appli-
cant.

(1) Criterion 1: The task analysis shall be used to specify the procedures
for operations (normal, abnormal, and emergency), test, maintenance, and
inspection.

Evaluation: ABB-CE's FTA methodology uses the EPGs to evaluate operator task
requirements for specific scenarios. Results of the task analyses are
incorporated intu the EPGs. In addition, ABB-CE has made a commitment to make
available to a COL applicant the task analysis results that are relevant to
training and procedures (see FSER Section 18.5.3.1.2). Hence, this criterion
is satisfied.

p (2) Criterion 2: The basis for procedure development shall include
Vi

O plant design bases*
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system-based technical requirements and specifications=

task analyses for operations (normal, abnormal, and emergency).

significant human actions identified in the HRA/PRA=

initiating events to be considered in the E0Ps shall include those*

events present in the design bases

Evaluation: The information discussed with regard to DSER Issue 18.9.1 above
satisfies this criterion.

18.7.4 Procedures Findings

The staff found that the ABB-CE approach to System 80+ procedure development
was acceptable and that the information that will be provided by ABB-CE to the
COL applicant is satisfactory to support the development of plant operating
procedures.

18.8 Verification and Validation

The NRC HFE PRM for advanced evolutionary reactors specified that a formal V&V
(Element 8) of the HSI should be performed. The staff's DSER review of the
CESSAR-DC has identified a DSER issue related to HFE PRM Element 8 (i.e., DSER
Issue 18.10-1).

18.8.1 Objectives

The objective of this review is to provide comments on the ABB-CE plan related
to HFE PRM Element 8 - Verification and Validation.

18.8.2 Methodology

18.8.2.1 Material Reviewed

The following ABB-CE documents were used in this review:

Reference 15 of CESSAR-DC Section 18.10, LD-93-071, " System 80+ Submit-*

tal #1 Design Descriptions and ITAAC," ABB-CE letter dated April 30,
1993.

Reference 16 of CESSAR-DC Section 18.10, LD-93-140, " System 80+ Informa-*

tion for Issue Closure," Attachment 2, " Justifications of ABB Positions
Requested for Closure of V&V;" and Attachment 5, "SSAR-DC Markups for
V&V and Procedures" ABB-CE letter dated September 24, 1993.

Reference 3 of CESSAR-DC Section 18.7, LD-92-065, " System 80+ Supple-*

ments to RAI Responses," Attachment 4, "Nuplex 80+ Verification Analysis
Report" (NPX80-TE790-01, Rev. 02, December 1989), ABB-CE letter dated
May 8, 1992.

Reference 3 of CESSAR-DC Section 18.4, " Human Factors Engineering-

Verification and Validation Plan for Nuplex 80+" (NPX80-IC-VP790-03,
Rev. 00, September 24, 1993), hereafter referred to as the plan.
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,$) Reference 4 of CESSAR-DC Section 18.4, " Human Factors Program Plan for.

/ the System 80+ Standard Plant Design" (NPX80-IC-DP790-01, Rev. 02,
C/ September 29,1993), hereafter referred to as HFPP.

CESSAR-DC, Sections 13.5 and 18.9..

l 18.8.2.2 Review Scope

The scope of this review was centered on the V&V plan, although additional
ABB-CE documents were consulted (as referenced above).

| The review focused on (1) resolution of DSER issues, and (2) evaluation of the
; ABB-CE documents with respect to the topics and general criteria of the HFE

PRM. Complete adherence to the HFE PRM was not considered to be mandatory.,

Differences in approach would be considered acceptable provided (1) the
program can still meet the HFE commitment and goals, (2) the difference
between the proposed criteria and those contained in the HFE PRM are ade-
quately justified, and (3) there is no adverse impact on other program
elements.

18.8.2.3 Review Procedure

As indicated above, the staff's DSER review of the CESSAR-DC identified a DSER
issue related to HFE PRM Element 8 (i.e., DSER Issue 18.10-1). The draft plan
was developed following a public meeting held on September 10 and 11, 1992,
between the staff and ABB-CE to address DSER issues. The plan was reviewed
using the HFE PRM Element 8 general criteria as they would apply to an[o) implementation plan (as contrasted to a final report of the V&V effort). The

U focus of an implementation plan is to provide the methodology by which the
general criteria of the HFE PRM element are to be accomplished. Thus, the
Plan was evaluated in terms of the HFE PRM general criteria and the methodo-
logy proposed for the V&V activities.

The following materials were consulted as part of the evaluation:

American National Standards Institute, ANSI /ANS 3.5," Nuclear Power.

Plant Simulators for Use in Operator Training," Santa Monica, Califor-
nia, 1985.

NRC HFE forwarded to the Commission in SECY-92-299, dated August 27,.

1992.

NRC Internal Memorandum, " Review of ABB-CE I&C Diversity Analysis.

Regarding Operator Response Times," June 25, 1993.

Public meeting minutes from September 10 and 11,1992, meetings between.

NRC and ABB-CE.

Reference 3 of CESSAR-DC Section 18.10, LD-92-120, " Closure of System*

F 80+ Draft Safety Evaluation Report Issues," Attached, " Human Factors
| Program Plan for the System 80+ Standard Plant Design," (NPX80-IC-DP790-

01, Rev. 01, December 15, 1992), ABB-CE letter dated December 18, 1992.

Vj Reference 7 of CESSAR-DC Section 18.10, LD-93-005, " Closure of System.
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1

I80+ Draft Safety Evaluation Report Issues," Attachment 1, " Human Factors
Engineering Verification and Validation Plan for Nuplex 80+," (NPX80-IC-
VP790-03, draft plan), ABB-CE letter dated January 18, 1993.

U.S. Nuclear Regulatory Commission (1992), " Draft Safety Evaluation-

Report" (NUREG-1492), Washington, D.C.

18.8.3 Results

18.8.3.1 DSER Review

18.8.3.1.1 DSER Issue

In the staff's initial review of this element, DSER Issue 18.10-1 was identi-
fied with concerns including

establishment of V&V criteria to support the assessment of test results*

incorporation of " human-centered" operator performance such as operator*

| workload in V&V tests

verifying that the integrated CR supports the staffing requirements ofa

10 CFR 50.54(m)

At the September 10 and 11, 1992, public meeting, ABB-CE agreed to address
these concerns in a V&V plan to include the following 15 items

(a) identification of a schedule for a validation report

: (b) evaluation of design goals and functional requirements
1

(c) criterion 2 of the HFE PRM

(d) evaluation of availability and suitability of HSI elements

(e) evaluation of integration of HSI elements with each other and personnel
including HSI prototypes and plant simulator

(f) the dynamic evaluations in Criterion 5 of the HFE PRM

(g) the performance measures for dynamic evaluations included in Criterion 6:

| of NRC's HFE program review model

| (h) verification that all issues addressed in ABB-CE's HFE issues tracking
system have been addressed

(i) verification that critical human actions have been supported in the
design

(j) operational definitions of " adequate" and " acceptable"

(k) demonstration that CR design accommodates the staffing requirements of
10 CFR Part 50.54(m) .
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(1) specification of additional skill areas required other than HFE special-/,-) ists and operations experts to perform a formal analysis
V

(m) evaluation of operator aids

(n) demonstration of acceptable operator performance

(o) evaluation of operator performance under degraded conditions including
complete failure of the DPS

18.8.3.1.2 Issue Resolution

These 15 items addressing the DSER issue are described in Section 18.8.3.2.
Table 18.6 provides a cross-reference between the item specification and the
appropriate V&V plan section and subsection of 18.8.3.2 in this document where
the item is addressed.

18.8.3.2 HFE PRM Criteria-Based Evaluation

According to HFE PRM General Criterion 1, the V&V evaluation ensures that the
performance of the HSI, when all elements are fully integrated into a system,
meets (1) all HFE design goals as established in the program plan, and (2) all
system functional requirements and support human operations, maintenance,
test, and inspection task accomplishments. This is done through a set of
evaluations which are described below,

18.8.3.2.1 Scopeg
/ i

V Criterion: HFE PRM General Criterion 2 states that V&V evaluations shall
address

human-hardware interfaces-

human-software interfacesa

procedures-

workstation and console configurations.

control room designa

remote shutdown system*

design of the overall work environment=

Evaluation: The plan scope is identified in several areas. A general scope
statement appears in Section 2 and 6.2.4 which identifies the scope as all
HSIs in the MCR, remote shutdown area (RSA), and the LCSs specified in the
E0Gs. Procedures are specifically excluded. The staff interpret the refer-
ence to HSis to include all of the above with the two exceptions discussed
below.

First, in a draft version of the plan, it was not clear whether V&V activities
would be directed toward environmental considerations such as lighting and
noise in the MCR and lighting, noise, temperature, etc. at local panels.
Following discussions with the staff, ABB-CE incorporated "workplace environ-
ment" into the defined scope in Section 2 of the plan. On the basis of this

f- 3 plan revision, this issue is resolved.
l 1
C/ Second, the issue of the absence of a procedure element from the HFE program
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has already been identified and resolved in FSER Section 18.2 - Human Factors
.

Engineering Program Management. One of the staff's concerns regarding I

exclusion of procedures from ABB-CE's HF program, was its impact on valida- )
tion. HFE PRM Element 8 validation includes final procedures and their

|interactions with the rest of the HSI as an essential aspect of HFE valida- ;

tion. As part of the resolution to the general procedure issue, ABB-CE :

included as part of its CESSAR-DC a requirement in COL Action Item 13.5.1, i

Plant Operating Procedure Development Plan, for the COL to perform a POP
validation effort that demonstrates the acceptability of the completed
procedures. CESSAR-DC Section 18.9.3, Validation, was then modified to break
validation into two phases. Section 18.9.3.1, Design Validation, addresses
validation of the entire HSI without final procedures. CESSAR-DC Sec-
tion 18.9.3.2, Operating Ensemble Validation Plan, and Section 6.3.4.4 of the
plan, Operating Ensemble Validation Activities, addresses the " final" valida-
tion of the HSI after the final procedures have been completed. Operating
ensemble validation requirements are addressed in CESSAR-DC Section 19.3.1.2.

,

| This validation, which will be performed by the COL, will provide assurance
| that trained operators using final, plant-specific procedures in the as-built
! CR form an effective operating ensemble. This two-phased validation approach

is acceptable to the staff, since together they meet the scope requirements of
the HFE PRM. Based upon the establishment of the approach to validation
described in CESSAR-DC Sections 18.9.3 and 15.5, this criterion is satisfied.

18.8.3.2.2 Technical Basis in Current Literature

Criterion: HFE PRM General Criterion 9 states that the V&V effort shall be
performed using the set of identified documents as guidance (see the HFE PRM
for the specific list). The purpose of this criterion is to ensure that the
HSI is " evaluated using accepted HFE principles based upon current HFE pract-
ices."

Evaluation: Sections 3 and 18.4 of the draft plan identified documents as V&V
plan references. Many of these documents correspond to the documents identi-
fied in HFE PRM General Criterion 9. However, while the section is entitled
references, most of the documents listed were not specifically referenced nor
is it clear how they were used. For example, EPRI NP-3701, Computer-Generated
Display System Guidelines, was referenced; yet in the section on suitability
verification (where the document would most likely be applied), it was not
identified as a criteria document. An examination of the verification
analysis report did not indicate that anything other than NUREG-0700 was used
for verification (which does not contain sufficient criteria verification of a
CR such as the System 80+). The revision to the plan provided the specific
references to the HFE PRM recommended technical basis documents. The verifi-
cation analysis will be based upon criteria from a broad basis of HFE PRM
identified documents (including, but not limited to, NUREG-0700) and addi-
tional acceptable industry sources. Four HFE PRM identified sources were
noted (AR 602-1, TOP l-2-610, D0DI 5000.2, and EPRI NP-3701). These excep- ,

tions were acceptable to the staff since their contribution to the ABB-CE V&V l
effort was redundant with the documents cited. (The review and acceptance of

'

the specific criteria used for verification is addressed in FSER Sec- 1

tion 18.6.3, HFE Standards, Guidelines, and Bases.) The staff, therefore, i
determined that the technical basis of the ABB-CE V&V plan was acceptable. '

Based upon the revisions to the plan, this criterion is satisfied.

!
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18.8.3.2.3 Human Factors Issue Resolution Verification

s") Criterion: HFE PRM Criterion 7 states that a verification shall be made that
all issues documented in the HF issue tracking system have been addressed.

Evaluation: The staff noted that verification of HFE issues resolution was
not addressed in the draft plan. Following discussions with the staff, ABB-CE !
addressed the concern in two ways. First, assurance of closeout of tracking i
system items is incorporated into the description of the tracking of issues
description of the HFPP. Second, Sections 6.1.4 (Availability Verification),
6.2.2 (Suitability Verification), and 6.3.4.1 (Validation) of the plan were
modified to require that relevant TOI items are addressed in the appropriate
V&V activities which are required as part of ITAAC and DAC. The staff finds
this an acceptable approach to ensure HFE issue resolution verification.
Based upon the revisions to the V&V plan and the HFPP, this criterion is '

satisfied.

18.8.3.2.4 HSI Task Support (Availability) Verification
,

Criterion: HFE PRM Criterion 3 states that individual HSI elements shall be
evaluated in a static and/or "part-task" mode to assure that all controls,
displays, and data processing that are required to accomplish human safety- !
related tasks and actions [as defined by the task analysis, E0P analysis, and '

PRA/ human reliability analysis (HRA)] are available through the HSI.

Evaluation: Plan Section 6.1 describes the approach to availability verifica-
tion. ABB-CE's availability analysis accomplishes two objectives: first,c

/ consistent with HFE PRM Criterion 3 to ensure that all required HSI elements
( are available; second, to identify HSI elements that are not required for task

accomplishment so that they can either be removed or relocated to the appro- |
priate place. The latter objective is consistent with one of the purposes of
HFE verification in the HFE PRM and is described in draft NUREG/CR-5908.

In the_ draft plan, the scope of the tasks to be analyzed was unclear. Under
" Purpose," item one identified " operator tasks" with no qualification. Under-
purpose of availability analysis, the " Procedure Guideline Information &
Control Requirements" (PGICR) was identified along with the minimum inventory
and federally mandated requirements. The PGICR was defined as "a summariza-

;

tion of procedure-based parametric requirements." The scope of P' ease I was '

then tied to those aspects of the HSI that are "specified in the EOG." It was
unclear whether the availability analysis would be limited to EOG-based
actions, since PRA critical tasks, normal operations, and abnormal operations
should be addressed as well. ABB-CE agreed and modified Section 6.1 of the
plan to clearly incorporate tasks included in the staff's concern. Based upon
the revisions to the plan, this criterion is satisfied.

Criterion: Implementation Plan Requirements for Methodology Specification
,

(relevant to this verification)
general objectives-

methodology and proceduresa

participants*

[. analysis*

criteria for evaluation of resultsa
,

,
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utilization of evaluations.

Evaluation: While most of the information identified above was acceptably
provided in the draft plan, several concerns regarding methodology were
identified by the staff:

In the draft plan, the availability analysis criteria for SPDS did not-

include NUREG-1342 and the post-accident monitoring indications did not
include RG 1.97. ABB-CE incorporated these criteria in Section 6.1.5.1
of the plan, Items a and 1.

In the draft plan, the availability analysis criteria included the term=

" System I&C Inventory" only. The staff did not consider this a cri-
terion sn ABB-CE revised the criteria in Section 6.1.5, Item 4, to
indicate that each " System I&C Inventory" entry has a specified basis.

The Phase 2 methodology addresses identification of HSI elements that-

are not required for task accomplishment. The draft plan, stated that
t an " unnecessary" aspect of the HSI would be anything not on the list
! resulting from availability analysis as defined and would require
l removal of anything not on the list (note: "The process will be

repeated until the HSI panel designs match the availability checklist").
The staff was concerned that the possibility existed that any incom-
pleteness or problems with list generation could result in the removal
of operationally significant information. The staff recommended that an
operational review of candidate items for removal be performed to assure
that no information important to plant operations be removed. ABB-CE
has committed to perform an operational review of any information
identified as unnecessary to confirm that no information of operational
significance is lost. Section 8.1 of the plan was revised accordingly.

Since the staff concerns were all addressed in the revised plan, these
criteria are satisfied.

18.8.3.2.5 HFE (Suitability) Verification

Criterion: HFE PRM Criterion 3 states that individual HSI elements shall be
evaluated in a static and/or "part-task" mode to assure that all controls,
displays, and data processing that are required are designed according to
accepted HFE guidelines, standards, and principles.

Evaluation: Suitability verification is addressed in Section 6.2 of the plan.
! The stated purpose of suitability verification is consistent with the HFE PPJi
| criterion. The applicant's suitability evaluations will compare the HSIs with

accepted HFE guidelines, standards, and principles. HSI prototypes and mock-
ups will be used to perform the evaluations, thus providing static or dynamic
representations as required by the specific area being evaluated, therefore,
this criterion is satisfied.

Criterion: Implementation Plan Requirements for Methodology Specification
'

(relevant to this verification)

general objectives*

methodology and proceduresa
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participants
g g}

=

analysist =

('/ criteria for evaluation of results.

utilization of evaluations=

Evaluation: The draft plan generally addresses the above requirements. While
the staff considered ABB-CE's approach to HFE (suitability) verification to be
generally good, several concerns were raised.

(1) Suitability is addressed using both a top-down and bottom-up approach.
The top-down approach addresses the appropriateness of design selections
within the context of operator tasks (which is consistent with "appro-
priate use" considerations in draft NUREG/CR-5908). However, the
methodology Section, 6.2.4, mainly addressed the bottom-up approach.
Consultation of the verification analysis report appeared to have the
same limitation. ABB-CE expanded Section 6.2.4 of the plan Methodology
to elaborate their approach to suitability analysis. The top-down
approach is clarified in Sections 6.2.4 and 6.2.4.1. The approach
evaluates the HS1 in terms of usability with respect to the anticipated
task demands. This is an appropriate aspect to suitability analysis
especially for newer features of an advanced CR for which guidance based
upon historical technology app',ications is limited. The staff, there-
fore, finds this approach acceptable.

(2) The bottom-up approach uses HFE guidance as a basis. In the draft plan,
the criteria identified were limited to NUREG-0700 and ABB-CE's HFE
standards, guidelines, and bases for System 80+ (NPX-IC-DR-791-02). It[e) was unclear whether these were to be the only criteria or whether

(1 additional documents (such as those identified in Section 3 - Refer-
ences) would be utilized. As indicated in FSER Section 18.8.3.2.2
above, the revision to the plan provided the specific references to the
HFE PRM recommended technical basis documents. The verification
analysis will be based upon criteria from a broad basis of HFE PRM
identified documents (including, but not limited to, NUREG-0700) and
additional acceptable industry sources. (The review and acceptance of
the specific criteria used for verification is addressed in FSER Section
18.6.3 HFE Standards, Guidelines, and Bases.) The staff, therefore,
determined that the technical basis of the ABB-CE V&V plan was accept-
able.

(3) In the draft plan, it was unclear whether all elements in the HSI (e.g.,
every display) would be reviewed or whether a sampling process would be
used. ABB-CE modified Section 6.2.4.1 of the plan to indicate that all
elements of the HSI would be reviewed rather than using a sampling
process. This approach is acceptable to the staff.

(4) The draft plan did not indicate how discrepancies from guidance check-
lists would be resolved. It is the staff's position that conformance to
any specific individual guideline should not, in itself, be a require-
ment because guidelines are inseasitive to the trade-offs between design
features and functions that typically occur in final designs. These

o trade-offs may result in discrepancies between an acceptable final

(d design and a specific guideline. Instead a verification against generics

guidelines should identify potential concerns which should be addressed,
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but which may be perfectly acceptable due to a technical buis in design
studies, tests, and trade-off analyses as justified by the designer.
Following discussions with the staff, ABB-CE elaborated the treatment of
discrepancies. Discrepancies will be treated as potential concerns
until examined by the applicable review process and resolved by the
responsible management structure. This review process is described in
Sections 5.4 and 8.1 of the plan. This approach is consistent with the
staff's position and is acceptable. '

Since the staff concerns were all addressed in the revised plan, these
criteria are satisfied.

18.8.3.2.6 Integrated System Validation

Criterion: HFE PRM Criterion 4 states that the integration of HSI elements |
with each other and with personnel shall be evaluated and validated through !

dynamic task performance evaluation using evaluation tools which are appropri-
ate to the accomplishment of this objective. A fully functional HSI prototype
and plant simulator shall be used as part of these evaluations. If an
alternative to an HSI prototype is proposed its acceptability shall be
documented in the implementation plan. The evaluations shall have as their
objectives to confirm the

adequacy of entire HSI configuration for achievement of safety goalse

allocation of function and the structure of tasks assigned to personnel-

adequacy of staffing and the HSI to support staff to accomplish their-

tasks

adequacy of Procedures*

adequacy of the dynamic aspects of all interfaces for task accomplish-.

ment

evaluation and demonstration of error tolerance to human and system*

failures

Evaluation: Validation is discussed in Section 6.3 of the plan. The staff
identified several concerns regarding validation in the draft plan.

(1) The HFPP and the CESSAR-DC (Sections 18.9.2 and 18.9.3) referred to
ghased validation, but the validation description in the plan makes no
such distinction. ABB-CE revised the descriptions in all the above

| documents to make them consistent with the phased validation approach
(as discussed in FSER Section 18.8.3.2.1, Scope, above). This was
acceptable to the staff.

(2) The draft plan did not clearly indicate that a dynamic plant simulator
; will or will not be used. The staff also noted that the descriptions of
| validation test bed requirements were different in CESSAR-DC, the plan,
I and the draft ITAAC. Following discussions with the staff, an accept-

able description was developed "a facility that physically represents
the MCR configuration [RSR configuration] and dynamically represents the
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operating characteristics and responses of the System 80+ design." This
-[m] description has been uniformly incorporated into the above referenced

,

(/ documents. It was agreed that the testbed requirements for mockup of
local control stations should be handled on a case-by-case basis as the
detailed requirements for specific V&V activities become defined
following certification.

(3) The purposes of the validation identified in the draft plan were
consistent with the HFE PRM. However, the following concerns were
identified

role of procedures=

evaluation and demonstration of error tolerance to human failures=

The procedure issue has been resolved in general (see FSER Section 18.7) and
for validation in particular (see FSER Section 18.8.3.2.1, Scope). However,
Section 6.3.1 makes references that E0Gs and validation should include other
procedures as well, e.g., normal procedures, abnormal procedures, and alarm
response procedures. ABB-CE agreed and revised Sections 6.3.1 and 6.3.2 of
the plan to include the broader scope of operational conditions.

With respect to the evaluation and demonstration of error tolerance to human
failures, ABB-CE agreed to evaluate human errors which occurred during the
validation tests. However, the System 80+ design does not include the
specific error monitoring and checking features which this HFE PRM criterion
was intended to validate (i.e., the criterion is more appropriate to a more
advanced plant design). Thus, the staff determined that for an evolutionaryo) design, ABB-CE's approach to validation error analysis was acceptable.

(J\

Since the staff concerns were all addressed satisfactorily in the revised
plan, these criteria are satisfied.

Criterion: HFE PRM Criterion 5 states that the dynamic evaluations shall
evaluate HSI under a range of operational conditions and upsets, and shall
include

normal plant activities (e.g., startup, full power, and shutdown=

operations)

instrument failures (e.g., cafety system logic & control (SSLC) unit,*

fault tolerant controller (NSSS), local " Field Unit" for MUX system, MUX
controller (B0P), break in MUX line)

HSI equipment and processing failure (e.g., loss of VDUs, loss of data.
,

processing, loss of large overview display) !

transients (e.g., turbine trip, loss-of-offsite power, station blackout, ,
.

loss of all FW, loss of service water, loss of power to selected !

buses /CR power supplies, and SRV transients)
,

4

accidents (e.g., main steamline break, positive reactivity addition,*

control rod insertion at power, control rod ejection, ATWS, and various-
(qv; sized LOCAs)
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Evaluation: Draft plan Section 6.3.4.2 identified the scenarios identified
for validation. A total of 22 situations were defined which generally covered
the evaluation classifications defined by the HFE PRM criterion. Several
concerns were identified in the review of scenarios:

(1) Section 6.3.4.2, Emergency Operations - The staff expected that all
operations based on E0Ps and procedures that are based on System 80+
FRGs would be included in validation. While EPG- related scenarios were
addressed, the treatment of FRGs was incomplete. In discussion with the
staff, ABB-CE stated that ATWS and ESDE scenarios will be used to
address FRGs. This acceptably addressed the staff's concern.

(2) Section 6.3.4.2, Abnormal Operations - The staff expected that scenarios
reflecting (1) selected RCP failures, e.g., loss of seal cooling and
injection, seal failure (a known PWR operational issue, GI-23); and
(2) stuck open pressurizer relief valve (the TMI scenario) would be
included in the validation tests. Following discussion with the staff,
ABB-CE included these scenarios in Section 6.3.4.2 of the plan.

(3) Section 6.3.4.2, HSI and I&C Failure Sequences - Include scenarios
reflecting (1) loss of selected instrument failures (e.g., Lm,T T,p c
etc.), and (2) Loss of IPS0 in combination with emergency operations
events / transients. Following discussion with the staff, ABB-CE agreed
to consider the incorporation of the identified instrument failures when
a detailed V&V implementation plan is developed following certification
and is submitted for staff review as per the HFPP. This commitment has
been identified in Appendix B of the plan. In addition, one beyond-
design-basis I&C failure scenario (common mode I&C failure during a LOCA
incorporating a loss of DIAS-N, ESF-CCS, and PPS) has been added to
Section 6.3.4.2 of the plan. (The scenario was added subsequent to the
staff's review and documented in NRC internal memorandum dated June 25,
1993: ABB-CE's diversity analysis regarding operator response times, the
staff concluded that ABB-CE provided a basis for operator response time
estimates and that specific operator response time estimates are
acceptable.) This approach is acceptable to the staff since scenario
details are more appropriately addressed in the detailed implementation
plan.

(4) PRA critical actions - The staff was concerned that not all PRA critical
actions would be addressed in the defined scenarios. If not, construct
scenarios to validate the accomplishment of these actions. Following
discussion with the staff, ABB-CE agreed and moditled Section 6.3.5 of
the plan to assure that all PRA critical actions are addressed in
validation operational sequences.

(5) The staff was concerned that the system would not be validated for
tolerance to human error. This issue is discussed above with respect to
HFE PRM Criterion 4 (the first criterion discussed in this section) and
the staff agreed with ABB-CE's recommended approach to error evaluation.

Since the staff concerns were all addressed in the revised plan, these
criteria are ratisfied.

Criterion: HFE PRM Criterion 6 states that performance measures for dynamic
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evaluations shall be adequate to test the achievement of all objectives,
/f._T design goals, and performance requirements and shall include at a minimum

system performance measures relevant to safetya

crew primary task performance (e.g., task times, procedure violations)=

a crew errors
situation awarenessa

workload i
a

crew communications and coordination !
.

anthropometry evaluations=

physical positioning and interactions-

Evaluation: The staff was concerned that the draft plan did not specifically
identify the data to be collected or how it would be analyzed. For example,
no mention of system performance or task times was made. Since one of the
stated objectives of the tests is " validation of time response for credited
operator actions," it was expected that time would be measured. Sec-
tion 6.3.4.1 of the plan generally discussed the collection of information
related to a verbal protocol of operator actions and selected link analysis
type data, but no clear presentation of data to be collected is presented.
CESSAR-DC (Sections 18.9.2 and 18.9.3) discusses validation of anthropometrics
and the assurance of adequate perceptual and cognitive load, yet these are not

,

addressed by the draft plan.

Following discussion with the staff, ABB-CE agreed to address the staff's !
concerns in two ways. First, Section 6.3.4.3 of the plan was modified to

m define how data collection would be accomplished (via data event logging and

(v) subjective evaluation). Second, more detail regarding data specifications
will be provided in a detailed V&V implementation plan developed following
certification and is submitted for staff review as per the HFPP. This
commitment has been identified in Appendix B of the plan. This approach is
acceptable to the staff since validation test details are more appropriately
addressed in the detailed implementation plan. Hence, these criteria are
satisfied. ,

1

l

Criterion: HFE PRM Criterion 8 states that a verification shall be made that |
all critical human actions as defined by the task analysis and PRA/HRA nave ;
been adequately supported in the design. The design of tests and evaluations j
to be performed as part of HFE V&V activities shall specifically examine these ;

actions. "

Evaluation: See discussion under HFE PRM Criterion 5, Item 4 above regarding !

PRA critical actions. This criteria is satisfied.

Criterion: Implementation Plan Requirements for Methodology Specification
(relevant to validation). A cross-reference is provided to the appropriate
location where each item is discussed:

l
general objectives (HFE PRM criterion 4 above)

|
=

test methodology and procedures (see 1 and 2 below) !
*

|

(m') test participants (see 3 below) !
=

v
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test conditions (HFE PRM criterion 5 above)-

HSI description (see 4 below)-

performance measures and analysis (HFE PRM criterion 6 above) |
*

criteria for evaluation of results (see 5 below) l.

utilization of evaluations (see 6 below)=

l

documentation (see 7 below)
'

*

Evaluation: The HFE PRM general criteria address most of the significant
methodological considerations. The staff's review identified a number of
concerns.

(1) In general, the methodology is described at a very general level for the
purposes of a validation plan. The HFE PRM intention was for a plan
which described the details of the validation effort. ABB-CE agreed to
provide a more detailed V&V implementation plan to be developed follow-
ing certification that will be submitted for staff review as per the
HFPP. This approach is acceptable to the staff since validation test
details are more appropriately addressed in the detailef implementation
plan which can best be developed when the design becomes completed.

(2) The staff was concerned that use of "walkthrough" methodology implied
that the underlying plant dynamics would be absent from validation. The
absence of plant dynamics in validation would be inconsistent with the
staff's position regarding validation tests. ABB-CE revised the
referer.ce in Section 6.3.4.1 of the plan to the use of the walkthrough
methodology as a supplemental technique. Staff concerns regarding the
testbed were addressed in the discussion of HFE PRM Criterion 4 above.

(3) The plan stated that the participants will be " operations experts" who
are defined as " currently or formerly licensed reactor operators . . ."
The staff was concerned that a more detailed description of the number
of test participants and their qualification was needed for validation.
ABB-CE agreed to provide a more detailed V&V implementation plan to be|

' developed following certification that will be submitted for staff
review as per the HFPP. Test participant requirements have been

| identified as a required item in the implementation plan appendix
(Appendix B) to the plan. This approach is acceptable to the staff
since validation test details are more appropriately addressed in the
detailed implementation plan which can best be developed when the design
becomes completed.

(4) The HSI was defined as a dynamic mockup of the MCR consoles that
' simulates plant operational responses. The staff was concerned about

the ways in which the HSI might differ from the final design (in terms
of the HFE significant aspects, e.g., response times, COL-selected
equipment representations in displays, site-specific HSI characteris-'

tics). Following discussions with the staff, ABB-CE agreed that the
facilities will meet the applicable portions of the requirements in

,
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Sections 4.1 and 4.2 of ANSI 3.5. This position will achieve an

V(> acceptable facility testbed. Staff concerns regarding the testbed were
also addressed in the discussion of HFE PRM Criterion 4 above.

(5) With regard to criteria in Section 6.3.5 of the draft plan, the staff
review identified the following concerns:

(a) Operator errors made during scenarios should be examined to assess
system response and tolerance.

(b) The difference between the types of errors defined in la, Ib and
19 of the plan were unclear.

(c) The criteria for addressing human error focused on very specific
tasks, e.g., post-trip actions. Error evaluation should be
accomplished for all operator tasks in the validation exercises.

(d) As part of 2d, the criterion should include adequate work space
for procedure usage.

(e) Criterion 6c validates that operators can recognize an information
or control failure within 15 minutes. A technical basis for
15 minutes was not provided.

With respect to a and c above, the staff has found ABB-CE's treatment of human
error acceptable (see discussion under HFE PRM Criterion 4, Item 3 above).

A For b above, the description of errors in Section 6.3.5 of the plan has been
( v revised to clarify the ambiguous terminology.q)

With respect to d above, ABB-CE has stated that laydown space will be evalu-
ated as part of suitability verifications. Any issues related to laydown
space that are identified during verification will be identified addressed
through design modifications (as would any problem identified during V&V).
This approach to the evaluation of laykwn is acceptable.

With respect to (e) above, ABB-CE stated that the criterion was arbitrary and
was removed from the plan. Concern for prompt response will be addressed
through an evaluation of event logs and subjective evaluations. These details
will be addressed in the more detailed implementation plan to be provided for
staff review after certification.

(6) Utilization of results is discussed in Section 8 and is illustrated as
part of the V&V process in Figures 7.1 to 7.3. Issue identification,
resolution, and review are acceptably provided for in the process.

(7) Documentation is addressed in Section 7 of the plan. Each proposed V&V
activity will generate a report that documents the activity and which
will be reviewed by the design team (as per the HFPP). Each report is
described in more detail in the appropriate analysis section.

Since the staff concerns were all addressed in the revised plan, these
criteria are satisfied.,3,

'V) Additional Criteria: The staff review noted that there were issues raised
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during the review of other HFE PRM elements that were to be addressed in
validation. These are identified below

(1) Task Analysis:
,

(a) interference of maintenance activities associated with 1&C in the
MCR and operations

(b) maintenance work order management and equipment tagout. ABB-CE
has stated that most of this work will be done in the MCR, but
outside the main control space. However, there is a requirement j
to interact with CR operators and this interaction should be eval-
uated

(c) equipment, documentation and supplies required to support person-
nel during normal, abnormal, and emergency operations. An bpor-
tant consideration is how CR personnel will use paper procedures
in the CR. This includes considerations of task lighting, ease of
handling, and adequacy of laydown. Similar evaluations should
consider P& ids, TSs, and other operator aids

(d) operator awareness of the status of equipment under surveillance
test or repair

(2) HSI Design: It is the staff's position that the evaluation of the DPS
and DIAS alarm implementation under high-alarm conditions should be
specifically evaluated in validation.

,

Evaluation: These issues were not addressed in the draft plan. Following
discussions with the staff, ABB-CE has addressed the issues in the following
ways. With respect to Item la and b, Section 6.3.4.2 of the plan has been
revised to include basic maintenance tasks during normal operations. With
respect to Item Ic, the issues will be addressed during suitability analysis
and any concerns observed during validation testing will be noted. With
respect to Items Id and 2, requirements for their evaluation will be included
as part of the implementation in Appendix B of the plan.

Based upon these plan revisions, the criteria are satisfied.

18.8.3.2.7 Scheduling

Criterion: In the proposed resolution of the DSER, ABB-CE agreed to provide a
! schedule of V&V activities (as per the HFE PRM requirement in Element 1).

Evaluation: Scheduling is described in Section 7 of the plan. In Section 7.1
it states that availability verification can be accomplished "in parallel
with, before, or after suitability verification." The staff was concerned
that not all HSI changes resultino from availability verification would be
subject to suitability verificati3n. Following discussions with the staff,
ABB-CE modified Section 6.2.2 of the plan to state that all HSI items will be
verified as suitable. Based upon this plan revision, this criterion is
satisfied.

18.8.4 Verification and Validation Findings
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The ABB-CE approach to V&V has been reviewed and found acceptable. While theO present plan is lacking complete methodological detail, a more detailedQ implementation plan will be developed following design certification.
Requirements for the additional detail addressing staff concerns is provided
in Appendix B of the plan. This approach is acceptable to the staff since V&V
details are more appropriately addressed in a detailed implementation plan
which can best be developed when the design becomes completed.

)
1

18.9 Certified Design Description / Inspections, Tests, Analyses, and '

Acceptance Criteria t

18.9.1 Objectives

The objective of this review is to evaluate the System 80+ MCR ITAAC, remote !
shutdown room ITAAC, and control panels ITAAC against the requirements of
10 CFR Part 52.47(a)(1)(vi) and the HFE PRM. -

18.9.2 Methodology $

18.9.2 Material Reviewed

The fol wing ABB-CE documents were used in this review:
,

System 80+ ITAAC Section 12.2.1, " Main Control Room;" Section 2.12.2,*

" Remote Shutdown Room;" and Section 2.12.3, " Control Panels."

O
= Reference 15 of CESSAR-DC Section 18.10, LD-93-071, " System 80+ Submit-

tal #1 Design Descriptions and ITAAC," ABB-CE letter dated April 30, i

1993. |

Reference 13 of CESSAR-DC Section 18.10, LD-93-147, " System 80+ Informa-.

tion for Issue Closure," Attachment 1, " Response to Cross-Branch Chapter
18 Questions (October 4, 1991)," ABB-CE letter dated October 18, 1993. .!

18.9.T.? Review Scope

The scope of this review was centered on the following System 80+ ITAAC and
associated design descriptions: ITAAC Number 2.12.1, " Main Control Room;"
ITAAC Number 2.12.2, " Remote Shutdown Room;" and ITAAC Number 2.12.3, " Control
Panels."

The review focused on ensuring that significant features of the design
certification application contained in the CESSAR-DC are captured by the CDD.

18.9.c.3 Review Procedure '

IAs stated above, the staff's DSER review of the CESSAR-DC stated that ABB-CE- ;
must provide appropriate CR HF ITAAC, including DAC for portions of the design
not completed at the time of the final design approval. Further, the staff >

noted that the ITAAC and DAC should be consistent with the criteria described
in the HFE PRM. i

,I By letter dated April 30,1993 (Ref.15 of CESSAR-DC Section 18.10,
( LD-93-071), ABB-CE submitted to the NRC for review and approval ITAAC and ;

|
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associated design descriptions for the MCR, remote shutdown room, and control
panels.

The ITAAC and CDD were reviewed using the requirements of the HFE PRM and
Part 52. Staff comments were discussed with ABB-CE at the public meeting held
October 4 through 6, 1993. The resolution of staff comments is documented in
minutes of that meeting.

The following materials were consulted as part of the evaluation:

HFE PRM, forwarded to the Commission in SECY-92-299, dated August 27,=

1992.

Public meeting minutes from October 4 through 6, 1993, meeting between*

NRC and ABB-CE on ITAAC.
_

U.S. Nuclear Regulatory Commission (1992), " Draft Safety Evaluation.

Report, (NUREG-1492), Washington, D.C.

U.S. Nuclear Regulatory Commission (1993), " Form and Content for a-

Design Certification Rule" (SECY-92-287A), March 26, 1993, Washington,
D.C.

18.9.3 Results

18.9.3.1 General Scope

The review of the CESSAR-DC (through Amendment Q) using the HFE PRM led to the
staff's conclusion that the design and implementation process contained the
necessary and sufficient aspect of an HFE program to result in an acceptable
HSI design. The general guidance provided in SECY-92-287A was used to support
the CDD ITAAC and DAC review. ABB-CE's CDD was compared to the major HFE PRM
elements to determine whether they were captured. The following five elements
were excluded from ITAAC: Human Factors Engineering Program Management,
Operating Experience Review, System Functional Requirements Analysis, Alloca-
tion of Function, and Procedures Development. The first four exclusions were
allowed because the staff had previously reviewed and found acceptable
ABB-CE's documentation with respect to the first four of the identified HFE
PRM elements. HFE PRM Element 7, Procedures Development, has been identified
as a COL action item. This was found acceptable (see FSER Section 18.7). The
remaining HFE PRM elements - Task Analysis, Human-System Interface Design, and
Human Factors Verification and Validation - were addressed in the CDD and
ITAAC and DAC.

At the October 4 through 6,1993, public meeting, ABB-CE proposed to delete
| the control panels ITAAC. The basis for this proposal was that it was nearly
| wholly redundant with the MCR and RSR ITAACs. ABB-CE proposed acceptable
| disposition of the other control panel design commitments as follows. The

control panel configurati7n figure will be added to CESSAR-DC Chapter 18. The
control panel suitability is a part of the MCR and RSR suitability per design
commitment 3 in the respective ITAACs. The task execution control panel
design commitment will be in the MCR and RSR ITAACs (i.e., design commitment a
4). In addition, task analysis output is an input to the anilability g
inspection acceptance criteria of design commitment 2, as discussed in the
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| ,3 System 80+ V&V plan. The design description statement in the control panels
/ ITAAC regarding control panel seismic category was added to the MCR and RSRV; design descriptions. The staff found this approach and commitments accept-

abl e .

18.9.3.2 Level of Detail;
|

The ITAAC were evaluated to ensure that they accurately reflected the design
and implementation process and that they were at a level of detail consistent
with the staff's intent not to constrain the use of state-of-the-art, proven
technology at the time the HSI is designed (one of the stated intents of the
DAC concept). All necessary and sufficient ITAAC were identified based upon

'

;

comparison to the HFE PRM and no concerns were identified.

Therefore, the staff concludes that the design commitments in the HFE ITAAC
and DAC accurately summarize the Design Description for HFE; that the inspec- j
tions, tests, and analyses identified are acceptable methods for determining
whether the design commitments have been met; and that the acceptance criteria
are sufficient to establish, if they are met, that the design commitments have i
been met. !

18.9.3.3 Main Control Room Minimum Inventory

18.9.3.3.1 Discussion in the CESSAR-DC
1

ABB-CE's initial CESSAR-DC provided insufficient information about controls,
displays and annunciators to be utilized for the System 80+ CR, resulting in ap) )staff RAI. As part of the general resolution of the lack of CR detail, ABB-CE j>

V provided the detailed CR design implementation process, through which the {
specific controls, displays, and annunciators will be specified and designed.
However, in order to provide an initial set of controls, displays, and
annunciators for transient mitigation before design certification, ABB-CE
developed the inventory descriLd in CESSAR-DC Chapter 18. This inventory was
developed by analyzing the System 80+ EPGs and the important operator actions
specified as a result of the System 80+ PRA analysis. Subsequently, ABB-CE
described an additional fixed-position subset of these controls, displays, and
annunciators (i.e., a minimum inventory) for inclusion in the MCR ITAAC and i

design description (Table 2.12.1-1). This subset was also based on FTA data
and results, which supported ABB-CE's identification of important displays,
controls, and annunciators for EPG implementation.

ABB-CE submitted a letter (Ref. 13 of CESSAR-DC Section 18.10, LD-93-147),
describing the technical basis for the MCR ITAAC minimum inventory which
included (1) the criteria for inclusion of specific annunciators, displays, j
and controls, (2) the development method and scope of the minimum inventory, I

and (3) important operator actions identified through the PRA analysis I

including indications and controls required for each. The staff reviewed the
supplemental material provided and determined that it satisfactorily addressed
the staff's concerns with regard to development of the minimum inventory. The
staff's review of the issue is complete, and the minimum inventory of dis-
plays, controls, and annunciators is considered adequate.

18.9.3.3.2 Analysis
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18.9.3.3.2.1 Review Methodology

The staff reviewed the System 80+ FTA and supporting documentation to ensure
that the inventory provides a reasonable minimum set of fixed controls,
displays, and alarms to adequately implement the EPGs for the System 80+
design and account for the critical operator actions identified through the
System 80+ PRA effort.

The analysis methods used for this evaluation included:

(1) E0G Review: Selected steps of the EOGs were compared with the corre-
sponding portions of the FTA to determine accuracy and technical
validity of conclusions.

(2) PRA/ human reliability analysis (HRA) Review: The PRA/HRA was compared
with the set of critical operator actions identified in the supporting
technical material to determine whether significant human actions were
selected and if the analysis was correct.

(3) Summary Table Review: The summary Table 12.2.1-1 was compared with the
results of the FTA (e.g., available MCR I&C) for accuracy. The results
were further evaluated against the I&C requirements of RG 1.97 for
consistency.

ABB-CE's analysis process for the E0Gs provided a large amount of specified
equipment. Each step, caution, and note in the large body of EOGs was
separately reviewed, analyzed, and documented through an FTA approach. A
number of important controls, displays, and alarms were identified. Based on
discussions between the staff and ABB-CE, it was determined that the results
of the analysis would be provided in the form of an MCR ITAAC for use in the
CR design implementation process. This will help ensure that the important
indications, controls and alarms derived from the analysis are appropriately
implemented into the HSI design. The staff has determined that ABB-CE's
analysis process is acceptable.

18.9.3.3.2.2 General Results

(1) HFE Input

Although the inventory contains a list of key minimum displays, con-
trols, and alarms necessary to carry out operator actions associated
with the E0Gs, ABB M will need to identify and further define addi-
tional detailed characteristics of these displays and controls (e.g.,
ranges, scales, physical dimensions, and actual information presenta-
tion) during the detailed task analysis and HSI design efforts). The
staff finds that ABB-CE's HFPP, described in CESSAR-DC Section 13.4.2,
including the HSI design activities and availability and suitability
analyses will provide adequate assurance that these detailed character-
istics are defined and implemented. j

i

(2) Scope of the Inventory I

ABB-CE developed a minim:m set of fixed displays, controls, and alarms
required to mitigate transients and accidents associated with the EOGs
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and the PRA study results. It should be noted, however, that theh minimum inventory does not supersede other design requirements or
V commitments governing the full compliment of MCR instrumentation and

controls such as federally mandated requirements (10 CFR 50.34), system
I&C inventories, HFE tracking of open issues database, or additional
items identified through ABB-CE's FTA of normal and abnormal operations.
ABB-CE has adequately described the scope of the inventory as limited to
the E0Gs and the PRA study in Section 18.5.4 of the CESSAR-DC and has
modified the scope of the ABB-CE Human Factors V&V Plan (Sections 6.1.4
and Sections 6.1.5) to clarify this position. The staff reviewed the
revised V&V plan and found it acceptable.

18.9.3.3.3 Main Control Room Minimum Inventory Findings

The staff concluded that ABB-CE had developed an acceptable minimum set of
displays, controls, and alarms that will mitigate transients and accidents
associated with the E0Gs and the PRA sensitivity study results. The staff
determined that the discussion in Section 18.5.4 of Chapter 18, in the
CESSAR-DC satisfactorily addressed the staff's concerns with regard to

| development of the minimum inventory. The staff's review of this issue is
! complete, and the minimum inventory of displays, controls, and alarms is

considered adequate.

18.9.3.4 Remote Shutdown Room (RSR) Minimum Inventory

As part of the staff's review of the System 804 design certification material,

o) ABB-CE was requested to submit an inventory of displays, controls, and alarms

(d necessary to permit execution of the RSR operator tasks to place and maintain
the plant in a safe shutdown condition. In response to this request, ABB-CE
provided an inventory for inclusion in the RSR design description and ITAAC
(Table 2.12.2-1) . The staff reviewed the contents of Table 12.2.2-1 and finds
that it contains an adequate complement of displays, controls, and alarms
necessary to place and maintain the reactor in a safe shutdown condition.

18.9.4 CDD and ITAAC Findings

The staff concludes that the System 80+ design and implementation process for
HFE as described in the CDD and CESSAR-DC are acceptable. The Tier 2 commit-
ments described in the System 80+ CESSAR-DC and related (docketed) documents
provide methods and descriptions of the implementation of the Tier 1 require-
ments. The determination that the plant has been constructed in accordance
with the design certification will require the use of the information con-
tained in both the Tier 1 and Tier 2 documents. The Tier 2 material contained
in the following System 80+ CESSAR-DC sections were used to support the safety-
finding with regard to the design and implementation process:

Section 18.5, " Functional Task Analysis"-

Section 18.6, " Control Room Configuration"=

Section 18.7, "Information Presentation and Panel Layout Evaluation"=

Section 18.8, " Control and Monitoring Outside the Main Control Room"=

Section 18.9, " Verification and Validation"=

r

( Thus, as per SECY-92-287A, any change to the above CESSAR-DC section commit-
ments by the COL applicant would involve an unreviewed safety question and,
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therefore, would require NRC review and approval prior to implementation. Any
requested change to the subject CESSAR-DC section commitments shall either be
specifically described in the COL application or submitted for license
amendment after COL issuance.

18.10 Conclusions

The staff reviewed the HFE process described by ABB-CE in CESSAR-DC Section 18
and CESSAR-DC-referenced documents. Based on its review, the staff concludes
that the ABB-CE HFE program is acceptable and provides an acceptable framework
for the HSI design of the MCR, remote shutdown system, and related HSIs. The
basic design features of the System 80+ advanced CR were reviewed and found
consistent with human factors standards, guidelines, and principles, and
acceptable for use in the CR. In addition, the staff concludes that the
design commitments and the HFE ITAAC and DAC accurately summarize the minimum
HFE requirements for an acceptable design and verification / validation of the

| MCR and remote shutdown system. All previously identified DSER issues have
been adequately addressed and are resolved.

'

The staff finds that the HFE program described in CESSAR-DC Section 18 and
CESSAR-DC-referenced documents is acceptable and will result in acceptable HSI
designs for the MCR, remote shutdown system, and related applicable HSIs.

O

l
.

|

|

.
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Table 18.1 Chapter 18 DSER issues
,

\ Issue DSER FSER Section |
No. Issue Section Where Addressed i

I

13.1-1 The COL applicant refer- 13.1 13.1 )
encing the System 80+ '

Standard Plant Design will
be required to provide
site-specific information
at the COL phase described
in 10 CFR 52.79(b)

18.3.1 Human Factors Engineering 18.3.1 18.2.3.1
Program Plan

18.3.2 HFE Program Milestones and 18.3.2 18.2.3.1
Task Schedules

18.3.5 Design Goals 18.3.5 18.2.3.1

18.4 Operating Experience 18.4 18.3.3.1
Review

18.5.1 Identification and Trace- 18.5.1 18.2.3.1
,

ability of Human Factors
Requirements

18.5.2 Function Analysis 18.5.2 18.4.4.2p
18.6 Function Allocation 18.6 18.4.5.2

18.7 Task Analysis 18.7 18.5.3

18.8 Human-System Interface 18.8 18.6.3.3.1
Design

18.8.1 Shape Coding Used to 18.8.1.1 18.6.1.3.3
Prioritize Alarms

18.8.1.3 Flash Coding of Alarms 18.8.1.3 18.6.1.3.3

18.8.1.4 Size Coding of Alarms 18.8.1.4 18.6.1.3.3

18.8.1.5 Quantity and Types of 18.8.1.5 18.6.3.3.1
Information Encoded in the
Control Room

l 18.8.2 Additional Information 18.8.2 18.6
Required for Staff Review

18.9.1 Operational Support 18.9.1 18.7.3.1
Information Program

q Emergency Operations 18.9.2 18.7.3.118.9.2
Guidelines

( 18.10 Human factors Verification 18.10 18.8.3.1
( and Validation
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i

i

Issue DSER FSER Section
No. Issue Section Where Addressed

20.2-3 Issue I.C.1: ABB-CE 20.2 18.7.3.1
committed to modify EPGs )
ensuring compatibility ;

with System 80+ design

20.2-4 Issue 83 (Control Room 20.2 20.3
Habitability)

20.2-10 Issue I.A.l.4 (Long-Term 20.2 18.3.3.2.5
Upgrading of Operating 20.4
Personnel and Staffing)

20.2-11 Issue I.C.9 (Long-Term 20.2 18.3.3.2.5
Program for Upgrading 13.5
Procedures) 20.4

20.3-1 TMI Action Item I.A.4.2 20.3 18.3.3.2.5
(Simulator Capability) and 20.4
Item II.J.3.1 (Management
Plan for Design and
Construction Activities)

20.2-17 Issue 125.I.3 (Safety 20.2 18.3.3.2.5
Parameter Display System 18.6.1.3.4
Availability) 20.3

20.1-19 Issue B-17 (Criteria for 20.1 18.3.3.2.5
Safety-Related Operator 20.2
Actions)

20.2-21 Issue I.C.1 (Guidance for 20.2 18.3.3.2.5
Evaluation and Development 13.5
of Procedures for 20.4
Transients and Accidents)

20.2-22 Issue I.D.2 (Plant Safety 20.2 18.3.3.2.5
Parameter Display System 20.4
Console)

20.2-23 Issue I.D.4 (Control Room 20.2 18.3.3.2
Design Standard) 20.4

20.2-24 Issue I.D.5(1) (Control 20.2 18.3.3.2.3
Room Design - Improved 20.4
Instrumentation Research
Alarms and Displays)

20.2-27 Issue II.K.l.5 (Safety- 20.2 18.3.3.2.5
Related Valve Position 20.4
Description) i

1

el
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,4 _ _ _ . _ _.

O Issue DSER FSER Section
No. Issue Section Where Addressed

20.2-28 Issues I.D.3 and II.K.1.10 20.2 18.3.3.2.5
(Review and Modify Proce- 20.4
dures for Removing Safety-
'Related Systems from Ser-
vice)

20.2-29 Issue HF1.3.4c: MMI- 20.2 18.3.3.2.5
Operational Aids 20.5

Issue HF1.3.4d: MMI-Auto- 20.2 18.3.3.2.5
mation & Artificial Intel- 20.5
ligence

Issue HF1.3.4e: MMI-Com- 20.2 18.3.3.2.5
puters & Computer Displays 20.5

Issue HF1.4.4: Guidelines 20.2 18.3.3.2.5
for Upgrading Other Proce- 13.5
dures 20.5 -

Issue HF5.1: Local Con- 20.2 18.3.3.2.5 -

trol Station 20.5 '

Issue HFS.2: Review Cri- 20.2 18.3.3.2.5 ,

teria for Human Factors 20.5
Aspects of Advanced Core-s

trols & Instrumentation
Issue HF1.1: Shift 20.2 18.3.3.2.5
Staffing 20.5

Issue HF1.3.4a: MMI- 20.2 18.3.3.2.5 |
Control Stations 20.5

~

Issue HF1.3.4b: MMI- 20.2 18.3.3.2.5
Annunciators 20.5 '

,

I

e
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Table 18.2 Comparison of HFE PRM and the ABB-CE HFPP

ABB-CE Plan
NRC Review Model Component FSER Section

Purpose, Scope, and Organization 18.2.3.2.1 1.1, Appendix A

Goals and Objectives 18.2.3.2.2 1.2, 3, Appendix A

Management and Organization 18.2.3.2.3

Design Team and Organiza- 18.2.3.2.3.1 1.3.1
tion 18.2.3.2.3.2 1.3
Integration into Process 18.2.3.2.3.3 1.3.1.2, 7
Program Milestones 18.2.3.2.3.4 1.3.2, 7
Documentation 18.2.3.2.3.5 1.3.1.4
Subcontractor Efforts 18.2.3.2.3.6 Appendix A
Literature / Practices Review 18.2.3.2.3.7 Appendix A
Issue Tracking System

Technical Program 18.2.3.2.4 2 to 6, Appendix A

O

i

:

1
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i

i

( Table 18.3 Relationship between the HFE PRM and ABB-CE HFPP components

HFE FSER
PRM. HFPP STATUS SECTION

1 1 Generally consistent with the HFE PRM 18.2
2 2 Generally consistent with the HFE PRM 18.3
3 3* Generally consistent with the HFE PRM 18.4
4 3* Generally consistent with the HFE PRM 18.4
5 4 Generally consistent with the HFE PRM 18.5
6 5 Generally consistent with the HFE PRM 18.6
7 - See Procedure Element discussion 18.7
8 6** Generally consistent with the HFE PRM 18.8 i

7** Generally consistent with the HFE PRM 18.8
8** Generally consistent with the HFE PRM 18.8 1

* ABB-CE HFPP combines function requirements and allocation.
ABB-CE HFPP addresses V&V in components 6, 7, & 8. |

**

.

,

,

P

?

4

'
,

f

I

a

'

,

,
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Table 18.4 Resolution of HSI design DSER issue items

DSER ITEM FSER SECTION

18.8 18.6.3.3.1.1
18.8.1 18.6.1.3.1.3.1
18.8.1.3 18.6.1.3.1.3.2
18.8.1.4 18.6.1.3.1.3.3
18.8.1.5 18.6.3.3.1.2

18.8.2
a.1 18.6.2.3.2.2
a.2 18.6.2.3.2.4
a.3 18.6.2.3.2.4
a.4 18.6.2.3.2.4
a.5 18.6.1.3.1.3.4
a.6 18.6.1.3.1.3.4
a.7 18.6.3.3.1.3
b.1 18.6.1.3.1.3.5
b.2 18.6.1.3.1.3.5
b.3 18.6.3.3.1.4
b.4 18.6.1.3.1.3.5
b.5 18.6.3.3.1.4
b.6 18.6.3.3.1.4
b.7 18.6.3.3.1.4
b.8 18.6.2.3.2.1
b.9 18.6.2.3.2.1
b.10 18.6.2.3.2.1
b.11 18.6.2.3.2.1
b.12 18.6.2.3.2.1

0'
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O Table 18.5 DSER issue items
N|

DSER Item- Section

18.8.2

a.1 18.6.2.3.2.2

a.2 18.6.2.3.2.4

a.3 18.6.2.3.2.4

a.4 18.6.2.3.2.4

b.8 18.6.2.3.2.1

b.9 18.6.2.3.2.1
'

b.10 18.6.2.3.2.1
ib.11 18.6.2.3.2.1

b.12 18.6.2.3.2.1

1

1
1

i

|

),

r
I

\
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Table 18.6 Resolution of V&V DSER issue items

ITEM PLAN SECTION SER SECTION 18.8.3 l
-

a 7 2.7
|

b 6.3 2.6 I

c 6.1.2, 6.2.2, 6.3.2 2.1

d 6.1, 6.2 2.4, 2.5

e 6.3 2.6

f 6.3.4.2 2.6

g 6.3.4.1, 6.3.5 2.6

h not addressed 2.3

i 6.3 2.6

_ j (see Note 1) 2.6

k 6.3.5 2.6

1 6.1, 6.2, 6.3 2.3, 2.4, 2.5, 2.6

m not addressed (see Note 2)
n 6.3.5 2.6

o 6.3.4.2 2.6

Note 1. Operational definitions of " adequate" and " acceptable" are not
specifically addressed: However, the V&V methods provide criteria
that address what constitutes adequacy and acceptability.

Note 2. Operator aids are not specifically addressed, however, the identifi-
cation of aids should be accomplished through the V&V analyses.

O
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19 SEVERE ACCIDENTS7m
U Backaround

Federal regulations for the design, construction, licensing, and operation of
commercial nuclear power plants are defined in Chapter 1 of Title 10 of the
Code of Federal Regulations (CFR). The U.S. Nuclear Regulatory Commission
(NRC) evaluated the System 80+ design against these regulations, as documented
in the various chapters of this report. Compliance with Federal regulations
ensures that a nuclear p aer plant is safe enough to operate and will not
impose undue risk to the general public. Compliance with these regulations
also establishes the design basis of the plant.

However, the Commission also expects that new designs, like System 80+, would
achieve a higher standard of severe-accident safety performance than previous
designs. In an effort to provide this additional level of safety in the
design of advanced nuclear power plants, the NRC has developed guidance and
goals for designers to strive for accommodating events widch are beyond the
design basis of the plant or, in other words, beyond the requirements of
traditional Federal regulations. The nuclear industry, through the Electric
Power Research Institute (EPRI), has also recognized the need to establish a
higher standard for advanced designs. They have developed additional stan-
dards which designers should conform to events beyond the design basis of the
plant. These events are commonly referred to as " severe accidents."

When it was recognized that severe accidents needed further attention, the NRC
p evaluated generically, the capability of existing plants to tolerate a severe

accident.(v) It was found that the design-basis approach contained significant
safety margins for the analyzed events. These margins permitted operating
plants to accommodate a large spectrum of severe accidents. On the basis of
this information, the Commission, in the Severe Accident Policy Statement,
concluded that existing plants posed no undue risk to public health and safety
and that no basis existed for immediate action on generic rulemaking or other
regulatory changes for these plants because of severe-accident risk. For
operating plants in the long term, the NRC developed the Integration Plan for
Closure of Severe Accident issues (SECY-88-147), in which the NRC identified
the following necessary elements for closure'of severe accidents:

performance of an individual plant examination*

assessment of generic containment performance improvements (CPIs)a

improved plant operations=

a severe accident research program*

an external events program*

an accident management programa

Progress continues in these areas for operating plants.

For advanced nuclear power plants including both evolutionary and passive
designs, the staff concluded that vendors should address severe accidents
during the design stage to take full advantage of insights gained, by design-
ing features to reduce the likelihood that severe accidents would occur and,

f- in the unlikely occurrence of a severe accident, to mitigate the consequences.
( Incorporating insights and design features during the design phase has been
L

ABB-CE System 80+ FSER 19-1 June 1994



demonstrated to be much more cost effective than modifying existing plants.

Reaulatory Guidance

The NRC has issued guidance for addressing severe accidents. This guidance is
in (1) the NRC Policy Statement on Severe Reactor Accidents Regarding Future
Designs and Existing Plants, (2) the NRC Policy Statement on Safety Goals for
the Operations of Nuclear Power Plants, (3) the NRC Policy Statement on
Nuclear Power Plant Standardization, (4) 10 CFR Part 52, "Early Site Permits;
Standard Design Certification; and Combined Licenses for Nuclear Power
Plants," (5) SECY-90-016. " Evolutionary Light Water Reactor (LWR) Certifica-
tion Issues and Their Relationship to Current Regulatory Requirements," and
the corresponding staff requirements memorandum (SRM) dated June 26, 1990, and
(6) SECY-93-087, " Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor (ALWR) Designs," and the
corresponding SRM dated July 21, 1993. Whereas, the first three documents
provide guidance as to the appropriate course for addressing severe accidents,
10 CFR Part 52 contains general requirements for addressing severe accidents,
and the SRMs relating to SECY-90-016 and SECY-93-087 give Commission-approved
positions for implementing features for preventing severe accidents and
mitigating their effects.

In SECY-91-262, " Resolution of Selected Technical and Severe Accident Issues
for Evolutionary Light Water Reactor (LWR) Designs," the staff discussed two
options for proceeding with severe-accident rulemaking for the evolutionary
LWR designs through the individual design certification process or generic
rulemaking. In an SRM dated January 28, 1992, the Commission approved the
staff's recommendation to proceed with design-specific rulemakings through
individual design certifications to resolve selected technical and severe-
accident issues. The effect of these actions on the Sy; tem 80+ is that the
criteria specified for resolving severe-accident issues in SECY-90-016 and
SECY-93-087 will be incorporated into the System 80+ design certification
rulemaking as applicable regulations.

(1) S_evere-Accident Policy Statement

The Commission issued the Policy Statement on Severe Reactor Accidents
Regarding Future Designs and Existing Plants on August 8, 1985. The focus of
severe-accident issues in this policy statement was prompted by the NRC's
judgment that accidents of this class, which are beyond the traditional
design-basis events, constitute the major risk to the public associated with
radioactive releases from nuclear power plant accidents. A fundamental
objective of the Commission's severe-accident policy was to take all reason-
able steps to reduce the chances that a severe accident involving substantial
damage to the reactor core would occur and to mitigate the consequences of
such an accident, should one occur. This statement described the policy that
the Commission intended to use to resolve safety issues related to reactor
accidents more severe than design-basis accidents (DBAs). The main focus of
the statement was on the criteria and procedures the Commission intended to
use to certify new designs for nuclear power plants. Regarding the decision |

'process for certifying a new standard plant design, an approach the Commission
strongly encouraged for future plants, the policy statement affirmed the
Commission's belief that a new design for a nuclear power plant could be shown
to be acceptable for severe-accident concerns if it met the following criteria
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g and procedural requirements:

demonstration of compliance with the procedural requirements and.

criteria of the current Commission regulations, including the Three Mile
Island (TMI) requirements for new plants as reflected in the
10 CFR 50.34(f)

demonstration of technical resolution of all applicable unresolveda

safety issues and the medium- and high-priority generic safety issues,
including a special focus on assuring the reliability of decay heat
removal (DHR) systems and the reliability of both ac and de electrical
supply systems

completion of a probabilistic risk assessment (PRA) and consideration of=

the severe-accident vulnerabilities the PRA exposes along with the
insights that it may add to the assurance of no undue risk to public
health and safety

completion of a staff review of the design with a conclusion of safetya

acceptability using an approach that stresses deterministic engineering
analyses and judgment complemented by PRA

The Commission believed that an adequate basis existed from which to establish
an appropriate set of criteria. This belief was supported by the current
operating reactor experience, ongoing severe-accident research, and insights
from a variety of risk analyses. The Commission recognized the need to strike
a balance between accident prevention and consequence mitigation and in doing(q so expected that vendors engaged in designing new standard plants wouldb achieve a higher standard of severe-accident safety performance than they
achieved with their previous designs.

(2) Safety Goals Policy Statement

The Commission issued the Policy Statement on Safety Goals for the Operations
of Nuclear Power Plants on August 4, 1986. This policy statement focused on
the risks to the public from nuclear power plant operations with the objective
of establishing goals that broadly define an acceptable level of radiological
risk that might be imposed on the public as a result of nuclear power plant
operation. These are the risks from release of radioactive material from the
reactor to the environment from normal operations as well as from accidents.
The Commission established two qualitative safety goals that are supported by
two quantitative objectives. The qualitative safety goals follow:

Individual members of the public should be provided a level of protec--

tion from the consequences of nuclear power plant operation such that
individuals bear no significant additional risk to life and health, and

Societal risks to life and health from nuclear power plant operation*

should be comparable to or less than the risks of generating electricity
by viable competing technologies and should not be a significant
addition to other societal risks.

(
( The following quantitative objectives were to be used in determining achieve-
G ment of the above safety goals:
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The risk to an average individual in the vicinity of a nuclear powera

plant of prompt fatalities that might result from reactor accidents
should not exceed one-tenth of one percent (0.1 percent) of the sum of
prompt fatality risks resulting from other accidents to which members of
the U.S. population are generally exposed, and

The risk to the population in the area near a nuclear power plant of=

cancer fatalities that might result from nuclear power plant operation
should not exceed one-tenth of one percent (0.1 percent) of the sum of
cancer fatality risks resulting from all other causes.

This statement of NRC safety policy expresses the Commission's views on the
level of risks to public health and safety that the industry should strive for
in its nuclear power plants. The Commission recognizes the importance of
mitigating the consequences of a core-melt accident and continues to emphasize
such features as the containment, siting in less populated areas, and -

emergency planning as integral parts of the defense-in-depth concept associ-
ated with its accident prevention and mitigation philosophy. The Commission
approves use of the qualitative safety goals, including use of the quantita-
tive health effects objectives in the regulatory decisionmaking process.

(3) Standardization Policy Statement

The Commission issued the Policy Statement on Nuclear Power Plant Standardiza-
tion on September 15, 1987. The policy statement encouraged the use of
standard plant designs and contained information concerning the certification
of plant designs that are essentially complete in scope and level of detail.
The intent of these actions was to improve the licensing process and to reduce
the complexity and uncertainty in the regulatory process for standardized
plants. In relation to severe accidents, the policy statement expected
applicants for a design certification to address the four licensing criteria
for new plant designs as given in the Commission's Severe-Accident Policy
Statement.

(4) 10 CFR Part 52

The Commission issued 10 CFR Part 52, "Early Site Permits; Standard Design
Certifications; and Combined Licenses for Nuclear Power Plants," on
April 18, 1989. This rule provides for issuance of early site permits,
standard design certifications, and combined licenses with conditions for
nuclear power reactors. It states the review procedures and licensing
requirements for applications for these new licenses and certifications and
was intended to achieve the early resolution of licensing issues and enhance
the safety and reliability of nuclear power plants. Relating to severe
accidents, 10 CFR Part 52 codified some of the guidance in the Severe-Accident
Policy Statement and the Standardization Policy Statement. Specifically,i

10 CFR 52.47 requires an application for design certification to:

demonstrate compliance with any technically relevant portions of the THI=

requirements given in 10 CFR 50.34(f)

propose technical resolutions of those unresolved safety issues and=

medium- and high-priority generic safety issues which are identified in
|

the version of NUREG-0933 current on the date 6 months prior to applica-
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tion and which are technically relevant to the design

contain a design-specific probabilistic risk assessment=

(5) SECY-90-016. " Evolutionary Licht Water Reactor (LWR) Certification
Issues and Their Relationship to Current Reaulatory Reauirements"

On January 12, 1990, the NRC staff issued SECY-90-016 in which it requested
Commission approval for staff recommendations concern bg proposed departures
from current regulations for the evolutionary LWRs. The i:: sues in SECY-90-016
were significant to reactor safety and fundamental to the NRC decision on the
acceptability of evolutionary LWR designs. The positions in SECY-90-016 were
developed as a result of (1) the NRC's reviews of current-generation reactor
designs and evolutionary LWRs; (2) consideration of operating experience,
including the TMI-2 accident; (3) results of PRAs of current-generation
reactor designs and the evolutionary LWRs; (4) early efforts conducted in
support of severe-accident rulemaking; and (5) research to address previously
identified safety issues. The following preventive feature issues addressed
in SECY-90-016 relating to the System 80+ were: anticipated transient without
scram (ATWS), station blackout (SB0), fire protection, and interfacing-systems
loss-of-coolant accident (ISLOCA). The following mitigative feature issues
addressed in SECY-90-016 relating to the System 80+ were: hydrogen generation
and control, core-concrete interactica:: (CCIs) - ability to cool core debris,
high-pressure core melt ejection, containment performance, and equipment
survivability. The Commission approved some of the staff positions stated in i

SECY-90-016 and modified others in an SRM dated June 26, 1990.

O (6) SECY-93-087. " Policy. Technical. and Licensina Issues Pertainino to
Evolutionary and Advanced Liaht-Water Reactor (ALWR) Desians"

P

On April 2, 1993, the NRC staff issued SECY-93-087 in which it sought Commis-
sion approval for staff positions pertaining to evolutionary and passive LWR

'design certification policy issues. This paper was an evolution of
SECY-90-016. For the majority of the severe-accident-issues identified in
SECY-90-016, the positions in SECY-93-087 remained the same. Relative to the
following two issues from SECY-90-016, the staff concluded that better
definition of acceptance criteria was needed: CCIs - the ability to cool core
debris (core debris coolability) and high-pressure core melt ejection. One
additional containment performance issue, containment bypass potential
resulting from steam generator tube ruptures (SGTRs), was identified in ,

SECY-93-087. The Commission approved some of the staff positions from
SECY-93-087 and modified others in an SRM dated July 21, 1993.

Severe-Accident Resolution

The current basis for resolution of severe accident issues for the System 80+
,

is 10 CFR Part 52, SECY-90-016, and SECY-93-087. The CFR (10 CFR Part 52)
requires (1) compliance with the TMI requirements in 10 CFR 50.34(f),
(2) resolution of unresolved safety issues and generic safety issues, and ,

(3) completion of a design-specific probabilistic risk assessment. The staff I

evaluates these criteria in Sections (1) 20.3, (2) 20.1 and 20.2, and (3) 19.1 :

of this report, respectively. |

V SECY-90-016 and SECY-93-087 form the basis for the staff's deterministic
!
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evaluation of severe accident performance for the System 80+. The staff
evaluates the System 80+ relative to these criteria in Section 19.2 of this
chapter.

19.1 Probabilistic Safety Assessment

EXECUTIVE SUMMARY

The staff has completed the review of the System 80+ design probabilistic risk
assessment (PRA) submitted by Asea Brown-Boveri-Combustion Engineering
(ABB-CE) as part of its application to certify the System 80+ design under
10 CFR Part 52. ABB-CE submitted a Level 3 PRA (i.e., the PRA-calculated core
damage frequencies (CDFs) as well as conditional containment failure probabil-
ities and offsite consequences) for operation at power that addresses internal
initiating events. The PRA also evaluated risk from external events (seismic,
internal flood, internal fire, and tornado), as well as risk, for low-power
and shutdown operation.

The staff broadened its review to encompass those safety insights that a PRA
can reveal about the design, in addition to the conventional emphasis on
quality and completeness of the analyses in the PRA. The staff reviewed the
quality of the PRA submittal by evaluating the models, techniques, method-
ologies, assumptions, data, and calculational tools that ABB-CE used. In
addition, it checked the PRA for completeness by comparing it with risk
analyses performed for current-generation plants that had similar design
characteristics. It used reported PRA results, as well as results of sensi-
tivity, uncertainty and importance analyses, to focus the review. A sharper
focus was also achieved by using PRA experience in the review process. The
staff used applicable insights from previous PRA studies about key parameters
and design features controlling risk. It also placed a special emphasis on
PRA modeling of novel features in the design. The staff adopted this new
review approach to support the multiple pre- and post-certification uses of
the PRA in the 10 CFR Part 52 design certification and licensing processes.
Examples are: (1) use of PRA to identify design vulnerabilities; (2) provi-
sion of PRA-based input to inspection, testing, analyses, and acceptance
criteria (ITAACs); and (3) design reliability assurance program (D-RAP) and
operational reliability assurance process (0-RAP). In this regard, this new
approach is consistent with the objectives and intent of 10 CFR Part 52.

The PRA findings and insights about the System 80+ design which resulted from
the staff's review are reported in this chapter. Specifically, the following
are discussed: (1) the special evolutionary " preventive" and " mitigative"
features that have been incorporated into the System 80+ design (Sec-
tion 19.1.2), (2) major safety insights from the internal events analysis for
operation at power (Section 19.1.3), (3) major safety insights from the
external events analysis for operation at power (Section 19.1.4) include
insights from the PRA-based seismic margins analysis (SMA) (Section 19.1.4.1),
the internal fires analysis (Section 19.1.4.2), the analysis for internal
flooding (Section 19.1.4.3), and the tornado strike analysis (Section
19.1.4.4), (4) major safety insights for operation at low power and during
plant shutdown (Section 19.1.5), (5) the staff's evaluation on the use of PRA
in the design process (Section 19.1.6), and (6) PRA input to the design
certification process (Section 19.1.7). These PRA-based findings and insights
are summarized below.
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Special Evolutionary " Preventive" and Mitiaative" Desian Features

V The several special features and their functions are qualitatively discussed
first. These design features were introduced into the System 80+ design for
the purpose of reducing the CDF and the conditional containment failure
probability (CCFP) from internal events (as compared to System 80 design and
currently operating nuclear power plants). It should be noted that this
introductory discussion is not based solely on PRA findings or insights.

The larger pressurizer and steam generators (SGs) in the System 80+ design
make the plant's response to transients slower and less severe (e.g., lower
temperature and pressure peaks are reached), thus contributing to the preven-
tion and mitigation of transients by reducing the number of plant transients
and arresting their progression once started. The incorporation of shutdown
cooling system (SCS) pumps that are functionally interchangeable with the
containment spray system (CSS) pumps contributes to the increased availability
of these two important front-line systems to perform their intended functions.
The multiple independent connections to the offsite electrical grid combined
with the turbine-generator runback capability to maintain hotel loads contrib-
ute to the reduced frequency of loss of offsite power (LOOP) initiating
events. The provision of two EDGs (each with dedicated batteries) and a
standby combustion turbine generator (CTG) combined with the provision for six
vital batteries contribute to the high reliability of the emergency ac and de
power sources that reduce the frequency of SB0 sequences. The use of separate
startup and emergency feedwater systems (EFWSs) help reduce the demands on the
EFWS. In addition, the four-train dedicated safety EFWS (two motor-driven and
two turbine-driven pumps) provides redundancy which rMuces the failure

(n) probability of secondary-side heat removal. The use of two turbine-driven
(./ pumps for supplying emergency feedwater (EFW) to the SGs helps reduce the CDF

of SB0 sequences. The four-train safety injection system (SIS) increases the
reliability of this system to levels above those for current-generation
pressurized-water reactor (PWR) plants by: (1) decreasing the system's
unavailability due to outages (testing, repair, maintenance, etc.);
(2) eliminating the low-pressure pumps, thus eliminating the failures to start
for these pumps; and (3) eliminating the need to realign the suction of the
pumps.

The incorporation of the rapid depressurization (RD) capability into the
safety depressurization system (SDS) provides a manual safety-grade means of
rapidly depressurizing the reactor coolant system (RCS) so that the SIS can be
actuated for feed-and-bleed operation, when the long-term DHR fails via either
the SCS or the SG secondary-side heat removal. The System 80+ PRA shows that
this is a very important feature which helps reduce the failure probability of
long-term DHR. In addition, the RD function of the SDS also serves a mitiga-
tive function. Specifically, the actuation of the SDS, before the core debris
penetrates the vessel, can reduce or eliminate the potential for direct
containment heating (DCH) and large hydrogen combustion events at vessel
breach and thus can reduce the probability of early containment failure.

The in-containment refueling water storage tank (IRWST) eliminates the need
for switching over from the injection mode to the recirculation mode during ,

emergency core cooling operations. The IRWST is also important to the j
/o progression of a severe accident within the containment because of its ability |

C). to reduce containment pressure (through steam condensation when releases are
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into the IRWST), to reduce fission-product release (through pool scrubbing),
and reduce the probability of CCI through reactor cavity flooding. The large
spherical steel containment, in addition to the high-pressure capacity,
improves containment atmospheric mixing and dilution of postaccident hydrogen
gases, thereby reducing the potential for developing detonable concentrations
of hydrogen under severe-accident conditions.

The System 80+ reactor cavity design is such that only a small fraction of the
core debris discharged from the reactor vessel in a high-pressure vessel
breach would be dispersed to the upper compartment of the containment, thereby
reducing the potential for containment failure from DCH. The reactor cavity
is also designed to enhance ex-vessel debris coolability, by providing a large
floor area for debris spreading and a dedicated system for flooding the
reactor cavity and debris with water. Finally, the design incorporates an
ignition system to promote combustion at lean hydrogen concentrations and
minimize the potential for large deflagrations or detonations.

Ha.ior Safety Insiahts From the Internal Events PRA for Operation at Power

ABB-CE estimated the CDF from internally initiated events at approximately
42 x 10 / year. This is approximately 50 times smaller than the CDF estimate

for the System 80 design from which the System 80+ design has evolved. For
System 80, LOOP including SB0 (LOOP /SBO) essentially dominates the CDF profile
from internal events (~46 percent of total CDF). This is not the case for
System 80+, for which the contribution from LOOP /SB0 is ~2 percent. This
decrease is due to the following System 80+ design features: (1) two physi-
cally separate and electrically independent switchyards, (2) turbine-generator
runback (steam bypass) capability to maintain hotel loads on a loss of grid,
(3) addition of the standby CTG (onsite alternate ac (AAC) power source), (4)
the six Class lE 125-V batteries with over 8-hour SB0 coping capability, and
(5) four-train EFWS, including two turbine-driven pumps. For the System 80+,
the LOCA categories of initiating events (-37 percent contribution) and the
" transient" events category (~35 percent contribution) are leading contribu-
tors to the total CDF from internal events. They are followed by the SGTR
event (~17 percent) contribution. The largest reductions in CDF with respect
to the System 80 design are associated with sequences initiated by LOOP,
" transients," small LOCAs, and SGTR events (the specific evolutionary features
that contributed to these reductions are listed in Section 19.1.3.1.2 of this
chapter).

An uncertainty analysis was performed to determine the magnitude of uncertain-
ties that characterize the CDF estimates as well as the major contributors to

these uncertainties. Only uncertainties associated with reliability and
availability data were considered. Modeling uncertainties, which are general-
ly not considered in PRA studies, were not accounted for. Insights from the
uncertainty analysis indicate that no large data-related uncertainty is
associated with the total (internal events) CDF estimate. Most of the major
contributors to the dominant accident sequences (and total CDF) have relative-
ly small data-related uncertainties associated with them. Exceptions are:
(1) operator failure to perform an " aggressive secondary cooldown" to
depressurize in order to use the low-pressure SCS for injection when the SIS
fails during a LOCA or SGTR event; (2) operator failure to initiate feed-and-
bleed operation to provide an alternate DHR path when heat transfer through
the SGs or the SCS is unavailable; and (3) common-cause failure (CCF) of all
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SIS pumps to start.g

An importance analysis was performed that addressed two general objectives:
(1) insights on risk reduction and (2) insights on safety or reliability
assurance. The first objective was achieved by the identification and ranking
of systems, structures, and components (SSCs), as well as human actions and
initiating events that are major contributors to the estimated CDF from
internal events (i.e., having high " risk reduction worth"). This ranking was
very useful in the design and design certification processes. ABB-CE identi-
fied the areas in which plant risk could be reduced by design changes and
operational requirements, such as improved testing and maintenance for SSCs
and improved training and procedures for human actions. The second objective
was achieved by the identification and ranking of SSCs as well as human
actions which are the major contributors to maintaining the " built-in" safety
level of the System 80+ design (i.e., having high " risk achievement worth").
This ranking was very useful in identifying areas in which it is particularly
important to implement the design and operational requirements assumed during
the System 80+ design development and design certification processes (such as
ITAAC, D-RAP, 0-RAP, technical specifications (TS), operator training and
procedures) to avoid unacceptable risk increases.

Insights from the importance analysis show that events which would decrease
significantly the built-in safety level of the System 80+ design (i.e., those
associated with SSCs or human actions having high " risk achievement worth")
are hardware CCFs and human errors. This is due to the redundancy and
diversity of the System 80+ safety systems, which ensure that single component
hardware failures are not among those events whose occurrence would have a

[g large impact on the CDF from internal events. CCFs of sets of components with
large impact on the estimated CDF, i.e., sets of components with high risk'

achievement worth are (1) electrical distribution system (EDS) components,
such as 125-V de Class IE buses, the 480-V ac load transformers, and the
4.16-kV Class IE buses, (2) EFWS components, such as the distribution line
check valves and the pump discharge check valves, (3) SIS components, such as
the safety injection (SI) line check valves and isolation valves, and the SIS
pumps, (4) SDS components, such as the RD (" bleed") valves and the Class lE dc
power source (through dedicated dc-ac inverters), and (5) SCS components, such
as the discharge check valves and the motor-operated isolation valves.
Operator errors found to have a large impact on the estimated CDF (i.e.,
errors associated with operator actions having high risk achievement worth) ,

are: (1) operator failure to initiate hot-leg injection to prevent boron
crystallization during a medium or a large LOCA; (2) operator failure to align I

the condensate storage tank (CST) to the emergency feedwater storage tanks i

(EFWSTs) to provide makeup water and to continue DHR from the reactor core;
and (3) operator failure to initiate primary feed-and-bleed operation when j

secondary heat removal is unavailable. Single-component failures which have a
significant impact on the estimated CDF, i.e., single components with signifi-
cant risk achievement worth are those of a manual isolation valve and a check
valve in the line between the CST and the EFWSTs.

I

Insights from the importance analysis show that failures of components
associated with the following events are major contributors to the estimated j

CDF from internal events (i.e., they have the highest risk reduction worth): i,-

V).
(1) initiating events, such as loss of main feedwater, medium and small breaks(
(LOCAs), and SGTRs, (2) CCF of the SIS injection line check valves, (3) CCF of
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the EFWS pump check valves or the EFWS distribution line check valves, and (4)

,

CCF of the RD (" bleed") valves. In addition, operator actions with highest
" risk reductica worth" are (1) performance of an " aggressive secondary

,

cooldown" when SIS is unavailable during a small LOCA or an SGTR accident and
(2) initiation of primary feed-and-bleed operation when secondary heat removal
is unavailable.

ABB-CE performed sensitivity analyses to determine the sensitivity of the
estimated CDF to potential biases in numerical values, potential lack of
n:odeling details, and to previously raised issues. An insight drawn from the
sensitivity analyses is that although the estimated CDF is less sensitive to
human error probabilities than operating reactor designs, it is still very
sensitive to operator actions which are carried out outside the main control
room (MCR) during an accident. Another insight is that the estimated CDF is
very sensitive to several CCF probabilities. This underlines the importance
of those design features and operational requirements that aim at preventing
CCFs, such as divisional separation, diversity of some redundant components,
and appropriate maintenance programs. The CDF estimate for the System 80+
design is not very sensitive to reasonable changes in single-component failure
probabilities or initiating event frequencies. This is a consequence of the
redundancy and diversity built into the System 80+ design. Sensitivity
analysis indicates that the CDF estimate is not sensitive to the probability
of a reactor coolant pump (RCP) seal failure after an SB0 or loss-of-cooling-
water event. This results from the reduced likelihood of SB0 events and from
the increased reliability of RCP seal cooling for the System 80+ design as
compared to operating reactor designs. Finally, sensitivity analysis indi-
cates that the System 80+ CDF estimate is not very sensitive to increases in
failure rates of metor-operated valves (M0Vs).

The results of the Level 2 and 3 portions of the System 80+ PRA show that the
System 80+ containment is quite robust and able to accommodate severe-accident
challenges with a low attendant probability of containment failure. In
assessing the probability of containment failure, two alternative definitions
of containment failure were considered: (1) loss of containment structural
integrity and (2) releases which result in doses of 0.25 Sv (25 rem) (whole
body) or greater at 0.8 km (0.5 miles) from the reactor. Using the structural
integrity definition of containment failure, the conditional CCFP for the
System 80+ is approximately 11.7 percent for internal events and 11.4 percent
when tornado strike events are added to the internal events. In ABB-CE's
analysis, many of the containment failures are associated with containment
basemat melt-through and occur well after 24 hours. If such sequences are
ignored, the CCFP would be approximately 4.3 percent (for internal plus
tornado strike events). If doses in excess of 0.25 Sv (25 rem) are considered
to constitute containment failure (i.e., the dose definition of containment
failure), then the CCFP would be 2.7 percent.

The staff concludes that the estimated CCFP for the System 80+ design conforms
to the Commission's containment performance goal (CPG) (i.e.,10 percent).
Specifically, within the 24-hour period after core damage, which is the focus
of the CPG, the probability of containment failure (using either the structur-
al integrity or the dose definition of containment failure) is below the goal.
However, the CCFP is somewhat higher than the goal (11 percent) when failures

,

beyond 24 hours are included and the structural integrity definition of l
failure is used. The CCFP remains less than the goal when the EPRI-based dose I

ABB-CE System 80+ FSER 19-10 June 1994

-- - - _ - _ _ _. _ _- -



definition of failure is used (2.7 percent). In SECY-90-016, the staff stated
(n) that in view of the low probability of accidents that would challenge the

V integrity of the containment, the CCFP for evolutionary designs should not
exceed "approximately" 0.1 (10 percent). Furthermore, in the related SRM, the
Commission directed the staff that the CCFP objective of 0.1 should not be
imposed as a requirement in and of itself. In view of the approximate nature
of the CPG, the recognition that PRA results, particularly bottom-line
numbers, contain considerable uncertainties, and the fact that the majority of
containment failures reflected in the 11-percent CCFP estimate are late
containment basemat melt-throughs rather than releases to the atmosphere, the
staff concludes that the System 80+ design satisfies the Ccamission's CPG.

On the basis of the Level 3 PRA, the estimated total risk to the public posed
by the for System 80+ design is quite small. ABB-CE's analysis indicates a
total dose of about 17 person-rem over a 60-year plant life. Total risk is
dominated by events which lead to bypass of the containment (primarily SGTR
events), and early containment failure. This is consistent with results from
PRAs for operating plants.

Maior Safety Insiahts from the External Events PRA for Ooeration at Power

System 80+ is designed to withstand a 0.3 g safe-shutdown earthquake (SSE).
Since the analyses used in designing the capability of SSCs to withstand the
SSE contain significant margin, it is expected that a plant built to withstand
the SSE actually will be able to withstand a much larger earthquake. A PRA-
based margins analysis systematically evaluates the capability of the designed
plant to withstand earthquakes without sustaining core damage, but does notb) estimate the CDF from seismic events. The margins analysis is simply a

V somewhat conservative method for estimating the " margin" above the SSE, that
is, how much larger than the SSE an earthquake must be before it compromises
the safety of the plant.

The czpability of a particular SSC to withstand beyond-design-basis earth-
quakes is measured by the value of the peak ground acceleration (g-level) at
which there is a high confidence that the particular SSC will have a low
probability of failure (HCLPF). The HCLPF capacity of a certain SSC corre-
sponds to the earthquake level at which, with high confidence (95 percent), it
is unlikely (probability less than 5 x 10'2) that the SSC will fail. An HCLPF
value for the entire plant is determined by finding the lowest sequence HCLPF
that leads to core damage. It is a measure of the capability of the plant to
withstand beyond-design-basis earthquakes without sustaining core damage. The 1

plant HCLPF value, which is assessed from the SSC HCLPF values, has units of !

acceleration. The NRC has indicated that it expects that a plant truly
designed to withstand a 0.3 g SSE should have a plant HCLPF at least 1.67
times the SSE (i.e., 0.5 g). The margins analysis has shown that the System
80+ design meets (and exceeds) the 0.5 g HCLPF value expectation.

.

The PRA-based SMA, performed by ABB-CE and reviewed by the staff, identified |

31 sequences that lead to core damage. In all of these sequences, offsite '

power is lost. The most important sequence involves the seismic gross
structural failure of the containment (HCLPF value of 0.73 g). If random
failures and human errors are not taken into account (i.e., when cutsets,\

[ d estimated by ABB-CE to be 0.73 g.
containing seismic failures only are considered), the plant HCLPF value was

Since the plant HCLPF value can be lower
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when certain random failures (or human errors) occur simultaneously with the
seismic failure of certain SSCs, cutsets containing both seismic and non-
seismic failures were examined to find out if there were any cutsets with a
combination of HCLPF below 0.5 g and random (or human errors) greater than

41 x 10 The most significant cutset was identified to be the product of two.

events: (1) seismic failure of the standby CTG (which has an HCLPF value of

0.36 g)2) .and (2) random failure of both EDGs (which has a probability of about1 x 10' ABB-CL performed sensitivity analyses to evaluate the effects of
changes in certain assumptions used in the analysis, for example, HCLPF values
for key SSCs and changing of the site conditions from rock to various soil
types. These analyses are helpful in determining which SSCs should be added
to the D-RAP and 0-RAP. The margins analysis pointed out the need for the
standby CTG to be procured and installed with a robust capability to withstand
seismic events. The same analysis showed the importance of minimizing random
failures and unavailabilities of both EDGs.

ABB-CE performed a " scoping" quantitative risk analysis for internal fires in
conjunction with a qualitative fire analysis to search for design vulnerabili-
ties and to identify important safety insights and assumptions about the
design needed to support certification requirements, such as ITAACs. This
scoping analysis considered fires in the nuclear annex and the station service
water / component cooling water (SSW/CCW) building. Fires in the MCR or in the
containment were examined separately using both qualitative and quantitative
arguments. The staff finds that the System 80+ design has significant
robustness to prevent and mitigate severe accidents initiated by fires and
should result in a plant with superior capabilities to prevent and mitigate
fires compared to operating nuclear power plants. The most important design
features contributing to the reduced likelihood of a fire leading to core
damage in the System 80+ design, as compared to operating plants, are: (1) a
reinforced-concrete wall between the two safety divisions that serves as a
floor-to-ceiling barrier rated for at least a 3-hour fire with no doors up to
elevation 70 ft; (2) the capability of using the remote shutdown panel to
respond to a transient or accident (in the unlike event of a fire in the MCR
requiring its evacuation); (3) elimination of the cable spreading room; and
(4) 3-hour-rated fire barriers that are seismic Category I and are made of
reinforced concrete with doors that automatically close and are alarmed in the
MCR.

ABB-CE performed a scoping quantitative risk analysis for internal floods in
conjunction with a qualitative flood analysis to search for design vulnerabil-
ities and to identify important safety insights and assumptions about the
design needed to support certification requirements, such as ITAACs. The most
important features which contribute to the reduced likelihood of a flood
leading to core damage in the System 80+ design, as compared to operating
plants, are (1) the use of only closed cooling water systems in the nuclear
annex (there is no cross-connection between the divisions of the component
cooling water system (CCWS)), (2) the reinforced-concrete wall between the
divisions in the nuclear annex that has no doors or passages below elevation
70 ft, (3) flood barriers between the quadrants in the subsphere to help limit
internal floods to one quadrant, (4) only limited sources of water within the
nuclear annex and no paths through which water from external " unlimited"
sources can enter the nuclear annex or reactor building (RB), and
(5) reinforced concrete walls in the SSW/CCW structure separating divisions to
protect against interdivisional floods.
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ABB-CE assessed the System 80+ CDF from tornados and estimated it to be about

G 3 x 10'7 per year. It was conservatively assumed in the analysis that a ,

tornado strike event at the site would result in (1) a LOOP with a duration
greater than 24 hours, (2) the loss of the turbine-generator runback capabili-
ty to pick up hotel loads, and (3) the loss of the non-safety-grade CTG. The

implication of these assumptions is that, after the tornado strike, the EDGs
are required to operate for at least 24 hours. Important design features
contributing to the lower CDF from tornados for System 80+, as compared to
operating nuclear power plants, are (1) no safety-related equipment in the
turbine building, (2) use of reinforced concrete for the station service water
(SSW) intake structure, and (3) two EFWSTs, the primary sources of EFW for
DHR, which are located in the nuclear annex (a reinforced-concrete structure)
and below grade level. An important safety insight gained from the tornado
analysis is that " blockage of the service water intake flow by tornado-
generated debris" is a major contributor to risk from tornados. The COL
applicant should evaluate the vulnerability of the SSC intake structure to
tornado-generated debris. This is COL Action Item 19-1.

Ma.ior Safety insiahts From the Risk Analysis for low Power and Shutdown (LP&S)
Operation

ABB-CE assessed the risk associated with LP&S operation for Mode 4 (hot
shutdown), Mode 5 (cold shutdown), and Mode 6 (refueling) for internal fires,
internal floods, and other internal events. The major objectives were:
(1) identify design and operational vulnerabilities related to LP&S operation
and (2) identify risk-important design features, plant configurations, human
actions, and operational requirements. The System 80+ design CDF from

9 approximately 6 x 10"7
internally initiated events, during shutdown operation, was estimated to be

/ year. With respect to initiating events, LOOP is the
leading contributor to the estimated CDF (~39 percent), followed by loss of
DHR (~36 percent) and LOCA (~25 percent). With respect to plant configura-
tions, the leading contributor is Mode 5 with reduced inventory (~48 percent
contribution), followed by Mode 6 with the IRWST empty (~30 percent contribu-
tion). The third leading contributor (~20 percent contribution) is the plant
configuration which includes Modes 4 and 5 with normal inventory and Mode 6
with the IRWST full (primarily due to the increased likelihood of LOOP because
of the long interval spent in this configuration).

The following are important factors contributing to the decrease or elimina-
tion of vulnerabilities in the System 80+ design during shutdown operation, as
compared to currently operating nuclear power plants: (1) defense-in-depth
approach that provides alternative means for maintaining coolant inventory and
removing decay heat during a LOCA or a loss-of-shutdown-cooling (loss-of-DHR)
event, (2) design features and operational requirements for preventing and
mitigating LOOP /SB0 events, (3) COL requirements for minimizing risk associat-
ed with human errors through appropriate outage management, administrative
controls, procedures, training, and krowledge of plant configuration, and (4)
COL requirements for configuration control to ensure the integrity of fire and
flood barriers between areas in the same division (e.g., quadrants) where
systems comprising the alternate shutdown success paths are located.

Important design features and operational requirements for defense in depth

G whose pumps are identical to and functionally interchangeable with the CSS
during shutdown are (1) two separate and independent divisions of the SCS
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pumps (this characteristic contributes to the increased availability of these I

two systems, as compared to operating reactor designs, to maintain coolant
inventory and/or remove decay heat), (2) the capability to align the SCS to
the IRWST during plant shutdown operation to provide inventory makeup or to
perform a feed-and-bleed operation, (3) if all SCS/ CSS pumps are unavailable
for DHR and/or coolant inventory makeup, the operator can still perform these
functions by feed-and-bleed operation using the SDS or the low-temperature
overpressure protection (LTOP) valves for the bleed function and the SIS or
the chemical and volume control system (CVCS) pumps for the feed function, and
(4) a new TS, added as a result of PRA insights, requiring that two of the
four SIS pumps be available in shutdown modes when the IRWST is available
(because of the importance of SI for feed-and-bleed operation during shut-
down).

Design features which are important for preventing and mitigating LOOP /SB0
events during power operation, are also important in reducing the frequency of
these events during shutdown operation. These features are: (1) two separate
and independent switchyards and (2) redundant and diverse onsite ac power
sources (two Class lE EDGs and a non-safety-grade CTG). Important operational
requirements during shutdown operation are (1) a new System 80+ TS, added as a
result of PRA insights, requiring that two of the three onsite power sources
(i.e., two EDGs and one CTG) be available during shutdown operation (reduced
RCS inventory) and (2) assurance by the COL applicant that, when a switchyard
is unavailable for maintenance, no activities which could fail the operating
switchyard are taking place and no fire sources are present. This is COL
Action Item 19-17.

ABB-CE perforr.ied an importance analysis for LP&S operation; the objectives of
this analysis were similar to the objectives for the power operation analysis,
i.e., risk reduction and safety or reliability assurance. Because the models
for system failures and interactions during shutdown are less detailed than
the models for power operation, the importance analysis was performed at the
system or function level rather than at the component or event level.
Nevertheless, important insights were drawn from this analysis. The identifi-
cation of system functions, operator actions, and initiating events which have
high risk reduction worth, provided important insights on areas in which the
plant risk could be reduced by design changes and operational requirements,
such as TS, improved testing and maintenance, improved and procedures. The
identification of system functions and operator actions having high risk
achievement worth, helped identify certification and operational requirements
(such as ITAACs, maintenance, training, outage management, configuration
control, and procedures) which ensure that the " built-in" design reliability
will be maintained during construction and operation. ABB-CE also performed
sensitivity analyses for LP&S operation. Important insights from these
analyses are (1) the CDF estimate is sensitive to changes in the frequency of
accident-initiating events during shutdown, such as LOOP, LOCAs, loss of DHR,
and internal fires (these insights demonstrate the importance of appropriate
outage management programs to minimize mistakes which cause these initiating
events to happen), and (2) reduced RCS inventory is the most critical opera-
tion during shutdown (use of SG nozzle dams for SG maintenance and inspection, ,

as a method of limiting the time spent in this configuration, has a positive
effect on the estimated CDF for shutdown operation).

Use of PRA in the Desian Process
i

|
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|

ABB-CE used PRA in the design process to achieve the following objectives:
/<- (1) identify and quantify vulnerabilities in operating reactor designs and
\ introduce features and requirements that reduce or eliminate these vulnerabil-

ities, (2) quantify the effect of new design features and requirements on
plant risk in order to confirm the risk reduction credit for these improve-
ments, and (3) select among alternative design features or design options.
ABB-CE used PRA insights from both operating reactor experience and the System
80 design (from which the System 80+ design evolved), to identify potential
vulnerabilities in operating reactor designs. This information was used to
introduce " evolutionary" design features and make the transition from the
System 80 to the System 80+ design. Once these features were introduced, PRA
was used to quantify their effect on risk and confirm acceptable reduction or
elimination of vulnerabilities, including compliance with applicable risk
goals.

PRA InDut to the Desian Certification Process
|
IPRA was used in the design certification process to achieve the following

objectives: (1) develop an in-depth understanding of design robustness and
tolerance of severe accidents initiated by either internal or external events,
(2) develop a good appreciation of the risk significance of human errors
associated with the design, and characterize the key errors in preparation for
better training and refined procedures, and (3) identify important safety
insights and assumptions to support certification requirements, such as
ITAACs, D-RAP and 0-RAP requirements, TS, as well as COL and interface

!requirements. The first two objectives were achieved by identifying the
dominant accident sequences as well as the risk-important design features
(SSCs) and human actions (see Sections 19.1.3 to 19.1.5 of this chapter). The
third objective was achieved by using PRA insights and assumptions to develop 1.

a list of design certification requirements (see Section 19.1.7 of this
chapter).

:

Conclusions and Findinas ;

The NRC staff has evaluated the quality of the PRA performed by ABB-CE for the
System 80v design as well as the use of PRA in the design development and in
the design certification process. The staff concludes that the quality and
completeness of the System 80+ PRA are adequate for its intended purposes,

'

such as supporting the design and the design certification process. The
approaches used by ABB-CE for both the core-damage and containment analyses
are reasonable and sufficient to achieve the desired goals of describing and
quantifying potential core-damage scenarios and containment performance during
severe accidents. The staff concludes that the use of PRA in the design ,

process helped introduce improved or unique evolutionary features (such as the ,

RD capability of the SDS, the IRWST, and the reactor cavity flooding system
(CFS)) that contributed to the reduced CDF and CCFP estimates of the System
80+ design when compared with those of operating PWRs. PRA results and
insights were used to identify areas in which it is particularly important to
implement the design and operational requirements assumed for the design
certification (e.g., ITAACs, D-RAP, 0-RAP, TS, operator training, and proce-
dures). On the basis of this review, the staff finds that the System 80+
design represents an improvement in safety over operating PWRs in the United i

'(c\ States.V :
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19.1.1 Introduction

As part of the System 80+ evolutionary design certification application,
ABB-CE submitted a PRA in accordance with the requirements of 10 CFR 52.47 and
the Commission's Policy Statement on Severe Reactor Accidents Regarding Future
Designs and Existing Plants (as described in fR Vol. 50, No. 153, dated
August 8, 1988, p. 32138 dated August 8, 1991). The NRC staff's assessment
consisted of the traditional evaluation of events that could lead to core
damage and offsite consequences as well as an evaluation of what the PRA
revealed about the System 80+ design.

19.1.1.1 Background and NRC Review Objectives

The general objectives of the NRC staff's review of the System 80+ PRA were to
(1) identify safety insights based on systematic risk-based evaluations of the
design; (2) determine in a quantitative manner whether the design represents a
reduction in risk over existing plants; (3) examine the balance of preventive
and mitigative features of the design; (4) assess the reasonableness of the '

risk estimates documented in the PRA; and (5) support design certification
requirements, such as inspections, tests, analyses, and acceptance criteria
(ITAACs), design reliability assurance program (D-RAP) and operational
reliability assurance process (0-RAP), technical specifications (TS), as well
as COL and interface requirements. In addition, the staff used the System 80+
PRA to determine how the risk associated with the design relates to various
safety goals and to discover design and procedural vulnerabilities.

The objectives are drawn from 10 CFR Part 52, the Commission's Severe Reactor
Accident Policy Statement regarding future designs and existing plants, the
Commission's Safety Goal Policy Statement, the Commission approved positions
concerning the analyses of external events contained in SECY-93-087, and NRC
interest in the use of PRA to help improve future reactor designs. In
general, these objectives have been achieved by the System 80+ PRA and the NRC
staff's review. The staff's proposed applicable regulation for the analysis
of external events for the System 80+ PRA is as follows:

The application for design certification must contain a probabilistic
risk assessment that includes an assessment of internal and external
events. Simplified probabilistic methods and margins methods may be
used to assess the capacity of the standard design to withstand the
effects of external events such as fires and earthquakes. Seismic
margin analysis must consider the effects of earthquakes with accelera-
tions approximately one and two-thirds the acceleration of the SSE.

During the construction stage, the COL holder will be able to consider as-
built information. The Commission believes that updated PRA insights, if
properly evaluated and utilized, could strengthen programs and activities in
areas such as training, development of emergency operating procedures (EOPs),
reliability assurance, maintenance, and 10 CFR 50.59 evaluations. The plant-

,

| specific PRA developed from the design certification should be revised to
account for site-specific information, as-built (plant-specific) information
refinements in the level of design detail, TS, plant-specific E0Ps and design
changes (Ref. 1). This is COL Action Item 19-12. These updates are the
responsibility of the COL applicant or COL holder. As plant experience data
accumulate, failure rates (taken from generic data bases) and human errors
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assumed in the design PRA are to be revised and incorporated. as appropriate,
into the 0-RAP ((SECY paper memorandum, Samuel J. Chilk (NRC) to James M.
Taylor (NRC), "SECY-93-087 - Policy, Technical, and Licensing issues Pertain-
ing to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs," July 21,
1993). This is COL Action item 17-4.

19.1.1.2 Evaluation of PRA Quality and Resolution of Open Issues

The NRC staff has completed its review of the quality and completeness of the ;

System 80+ PRA. These attributes are essential in using the PRA to draw
insights about the design robustness and tolerance to severe accidents and to
provide risk-based input to pre- and post-certification activities, thus
achieving the objectives itemized above (Section 19.1.1.1). The staff
reviewed the quality of the PRA submittal by evaluating the models, tech-
niques, methodologies, assumptions, data, and calculational tools that were
used by ABB-CE. In addition, the staff checked the PRA for completeness by
comparing it with risk analyses performed for current-generation plants with
similar design characteristics.

The review of the quality and completeness of the FRA submittal involved the
issuance of requests for additional information (RAls) to ABB-CE, followed by
the evaluation of ABB-CE's responses to the RAls. In conducting the technical
review, the staff followed guidance similar to that in the "PRA Review Manual"
(NUREG/CR-3485). It used reported PRA results at, well as results of sensitiv- .

ity, uncertainty, and importance analyses to focus the review. A sharper |
focus was also achieved by using PRA experience in the review process. The :
staff used applicable insights from previous PRA studies about key character- |

istics and design features controlling risk. The staff also placed a special. '

N emphasis on PRA modeling of novel features in the design.
|

Although the review has been a continuous process, it involved two distinct ;

stages. The first stage of the review ended with the issuance of a draft '

safety evaluation report (DSER). In the DSER, three classes of-items were -

identified that the staff believed needed additional attention by ABB-CE. The
classes were (1) open items, that is, areas where the staff disagreed with the
submittal or required additional supporting documentation; (2) confirmatory
items, that is, areas in where the staff and ABB-CE agreed on a proposed
resolution but additional documentation was required; and (3) COL action
items, that is, areas where the COL applicant should factor in plant- or site- ,

specific information at the COL stage. The second stage of the review
involved the resolution of all DSER open and confirmatory items, the inclusion
of all identified COL action items, and the preparation of the final safety
evaluation report (FSER). The resolution (closure) of DSER,open items
involved close interaction between the staff and ABB-CE, including several i

rounds of RAIs and ABB-CE's responses. A summary of DSER issues and the .

associated resolutions is given in Appendix 19A of this chapter.

The NRC staff concludes that the quality and completeness of the System 80+
PRA are adequate for its intended purposes, such as supporting the design and
certification processes. The approaches used by ABB-CE for both the core-
damage and containment analyses are logical and sufficient to achieve the
desired goals of describing and quantifying potential core-damage scenariosm

i and containment performance during severe accidents. All open items reportedj in the DSER as well as all followup issues were resolved satisfactorily.
.

'
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ABB-CE submitted an update to Chapter 19 that revises 8,ESSAR-DC Table 19.15-1
and contains additional PRA insights that were agreed upon in a public meeting
held on January 31, 1994. In addition, ABB-CE added a new CESSAR-DC Sec-
tion 19.15.6. This new section contains a table of risk-important structures,

systems, and components (S5t,s) for the D-RAP, a table of PRA-important
operator actions, and several COL action items. The staff has reviewed these
changes and finds them acceptable. These changes were incorporated in the
CESSAR-DC in Amendment V. Therefore, this is part of FSER Confirmato-
ry Item 1.1-1 (see Chapter 1 of this report) is resolved.

The special evolutionary features that were incorporated into the System 80+
design for the purpose of preventing and mitigating accidents are briefly
presented in Section 19.1.2 below. Safety insights about the System 80+
design, drawn from the internal events risk analysis for operation at power,
are presented in Sectinn 19.1.3. Safety insights from the external events
risk analysis (seismic, internal fires, internal floods, and tornado strikes)
for power operation are reported in Section 19.1.4. Safety insights associat-
ed with low-pcwer and shutdown operation are reported in Section 19.1.5.
Section 19.1.6 reports the use of PRA in the design process, while Sec-
tion 19.1.7 presents the PRA input (derived from PRA insights and assumptions)
to the design certification process. Finally, Section 19.1.8 summarizes the
major conclusions and findings about the design consistent with the objectives
of the PRA and its use in the design and certification processes.

19.1.2 Special Evolutionary Design Features

The System 80+ standard design evolved from the System 80 design through
incorporation of several design changes intended to make the plant safer, more
available, and easier to operate. Insights from the System 80 PRA, as well as
from previous PRAs for operating reactors, helped identify these design
changes. Therefore, the System 80+ design contains features that improve
plant safety, and thus reduce risk, when compared to the current-generation
nuclear power plants.

Some of these special evolutionary design features are preventive in nature,
others are mitigative. Preventive features aim to (1) minimize the initiation
of plant transients, (2) arrest the progression of plant transients once they
start, and (3) prevent severe accidents (core damage). Mitigative features
aim to mitigate severe accidents, that is, the consequences of core damage.
The major preventive and mitigative evolutionary design features of the System
80+ design are described in Sections 19.1.2.1 and 19.1.2.2, respectively. In
these descriptions, a brief qualitative discussion points out the effect that

I cach of these evolutionary features has on various elements involved in
severe-accident prevention and mitigation. More details about these features
are found in the appropriate chapters of the CESSAR-DC.

19.1.2.1 Evolutionary Design Features for Preventing Core Damage

The following major features were incorporated into the System 80+ design for
the purpose of limiting plant transients and preventing severe accidents:

laraer Pressurizer

The reason for the larger pressurizer volume of the System 80+ design, as
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compared with the existing generation of commercial nuclear power plants, is
to make the plant response to transients slower and less severe, thus allowing

.

more time for operator actions. The larger volume helps maintain higher
pressurizer pressure and water level after a turbine trip, thus increasing the
margin to pressurizer safety valve challenges.

It also helps prevent the emptying of the pressurizer t.fter overcooling
transients, thus increasing the margin for a SI actuation signal. For.certain |
transient events, such as loss of main feedwater, the rise in pressurizer
pressure is moderated, thus reducing the likelihood of challenging the primary I

'safety valves (PSVs). A larger pressurizer volume also helps lower the. peak
pressure that can be reached after a postulated ATWS event.

Laraer Steam Generators ;

The increased heat transfer area of the System 80+ design SGs, as compared ;

with operating reactors, provides a 10-percent tube plugging margin. The ;

increased secondary-side volume (and inventory) makes transients slower and
also increases the boil-off time to dry out the SGs, thus extending the time -

available to the operators for recovery actions. The corrosion-resistant SG ,
'

tube materials and the reduced hot-leg temperature are expected to help reduce
the frequency of SG tube ruptures. ;

Functionally Interchanaeable SCS and CSS Pumos
,

fThe SCS and the CSS are integrated, and the SCS and CSS pumps are designed to
be independent but identical and functionally interchangeable, thus ensuring !

backup and higher reliability for both systems. In addition to their.long- |
term DHR function, the SCS pumps can be used to back up the SIS to inject .

borated water into the reactor core (in conjunction with the rapid
'

depressurization system (RDS). The SCS pumps can also be used to back up the
CSS pumps for coaling the IRWST during feed-and-bleed operations.

SIS With Four Trains and Direct Vessel Injection (DVI)
.

The SIS is a dedicated four-train safety system whose primary function is to
'inject borated water into the RCS for inventory and/or reactivity control

during severe accidents, such as LOCAs and ATWS. It can also be used in
conjunction with the SDS for feed-and-bleed operation. For continuous long-
term postaccident cooling of the core, the SIS pumps are manually realigned i

for simultaneous hot-leg and DVI to prevent boron crystallization. The major ,

evolutionary characteristics of the System 80+ SIS are (1) four high-pressure
100-percent capacity pumps'(a) four-train, as compared to a two-train, SIS !

improves system reliability and reduces the contribution to the system
unavailability that is due to outages for testing and maintenance) and :

(2) elimination of the need for low-pressure pumps (eliminates failures ,

associated with starting these pumps in operating reactor designs).
I

Safety Deoressurization System

An important function of the SDS is to serve as the manual safety-grade means
of rapidly depressurizing the RCS so that SI can be actuated, when DHR fails. !

} via either the SGs or the SCS, to cool the core by feed-and-bleed operation. |
The RD function of the SDS constitutes the " bleed" portion of the feed-and- |.

2
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bleed operation, and SI constitutes the " feed" portion. This is an important
feature added to the System 80+ design to reduce the failure probability of
long-term DHR. The SDS also has a mitigative function. RD can be used to
mitigate some of the potential containment challenges associated with reactor
vessel failure at high pressure (see Section 19.1.2.2 below).

Multiple Independent Connections to the Grid and Turbine-Generator Runback
Capability

The System 80+ design includes a main switchyard for incoming and outgoing
electric power and a separate and independent backup switchyard that is tied
to the grid at some distance from the main switchyard. In addition, the

System 80+ turbine-generator system and the associated buses are designed to
run back to maintain hotel loads on a loss of grid. The purpose of these
features is to reduce the frequency of loss-of-offsite-power (LOOP) initiating
events and therefore the frequency of accident sequences that are associated
with LOOP including 5B0.

Seoarate Startup and Emeraency Feedwater System (EFWS) and Four-Train EFWS

The use of a non-safety-grade startup feedwater system (SFWS) for normal
startup and shutdown operations helps reduce the demands on the EFWS. In
addition, the SFWS serves as an independent means of supplying feedwater to
the SGs for removing heat from the RCS during emergency conditions when main
feedwater is not available. The EFWS is a dedicated system, that serves as an
independent safety-related means of supplying feedwater to the SGs for the
early phase of DHR if normal feedwater is lost. The EFWS consists of two
trains, each aligned to feed its respective SG. Each train contains one
motor-driven pump subtrain and one turbine-driven pump subtrain. For SB0
sequences the turbine-driven EFW pumps are the only safety system available
for removing decay heat. Their operation, however, requires dc power supplied
by batteries. The redundancy and diversity of the EFW trains reduce the
failure probability of secondary-side heat removal.

Improved Main Control Room Desian

The System 80+ MCR design (Nuplex 80+) is an evolutionary design that is
expected to provide more as well as more useful information to the operator
than the System 80 design. The System 80+ MCR is still being designed. For
this reason, no credit was taken in the PRA for the effect the advanced MCR on

| normal operations (e.g., initiating event frequency) and emergency response.
I See Chapter 18 of this report fer the staff's evaluation of the Nuplex 80+

advanced control complex.

I Normally Operatina Component Coolina Water System (CCWS) and Station Service
Water System (SSWS) Pumos

The CCWS is a closed-loop system that supplies cooling water 1 - to remove
heat released from plant SSCs. Heat from the CCWS is rejected to the ultimate
heat sink through the open-loop SSWS. Each of these systems (i.e., CCWS and
SSWS) consists of two separate and redundant divisions. Each division has two
pumps: one is normally operating, the other pump is in standby and receives a
starting signal if the running pump stops. This configuration eliminates the
demand failures of pumps and valves that were found to be significant contri-
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i

!

butors to risk in current-generation plants with standby CCWS and SSWS s

O designs.
!
;Physical Seoaration of Safety System Redundant Trains
;

Facilities are designed to provide physical separation of systems or trains of
systems that perform redundant safety-related functions. This increases the
availability of systems because they are protected from failures associated !

with internal fires, internal floods, and similar CCFs. This contributes to i

the reduction of risk as compared to current plant designs. !

!

Two Diesel Generators Plus Standby Combustion Turbine-Generator (CTG)

Each of the two Class IE ac power divisions is supplied with emergency standby
power from an independent EDG. Each EDG has its own dedicated battery for

,

starting. In addition to the two EDGs, the System 80+ design includes an
ensite AAC source. This is a non-safety CTG provided to cope with SB0
scenarios. The AAC source is a standby unit that is diverse and independent >

from the EDGs. The CTG is not normally' or automatically connected to the
Class IE safety divisions. However, it can be manually aligned to supply
power to either safety division via one permanent non-safety (PNS) bus when t

the EDGs are unavailable. ,

Six Vital 125-V de Batteries With 8-Hour SBO-CoDinQ CBDability

Each of the six independent load group channels and divisions of 125-V de i

r vital instrumentation and control power is provided with a separate and :

( independent Class IE 125-V de battery (two division and four channel batter- ,

'

ies). Each battery is of a sufficient size to supply the continuous emergency
load of its own load group for 2 hours. In addition, the batteries provide an i

SBO-coping capability assuming manual load shedding or the use of a load |
management program. This permits operating the instrumentation and control

.

loads associated with the turbine-driven EFW pumps for 8 hours.

In-Containment Refuelina Water Storace Tank
.

Important characteristics and functions of the IRWST are (1) has a large -
capacity; (2) supplies water for emergency core cooling (i.e, SI and contain-
ment spray (CS)); (3) serves as heat sink for the SDS and fission product
scrubber; (4) serves as a sink for CS flow and condensate runoff, thereby !

eliminating the need for the recirculation mode of emergency core cooling; and
(5) in conjunction with remote manual valve operation, is a source of water
for flooding the reactor cavity in severe accidents. A sufficient amount of
borated water is stored in the IRWST to meet all postaccident SI and CS pump
operational requirements. The volume of borated water is also sufficient to r

flood the refueling pool during normal refueling operations. The IRWST is
located at a low elevation within the containment. It eliminates the need for
switching over from the injection mode to the recirculation mode during i

'

emergency core cooling operations. From a PRA point of view, this is benefi-
cial because failures associated with the switchover in case of a LOCA are
eliminated.

O 19.1.2.2 Evolutionary Design Features for Mitigating the Consequences of Core
Damage !
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The following are the major features that are incorporated into the System 80+
design for the purpose of improving the capability of the containment to deal
with the challenges associated with severe core-damage accidents. |

!

Larae Spherical Steel Containment
IThe System 80+ containment building has a larger volume and higher ultimate

pressure capacity than that of most operating PWRs. The increased containment
volume reduces the potential for developing detonable concentrations of
hydrogen under severe-accident conditions and the potential for containment
overpressure from noncondensible gas buildup. The containment pressure
capacity (Service Level C value of approximately 1 MPa (145 psia) at an
average steel shell temperature of 143 *C (290 *F), and estimated median
ultimate containment strength of approximately 1.2 MPa (171 psia) at 143 *C
(290 *F)) is sufficiently large that the containment loads associated with
early challenges (e.g., hydrogen combustion and DCH) are at or below the
American Society of Mechanical Engineers (ASME) Service Level C value. The
high-pressure capacity combined with the increased containment volume also
significantly delays the time of release associated with late containment
overpressure failure challenges.

Secondary Containment Desian

The System 80+ design includes a secondary containment system, consisting of a
concrete containment shield building and a ventilation system to service the
annulus between the containment vessel and shield building. The containment
shield building is designed to provide biological shielding and protection
from external missiles for the containment vessel. The AVS is an engineered
safety feature (ESF) and operates after an accident to produce and maintain a
negative-pressure zone in the annulus. This annulus ventilation and filtra-
tion system serves as a mechanism for substantially reducing fission-product
releases after design-basis and those severe accidents in which it is opera-
bl e .

In-Containment Water Storaae System

The System 80+ design incorporates an in-containment water storage system,
which consists of the IRWST, the holdup volume tank (HVT), the steam relief
system (SRS), and the reactor CFS. In addition to the typical function of the
refueling water storage tank at operating plants, this system performs water
collection, delivery, and heat sink functions inside the containment during
accident conditions. Containment spray water, RCS break flow, and condensed
water on containment structures drain first into the HVT and eventually to the
IRWST through spillways connecting the IRWST and HVT. For releases through
the SRS, the IRWST serves as a suppression pool and provides for steam
condensation and fission-product scrubbing. This system also supplies water
for reactor cavity flooding through the CFS.

Safety Deoressurization System

In addition to a core-damage-prevention function, the SDS has a mitigative
function. Specifically, actuation of the SDS before core debris penetrates
the vessel can reduce or eliminate the challenges associated with a high-
pressure melt ejection (HPME) from the reactor vessel (such as the challenges
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of DCH and large hydrogen combustion events at vessel breach), thereby
) reducing the probability of early containment failure. Furthermore, because

/ the discharge flow is routed through a sparger network in the IRWST and not
directly into the containment atmosphere, the SDS also reduces the amount of-
fission products released to the containment atmosphere before a vessel j

breach. '

Reactor Cavity Desian

|

Specific design features have been incorporated into the System 80+ reactor
cavity design to minimize the challenges posed by relevant severe-accident
phenomena, including DCH, fuel-coolant interaction (FCI), and CCI. The
specific reactor cavity features to deal with each challenge are summarized
below.

,
.

DCH - The path from the reactor cavity to the upper containment is convoluted
so that the corium is disentrained and removed from the atmosphere before it
reaches the upper containment region. This design feature reduces the i

quantity of corium that would be dispersed into the upper compartment and, ;

therefore, the pressure rise associated with DCH. In conjunction with the
high containment pressure capacity for the System 80+ design, the cavity
design serves to further reduce the probability of containment failure as a

'

result of DCH events.

FCI - The reactor cavity is designed for 1.29 MPa (188 psid) with an American
Concrete Institute calculated ultimate pressure of 1.62 MPa (235 psid). It

also has a high dynamic pressure capacity, as discussed in Section 19.2 of
this chapter. Furthermore, the containment structure is arranged in such a
way that even if the reactor cavity wall collapses, it will not lead to a
containment failure. These design features, combined with the relatively
large volume of the reactor cavity and limited resistance to gas flow leaving
the compartment, provide the capability to accommodate significant pressuriza-
tion from quasi-static and dynamic loads, such as DCH or ex-vessel FCIs,
without loss of containment integrity.

CCI - The System 80+ reactor cavity incorporates several design features that
reduce the importance of CCI. These are a large cavity floor area that
promotes debris spreading and increases the potential for debris coolability; '

a thick layer of concrete to protect the containment shell, with an additional
4.6 m (15 ft) of concrete below the liner elevation; and a manually actuated
reactor cavity flood system for covering the core debris with water and
maintaining long-term debris coolability. In addition, the basemat will be
condructed of either limestone-common sand or limestone aggregate-type
concrete because of its superior resistance to ablation compared with other
commonly used basemat materials such as basaltic concrete, and because the
increased production of noncondensible gas production associated with lime-
stone-based concrete could.be accommodated in the System 80+ design without
adversely affecting containment failure frequency. Together, these design
features significantly reduce the frequency of basemat melt-through and delay
the time of melt-through during those scenarios in which this failure occurs. ;;

i

Hydroaen Mitioation System (HMS_1

U The System 80+ design incorporates a deliberate ignition system to maintain
)
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containment hydrogen concentrations below a detonable limit. The HMS uses )
igniters of the glow plug design and is manually controlled remotely. The
igniters can be supported by both ac and dc (plant battery via dc-to-ac
inverters) supplies. Because of the proven design of the glow plug igniters
proposed for use in the System 80+ design and the reliability of the electri-
cal power sources, the HMS is expected to minimize the threat of containment
failure caused by large hydrogen deflagrations or hydrogen detonations. See
Sections 6.2.5 and 19.2 of this report for the staff's evaluation of the HMS.

Containment Sorav System

The CSS is a safety-grade system designed to reduce containment pressure and
temperature resulting from DBAs. It can also be used in a severe accident to
control containment pressure and temperature and to remove fission products
from the containment atmosphere and thus reduce their release to the environ-
ment. The CSS has two independent trains. The two CSS pumps take suction
from the IRWST and discharge through the CSS heat exchangers and the spray
header isolation valves to their respective spray nozzle headers. The spray
droplets then fall to the containment floor and drain to the HVT and subse-
quently back to the IRWST. The spray droplets are very effective in removing
energy and fission products from the containment atmosphere during sequences
in which they are available. The boric acid solution of the spray water
minimizes the release of iodine through iodine absorption.

Emeraency Backuo of Containment Sorays

An emergency containment spray backup system (ECSBS) is included in the
System 80+ design to serve as an onsite pumping source independent of ac power
buses, with the capability to supply water to the containment spray header
from an external source when the normal CSS is not available, including during
SB0 events.

The ECSBS comprises the following design features: (1) a 20 cm (8-in.)
diameter " tee" connection to the containment spray recirculation line; (2) an
extension of 20 cm (8-in.) diameter Class 2 piping from the " tee" connection
to the exterior of the nuclear annex; (3) external connections for temporary
hookup of an external source of water located at or near grade; (4) a porta-
ble, onsite pumping source (e.g., fire truck) with the capability to supply
sufficient flow against maximum containment pressure to maintain containment
pressure below ASME Service Level C limits; and (5) prestaging of all neces-
sary hoses, fittings, and spool pieces.

19.1.3 Safety insights from the Internal Events Risk Analysis (Operation at
Power)

These insights include (1) dominant accident sequences contributing to core
damage; (2) areas where certain System 80+ evolutionary design features are
the most effective in reducing risk with respect to operating reactor designs;
(3) major contributors to the estimated CDF from internal events, such as
hardware failures, system unavailabilities, and human errors; (4) major
contributors to maintaining the " built-in" plant safety (to ensure that risk
does not increase unacceptably); (5) major contributors to the uncertainty
associated with the estimated CDF; and (6) sensitivity of the estimated CDF
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from internal events to potential biases in numerical values, to assumptions
made, to lack of modeling details in certain areas, and to previously raised
safety issues.

19.1.3.1 Level 1 Internal Events PRA
4A88-CE estimated the CDF for the System 80+ design to be about 2 x 10 per

year from internal events during operation at power. In addition, CDFs for

various initiating event categories were estimated and are summarized in-
Table 19.1. The CDFs reported for the System 80 design from which the
System 80+ evolved are also shown for comparison. The total CDF for the
System 80+ design was estimated to be approximately 50 times smaller than the
total CDF for the System 80 design. The relative contributions (in terms of
percent of total) of various initiating events to the total CDF are also shown
in Table 19.1 and in Figure 19.1 for both System 80+ and System 80.

For the System 80 design, LOOP and SB0 essentially dominate the CDF profile
(~47 percent contribution). This is followed by LOCAs (~18 percent), the <

" transient" events category (~15 percent), and SGTRs (~13 percent). The j

contribution of ATWS sequences is relatively small (~6 percent). )
!

For the System 80+ design, the LOCA categories of initiating events 1

(~37 percent contribution) and the " transient" events category (~35 percent
contribution) are leading contributors to the total CDF. They are followed by
the SGTR initiating event (~17 percent). The contributions from LOOP /SB0
(~2.4 percent)' and ATWS (~3.2 percent) are relatively 'small .

C,majorcontributorstotheCDFestimatesforSystem80+.Section 19.1.3.1.1 below presents the dominant accident sequences and the
The design features ;

that contribute to the reduced CDF for System 80+, as compared with System 80, '

are described in Section 19.1.3.1.2. Finally, the insights drawn from the i
'

uncertainty, sensitivity, and importance analyses are given in Sec-
tion 19.1.3.1.3. !

19.1.3.1.1 Dominant Accident Sequences Leading to Core Damage

ABB-CE identified 27 sequences initiated by internal events that contribute
almost 100 percent of the estimated CDF from internal events. The top six;

sequences, contributing more than 80 percent of the total CDF from internal,

events, are summarized below.

Sequence 1, with a CDF of 5 x 10 7/ year and a 27-percent contribution, is
initiated by a loss of main feedwater to the SGs followed by failure of the
EFWS to remove decay heat via the SGs and failure of the SDS to perform the
" bleed" portion of feed-and-bleed core cooling. Risk-important failures in
this sequence are CCF of check valves in the EFWS distribution or-pump
discharge pipe sections, CCF of the SDS bleed valves, and operator failure to
initiate feed-and-bleed operation.

Sequence 2, with a CDF of 3 x 10'7/ year and an 18-percent contribution, is
initiated by a medium-LOCA event followed by early or late failure of the SIS.

3 Early SIS failure results in failure to supply makeup water and remove heat
from the core. Late SIS failure results in boron crystallization, which
blocks flow through the core. Risk-important failures in this sequence are
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CCF of SI line MOVs or check valves, CCF of hot-leg check or isolation valves,
and operator failure to initiate hot-leg injection to prevent boron crystalli-
zation.

Sequence 3, with a CDF of 3 x 10'7/ year and a 17-percent contribution, is |

initiated by an SGTR event followed by failure of the SIS to makeup and |
control the lost RCS inventory and inability to aggressively cool down and |

'

depressurize the RCS in order to use the low-pressure SCS to supply the
necessary makeup inventory. Risk-important failures in this sequence are CCF
of Si line MOVs or check valves, CCF of SIS pumps to start and run, and
operator failure to perform aggressive secondary cooldown (ASC).

Sequence 4, with a CDF of 2 x 10'7/ year and a 9-percent contribution, is
initiated by a small-LOCA event. The SIS fails to makeup lost RCS inventory.
This is followed by failure to aggressively cool down and depressurize the RCS
in order to use the low-pressure SCS to supply the necessary makeup inventory.
Risk-important failures in this sequence are CCF of SI line MOVs or check
valves, CCF of SIS pumps to start and run, and operator failure to perform
ASC.

Sequence 5, with a CDF of 1 x 10'7/ year and a 6-percent contribution, is
initiated by a large-LOCA event followed by early (DVI) or late (simultaneous
hot-leg and DVI) failure of the SIS. Early SIS failure results in failure to
supply makeup water and remove heat from the core. Late SIS failure results
in boron crystallization, which blocks flow through the core. Risk-important
f ailures in this sequence are CCF of SI line M0Vs or check valves, CCF of hot-
leg check or isolation valves, and operator failure to initiate hot-leg
injection.

Sequence 6, with a CDF of 1 x 10'7/ year and a 6-percent contribution, is
initiated by a vessel rupture event, that is, a breach in the primary pressure
boundary that causes loss of reactor coolant in excess of the SIS capacity.
This leads to core damage.

19.1.3.1.2 Risk-Important Design Features

The major design features added to the System 80+ design that contribute to
the reduction in CDF as compared with System 80 (and operating reactor
designs) are reported below for each of the major contributing initiating
event categories.

The following are the most important features of the System 80+ design that
contribute to the reduction in the estimated CDF associated with LOOP,
including SBO, sequences (CDF reduced from 4 x 10-5/ year to 4 x 10 a/ year):

separate offsite power source that bypasses the switchyard - reduces the-

frequency of LOOP events

turbine-generator runback (steam bypass) capability to maintain hotela

loads on a loss of grid - further reduces the frequency of LOOP events

dedicated battery for each diesel generator - increases the reliability=

of the onsite Class lE emergency ac power
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six Class IE 125-V dc batteries with SBO-coping capability that exceeds=

8 hours

four-train EFWS (two with turbine-driven pumps) - improves reliability.

of secondary heat removal, which contributes significantly to the
reduced risk for all sequences (with or without onsite ac power avail-
able)

The following are the most important features of the System 80+ design that
ociated with " transient"

contributetothereductionintheestimatedCDFasp/ year):sequences (CDF reduced from 1 x 10'5/ year to 6 x 10'

larger pressurizer and SGs - reduces initiating event frequency-

four-train EFWS with redundant sources of EFW -- increases the reliabili-a

ty of secondary heat removal, which appears in almost all sequences
-

leading to core damage

highly reliable, normally running CCWS and SSWS - the increased reli-a

ability of these support systems contributes significantly to increased
reliability of most plant safety systems, such as SIS pumps, EFWS motor-
driven pumps, and SCS pumps

SFWS, with source from the CST - contributes to the increased reliabili--

ty of heat removal through the SGs

turbine-generator full run-back capability - reduces initiating eventa

frequency

two redundant and diverse EFW actuation systems - increases the reli--

ability of secondary heat removal

'The following are the most important features of the System 80+ design that
contribute to the reduction in the estimated CDF associated with SGTR sequenc-
es (CDF reduced from 1 x 10'5/ year to 3 x 10'7/ year):

Four-train EFWS - the increased reliability of this system (four instead*

of two or three trains) reduces the reliance on feed-and-bleed cooling
as the last defense against core damage (for System 80+ the RDS can be
used for feed-and-bleed cooling).

Four-train SIS - the increased reliability of this system (four instead*

of two trains) reduces the importance of performing ASC for early core
cooling. ASC, which is the last line of defense when'SI is not avail-
able, requires use of both SGs and involves rather complicated human
actions to be performed in a short time.

SDS - provides an alternate DHR path through primary feed-and-bleed,.

which is much more reliable and faster than the high-pressure feed-and-
bleed cooling of currently operating PWRs (replacing power-operated
relief valves with MOVs simplifies operator actions and provides
flexibility for controlled and fast depressurization to SIS actuation

b pressures).
V

ABB-CE System 80+ FSER 19-27 June 1994

-_-- _ _-



Large IRWST capacity with refill capability - increases the long-term*

recovery probability for unisolable SG leaks, which bypass the contain-
ment, by preventing depletion of borated water and core damage.

The following are the most important features of the System 80+ design that
contributetothereductionintheestimatedCDFas90ciatedwithsmall-LOCA4sequences (CDF reduced from 1 x 10 / year to 2 x 10" / year):

IRWST - eliminates the need for the recirculation mode of emergency core*

cooling, which is an important risk contributor in operating PWRs.

Four-train SIS - the increased reliability of this system (four instead-

of two trains) reduces the importance of performing ASC for early core
cooling. ASC, which is the last line of defense when SI is not avail-
able, requires use of both SGs and involves rather complicated human
actions to be performed in a short time.

SDS - for once-through core cooling (feed-and-bleed) when all feedwater-

sources are unavailable.

The following are the most important features of the System 80+ design that
contribute to the reduction in the estimated CDF associated with ATWS sequenc-
es (CDF reduced from 4 x 10 / year to 5 x 10-8/ year):4

large pressurizer - reduces frequency of transients requiring reactor*

scram

large SGs - reduces frequency of transients requiring reactor scram=

SDS - allows use of the SIS pumps for long-term reactivity control when-

the charging pumps are unavailable

19.1.3.1.3 Insights From the Uncertainty, Importance, and Sensitivity Analy-
ses

ABB-CE performed an uncertainty analysis to determine the magnitude of
uncertainties that characterize the Level 1 PRA results (CDF from internal
events) as well as the major contributors to these uncertainties. ABB-CE also
performed an importance analysis to determine important contributors to risk
as well as to the maintaining of the existing designed-in risk level. In
addition, it conducted selected sensitivity analyses to provide insights about
the impact of uncertainties (and potential lack of detailed models) on the
estimated CDF and to determine the robustness of the design to biases in
numerical values, such as failure probabilities, unavailabilities, and
frequencies.

hJiahts From the Uncertainty Analysis

The System 80+ CDF estimates for internal events are reported in terms of a
mean value and an associated error factor (EF). The EF is the ratio between
the 95th percentile and the median (50th percentile) of the assumed log-normal
distribution (which is the same as the ratio between the median and the 5th
percentile). The EF is a measure of uncertainty that expresses the spread of
a fitted log-normal distribution. The total CDF from internal events, as
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estimated by ABB-CE, has a mean value of 2 x 10'6/ year and an EF of approxi-p
ately 3. Thus, the 95th and 5th percentiles are 6 x 10-6/ year and 7 x 10'

C) p/ year,respectively. Only uncertainties associated with reliability and
(

availability data were considered. Uncertainties associated with modeling (or ;

lack of modeling) of accident sequences, system failure modes, and human
errors were not included. The following conclusions can be reached from the
results of the uncertainty analysis:

Relatively small uncertainties are associated with the majority of the*

major contributors to the dominant accident sequences and total CDF.

Relatively large uncertainties (EF higher than 10) are associated with-

the following major contributors to the dominant accident sequences and
total CDF from internal events:

I
- operator failure to perform an ASC to depressurize the RCS in

'

order to use the low-pressure SCS to provide the necessary inven-
tory when the SIS is unavailable during a small-LOCA or SGTR event

- operator failure to initiate primary feed-and-bleed operation to
provide an alternate DHR path when heat transfer through the SGs
or the SCS is unavailable |

- CCF of all SI pumps to start
|
'Insiahts From the Imoortance Analysis

) The importance analysis performed by ABB-CE for the System 80+ design ad-
V dressed two general objectives: (1) risk reduction and (2) safety or reli-

ability assurance. The first objective (risk reduction) was achieved by the
identification and ranking of dominant contributors to risk to identify areas
where the plant risk can be reduced by design and/or operational changes. The l

second objective (reliability assurance) was achieved by the identification of |
dominant contributors to maintaining the designed-in risk level (to ensure
that risk does not increase and is as low as the PRA indicates it is). To
meet these two objectives, ABB-CE used, among others, the following two risk- 1

'importance measures to rank SSCs and human actions:

Risk Reduction Worth: gives the factor by which the CDF decreases when '*

an SSC or human action is assumed to be perfectly reliable (perfect
component or no error); provides indication of existing margin for
improvement

Risk Achievement Worth: gives the factor by which the CDF increases*
,

when an SSC or human action is assumed not to be available or to be
failed (event probability is assumed to be 1); provides indication of
the importance of maintaining the existing reliability

The risk achievement worth importance measure is useful in identifying SSCs
for which it is particularly important to do good maintenance, since poor
reliability and availability of this equipment would increase significantly
the CDF estimate. The risk reduction worth importance measure is useful in(p) identifying SSCs that would benefit the most from improved testing and

U maintenance by minimizing equipment unavailability and failures.
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ABB-CE performed importance analyses at both the system and component levels.
Detailed results of these analyses are documented in CESSAR-DC, Section 19.15.
The major insights drawn from the importance analyses are summarized below:

Events that would decrease significantly the built-in reliability (i.e.,-

events with highest risk achievement worth) are hardware CCFs and human
errors. This is due to the redundancy and diversity of the System 80+
safety systems, which ensure that single independent hardware faults are
not among those events whose occurrence would have a large impact on the
CDF from internal events.

CCF of the following sets of components was found to have a large impact*

on the estimated CDF from internal events (i.e., sets of components with
highest risk achievement worth):

- EDS components, such as the 125-V dc Class IE buses, the 480-V ac
load center transformers, the 4.16-kV Class IE buses, the 480-V ac
Class IE load centers, the 480-V ac Class lE motor control cen-
ters, the 125-V Class IE batteries, and the EDGs

- EFWS components, such as the distribution line check valves and
the pump discharge check valves

- SIS components, such as the SI line check valves, the Si line
isolation valves, the SIS pumps, the SIS pump 4.16-kV circuit
breakers, the DVI check valves, and the hot-leg injection check or
isolation valves

- SDS components, such as the RD (bleed) valves and the bleed valve
power supply

- SCS components, such as the discharge check valves and motor-
operated isolation valves

Operator failure to perform the following actions was found to have a=

large impact on the estimated CDF from internal events (i.e., operator
actions with highest risk achievement worth):

- initiate hot-leg injection to prevent boron crystallization during
a medium or a large LOCA

- align the CST to the EFWSTs to provide makeup water and continue
DHR from the reactor core

- initiate feed-and-bleed operation when secondary heat removal is
unavailable.

Failure of the following single components was found to have a signifi-.

cant impact on the estimated CDF from internal events (i.e., single
components with highest risk achievement worth):

- manual isolation valve in the line between the CST and the EFWSTs

- check valve in the line between the CST and the EFWSTs
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Failures of components associated with the following events were found
~

-

to be major contributors to the e:,timated CDF from internal events
(i.e., events with highest risk reduction worth):

- initiating events, such as loss of main feedwater, medium and
small LOCA, and SGTR

- CCF of the SI line check valves

- CCF of the EFWS pump check valves or EFW distribution line check
valves j

- CCF of the RD (bleed) valves [

Operator failure to perform the following actions was found to be a |*

major contributor to the estimated CDF from internal events (i.e.,
^

operator actions with highest risk reduction worth): ,

- perform ASC

- initiate feed-and-bleed operation

As mentioned above, details on SSCs and human actions that ABB-CE found were ;

risk significant are documented in CESSAR-DC Section 19.15. This information,
'

which was generated by taking into account insights and assumptions from the
entire PRA (i.e., all three PRA levels for both internal and external events

p and for all modes of operation), forms the basis for the following two lists:
(1) a list of important SSCs (see CESSAR-DC Table 19.15.6-1) that the COL- 1

applicant should incorporate into the D-RAP and 0-RAP (COL Action Item 19-14);
'

and (2) a list of risk-important (critical) operator tasks (see CESSAR-DC
Table 19.15.6-2) that should be taken into account in the MCR verification and
validation process, as well as in the development of emergency procedures and

ttraining programs,

ABB-CE, in performing the level 1 PRA for internal events at power operation, 7
identified the following ten critical tasks, which the operator must perform !

to prevent or mitigate severe accidents, that should be taken into account in-
'

,

the MCR design and the fixed display panel. ABB-CE makes a commitment to do
this in Section 18.5.1.5.2 of the standard safety analysis report (SSAR) '

(Amendment Q). The process for including these tasks and the acceptability of
this approach are addressed in Section 18.5.3.2.2 of this report.

operator failure to initiate hot-leg injection (HHFFH0TLEG) :.

operator failure to align the CST to EFWSTs (AHFDCST)*

operator failure to initiate feed-and-bleed (VHFFFEEDBLEED)-

operator failure to align the SCS for injection operation (JHFDRHRI)-
,

operator failure.to align the SCS for long-term cooling (JHFDSCSLTC)a

\ operator failure to throttle the SIS pump in time (PHFFSIPUMP)*

l
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operator failure to perform an ASC during an SGTR (AHFFASCSGTR).

failure to perform an ASC during a small LOCA (AHFFASCLOCA).

operator failure to generate safety injection actuation signale

(FHFFSIAS)

operator failure to restart the EFWS pumps and system (AHFF-RSEFW)=

In designing the Nuplex 80+ MCR, it is important that no significant new human
errors be introduced. To this end, during the MCR validation process, the COL
applicant should qualitatively confirm that the findings from the human
factors validation and verification (V&V) plan (as dispositioned) do not lead
to a risk-significant increase in error potential over that represented in the
System 80+ PRA human reliability assessment (HRA). If this is not confirmed,

the COL applicant should model the additional risk-significant errors in an
updated HRA. This aspect of the validation process is addressed in Sec-
tion 8.1 of the Human Factors Engineering Verification and Validation Plan for
the Nuplex 80+ (reference 3 of CESSAR-DC Section 18.4).

Jpsichts From the Sensitivity Analyses

The sensitivity analyses performed by ABB-CE had the following objectives:
(1) determine the sensitivity of the estimated CDF from internal events to
potential biases in numerical values, such as initiating event frequencies,
failure probabilities, and equipment unavailabilities; (2) determine the
effect of potential lack of modeling details, such as modeling of RCP seal
failures during an SB0 event, on the estimated CDF from internal events; and .

(3) determine the sensitivity of the estimated CDF to previously raised
issues, such as operator capability to perform mitigating actions outside the
MCR once an accident has occurred.

The most important insights drawn from applicant's sensitivity analyses are
summarized below.

Although the estimated CDF from internal events is less sensitive to*

human error probabilities than CDF estimates for operating reactor
designs, it is still very sensitive to operator actions that are
performed outside the MCR during an accident (e.g., operator fails to
align the CST to the EFWSTs for long-term cooling).

The estimated CDF from internal events is very sensitive to several.

common-cause-failure probabilities. This underlines the importance of
those design features and operational requirements that aim at prevent-
ing CCFs, namely divisional separation, diversity of redundant compo-
nents, as well as appropriate maintenance and training programs.

The System 80+ CDF from internal events is not very sensitive to=
|
! reasonable changes in single component failure probabilities or initiat-

ing event frequencies.

The estimated CDF is not sensitive to further reductions in safety-

system outage times for test and maintenance during power operation.
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p The estimated CDF from internal events is not sensitive to the RCP seal*

{ failure probability following SB0 or loss-of-cooling-water event. For
( this reason, RCP seal LOCAs were not modeled in the System 80+ PRA.

This result is due to the reduced likelihood of SB0 events and the
improved reliability of RCP seal cooling for System 80+ as compared to
operating reactor designs. Reduced SB0 likelihood is due to the
following features: (1) two physically separate and electrically
independent switchyards; (2) turbine-generator runback capability; (3)
addition of the non-safety combustion turbine-generator, which is
independent and diverse from the EDGs; and (4) EDGs with dedicated
125-V batteries. Improved reliability of RCP seal cooling is due to the
redundant and diverse systems that perform this function: (1) two
separate and independent CCWS and SSWS divisions, (2) two redundant and
divisionally separated charging pumps, and (3) a diverse positive
displacement (air-cooled) RCP seal cooling pump.

_

The estimated CDF is not sensitive to the assumption, based on best-*

estimate calculations, that the safety injection tanks (SITS) are not
required to prevent core damage during a medium LOCA.

The System 80+ CDF from internal events is not very sensitive to*

increases in MOV failure rates. This result shows that the System 80+
design is not very sensitive to the concern that generic MOV failure
rates (i.e., failure rates based on generic MOV failure data) may have
been underestimated.

,

g 19.1.3.2 Results and Insights From the Level 2 PRA (Containment Analysis)
t

In the sections that follow, results and insights from the Level 2 portion of
the PRA are presented. This includes the estimated probability of containment
failure, a breakdown of containment failure frequency in terms of important
containment failure and release modes, and finally, a summary of the risk-
significant insights from the Level 2 PRA and supporting sensitivity analyses.
Comparison of the results presented in the original and the updated PRA-shows
that resolution of the issues raised in the DSER has resulted in substantive
changes in certain portions of the analysis (e.g., the estimated probability
of containment failure from certain severe-accident phenomena) and a reorder-
ing of leading contributors to risk. However, because of the robustness of
the containment design and the margins between ultimate pressure capability
and peak containment loads, the System 80+ design conditional CCFP and overall
risk remain low.

19.1.3.2.1 Conditional Containment f ailure Probability

In assessing the probability of containment failure, two alternative defini-
tions of containment failure were considered: (1) loss of containment
structurai integrity (i.e., the structural integrity definition) and
(2) releases that result in significant offsite doses (i.e., the dose defini-
tion). Rather than attempt to define a "large release," the staff used the
EPRI criterion of 0.25 Sv (25 rem) at 0.8 km (0.5 miles) from the reactor as
the definition of containment failure in the latter case. This is judged to

e bound any reasonable definition of large radiological release.

V)!

The updated containment failure frequency (based on the structural integrity
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definition of containment failure) is about 2 x 10'7/ year. This value in-
cludes events that lead to containment basemat penetration as containment

This containment failure frequency represents roughly a six-foldfailures.
increase from that in the original PRA. The higher failure frequency is due
to an increase in the total CDF from the Level 1 analysis, combined with
modeling changes that led to an increased probability of containment failure
for certain severe-accident challenges. The key modeling changes involved
assumptions regarding core debris coolability in a wet reactor cavity,
occurrence of energetic events and their potential to fail the containment
(e.g., steam explosion and hydrogen detonation), and operator actions toThe staff findsactuate the accident mitigation systems (e.g., CFS and HMS).
ABB-CE's modeling of severe-accident phenomena and associated containment
failure modes in the updated Level 2 PRA to be comprehensive and consistent
with the current understanding of these issues. However, the staff's knowl-
edge in this area is not complete, and as a result, many of the related models
and assumptions contain significant uncertainties that can affect the bottom-
line numbers. Thus, caution must be used in interpreting the CCFP.

Using the structural integrity definition of containment failure, the CCFP for
System 80+ is approximately 11.7 percent for internally initiated events, and
11.4 percent when internally initiated events are combined with tornado strike

In ABB-CE's analysis, many of the containment failures are associatedevents.
with containment basemat melt-through and occur well after 24 hours (e.g.,
ABB-CE estimates that basemat penetration would occur at 65 hours if limestone
concrete was used). It is interesting to note that if such sequences are not
considered to constitute containment failure, the CCFP would be approximately
4 percent (for internal plus tornado strike events). While basemat- penetra-
tion events do not represent " controlled releases" as described in SECY-90-
016, these releases are into the subsoil rather than the atmosphere, and,
therefore, more benign in terms of offsite radiological consequences.

On the basis of the updated PRA, the probability of exceeding a whole-body
dose of 0.25 Sv (25 rem) at 0.8 km (0.5 mile) is about 5 x 10'8/ reactor-year
(for internal and tornado strike events). If doses in excess of 0.25 Sv
(25 rem) are considered to constitute containment failure (i.e., the dose

Thedefinition of containment failure), the CCFP would be about 3 percent.
CCFP based on the dose definition is lower than that assuciated with the
structural integrity definition because most of the structural failures (such
as basemat melt-through failures) do not have significant offsite consequenc-
es.

The staff concludes that the estimated CCFP for the System 80+ design satis-
fies the Commission's CPG (0.10). Specifically, within the 24-hour period
after core damage, which is the focus of the CPG, the probability of contain-
ment failure (using either the structural integrity or the dose definition of
containment failure) is below the goal. The probability of containment
failure is somewhat higher when failures beyond 24 hours are included;
however, CCFP remains less than the goal using the dose definition of failure
(3 percent), and is only slightly higher than the goal (11 percent) using theIn SECY-90-016, the staff stated that instructural definition of failure.
view of the low probability of accidents that would challenge the integrity of
the containment, the CCFP for evolutionary designs should not exceed "approxi-

Furthermore, in the related SRM, the Commission directed thatmately" 0.1.
the CCFP objective of 0.1 should not be imposed as a requirement in and of
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itself. In view of the approximate nature of the CPG, the recognition that I.

L- PRA results, particularly bottom-line numbers, contain considerable uncertain-
\._ ties, and the f act that the majority of containment failures reflected in the

ll-percent CCFP estimate are late, containment basemat melt-throughs rather
than releases to the atmosphere, the staff concludes that the System 80+
design satisfies the Commission's CPG.

19.1.3.2.2 Leading Contributors to Containment Failure From the Level 2 PRA
:

Tha frequencies of the various containment failure modes and the fractional .

contributions by containment failure mode to the total containment failure
frequency are presented in Figure 19.2 for both the original and updated
System 80+ PRA. The updated PRA results reported here, as well as in the '

discussions that follow, are based on the combined frequency of internally >

initiated events plus tornado strike events. A separate accounting of results i
'

for internally-initiated event is not included because of the small CDF from
tornado strike events (3 x 10'y/ year and the limited impact of tornado strike ,

events on level 2 PRA results, as illustrated in Table 19.2.

The containment failure profile is significantly changed relative to the !
ioriginal PRA. The breakdown of results from the updated PRA reveals that

11 percent of the core-damage events involve containment failure. Most of
these failures (about 70 percent) involve late containment failure. Basemat 4

melt-through accounts for 67 percent of the containment failure frequency,

compared with 6 percent in the original PRA. Late containment failures due to
f late containment pressurization or late hydrogen burns contribute about
( 3 percent, compared with less-than 1 percent of the containment failure

frequency in the original PRA. Early containment failures, which were a ,

negligible contributor in the original PRA, account for about 10 percent of
.

'

the containment failure frequency in the updated PRA. Containment isolation
failure (primarily SGTR) and failure due to containment bypass scenarios
ISLOCA contribute about 21 percent and 0.2 percent in the updated PRA, .

*compared with 23 percent and 8 percent in the original PRA, respectively.

The leading containment failure mode in the original PRA, containment failure
before core melt, is eliminated in the updated PRA because of the addition of
an external spray connection and water source to the System 80+ design. The
high probability of containment spray availability and the assumption that
once the containment spray is available a containment overpressure failure due
to steam generation is avoided result in a containment-failure-before-core-

4melt frequency below the 1 x 10 truncation level.
! Important contributors to each of these failure modes are identified in

Figure 19.3, and discussed further in the sections that follow. ;

Late Containment failure

Late containment failure is defined in the System 80+ PRA as a failure more
than 1 hour after reactor vessel failure. Three late containment failure
modes are evaluated in the System 80+ PRA. They are (1) containment basemat
melt-through; (2) containment overpressurization failure due to steaming,
noncondensible gas generation, or a late hydrogen burn; and (3) containment
overtemperature failure. ;
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Containment Basemat Melt-Through: This is the leading containment failure
mode in the updated PRA. The frequency of basemat melt-through in the updated
PRA is 1.3 x 10 which is about 60 times the frequency in the original PRA.4

,

One important reason for this increase is that basemat melt-through to the
underlying stone or soil was not considered a containment failure in the
original PRA, but is considered as one mode of late containment failure in the
updated PRA. Furthermore, although the corium was assumed coolable and CCI
was assumed terminated if the reactor cavity was flooded in the original PRA,
a small probability for CCI to continue in a flooded cavity was assumed in the
updated PRA (1 percent). About 90 percent of the basemat melt-through events
occur in sequences in which the reactor cavity is dry. Three different
containment basemat melt-through modes are considered in the System 80+ PRA.
They are (1) penetration of the basemat foundation, (2) erosion into and
penetration of the subsphere region of the auxiliary building, and (3) erosion
into the cavity floor and walls inducing cavity wall collapse, which causes
reactor vessel supports to shift, and ultimately leading up to failure of one
or more containment penetrations. Approximately 95 percent of basemat melt-
through comes from a melt-through to the underlying stone or soil in the
updated PRA. Consistent with PRAs for operating plants, the System 80+ PRA
does not distinguish between melt-through of the containment shell (which is
embedded about 0.9 to 1.5 m (3 to 5 ft) below the floor of the reactor ' /ity)
and melt-through of the basemat foundation (which extends approximately 4.6 m
(15 ft) below the embedded shell). Melt-through of the containment shell
would occur much earlier than basemat penetration; however, the releases due
to melt-through of the shell are generally considered to be negligible because
of the limited flow areas and gaps (between the conc ete and shell). In
System 80+, all sequences that lead to basemat melt through, by definition,
involve prior melt-through of the embedded containment shell. Conversely,
most sequences that lead to melt-through of the containment liner can be
expected to eventually fail the basemat as well, since the core debris is not
cooled in these cases. Accordingly, the frequencies of containment shell
melt-through and basemat melt-through would be very similar.

Late Containment Overpressure Failure: Three mechanisms for late containment
overpressure failure are considered in the System 80+ PRA. They are gradual
steam pressurization with a flooded cavity and coolable corium, gradual steam
and noncondensible gas pressurization with CCI in a flooded cavity or with CCI
in a dry cavity, and late hydrogen burn. Results of the System 80+ PRA show
that the first two mechanisms account for about 95 percent of the late
containment overpressure failure frequency with roughly equal contributions
from each. Late hydrogen burn contributes only 5 percent to the late contain-
ment overpressurization failure probability. The hydrogen available for a
hydrogen burn in the late period includes the hydrogen produced in-vessel from
zirconium oxidation and the hydrogen produced ex-vessel from CCI (including
oxidation of the remaining zirconium in the melt). The challenge to the
containment integrity is more severe if the hydrogen in the containment has
not been consumed by early hydrogen burns. For this case, a late hydrogen
burn usually involves a sudden deinerting of the containment because of the
restoration of containment sprays. Because of the large containment volume
and the high containment pressure capability, the challenge to containment
integrity from a late hydrogen burn is not significant.

Containment Overtemperature Failure: This failure involves the loss of
containment integrity as a result of a sustained high-temperature environment
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in the containment. Containment overtemperature failures are assumed in the
!

PRA to be caused by high-temperature degradation of seal materials used in
major containment penetrations. These penetrations consist of the equipment

.

hatch, personnel airlocks, and the fuel transfer tube. In the PRA, contain-
ment over-temperature failure is assumed to occur only if the reactor cavity ,

is dry and containment heat removal is lost. As discussed in Section 19.2.6.4
of this chapter, the containment atmosphere temperature under these conditions ,

is expected to be about 204 *C (400 *F) based on ABB-CE calculations using the i

MAAP code, and about 260 *C (500 *F) based on staff calculations using MELCOR.
The probability of a containment penetration failure under dry-cavity condi-

'

tions is assumed to be 1 x 10'3 in the PRA. As a result, the contribution
from overtemperature failure is negligible.

It is important to note that the detailed designs of major penetrations are >

not available at this time and thus were not actually analyzed by ABB-CE.
ABB-CE has stated that the intent of the penetration seal design is to ensure .

that the selected seal and mounting will provide a minimum of 1-day contain-
ment integrity. ABB-CE has further stated that this design objective will be
achieved by a combination of selecting high-quality and high-capability seals,
protectively mounting the seal so that it is not directly exposed to the
containment environment, and providing double seals (inner and outer) whenever
possible. This design commitment is given in CESSAR-DC Section 19.11.3.1.4.
The staff considers ABB-CE's design objective and the assumed failure rate in
the PRA achievable. This design commitment is consistent with the results of
NRC funded research into containment seal and penetration integrity under
severe accident conditions. This is discussed further in Section 19.2.6.4 of
this chapter.

Early Containment Failure ;

The total freguency of early containment failure predicted by the System 80+
PRA is 2 x 10' / year, or about 11 percent of the containment failure frequen-
cy. The mechanisms that are considered in the System 80+ PRA for early. '

'containment failure include in-vessel steam explosion (alpha mode failure),
DCH, early hydrogen burn, rapid steam generation (RSG), rocket mode failure,
and corium impingement resulting from HPME.

.

The major contributors to early containment failure are those from energetic
events such as steam explosion and hydrogen detonation. The fractional
contributions from the various containment failure mechanisms to early
containment failure are 88 percent for ex-vessel FCIs, 9 percent for alpha
mode failure, and 3 percent for early hydrogen burn. The contributions from
DCH, rocket mode failure, and corium impingement are very small (< t

0.01 percent). ;

Ex-vessel FCIs are the leading. contributor to early containment failure
according to the System 80+ PRA. These events include ex-vessel steam
explosion (EVSEs) and quasi-static pressurization (i.e., a pressure spike ,

produced in the containment by the steam generated from the quenching of the >

high-temperature core debris). According to the System 80+ PRA, EVSE are
about an order of magnitude more likely to cause a containment failure than
quasi-static pressurization. The high contribution of steam explosions to

O early containment failure can be attributed to the high probability that the
reactor cavity will be flooded using the CFS (> 90 percent), the assumed
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probability of an EVSE occurring in a flooded cavity (0.86), and the assumed
probability of containment failure given that EVSE has occurred (0.015).
These parameter values control the probability of containment failure caused
by FCIs and the probability of early containment failure in the System 80+
PRA.

4Alpha mode failure has a frequency of 2 x 10 / year and accounts for about
9 percent of the early containment failure frequency. This containment
failure mode involves considerable phenomenological uncertainty. The proba- !
bility of an alpha mode failure depends on the RCS pressure at the time when
the molten core debris (corium) contacts the water in the reactor vessel lower
plenum after the failure of the core support plate. On the basis of a review
pf available steam explosion data and analyses, ABB-CE used a value of 1 x 10'

for low RCS pressure and a value of 1.0 x 10"' is used for high RCS pressure
in the System 80+ PRA. These values are greater than the median values, but
almost an order of magnitude smaller than the mean values of the distributions J
used in NUREG-1150, " Severe Accident Risks: An Assessment for Five U.S.

i
Nuclear Power Plants," December 1990. PRAs. However, even if the NUREG-1150 '

mean values are used to quantify the CCFP from this containment failure mode,
the absolute value of containment failure frequency due to alpha mode will
still be small.

Hydrogen deflagration and detonation contributes 3 percent to the early
containment failure frequency. The hydrogen burn events considered in the
System 80+ PRA include both deflagration and detonation. According to the
System 80+ PRA, hydrogen detonation is the more important failure mechanism
for early hydrogen burn. Even with the use of conservative assumptions
regarding the hydrogen generation and hydrogen burn process in the PRA, the
predicted CCFP for hydrogen deflagration is much lower largely because of the
large containment volume and the strength of the containment. The challenge
to containment integrity from a hydrogen burn is reduced in the System 80+ PRA !
by the use of the HMS. Because of the high reliability of the HMS and the low !
probability of operator error, the loss of the igniter system is dominated by *

the loss of power in the System 80+ PRA. Results of the sensitivity analysis
show that the conditional probabilities for the various release classes (RCs) j
are essentially unchanged by the change in HMS failure probability.

DCH is a negligible contributor to early containment failure for System 80+ |
and accounts for less than 1 percent of the early failure frequency. The low '

frequency of DCH-induced containment failure is due to the low prcbability
that the RCS will be at high pressure at the time of reactor vessel breach
(0.05), the low probability that the reactor cavity will be dry at the time of
reactor vessel failure (about 0.08), and the low probability of containment
failure given the estimated loads for DCH events (0.014). It is important to
note that HPME events that occur with the reactor cavity flooded are treated
as RSG events rather than as DCH events in the PRA. Thus, cavity flooding has
the effect of reducing the frequency of DCH failures while increasing the
frequency of steam explosion failures.

The other early containment failure mechanisms evaluated in the System 80+ PRA
are (1) direct shell attack via corium impingement, (2) rocket mode contain-
ment failure, and (3) reactor cavity overpressure failure. Analyses by ABB-CE
showed that the probability of a reactor cavity overpressure failure is
negligible and it is therefore not included in the early containment failure
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model in the PRA. The other two containment failure mechanisms are included

h(f
in the early containment failure logic model, but their contributions to early
containment failure are small and negligible.

Containment Isolation Failure

According to the System 80+ PRA, containment isolation failure accounts for
about 21 percent of the total containment failure frequency in the updated PRA
and is the most dominant contributor to the risk for System 80+. In the
System 80+ PRA, the SGTR sequences with an unisolable path to the atmosphere
outside the containment (e.g., a stuck-open atmospheric dump valve (ADV)) are
considered as one mode of isolation failure. The SGTR sequences contribute
about 94 percent to the total frequency of isolation failure and essentially
all of its risk.

According to the System 80+ PRA, an SGTR-initiated core-damage sequence may
not always lead to an isolation failure (i.e., release through the secondary
system, bypassing the containment). The probability of isolation failure for
an SGTR sequence depends on the core-damage scenario developed in the Level 1
analysis. For the SGTR sequences where core damage is partly caused by an
unisolable leak (in the Level 1 analysis), the probability of isolation
failure is taken to be 1.0; for the SGTR sequences where core damage is not
affected by the secondary-side isolation status (in the Level 1 analysis), an
isolation failure probability of 4 percent is used in the PRA for Level 2
analysis. This 4-percent isolation failure probability is based on an
assessment of the failure probabilities of the ADVs, main steam safety valves
(MSSVs), main steam isolation valve (MSIV), and turbine bypass and stop valvesO on the secondary side and has a significant effect on the total risk.

D Accordingly, these components have been included in the list of items to be
. addressed in the COL applicant's RAP.

An SGTR release can also occur if some of the SG tubes experience a high-
temperature creep failure during the core-damage process of a high-pressure
sequence. This type of SGTR release was not treated in the System 80+ PRA
because of a rough estimate performed by ABB-CE that shows that the frequency
and consequences associated with this release category are low. The low
frequency is primarily due to the high probability of RCS depressurization and
the low probability of a temperature-induced tube rupture given that the RCS
pressure is high (at about the pressurizer safety valve setpoint). The low
consequences are due to the expected short duration for fission-product
release through the ruptured SG tubes (i.e., the time between tube rupture and |

vessel breach). The release through the secondary side is expected to be
terminated most likely after vessel breach because of the RD of the RCS and
the subsequent depressurization of the SG and reseat of the MSSVs after vessel
breach. The staff estimates that if 2 percent of all high-pressure core-
damage sequences result in a temperature-induced SGTR (the failure rate used
in NUREG-1150 analyses), the total frequency of SGTR sequences (isolated plus
unisolated) would increase by about 5 percent. Even if all of the tempera-
ture-induced SGTR events were assumed to be unisolated, the frequency of
containment isolation failure (currently 21 percent of all containment ;

failures) would increase by about one-third. The staff finds ABB-CE's
treatment to be adequate given the relatively small impact on total risk.

U The contribution to the containment isolation failure frequency from tradi-
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tional failure mechanisms (i.e., f ailure to successfully isolate containment |

penetrations), although modeled using a failure probability equivalent to that
in PRAs for operating reactors, is relatively small for System 80+.

Containment Bypass

In the System 80+ PRA, the only accident sequences that are classified as
containment bypass events are the ISLOCA sequences. These sequences tradi-
tionally are a major concern because the environmental release generally
begins early and does not receive the benefit of any containment holdup and
fission-product retention. However, as a result of piping system upgrades

discussedpreviouslg, year)frequencyforISLOCAsequencesisverylowfor
the

System 80+ (5 x 10' / As such, these sequences contribute only.

0.2 percent to the total containment failure frequency and about 1 percent to
the total risk.

The containment bypass RC is characterized in the PRA by a failure of the
check and isolation valves in one SCS line resulting in a catastrophic failure
of this line outside the containment. The associated release path is through
the broken SCS line into the subsphere region of the auxiliary building. A

high decontamination factor is used in the PRA for these sequences because of
both the long release path and the potential for water scrubbing. However,
because the containment bypass frequency for System 80+ is so low, its
contribution to total risk is not expected to become significant even if a
lower decontamination factor is used in the analysis.

19.1.3.2.3 Important insights From level 2 PRA and Supporting Sensitivity
Analyses

insights from the Level 2 PRA are summarized below. These are organized in
terms of equipment and design features, severe-accident phenomena and chal-
lenges, and human actions.

Equ_1pment/Desion Features

The breakdown of the core damage events that involve containment failure
reveals that the bulk of these failures (70 percent) involve late containment
failure, primarily due to a basemat melt-through. An additional 10 percent of
the containment failure frequency comes from early containment failure,
including failures caused by RSG or explosion, DCH, and hydrogen combustion.
Another 21 percent comes from containment isolation failure, which in the
updated PRA includes SGTR failure with un-isolated secondary system. Contain-
ment bypass failure contributes about 0.2 percent.

The System 80+ containment building offers several benefits with regard to
severe accidents, specifically: (1) the increased containment volume reduces
the potential for developing detonable concentrations of hydrogen under severe
accident conditions, and essentially eliminates containment overpressure from
noncondensible gas buildup as a major contributor to containment failure, and
(2) the containment pressure capacity and estimated median ultimate contain- i
ment strength are sufficiently large that the containment loads associated '

with early challenges, for example, hydroger, combustion and DCH, are at or
below the Service Level C value. This assures a very low probability of '

containment failure for such challenges. The high-pressure capacity, combined
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with the increased containment volume, also delays significantly the time of
release for late containment overpressure failure challenges.

The high pressure capacity of the reactor cavity, combined with the ability to
maintain containment structural integrity even if a wall collapses in the
reactor cavity, provides the capability to accommodate significant pressuriza-
tion from quasi-static and dynamic loads, such as DCH or ex-vessel FCis
without loss of containment integrity. As a result, the conditional probabil-
ity of containment failure due to ex-vessel FCIs is very small (on the order
of 1 percent). Although FCIs still account for a significant fraction of the
containment failures, the capability of the reactor cavity to withstand such
loads assures that the frequency of these failures is low in absolute terms.

Hydrogen combustion is not a significant contributor to containment failure,
even if the HMS is unavailable. A sensitivity analysis shows that complete
unavailability of the system would result in a negligible change in the RC
frequencies. The ability of the containment to accommodate hydrogen combus-
tion without the igniter system is due in part to the large volume and high
ultimate pressure capacity of the System 80+ containment.

The ECSBS is an important feature for assuring a low probability of late
containment failure. The updated System 80+ PRA shows that the availability
of this external source of water to the sprays virtually assures containment
heat removal in the long term. Consequently, the dominant containment failure
mode in the original System 80+ PRA, " Containment Fails Before Core Melt," is
eliminated in the updated PRA. Sensitivity analyses using the updated PRA

O
show that unavailability of the backup system would increase CCFP from
11 percent to about 14 percent. The COL applicant will submit a detailed
system design, and will determine specific pump flow rates and the location of
all associated valves and connections; this is COL Action items 19-10 and 19-
11. The COL applicant will develop detailed procedures for use of tne system
as part of COL Action item 19-16.

The CFS is an important feature for assuring a low probability of late
containment failure, that is, basemat penetration. Even though basemat
penetration constitutes the major contributor to containment failure, about
90 percent of the basemat melt-through events occur in sequences in which the
reactor cavity is dry. Sensitivity analyses show that the probability of late
containment failure would increase from 8 percent to about 53 percent if the
probability of successfully flooding the cavity is reduced by a factor of 2.
Thus, it is important to assure that the reactor cavity is filled with water
in the long term. The COL applicant would develop specific details regarding
actuation time and the parameters that will be used to determine the need for
cavity flooding as pa rt of its plant-specific severe-accident management
guidelines. This is COL Action item 19-16. The reliability of the CFS and
associated valves is important and should be monitored by the COL applicant's
reliability assurance program.

The type of concrete selected for use in the containment basemat (e.g.,
limestone or basaltic) does not have a significant impact on either contain-
ment failure frequency, or overall plant risk.

Phenomena /Challenaes
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Containment performance is not strongly affected by RCS pressure at the time
of vessel breach. The PRA shows that containment failure is dominated by ex-
vessel FCIs which occur in a flooded cavity (the reactor cavity is expected to
be flooded via the CFS in more than 90 percent of the sequences). The

probability of FCI-induced containment failure is assumed in the PRA to be
independent of whether vessel breach occurs at high or low pressure. Although
depressurization would eliminate the potential for DCH, this is only a very
small contributor to containment failure for System 80+. Furthermore, the
probability of early containment failure from FCI assumed in the PRA is
approximately equal to probability of containment failure due to DCH. As a
result, the frequency of early containment failure is not significantly
impacted by assumptions regarding operator actions to depressurize or creep
rupture of RCS piping.

The PRA shows that risk reductions are possible through refinement of the
reactor cavity flooding strategy, which presently calls for flooding the
cavity preceding reactor vessel breach. Specifically, for sequences with low
RCS pressure at vessel breach, delaying reactor cavity flooding until after
reactor vessel failure would eliminate the potential for significant ex-vessel

| FCIs coincident with vessel failure. Subsequent cavity flooding would result
' in either a coolable debris bed in one extreme, or continued CCI and eventual

late basemat melt-through in the other extreme. However, in either case, the
associated consequences would be more benign than an early containment
failure. An alternative to delayed flooding would be to fill the cavity only
partially preceding vessel breach, and to complete the flood-up after the
vessel breach. This would reduce the height of water over which dynamic loads
would be transmitted to the cavity walls, while retaining the benefit of
quenching of the core early. For high-pressure sequences, the condition of
the cavity at vessel breach does not significantly affect the probability of
early containment failure since the probability of containment failure from
DCH in a dry cavity is approximately equal to the probability of containment
failure from ex-vessel FCIs in a flooded cavity. Thus, the same reactor
cavity flooding can be used regardless of the RCS pressure. As discussed
below, specific details regarding system actuation will be addressed in the
severe accident management guidance and procedures to be developed by the COL
applicant. This is COL Action Item 19-16.

Human Response ,

1

Operator actions to isolate a faulted SG have a major impact on the estimated
frequency of containment isolation failure (RC4). Increasing the probability
of failure to isolate from 4 percent to 20 percent increases by a factor of 2
the conditional probability of containment isolation failure (from 0.023 to
0.047). This increase is significant in terms of offsite consequences since
the probability of large releases for System 80+ is dominated by this release
category. Operator actions to isolate a faulted SG are one of several actions
identified for further assessment by the COL applicant, as discussed below.

Operator actions are required for actuation of the severe-accident-related |

features in the System 80+ design, including (1) the RDS, (2) the ECSBS, !

(3) the reactor cavity flood system, and (4) the HMS. Basic assumptions were ;

made in the PRA regarding how these systems would be utilized, for example, it
'
i

was assumed that the CFS would be actuated early enough that the cavity would
be flooded before reactor vessel breach. Detailed procedures for use of the
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|
severe accident design features will be developed by the COL applicant, as |
part of COL Action item 19-16.

Use of the ECSBS requires multiple operator actions outside the MCR. Accord- |

ing to the basic event probability calculations in the PRA, these actions '

. include dispatching a crew to the subsphere region, local alignment of certain
valves, transport of the pumping device to the appropriate location, connec-
tion of the pumping device to the containment spray line, running the hose to
the cooling pond, and starting (and monitoring operation of) the pumping i

device. In developing the detailed system design, including the location of
all associated valves and connections, the COL applicant should take into
account expected radiation levels and shielding requirements for any required
local operator actions. Procedures for using.the system are assumed to exist
in the PRA, and will be developed by the COL applicant as part of the accident ;

management plan. This is COL Action Item 19-15. i

Risk significant operator actions were identified from the PRA based on {
sensitivity /importance analyses, supplemented by engineering judgment. ABB-CE
judged that the following operator actions in the Level 2 analysis were
outside the scope of the PRA/HRA critical task criterion, but significant
enough that they should be incorporated in the functional task analysis to be
performed as part of the detailed MCR design, and that the resulting indica- r

tion and control requirements should be. incorporated in the availability !
verification activity: e

Align CVCS to fill the IRWST following SGTR and following containment*
,

breach (UHFDRFIRWSTSGTR). |
'

Reclose the ADVs on the ruptured SG (DHFFRECLOSEADV).*

Initiate.the CFS (including during SB0 events) (GHFFCFSMOVS). !.

I
Connect the ECSBS to the spray header (GHFFECSBS). ;*

i
Align the SCS pump for backup to the containment spray pump !

=

(JHFLSIXCON1).
i

!Depressurize the RCS preceding reactor vessel breach (NOSDSDP).a

i

Isolate LOCAs outside containment at the containment interface (0IC). !*

Energize the HMS (0PIGNIT0FF).*
.

This commitment is recorded as Item 107 in the human factors open issue ;

tracking system, and is discussed further in Section 18.8.3.2.3 of this ;
report. The activities under which this will be carried out are discussed ;

further in Chapter 18 of this report. '

;

19.1.3.3 Results and Insights From the Level 3 PRA (Offsite Consequences) )
In the updated System 80+ PRA, the end-states of the containment event trees
were grouped into '23 individual RCs. For each class, the timing and energy of

i O tions using the MAAP code, and the isotopic content and magnitude of release
release were established based on plant-specific thermal-hydraulic calcula-

;
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were estimated using a version of the NRC-developed XSOR code, modified to
reflect System 80+ design features. The NRC-developed MACCS code was then
used to calculate offsite consequences for each of the RC, specifically, the ,

whole-body dose complementary cumulative distribution function (CCDF) at
'

O.8 km (0.5 mile) from the reactor site, and the total person-rem exposure i

over a 80 km (50 mile) radius from the plant. These analyses were supplement-
ed by sensitivity analyses to assess the impact of uncertainties in key |

I
parameters. The staff finds this overall approach and the use of the above
codes to be consistent with the present state of knowledge regarding severe
accident modeling and, therefore, acceptable.

|

asults and insights from the Level 3 portion ofIn the sections that fo. '

the PRA are presented. In.. .ncludes the estimated probability of exceeding
selected dose criteria, a breakdown of the total risk in terms of important
RCs, and finally, a summary of the risk-significant insights from the Level 3
PRA and supporting sensitivity analyses.

19.1.3.3.1 Offsite Consequences for -+em 80+

On the basis of the updated PRA, the . ,4bility of exceeding a whole-body
dose of 25 rem at 0.5 mile is about 5.3 x 10-a per reactor-year (for internal
and tornado strike events). This value is approximately 20 times lower than
the 1.0 x 10 goal established by the EPRI in the Advanced Light-Water4

Reactor (ALWR) Utility Requirements Document (URD). It should be noted,
however, that the EPRI goal applies to both internal and external events, and
that the results for System 80+ do not include the contribution from seismic
and fire events.

The total person-rem exposure over .0 km (50 mile) radius from the reactor
is estimated to be approximately 17 person-rem over a 60-year plant life.
This is based on the use of population and weather data developed by EPRI to
bound 80 percent of the reactor sites in the United States. This risk is very
low compared to the current generation of operating plants and is due to a
combination of three factors: (1) the low estimated CDF for System 80+, (2) a
low CCFP, and (3) the late and generally benign nature of releases predicted
for the majority (about 70 percent) of the containment failures.

19.1.3.3. Leading Contributors to Risk From Level 3 PRA

The consequences calculated for each of the 23 individual RC were weighted on
the basis of their individual frequencies, and combined into 5 general RCs,
representing the following types of containment response:

intact containment - RC1*

late containment failure - RC2.

early containment failure - RC3*

containment isolation failure (including unisolated SGTR sequences) -=

RC4

containment bypass (including ISLOCA) - RC5=
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The contribution to risk from each of these 5 general RCs is presented inm
Table 19.3 and Figure 19.4. The following can be noted:

Events in which the containment remains intact (RCl) account for nearly-

90 percent of core damage events, but are negligible contributors to
risk.

Late containment failures, although contributing about 70 percent of the*

containment failure frequency, account for less than 5 percent of the
risk. This is due to the benign nature of the bulk of these releases
(i.e., basemat melt-through), and the late time of release.

Although containment isolation failures (RC4) account for about*

20 percent of the containment failure frequency, these releases dominate
risk in terms of both the probability of exceeding 25 rem and the total
person-rem exposure. This is because these releases do not receive the
benefit of fission product holdup and scrubbing in containment.

Releases from containment bypass events (RCS), although generally*

equivalent to isolation failures (RC4) in terms of the magnitude of
release, account for only 1 percent of the total risk. This is due to
the low estimated frequency of bypass events, which is about 2 orders of
magnitude less than the frequency of containment isolation failures.

Essentially all of the containment isolation failures in RC4 involve SGTR
events. About 70 percent of the frequency and risk of these SGTR events comes

r from RC4.36, which is characterized as an SGTR with successful injection and
( successful operation of the EFWS. However, RCS pressure control is not
k established and the ruptured SG is not isolated. Leakage to the secondary

side remains high, and the operator fails to replenish the IRWST inventory.
This leads to IRWST depletion and core damage at approximately 25 hours.

19.1.3.3.3 Important insights From level 3 PRA and Supporting Sensitivity
Analyses

insights from the Level 3 PRA are summarized below based on the Level 3 PRA
results and supporting sensitivity analyses.

On the basis of the updated PRA, the probability of exceeding a whole-*

body dose of 0.25 Sv (25 rem) at 0.8 km (0.5 mile) is about
5.3 x 10'8/ reactor-year (for internal and tornado strike events). If

doses in excess of 0.25 Sv (25 rem) are considered to constitute
containment failure (i.e., a dose definition of containment failure),
then the CCFP would be 2.7 percent.

On the basis of the updated PRA, most of the risk comes from SGTR events-

in which RCS pressure control is not established, the ruptured SG is not
isolated, and the operator fails to replenish the IRWST inventory.
ABB-CE has specifically identified operator actions to isolate the
faulted SG as a " critical task" as discussed earlier. As such, these
actions will receive increased emphasis by the COL applicant as part of
the detailed MCR design process and the development of plant-specificr

'l operating procedures and training programs. ABB-CE has also identified
operator actions to align CVCS to fill the IRWST (following an SGTR with
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containment breach) as important enough that they be included in the l

functional task analysis to be performed by the COL applicant as part of '

the detailed MCR design, and that the resulting indication and control
requirements be incorporated in the availability verification activity.

:

ISLOCAs are not significant contributors to overall plant risk, primari-*

ly due to a piping upgrade that led to a low estimated frequency of
these events. However, even if the frequency of ISLOCA is increased by
2 orders of magnitude, the overall risk would increase by only a factor
of 2.

Because of the relatively small contribution to risk from basemat melt-*

through events, overall plant risk is not significantly impacted by
increases in the frequency of basemat melt-through (e.g., a factor of 2)

The concrete ablation rate in basemat melt-through sequences has only a=

minor impact on overall risk for System 80+. A sensitivity calculation
in which the time of fission product release for basemat melt-through
was decreased from 65 hours to 30 hours, and the fraction of the basemat
melt-throughs into the SIS pump room was doubled (from 4 percent to
10 percent) shows that risk would increase by about 20 percent. This
indicates that the use of either limestone or basaltic concrete in the
basemat would not have a significant impact on risk for System 80+.

19.1.4 Safen Insights From the External Events Risk Analysis (Operation at
Power)

Four external events were analyzed in the System 80+ PRA: seismic events,
internal fires, internal floods, and tornados. In many PRAs performed to
date, these external events have had combined CDFs that are the same magnitude
as for internal events. It is not unusual to see the combined CDFs for these
events in the IE-4 per year range. The methods used in the System 80+ PRA to
evaluate external events is acceptable to the NRC because they provide the
insights necessary to determine if any design or procedural vulnerabilities
exist for these external events and because the methods provide insights
needed for design certification requirements, such as ITAACs.

In SECY-93-087, the NRC identified the need for a site-specific probabilistic
safety analysis and analysis of external events. ABB-CE did not perform an
analysis (PRA or bounding) of the capability of the System 80+ design to
withstand external flooding, hurricanes, or other site-specific external
events. ABB-CE did submit evaluations of seismic, tornado, fire, and internal

i flood events. The NRC requires, where applicable to the site, that the COL
l applicant perform a site-specific PRA-based analysis of external flooding,
l hurricanes, or other external events pertinent to the site to search for site-

specific vulnerabilities. This is COL Action Item 19-12. In addition, the
site-specific PRA should update the System 80+ PRA to account for the detailed
desigr of the as-built plant, with special emphasis on those areas of the
design that either were not part of the certified design or were not detailed
in the certification. The site-specific PRA should be submitted at the time

; of the COL application and updated, as necessary, to account for ongoing
first-of-a-kind engineering. This is COL Action Item 19.1.4-1.'

19.1.4.1 PRA-Based Seismic Margins Analysis '
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System 80+ is designed to withstand a 0.3 g SSE. Since the analyses used in
[mT designing the capability of structures, systems and components (SSCs) to
V withstand the SSE have significant margin in them, it is expected that a plant

built to withstand the SSE actually will be able to withstand a much larger
earthquake. A PRA-based margins analysis systematically evaluates the
capability of the designed plant to withstand earthquakes without suffering
core damage, but does not estimate the CDF from seismic events. The margins
analysis is simply a reasonably conservative method for estimating the
" margin" above the SSE, that is, how much larger than the SSE an earthquake
must be before it compromises the safety of the plant.

The capability of a particular SSC to withstand beyond-design-bases earth-
quakes is measured by the value of the peak ground acceleration (g-level) at
which there is a HCLPF. The HCLPF capacity of a certain SSC corresponds to
theearthquakelevelatwhich,withhighconfidence(95 percent), itis
unlikely (probability less than 5 x 10' ) that the SSC will fail. An HCLPF
value for the entire plant is determined by finding the lowest sequence HCLPF
that leads to core damage. It is a measure of the capability of the plant to
withstand beyond-design-basis earthquakes without suffering in core damage.
The plant HCLPF value, which is assessed from the SSC HCLPF values, has units
of acceleration. The NRC has indicated (SECY-93-087) that it expects that a
plant truly designed to withstand a 0.3 g SSE should have a plant HCLPF at
least 1.67 times the SSE (i.e., 0.5 g). The PRA-based SMA shows that the
System 80+ design meets (and exceeds) the 0.5 g HCLPF value expectation.

19.1.4.1.1 Dominant Accident Sequences (Seismic)
r
( The event and fault trees developed for the internal events PRA were modified *

to accommodate seismic events. In this way the random failures and human
errors modeled in the internal events portion of the PRA are captured in the
seismic analysis. The underlying assumption that earthquakes exceeding the
SSE will happen less than once in a thousand years was used to exclude random
failures or human errors with probability less than 1 x 10'3 (1 x 10'2 if they
affect only one redundant train in only one safety system). This is because
thecombinationofseismiceventspavingaccelerationhigherthan0.5gwith
random failures lower than 1 x 10' would result in estimates of CDF much less

4than 1 x 10 / year. The modified event and fault trees were merged, and
cutsets were generated for all sequences that lead to core damage. These
cutsets are of two kinds. One kind contains only seismic failures (i.e.,
without any random failures or human errors). The other kind contains random
failures and/or human errors (truncated at 1 x 10',) in addition to seismic
failures. In " quantifying" these cutsets, the HCLPF values of the seismic
events (instead of mean values of failure probabilities) were used, while the
probabilities of random failures and human errors are the same as for the
internal events PRA, ABB-CE used the conservative deterministic failure

values for components and
margin (CDFM) approach for calculating HCLP[ for the sequence and plant-levelstructures and the minimum / maximum approach

2 In the minimum / maximum approach, if there is an "0 Red" sequence where
the failure of any individual SSC would cause core damage, we take the lowest
individual SSC HCLPF as the sequence HCLPF. If there is an "ANDed" sequence

[d
3

\ where the failure of all SSCs would cause core damage, we take the highest
individual SSC HCLPF as the sequence HCLPF
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HCLPF calculations. The CDFM method is a set of guidelines (e.g., how to
modify ground response spectra, damping, material strength, and ductility)
that if followed will result in an acceptable estimate of an SSC's HCLPF. The
staff reviewed these calculations, and the staff finds the calculations were
properly conducted and the employed methodologies were properly applied.

ABB-CE used an initiator event tree to access seismically induced initiator
HCLPF values, which were then transferred to the appropriate event tree for
that initiator. The initiators considered were LOCAs, ATWS, LOOP, and general
plant transients. In implementing the initiator event tree, ABB-CE assumed
that each of the above initiators was mutually exclusive. This is not
actually true, since it is possible to have ATWS and/or LOOP in combination
with a LOCA (or even with each other). In fact, LOOP (as specified in both
the EPRI and NRC margins guidance) should be assumed in all cases (because its
HCLPF value is so low). Further, the staff believes that ATWS should be
assumed to occur whenever a seismically induced LOCA occurs (since the ATWS
HCLPF is much lower than the LOCA HCLPF). The NRC review has investigated the
effect of correcting these errors and has concluded that their correction has
no effect on the results or insights from the margins assessment.

The PRA-based SMA, performed by ABB-CE and reviewed by the staff, identified
31 sequences that lead to core damage (for details see CESSAR-DC Section
19.7.5). The NRC has identified those sequences that are the " dominant"
contributors to the plant HCLPF value. The word " dominant" appears in quotes
to emphasize that the use of this terminology in the context of a seismic
margins study should not be taken in the same way as for a conventional PRA.
Although these sequences (and associated cut sets) dominate the HCLPF values
for the plant, the margins approach does not permit a determination that these
are tSe dominant contributors to seismic risk in a probabilistic sense. If

random failures and human errors are ignored (i.e., when cutsets containing
seismic failures only are considered), the plant HCLPF was estimated to be
0.73 g. Since the plant HCLPF can be lower when certain random failures (or
human errors) occur simultaneously with the seismic failure of certain SSCs,
cutsets containing both seismic and non-seismic failures were examined to find
out if there were any cutsets which would lower the plant HCLPF below 0.73 g
or even below 0.5 g. The most significant cutset was the product of two
events: (1) seismic failure of the alternate onsite ac power source (which

has an HCLPF value of 0.36 g)).and (2) random failure of both EDGs (which has aprobability of about 1 x 10'

For earthquakes that generate higher accelerations than the plant HCLPF, we no
lorger have the same high degree of confidence that the core will not be
damaged. However, it is unlikely that a cliff effect exists for the Sys-
tem 80+ design (or for any other design or plant for that matter) at or near
the plant HCLPF. Therefore, it is expected that the plant will have some
margin (perhaps quite a bit) above the HCLPF value.

Two " dominant" seismic core damage sequences were identified by the " seismic
margins" analysis. One has the lowest HCLPF (when cutsets with seismic only
failures are considered), the other has the lowest combination of HCLPF with
random failure / human error (when cutsets with both seismic and non-seismic
failures are considered).

Sequence 1, with an HCLPF value of 0.73 g, is a seismically induced gross
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structural failure of the containment. The dominant failure modes for then
I i seismic failure of the containment were found to be vertical rotation /
V overturning of the containment shell with the pedestal or vertical rotation of

the interior containment structures within the containment shell. These
failure modes are assumed to result in severing of the containment penetra-
tions and a transient which cannot be mitigated, thus ending up in core damage
and loss of containment integrity.

Sequence 2 is a SB0 sequence. This sequence is important when cutsets with
both seismic and non-seismic failures are considered. The most important
cutset, associated with this sequence, starts with a seismically induced LOOP
followed by non-seismic (random) failure of both EDGs and seismic failure of
the standby combustion turbine. The station batteries (with load management)
can provide sufficient instrumentation and control power to allow the turbine-
driven EFW pumps to remove decay heat for over 8 hours. However, offsite
power cannot be restored for at least 24 hours. This causes the batteries to
be depleted and the turbine-driven EFW pumps to fail. Core damage is assumed
to occur soon thereafter. The HCLPF for this cutset is (0.36 g) (1 x 10'2),
the product of the combustion turbine HCLPF value and the non-seismic failure
probability of both EDGs).

The NRC has focused on the performance of the insights drawn from the Sys-
tem 80+ SMA. Because of the larger uncertainty in hazard curves and because
seismic PRA results are dominated by the tails of the site hazard and SSC
fragility curves, it is expected that if a seismic PRA had been performed, it
would have been one of the largest contributors to CDF (though still a low i

absolute value). This is particularly true for the System 80+ design since

O changes / improvements.
the estimated CDF from internal events has been driven down so far by design

As it is, the System 80+ design should be better able
to resist high seismic events than most, if not all, existing nuclear power
plants east of the Rocky Mountains because of its built-in margins.

ABB-CE's analysis determined sequences leading to core damage only, and did
not separate the results into plant damage states (PDSs). Thus, ABB-CE did
not perform an evaluation to see how the containment would perform under high
g-levels. That is, no specific evaluation was performed to identify paths by
which the containment could be bypassed, fail to isolate, or fail. Since the
plant HCLPF is in excess of 0.5 g, this is acceptable to the NRC
(SECY-93-087).

19.1.4.1.2 Risk-Important Features and Operator Actions (Seismic)

The margins approach does not allow a determination of which plant features
are most important to risk using importance analyses. The margins approach
does allow one to determine which plant features are important to the plant-
level HCLPF and the redundancy / diversity available in achieving that HCLPF.
In order to make this determination, the NRC examined each sequence that leads
to core damage on the seismic event trees. None of the sequences has a
seismic-only HCLPF less than 0.5 g. The sequences were examined to determine
if lowering the HCLPF value of a single SSC (to a much lower HCLPF value) or
increasing the demand failure rate of a single system (to a much higher demand
failure rate) would result in a plant HCLPF less than 0.5 g.

Cutsets Containina Seismic Failures Only'
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With regard to the seismic-only cut sets, a review of the " dominant" accident
sequences (reported in Section 19.1.4.1.2 above) shows that most cutsets
contain at least two seismic failures of SSCs with HCLPF values above 0.5 g. ;

However, a more detailed review of these sequences, as well as the review of I

cutsets for additional sequences, identified two classes of cutsets for which
this is not true. The first class includes cutsets with only one seismic
failure (i.e., only one seismic failure is required for core damage to occur) :

and the plant-level HCLPF could be completely controlled by that event. The I

second class includes cutsets with multiple seismic failures (i.e., two or
more seismic failures are required for core damage to occur) but only one of
these events has a HCLPF above 0.5 g. If the value of this event is reduced
below 0.5 g, the plant level HCLPF could also be reduced below 0.5 g but not
below the value of the next highest HCLPF in the cutset.

Areasofseismic-onlycutsetsofthefirstclass,thatis,withonlyone
seismic failure, are discussed below.-

Structural intearity - There are a number of important safety-related-

structures whose seismically induced failure would lead directly to core
damage. These include the nuclear annex building (1.1 g), the nuclear
island structure (0.80 g), shield building (1.25 g), containment
structure (0.73 g), reactor vessel supports (1.14 g), SG supports
(0.87 g), and RCP supports (0.86 g). The SMA assumes that these
structures will all have HCLPF values in excess of 0.7 g. If any of
these structures were built with an HCLPF lower than 0.5 g, the plant
HCLPF would also be lower than 0.5 g.

Class lE EDS - There are a number of important safety-related electrical*

components whose seismically induced failure would lead directly to core
damage. These include the 4.16-kV ESF switchgear (0.95 g), the 125-V dc
Class IE distribution panels (1.06 g), and the 125-V dc Class lE circuit
breakers (1.06 g). If any of these components were installed with an
HCLPF lower than 0.5 g, the plant HCLPF would also be lower than 0.5 g.

Areas of seismic-only cutsets of the second class, that is, with multiple
seismic failure events, are discussed below. In the System 80+ design, all of
these cases involve the failure of the backup CTG (0.36 g) in combination with
one other event whose HCLPF is greater than 0.5 g.

Structural intearity - Seismically induced failure of the wall separat--

ing the EFW room from the diesel generator rooms (0.89 g) or of the CCW
heat exchanger building (1.1 g), when combined with seismically induced
failure of the gas turbine, will lead to core damage. If these struc-
tures were built with an HCLPF lower than 0.5 g, the plant-level HCLPF

I

1 would also be lower than 0.5 g (with a lower limit of 0.36 g, the HCLPF
value of the CTG).

I

Class lE EDS - Seismically induced failure of a number of important; .

j safety-related electrical components, when combined with seismic failure
!
1

! 3 Note that, as discussed above, the NRC considers LOOP to result from a
i seismic event. Therefore, the occurrence of LOOP in a cut set is not consid-
I ered to be a "second event."
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of the gas turbine, would lead to core damage. These include the 125-V i

(mV) (0.95 g), the 480-V ESF load centers (0.95 g), and the 480-V load center
dc Class lE batteries and racks (1.33 g), the EDG supply breakers

ESF transformers (0.95 g). If any of these components were installed |

Iwith an HCLPF lower than 0.5 g, the plant HCLPF would also be lower than
0.5 g (with a lower limit of 0.36 g).

Component coolina water and SSWSs -- Seismic failure of the CCW or SSW-

pumps, due to the failure of their associated circuit breakers (0.95 g), ;

when combined with seismic failure of the CTG, will lead to core damage.
'

If any of these components were installed with an HCLPF lower than
0.5 g, the plant-level HCLPF would also be lower than 0.5 g (with a
lower limit of 0.36 g).

All other seismic sequences require multiple failures of SSCs whose HCLPF is
greater than 0.5 g in order to drive the plant to core damage. The capacity
of as-built SSCs to meet the HCLPFs assumed in the System 80+ PRA (see
CESSAR-DC Section 19.7.5) will be verified by a seismic walkdown. The COL

applicant will develop details of that walkdown. This is COL Action
item 19-8.

Cutsets With Both Seismic and Non-Seismic Failures

A review was also conducted to identify seismic / random combinations in which !

the HCLPF of the seismic portion was less than the seismic-only plant-level
HCLPF and in which the random portion was not screened out (i.e., it was
> 1 x 10'3) . These cases are considered important because small increases in

pi the random failure probability could impact the perception of the plant HCLPF. I
;d Put simply, as the probability of random failure approaches 1.0, the plant |

HCLPF would approach the HCLPF of the seismic portion. Only one such combina-
tion was identified.

Emeraency ac power system - Random failure of the EDGs, due to various*

combinations of failure to start, failure to run, and maintenance
unavailability (summing to about 1 x 10'2), when combined with seismi-
cally induced failure of the CTG (0.36 g), will lead to core damage
(580). As the probability approaches 1.0, the plant-level HCLPF will
approach 0.36 9 The staff finds this combination of seismic and random
failures as estimated by ABB-CE to be acceptable due to the EDG's high
reliability. However, if the random failure rate for the EDGs were to
become much higher, it would call into question whether a vulnerability
existed in the design. Similarly, if the seismic HCLPF for the CTG were
to become significantly lower, the staff would wish to examine if a
vulnerability existed. Because of these insights, it is important that
the CTG procured by the COL applicant be at least as seismically robust
as assumed in the PRA (COL Action item 19-9) and that the EDGs be
appropriately included in the RAP (COL Action Item 19-14). In addition,

the structure that houses the CTG must have an HCLPF of at least that of
the CTG or must be designed in such a manner that failure of the
structure following a seismic event up to the HCLPF of the CTG will not
effect the operability of the CTG. This should also be true for any
other structure whose failure could affect the availability of the CTGp

! l to perform its intended function.
V
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All other seismic / random combinations require either failure of structures or
components whose HCLPFs exceed 0.5 g, or random failures whose random failure
probability is less than 1 x 10~3 .

Important Human Actions and Random Failures

The same human error rates and random failure rates that were used in the
System 80+ internal events analysis were also used in the SMA. The PRA-based
SMA did not identify any human reliability insights that were not already
identified in the internal events analyses. There were no humbn actions that
contributed to the plant HCLPF value. Only one broad class of random failures
contributed to the plant HCLPF value, namely, those that are related to EDG
reliability, including failure to start, failure to run, and maintenance
unavailability.

19.1.4.1.3 Insights from Uncertainty, Importance, and Sensitivity Analyses
(Seismic),

| One of the reasons for performing an uncertainty analysis is to display the
range of values within which the results of an analysis could reasonably be
expected to fall. The use of a PRA-based SMA inherently makes use of the
breadth of information being considered. This is because HCLPF values can be
thought of as the g-level at which one has 95 percent confidence that less
that 5 percent of the time the equipment will fail (i.e., we are dealing with
the tails of the curves). It was not found necessary to combine (use convolu-
tion) a seismic hazards analysis with equipment fragilities, since hazard
curves have a large uncertainty which reduces their value in helping to make
judgments about the seismic risk. From seismic PRA analyses, it is clear that
uncertainties in the hazard curves would dominate the uncertainties in
equipment / structure fragilities. For the System 80+ PRA-based SMA, no
uncertainty analysis was performed because uncertainty is directly reflectedI

in the margins method. Also, since the margins method does not result in
!

! either CDF or risk results, importance analyses were not performed. ABB-CE

did, however, perform sensitivity analyses to evaluate the effects of changes
in certain assumptions used in the SMA. These sensitivity analyses covered
two areas. The first addressed the sensitivity to changes in the HCLPF values
of certain key SSCs. The second addressed the sensitivity to changing the
site conditions from rock to various soil types.

The analysis of sensitivity to changes in HCLPF values considered changes in
the " generic" HCLPFs (i.e., HCLPF values of SSCs based on generic data) used
for three major component classes: motor operated valves, piping, and
breakers. It also considered the sensitivity to changes in the design-
specific HCLPFs values for four SSCs: the reactor protection system (RPS),
the wall separating the EFW room from the EDG rooms, and the CST. Sensitivity

to both increases and decreases in the HCLPF values was assessed.

When the HCLPF values of these SSCs are increased, the plant HCLPF value does
not change (the plant HCLPF value is controlled by the structural failure of
the containment which is 0.73 g). The HCLPF value of the containment struc-
ture controls the plant-level HCLPF value up to a value of 0.86 g, when
reactor vessel rupture becomes the dominant sequence. In this instance, the

increase in the seismic-only plant HCLPF value to such a high level without a
similar increase in the dominant seismic / random sequence would result in a
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determination that the plant HCLPF value is dominated by seismic / random) combinations. The dominant sequence for this case would be SB0 from the :

seismic / random combination of [0.36 g (CTG)] [1 x 10-2 (EDGs)].

When the HCLPF values of these SSCs are decreased, most of the SSCs analyzed
have an impact on the plant level HCLPF. First, decreasing any of the three
" generic" HCLPF values will impact the results. This is not surprising since ,

they affect large numbers of components. There are always one or more
sequences whose HCLPF value is controlled by one or more of the components-
with " generic" HCLPF values, so it is necessary to ensure that these HCLPF
values are not inappropriately low in the as-built plant. This will be
confirmed by the COL applicant during a seismic walkdown of. the as-built plant 1

(COL Action Item 19-8). In addition, a decrease in the HCLPF value of the
EFW/EDG room wall causes the plant-level HCLPF value to decrease (as discussed
in Section 19.1.4.1.2, the lower limit for this sensitivity is 0.36 g).

A reduction in the HCLPF value of the CST or the RPS, has no effect on the
plant-level HCLPF. However, the staff notes that if the as-built CST HCLPF
were actually significantly below 0.6 g, it would profoundly increase the ,

number of cutsets where it would take the reduction of only one SSC HCLPF
value to reduce the plant HCLPF value below 0.73 g. For this reason, the CST
HCLPF in the as-built plant is particularly important.

Sensitivity analyses were also performed for the effects of siting the plant :

on one of a variety of soil sites (versus the base case of a rock site). Five ;
different soil types were considered. For all cases, the HCLPF values for the i

dominant sequences and for the plant were unchanged. Some effects were(qj observed for high HCLPF sequences (above 0.85 g), but the staff considers none ;

v of these effects significant. ;

19.1.4.2 Internal Fires Risk Analysis

Because detailed design information was lacking regarding cable routing, fire
detection, and the location of suppression systems, ABB-CE chose not to -|

perform a detailed PRA to assess the risk from internal fires associated with
the System 80+ design. A detailed PRA involves modeling the propagation of
fire, smoke, and hot gases between all the various fire areas containing
safety-related equipment. Instead, ABB-CE performed a " scoping" quantitative
risk analysis and used it, in conjunction with a qualitative fire analysis, to ,

search for design vulnerabilities and to identify important safety insights
and assumptions about the design needed to support certification requirements,
such as ITAACs. This " scoping" analysis considers fires in the nuclear annex
and the station SSW/CCW building. Fires in the MCR or in the containment were
examined separately using both qualitative and quantitative arguments.

The " scoping" fire risk analysis was based on two key assumptions:
(1) integrity of the divisional separation between redundant safety-related
equipment (this divisional separation, which is extended in addition to the ,

nuclear annex in the SSWS/CCWS building, prevents fires from propagating from
~

,

one division to the other); and (2) the conservative assumption that a fire .

'which initiates a transient, causes all safety-related equipment in the

O,
division in which the fire occurred to fail. .Using these assumptions, ABB-CE
estimated a CDF from internal fires that occur when the plant is operating at
power to be about 6 x 10 8/ year. This CDF estimate is quite low compared to '

\
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internal fire CDF estimate.- for operating plants. This estimate is viewed as
an upper bound by ABB-CE. ine staff believes that such a conclusion is not
possible without a detailed PRA. When CDFs so small are estimated in a PRA,
it is the areas of the PRA in which modeling is least complete and supporting
data is sparse or even non-existent that could actually be the more important
contributors to risk. Areas not modeled or incompletely modeled in virtually
every PRA include errors of commission, sabotage, rare initiating events,
construction errors, design errors, control systems, aging, systems interac-
tions, and human errors. However, due to the incorporation of design features
such as physical separation between safety divisions, the staff believes that
the System 80+ design capability to prevent and mitigate severe accident fires
is superior to operating plants, and that the conclusions from the high-level
" scoping" fire risk analysis performed by ABB-CE complements this belief. The
fire risk analysis has provided useful safety insights for inclusion in
ITAACs, COL action items, and RAP. Since detailed PRA-based internal fire
analyses at some operating plants have shown that fire-induced sequences can
be leading contributors to CDF, ABB-CE has stated (COL Action items 19-5 and
19-12) that the COL applicant should prepare an updated internal fire PRA that
takes into account design details, such as cable routing and door locations as
well as fire detection and suppression system location, to search for internal
fire vulnerabilities in the detailed design.

The staff's review determined that there are 11 doors above the 70+ ft level
in the System 80+ design where the door penetrates the dividing divisional
wall (i.e., hard concrete interdivisional barrier) between the two divisions.
ABB-CE submitted additional details on the System 80+ design to justify that
these 11 doors do not constitute potential fire vulnerabilities. ABB-CE
stated that all of these doors are self-closing and are alarmed in the MCR.
In addition, there are always additional intervening fire doors (self-closing
doors and alarms) between the doors in the divisional wall and any safety-
related equipment or equipment credited in the System 80+ PRA.

RCP seal LOCAs are not modeled as a credible event in the internal events
analysis. Instead ABB-CE prepared a sensitivity study for at-power events on
the potential effects of loss of cooling to the seals. However, becau.2 the
staff was concerned about the potentially much higher common-mode failure rate
associated with fire events, ABB-CE evaluated loss of seal cooling due to a
fire and resultant RCP seal LOCA. On the basis of the results reported in
this submittal (very low probability of core damage), the staff finds that RCP
seal LOCAs do not constitute a vulnerability during fires that result from
severe accidents. However, the staff believes that the available test results
for the RCP seals do not provide full confidence in the capabilities of the
seals under loss-of-seal-cooling conditions. Therefore, for the purposes of
defense in depth, the dedicated seal injection pump (an air-cooled positive
displacement pump) should be located in such a manner as to minimize its
vulnerability to internal fires and floods that could also affect the primary
means of providing RCP seal cooling or RCP seal injection (see CESSAR-DC
Table 19.15-1, "Significant PRA-based safety insignts for System 80+").

The System 80+ design has significant robustness to prevent and mitigate
severe-acident fires and the design should result in a plant with superior
capabilities to prevent and mitigate fires compared to operating nuclear power
plants.

1

I
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19.1.4.2.1 Dominant Accident Sequences Leading to Core Damage (Internal
O Fires)
b

ABB-CE's " scoping" fire-risk analysis for the System 80+ design used applica-
ble event and fault tree models from the internal events analysis (equipment j

needed to mitigate " transient" events) to identify the following dominant j
accident sequences:

Sequence 1, the fire disables one division of ESFs; there is a failure of the
DHR system; and there is failure of SDS valves to bleed so feed-and-bleed
cannot be performed.

Sequence 2, the fire disables one division of ESFs; there is a failure of the
DHR system; and the SI, which is needed for injection, fails.

1

Sequence 3, the fire disables one division of ESFs; there is a failure of all
'

the feedwater systems (main and auxiliary); and there is a failure of SDS'

valves to bleed so that feed-and-bleed cannot be performed.

Sequence 4, The fire disables one division of ESFs; there is a failure of all |

the feedwater systems (main and auxiliary); and the SIS fails to provide |

injection.

19.1.4.2.2 Risk Important Design Features and Requirements (Internal Fires)
1

The System 80+ design incorporates many features for detecting and confining
fires. When considering the diagrams of the nuclear island in the CESSAR-DC,
it is quite apparent at a rudimentary level that the System 80+ design has

d design features that provide significant mitigation capability to prevent
fires or their byproducts from spreading. This is because the System 80+
design was developed with the expectation that fires would need to be detect-
ed, suppressed, and prevented from spreading. The most important of these

,

! design features is the reinforced-concrete wall between the two safety
I divisions that provides a floor to ceiling barrier rated for at least a 3-hour

fire up to elevation 70+ ft. The only places where this wall is breached (up
to elevation 70+ ft) is where several CVCS pipes penetrate. These penetra-
tions must have the same fire rating as the concrete wall. Exceptions to
physical separation between divisional equipment are in the MCR, in a stairway
between the MCR and the remote shutdown panel, at the remote shutdown panel,
and in the containment. Availing itself of engineering judgment, the staff
has identified the following major design features as responsible for reducing
the likelihood of a fire leading to core damage in the System 80+ design:

Physical separation br. ween the two divisions of equipment in the*

nuclear annex is vers important. The wall is rated as a 3-hour-rated
fire barrier. There are penetrations but no such openings in the
divisional wall, as doors or heating, ventilation, and air conditioning
(HVAC) ducts, at the very lowest level of the plant where most of the
important safety equipment resides. However, higher up in the plant
(elevation level 70+ ft and above) there are 11 doors through which a
fire could propagate.

A) On either side of each of the 11 doors that penetrate the dividingt *

(./ divisional wall are additional fire doors. They are located so that any
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fire would need to pass through at least three fire doors to affect .
,

equipment in both divisions that is safety-related or credited in the ,

PRA.

There are separate ventilation systems for the MCR and the remainder of-

the control building areas, including the location of the remote
shutdown panel and the Divisions I and 11 electrical systems.

There are separate ventilation systems for the Divisions I and II*

systems within the nuclear annex.

Air intakes for the ventilation systems are located so as to minimize.

the exposure to smoke, hot gases, and fire suppressants resulting from a
fire in other areas. Separate systems are provided for each division.

In the event of a fire requiring the evacuation of the MCR, all equip--

ment used in response to a transient initiator can be operated either
directly at the remote shutdown panel or via the operator module at the
remote shutdown panel. Transfer of control to the remote shutdown panel
is accomplished by controls located near both MCR exits.

The cable spreading room has been eliminated from the System 80+ design.-

No safety-related equipment is located in the turbine building and there=

is a 3-hour-rated fire barrier between the turbine building and the
nuclear annex.

Redundant transformer yards are physically separated so that they are-

not susceptible to CCF from a single fire.

Materials used in the MCR control panels are of materials that would not-

independently support combustion; neoprene cannot be used in the panels;
and PVC use is limited. However, there are materials stored in the MCR
that will support a fire, such as procedures and other paper documents.

There are 3-hour-rated fire barriers between quadrants, and the power*

and control cables to the quadrants are separated by 3-hour-rated fire
barriers.

All 3-hour-rated fire barriers are seismic Category I and are mtde of-

reinforced concrete with doors that automatically close and are alarmed
to the MCR.

There are no HVAC dampers in barriers that separate redundant divisions*

of safety-related equipment.

HVAC chases contain only HVAC ductwork and dampers. No instrumentation,*

cables, valves, or other components are located in the HVAC chases.

The human actions modeled in the internal fire analysis are the same as those |

modeled in the internal events analysis. No additional activities were |

identified that would result in significant human reliability insights.

Because the approach taken in performing the System 80+ internal fire analysis
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makes various conservative assumptions, performance of an uncertainty, sensi-(p) tivity, or importance analyses would result in biased insights. Since the
(/ purpose of performing an uncertainty analysis is to better understand the

subject being investigated and since, in the case of the internal fire
analysis, it is unclear what the results of an uncertainty analysis would
represent physically given the nature of the assumptions in the analysis, an
uncertainty analysis is not appropriate.

19.1.4.3 Internal Flooding Risk Analysis

Due to lack of detailed design information needed to identify the potential
flood sources and flood levels, such as pipe routing, flood curbs, and flood
barriers, ABB-CE chose not to perform a detailed PRA to assess the risk from
internal flooding associated with the System 80+ design. A detailed PRA
involves modeling the propagation of flooding, between all the various flood
areas containing safety-related equipment. Instead, ABB-CE performed a
" scoping" quantitative risk analysis and used it, in conjunction with a
qualitative flood analysis, to search for design vulnerabilities and to
identify important safety insights and assumptions about the design needed to
support certification requirements, such as ITAACs. This " scoping" analysis

,

; considers floods in the nuclear annex and the SSWS/CCWS building. The
potential for flood propagation from the turbine building to the nuclear
annex, where safety-related equipment is located, was also examined using both
qualitative and quantitative arguments.

The " scoping" flood risk analysis was based on two key assumptions:
(1) integrity of the divisional separation between redundant safety-relatedp) equipment (this divisional separation, which is extended in addition to the

g
V nuclear annex in the SSWS/CCWS building, prevents floods from propagating from

one division to the other); and (2) the conservative assumption that a flood
which initiates a transient, causes all safety-related equipment in the
division where the flood occurred to fail. Using these assumptions, ABB-CE
estimated a CDF from internal floods that occur when the plant is operating at
power to be about 1 x 10'8/ year. This CDF estimate is quite low compared to
internal flood CDF estimates for operating plants and ABB-CE views this as an
upper bound. The staff believes that such a conclusion is not possible
without a detailed PRA. The staff did not concentrate its review on bottom-
line numbers but rather on the relative insights that the internal flood
analysis provides. The staff believes that the System 80+ design is capable
of preventing and mitigating severe-accident internal floods in a manner
superior to operating plants and that the conclusions from the " scoping"

,

internal flood risk analysis performed by ABB-CE complement this belief. The

! internal flood risk analysis has provided useful safety insights for inclusion
| in ITAACs, COL action items, and RAP. Since detailed PRA-based internal flood

analyses at some operating plants have shown that flood-induced sequences can
be leading contributors to CDF, ABB-CE has stated that the COL applicant (COL
Action items 19-12 and 19-5) should provide an updated internal flood PRA that
takes into account design details, such as pipe routing, door locations, and
flood barriers, to search for internal flooding vulnerabilities in the
detailed design.

The most important features of the System 80+ design with respect to prevent- )i

ing and mitigating internal floods are (1) the use of only closed coolingl

ed water systems in the nuclear annex (there is no cross-connect between the

|

|
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divisions of CCW), (2) the reinforced-concrete divisional wall between the
divisions in the nuclear annex that has no doors or passages below elevation
70+ ft, and (3) flood barriers between the quadrants in the subsphere to help
limit internal floods to one quadrant.

RCP seal LOCAs are not modeled as a credible event in the internal events
analysis. Instead ABB-CE prepared a sensitivity study for at-power events on
the potential effects of loss of cooling to the seals. However, due to the
staff's concern about the potentially much higher common-mode failure rate
associated with flood events, ABB-CE evaluated loss of seal cooling due to a
flood and resultant RCP seal LOCA. On the basis of the results reported in
this submittal (very low probability of core damage), the staff finds that RCP
seal LOCAs do not constitute a vulnerability during severe-accident floods.
However, the staff believes that the available test results for the RCP seals
do not provide full confidence in the capabilities of the seals under loss-of-
seal-cooling conditions. Therefore, for the purposes of defense in depth, the
diverse positive displacement RCP seal injection pump (air-cooled) should be
located in such a manner as to minimize its vulnerability to internal fires
and floods that could affect that could also affect the primary means of
providing RCP seal cooling or RCP seal injection (see CESSAR-DC Table 19.15-1,
"Significant PRA-based safety insights for System 80+").

The System 80+ design has significant robustness to prevent and mitigate
severe-accident floods and the design should result in a plant with superior
capabilities to prevent and mitigate floods compared to operating nuclear
power plants.

19.1.4.3.1 Dominant Accident Sequences (Internal Floods)

ABB-CE's " scoping" flood-risk analysis for the System 80+ design used applica-
ble event and fault tree models from the internal events analysis (equipment
needed to mitigate " transient" events) to identify the following dominant
accident sequences:

Flood disables one division of ESF, there is failure of the DHR system,*

and failure of SDS valves to reduce pressure to perform feed-and-bleed.
<

Flood disables one division of ESF, there is failure of the DHR system,=

and the SI pump fails to provide feed for feed-and-bleed.

Flood disables one division of ESF, there is failure of all feedwater.

systems, and failure of safety depressurization valves to reduce
pressure so can perform feed-and-bleed.

Flood disables one division of ESF, there is failure of all feedwater-

systems, and the SI fails to feed for feed-and-bleed.

19.1.4.3.2 Risk Important Design Features and Human Actions (Internal Floods)

The following is a list of some of the design features that are responsible
for reducing the impact of an internal flood in the System 80+:

There are no sources of " unlimited" quantity of water within the nuclear*

annex. The connections to the " unlimited" sources of water in the
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System 80+ design are external to the nuclear annex. There are no paths )m

[d through which the water from these external, " unlimited" sources can |\
enter the nuclear annex or RB. The SSWS is an important " unlimited"
source of water, and it interfaces with the CCWS in the SSWS/CCWS heat
exchanger structure. Similarly, unlimited sources of water in the
turbine building cannot enter the nuclear annex.

Divisional separation is maintained within the nuclear annex, outside-

containment. There are no doors or passageways connecting the divisions
up to elevation 70+ ft. Any penetrations (e.g., CVCS piping) through
the divisional wall has a watertight seal.

Entrances from the turbine building to the nuclear annex are located=

above the maximum turbine building flood level (39 ft above the turbine
building grade level).

Drains in the nuclear annex and the RB are divisionally separated, have*

seismic Category I valves to prevent backflow, and are sized to handle
fire-protection system discharges. Each subsphere quadrant has its own
redundant seismic Category I sump pumps that can be powered off the
EDGs.

There are no cross-connections in closed-loop cooling water systems.*

This limits the effects of floods to the operability of systems in one
division.

Flood sources in the nuclear annex, other than the fire-protection*p) system, are all located below elevation 70+ ft.(,

L
The turbine building contains no safety-related equipment.-

No water lines are routed above or through the MCR and the computer-

room. HVAC water lines contained in rooms around the MCR are located in
rooms with raised curbs to prevent leakage from entering the MCR.

There are flood barriers between quadrants, and the power and control*

cables to the quadrants are separated by flood barriers.

The CCW heat exchanger building and the station service water structure=

have reinforced concrete separating divisional walls to protect against
interdivisional floods. The COL applicant is to provide a site-specific
PRA to evaluate the design of these buildings to determine if there are
any vulnerabilities to internal floods or fires. This is COL Action
Item 19-12.

The COL applicant should provide an updated internal flood PRA that*

takes into account design details, such as pipe routing, door locations,
and flood barriers, to search for internal flooding vulnerabilities in
the detailed design. This is COL Action Item 19-12.

The COL applicant should provide a site-specific PRA-based external*

flood analysis (COL Action Item 19-12) (SECY-93-087) to determine if the,m
siting of the plant has introduced any vulnerabilities due to severe-*

V( accident external floods.
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The human actions modeled in the internal flood analysis are the same as those
modeled in the internal events analysis. No additional activities were
identified that would result in significant human reliability insights.

Because the approach taken in performing ABB-CE System 80+ internal flood
analysis makes various conservative assumptions, performance of an uncertain-
ty, sensitivity, or importance analyses would result in biased insights.
Since the purpose of performing an uncertainty analysis is to better under-
stand the subject being investigated and since, in the case of the internal
flood analysis, it is unclear what the results of an uncertainty analysis
would represent physically, given the nature of the assumptions in the
analysis, an uncertainty analysis is not appropriate.

19.1.4.4 Tornado-Risk Analysis

ABB-CE estimates the CDF due to the " tornado" category of external events
(which includes also high winds and hurricanes, in addition to tornado-
generated missiles) was to be about 3 x 10'7/ year. It was assumed that a
tornado strike event at the site would result in (1) the LOOP with a duration
in excess of 24 hours, (2) the loss of the turbine-generator runback capabili-
ty to pick up hotel loads, and (3) the loss of the non-safety-grade CTG.
These assumptions imply that, following the tornado strike, the EDGs are
required to operate for at least 24 hours. The staff believes this analysis

is adequate for the purpose of identifying design vulnerabilities from tornado
events as well as identifying certification requirements and COL action items.
Section 19.1.4.4.1 of this chapter presents the dominant accident sequences
and the major contributors to CDF estimates from tornado strike events;
Section 19.1.4.4.2 presents those System 80+ design features which reduce or
eliminate vulnerabilities to tornado events associated with operating nuclear
power plants.

19.1.4.4.1 Dominant Accident Sequences Leading to Core Damage (Initiated by
Tornado Events)

Two dominant accident sequences contribute ~99 percent of the CDF estimate
from tornado strike events. Sequence 1, with a CDF estimate of
2.4 x 10'7/ year (a 94-percent contribution), is initiated by a tornado strike !

event which causes LOOP without possibility for recovery within 24 hours as I

well as loss of the non-safety-grade AAC power source (CTG). Failure to
remove decay heat using either the EFWS or the SCS (once shutdown cooling
(SDC) entry conditions are met) requires feed-and-bleed operation. Failure of
the " feed" portion of the feed-and-bleed operation (i.e., failure of SIS)

'

j

leads to core damage. This sequence is dominated by operating failures
(failure to run) of both EDGs. The dominant causes of failure of both EDGs !

are (1) blockage of the service water intake due to tornado-generated debris |
(causes loss of cooling water to the EDGs and eventually their failure to l

run), (2) CCF of the EDG to run for at least 24 hours, and (3) independent i

failure of both EDGs to run for at least 24 hours.

Sequence 2, with a CDF estimate of 1.4 x 10'8/ year (a 5-percent contribution), |

is initiated by a tornado strike event which causes a LOOP (which cannot be
recovered during 24 hours) as well as loss of the CTG. Failure of both EDGs *
to start leads to the depletion of station batteries in about 8 hours and to i

core damage in about 10 hours. The major contributors to this sequence are
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common-cause and independent failure of both EDGs to start on demand.

19.1.4.4.3 Risk-Important Design Features and Requirements (Tornado Events) ;

The following are the most important features contributing to the lower CDF, ,

associated with tornado strike events, of the System 80+ design as compared to
operating nuclear power plants:

There is no safety-related equipment in the turbine building (conse-.

quential failures of safety equipment located in the turbine building
and LOOP are major contributors to risk in currently operating plants).

The use of reinforced concrete for the station service water (SSW).

intake structure reduces tornado missiles, primarily those associated
with masonry block construction. This reduces or eliminates such
typical failures (associated with tornado-induced missile strikes on the
SSW intake structure in operating plants) as failures of SSW pumps and
suction piping, and structural collapse of the intake structure blocking
intake flow.

The System 80+ design includes two EFWSTs which are located in the.

nuclear annex (a reinforced-concrete structure) and below grade level.
This eliminates a tornado-induced failure of the EFWSTs, the System 80+
primary source of EFW for DHR. In operating plants, this failure is a
possibility since current-generation plants have their primary source of
EFW for DHR (usually a CST) located in or near the turbine building.

O All transformers for the safety-related equipment are located within
reinforced-concrete structures (most operating plants have the nonessen-
tial and step-down transformers located in or just outside the turbine
building which provides no protection from tornados.

The System 80+ design has a secondary switchyard connected to the grid.

at a remote location (no credit was taken for this feature in the
'

tornado PRA).

An important safety insight gained from the tornado analysis is that " blockage
of the service water intake flow by tornado-generated debris" is a major
contributor to risk from tornados. The COL applicant should evaluate the
vulnerability of the SSW intake to tornado-generated debris. This is COL q

Action item 19-1).
~

l

19.1.5 Safety Insights From the Risk Analysis for the low-Power and Shutdown
Operation

ABB-CE assessed the risk associated with LP&S modes of operation for internal i
events as well as for internal fires and floods. ABB-CE used methodologies, l

results, and insights from available recent studies performed for operating
PWRs. Although there are limitations in the " state of the art" associated
with probabilistic risk assessment methodologies and data for LP&S operation,
the major objectives have been addressed. These objectives were (1) identify

.

design and operational vulnerabilities related to LP&S operation and (2) i

identify risk-important design features, plant configurations, human actions, !

d- and operational requirements. ;

1
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The LP&S risk assessment for the System 80+ design covers operational Mode 4
(hot shutdown), Mode 5 (cold shutdown), and Mode 6 (refueling). The risk
associated with Mode 2 (reactor critical at less than 5 percent power) and
Mode 3 (hot standby) was not assessed. This is justified because the plant
configurations in Modes 2 and 3 are very similar to Mode 1 (power operation)
and the fraction of time the plant is in Modes 2 and 3 is negligible compared
to the fraction of time the plant is in Mode 1. Because of the various plant
configurations during shutdown operation, it was necessary to define different
plant operational states (POSs) based on plant response and the equipment that
is available to mitigate the event. Some POSs include more than one plant
operation mode. The following four POSs were defined:

POS 1: The plant is in Mode 4 or in Mode 5 with normal inventory or*

in Mode 6 with the IRWST full and refueling cavity empty.

POS 2: The plant is in Mode 5 with reduced inventory (SR), includ-*

ing "midloop" operation where the coolant has been reduced
to the midpoint of the hot leg so that SG nozzle dams can be
installed.

POS 3: The plant is in Mode 6 with the IRWST empty, the refueling*

cavity full, and the upper internals removed (6E).

POS 4: The plant is in Mode 6 with IRWST empty, refueling cavity*

full, and the upper internals in place (61).

The contributions to the estimated CDF for LP&S operation, by POS and initiat-
ing event category, are summarized in Table 19.4. The leading contributor
from internal events is POS 2, that is, the plant is in Mode 5 with reduced
inventory (~48 percent contribution). The plant configuration in Mode 6 with
the IRWST empty (POSs 3 and 4) is the next dominant contributor (~30 percent
contribution to the CDF estimate from internal events during shutdown). The
third leading contributor is POS 1 (primarily due to ~20 percent contribu-
tion), primarily due to the increased likelihood of a LOOP because of the long
time spent in plant configurations included in this P05. With respect to
initiating events, LOOP is the leading contributor to the estimated CDF from
internal events during shutdown (~39 percent), followed by loss of DHR
(~36 percent) and LOCA (~25 percent).

19.1.5.1 Dominant Accident Sequences Leading to Core Damage at LP&S Operation

The following four dominant accident sequences were identified in the shutdown
risk analysis (they contribute approximately 75 percent of the total CDF from
internal events during shutdown).

Sequence 1, with a CDF of 1.3 x 10-7/ year (a 24-percent contribution), is
initiated by the loss of DHR when the plant is in Mode SR (reduced reactor
coolant inventory). Failure to restore the operating SCS train and to use
either a charging pump or an SCS pump to makeup coolant inventory requires the
establishment of a feed-and-bleed operation for core cooling. Failure of the
SIS to provide the " feed" portion of the feed-and-bleed operation leads to
core damage. 1

Sequence 2, with a CDF of 1.0 x 10'7/ year (a 19-percent contribution), is

ABB-CE System 80+ FSER 19-62 June 1994

|



initiated by a LOOP event during Mode 4 and Mode 5 with normal coolantf inventory and Mode 6 with IRWST full and refueling cavity empty. If all three l

(( onsite ac power sources (i.e., two EDGs and a CTG) are unavailable, failure to |

restore ac power within certain timeframes leads to core damage. ]
'

Sequence 3, with a CDF of 8.6 x 10-8/ year (a 16-percent contribution), is
initiated by a LOCA inside the containment during refueling with the IRWST
empty and the refueling cavity full. The operator fails to isolate the leak
and must establish a " feed-and-bleed" operation to cool the core. Since the
coolant from the leak drains into the IRWST, it is available for injection or
" feed" using any of the SCS or CSS pumps. Failure to provide injection using
an SCS or CSS pump, requires use of a CVCS charging pump for the " feed"
operation to at least match core boil-off and maintain core cooling. In this
sequence the " feed" operation from the boric acid storage tank (BAST) using a
CVCS charging pump is successful. However, if the operators fail to restore
an SCS train before the inventory in the BAST is depleted, core damage may
ensure.

Sequence 4, with a CDF of 8.2 x 10'8/ year (a 15-percent contribution), is
initiated by a LOOP during plant operation in Mode 5 with reduced inventory.
If all three onsite ac power sources (i.e., two EDGs and a CTG) are unavail- -

able, failure to restore ac power (within a certain timeframe) leads to core
damage.

19.1.5.2 Risk-Important Design Features and Operational Requirements at
LP&S Operation

V) The following are important factors contributing to the decrease or elimina-
tion of vulnerabilities in the System 80+ design, during shutdown operation,
as compared to current-generation plants.

Defense in depth which provides alternative means to the operator for=

maintaining coolant inventory and removing decay heat during a LOCA or a
loss of SDC (loss of DHR) event. Important design features and opera-
tional requirements are:

- Two separate and independent divisions of the SCS. In addition,

the SCS and the CSS pumps are independent but identical and
functionally interchangeable. This characteristic contributes to
the increased availability of these two systems, as compared to
operating reactor designs, to maintain coolant inventory and/or
remove decay heat.

- The SCS can be aligned to the IRWST during plant shutdown opera-
tion to provide inventory makeup or to perform a feed-and-bleed :

operation.

- If all SCS/ CSS pumps are unavailable for DHR and/or coolant
inventory makeup, the operator can still perform these functions
by feed-and-bleed using the SDS or the LT0P valves for the " bleed"
function and the SIS or the CVCS charging pumps for the " feed"
function.

U - SI for feed-and-bleed is an important DHR alternative during
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shutdown operation. As a result of this, a new TS was added
requiring that two of the four SIS pumps be available in shutdown
modes when the IRWST is available.

Design features which are important for preventing and mitigating ;*

LOOP /SB0 events during power operation are also important in reducing i

the frequency of these events during shutdown operation. These are (1) ;

two separate and independent switchyards and (2) redundant and diverse i

onsite AAC power sources (two EDGs and a CTG). The following opera-
tional requirements are important during shutdown operation:

- The reliability of the two switchyards is an important feature
contributing to the reduced System 80+ shutdown risk from LOOP /SB0
events, as compared to operating reactor designs. When a switch-
yard is unavailable for maintenance, the COL applicant should
ensure that no activities which could cause the operating switch-
yard to fail are taking place and no transient fire sources are
present. This is COL Action Item 19-17.

- The reliability of the redundant and diverse emergency onsite ac
power sources is an important feature contributing to the reduced
shutdown risk from LOOP /SB0 events, as compared to operating
reactor designs. For this reason, a new TS was added requiring
that two of the three onsite emergency ac power sources (i.e., two
EDGs and a CTG) be available during shutdown operation.

Because plant shutdown places increased reliance on human actions and-

creates greater opportunity for human errors, risk can be minimized by
appropriate outage management, administrative controls, procedures,
training, and operator knowledge of plant configuration. The control of
these activities is an important COL applicant responsibility. This is
COL Action Items 19-15 and 19-17.

During plant shutdown, the integrity of fire and flood barriers should*

be maintained between areas in the same division, such as quadrants,
where systems comprising the alternate shutdown success paths are
located. This will require configuration control of fire / flood barriers
for shutdown operation by the COL applicant. The COL applicant should
incorporate in its configuration control program a requirement that at
least one quadrant within the subsphere (with at least one SCS/ CSS pump
operable) be maintained physically isolated with its water-tight fire
doors closed during Modes 4, 5, and 5 to helo prevent common-mode
failures from internal floods or fires. ibis is COL Action Item 19-18.

19.1.5.3 Insights From the Importance and Sensitivity Analyses for
LP&S Operation

ABB-CE performed an importance analysis for LP&S operation with similar
objectives as for power operation, that is, risk reduction and safety or reli-
ability assurance. Because of less detailed models of system failures and
interactions during shutdown than at power operation, ABB-CE performed the
importance analysis at the system or function level rather than at the compo-
nent or event level. Nevertheless, important insights were drawn from this
analysis. In addition, ABB-CE conducted selected sensitivity analyses to
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provide insights about the impact of uncertainties on the estimated CDF during ,

shutdown. ,

Insiahts From the Importance Analysis

The importance analysis for LP&S operation addresses two objectives: (1) risk
reduction and (2) safety or reliability assurance. The first objective, that

is, insights on risk reduction, was achieved by the identification and ranking
of system functions, human actions, and accident-initiating events that are '

dominant contributors to the estimated risk during shutdown (having highest i

" risk reduction worth"). The second objective, that is, safety or reliability '

assurance, was achieved by identifying and ranking system functions and human '

actions required during shutdown which contribute the most in_ maintaining the .

" designed-in" risk -level (having highest " risk achievement worth"). Details !

on SSCs and human actions that ABB-CE found risk significant are documented in
CESSAR-DC Section 19.15. This information, which was generated by taking into
account insights and assumptions from the entire PRA (i.e., all three PRA
levels for both internal and external events and for all modes of opention),

'

form the basis for the following two lists: (1) a list of important ZCs
(CESSAR-DC Section 19.15.6.1) which the COL applicant should incorporate in ,

the D-RAP and 0-RAP (COL Action Item 19-14), and (2) a list of risk-important
(" critical") operator tasks (CESSAR-DC Table 19.15.6-2) which should be taken
into account in the MCR design as well as in developing detailed procedures ,

and training programs. These lists were incorporated into the CESSAR-DC in :

Amendment V and are acceptable. This portion of FSER Confirmatory Item 1.1-1 ;

iis resolved.
i

O The following system functions and human actions were found to have high " risk >

achievement worth." Note that most of these system functions require operator 4

action:

Isolate a leak outside containment (ISLOCAs). :*

;

Align the SCS to the IRWST to provide inventory makeup or to perform a
'

*

feed-and-bleed operation when all SIS pumps are unavailable. J

Start and run an EDG following a LOOF event.* ,

j

Load and start the standby CTG if both EDGs are unavailable following a ;=

LOOP event. i

.

Isolate a leak locally (many LOCAs during shutdown are caused by :*

operator errors in aligning valves and, therefore, the leak can be {
isolated locally). |

Start the standby SCS train when the operating train fails and the=

operator cannot recover it in a timely manner.

Use an SIS pump to provide the " feed" portion of the feed-and-bleed I*

operation during a loss-of-DHR accident in Mode SR-(reduced inventory,
including "midloop" operation).

Recover the operating SCS train soon after it fails (many of the causes |-) for loss of DHR are operator errors that can be recovered). 1
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Restore an SCS train in order to recover DHR, following successful=

" feed" operation using a CVCS charging pump, before the BAST inventory
is depleted (long-term recovery).

An LTOP valve opens to provide the " bleed" portion of the feed-and-bleed.

operation when both RDS valves fail to open.

Provide inventory makeup from the BAST using a CVCS charging pump during.

a loss-of-DHR event in Mode SR (reduced inventory). This function is
required to increase the reactor coolant inventory before starting the
standby SCS train, thus avoiding pump cavitation.

Operational requirements assumed in the PRA (such as maintenance, training,
outage management, configuration control, and procedures) should be implement-
ed to ensure that the success probabilities of these high " risk achievement
worth" functions and human actions are maintained.

-

ABB-CE determined that the following system functions and initiating events
are the major contributors to the estimated risk for shutdown operation, that
is, they have high " risk reduction worth." Note that most of these system
functions and initiating events involve human actions.

Restore an SCS train in order to recover DHR, following successful-

" feed" operation using a CVCS pump before the BAST inventory is deplet-
ed. This recovery is dominated by human actions. The existence of
appropriate procedures, training, and spare parts inventory is impor-
tant.

Align the SCS to the IRWST to provide inventory makeup or to perform a*

feed-and-bleed operation when all SIS pumps are unavailable. Major
failures associated with this system function are:

- Operator actions needed to align the SCS for injection and start a
pump.

- Hardware failures (MOVs fail to open)

Start and run an EDG following a LOOP event..

Load and start the standby C1G when both EDGs are unavailable during a=

LOOP event.

Recover operating SCS train soon after it fails (many of the causes of*

loss of DHR are operator errors that can be recovered).

Start the standby SCS train when the operating train fails and the-

operator cannot recover it. The major contributor to the failure of
this function is operator error.

Loss of DHR initiating event in Mode SR (with reduced inventory,*

including 'midloop" operation).

Use an SIS pt.mp to provide inventory makeup or the " feed" portion of the*

feed-and-bleed operation. This function is particularly important for
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loss of DHR during operation with reduced inventory (Mode SR).p
Provide inventory makeup from the BAST using a CVCS charging pump during-

a loss of DHR accident in Mode SR (reduced inventory). This function is
required to increase the reactor coolant inventory before starting the
standby SCS train, thus avoiding pump cavitation.

LOCA inside containment as the initiating event.=

Operational requirements on systems and human actions needed to perform these
high " risk reduction worth" functions (such as improved testing and mainte-
nance, improved training, and procedures), which aim at minimizing equipment
unavailability and failures as well as the probabilities of human errors, will
be the most beneficial in terms of reducing plant risk. Similarly, opera-

,

tional requirements, such as outage management, which aim at minimizing the
frequency of accident-initiating events with high " risk reduction worth" will
be the most effective action in further reducing plant risk during shutdown
operation.

Insiahts From the Sensitivity Analyses

The most important insights drawn from the sensitivity analyses for shutdown
operation, performed by ABB-CE, are summarized below.

The CDF estimate is sensitive to changes in the frequency of such-

accident-initiating events during shutdown as LOOP, LOCAs, loss of DHR,
and internal fires. This shows the importance of appropriate outage(q management programs to minimize mistakes which cause these initiating,

d events to happen.

Reduced inventory (Mode SR) is the most critical operation during-

shutdown. Use of nozzle dams for SG maintenance, as a method of
limiting the time spent in Mode SR, has a significant impact on the
estimated CDF for shutdown operation. (The total shutdown CDF from
internal events would double if nozzle dams are not used.)

The estimated CDF for shutdown operation is not very sensitive to=

reasonable changes in the long-term recovery of an SCS train. If the
probability of " failure to restore an SCS train, to recover DHR follow-
ing successful feed using a CVCS pump before the BAST inventory is
depleted" is increased by a factor of 5, the estimated shutdown CDF from
internal events is increased by a factor of 2.

The estimated shutdown CDF is not sensitive to assumptions on leak-

location (i.e., percent of leaks inside versus outside containment)
during plant operation in Mode 6 (refueling) with the IRWST empty and
the refueling cavity full.

19.1.6 Use of PRA in the Design Process

ABB-CE used PRA in the design process to achieve the following objectives:
(1) identify and quantify vulnerabilities in operating reactor designs andp) introduce features ard requirements that reduce or eliminate these vulnerabil-

t'v ities, (2) quantify the effect of new design features and requirements on
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plant risk in order to confirm the risk reduction credit for these improve- |
ments, and (3) select among alternative features or design optiens. -

ABB-CE used PRA insights from both operating reactor experience and the
System 80 design (from which the System 80+ design evolved), to identify i

potential vulnerabilities in operating reactor designs. This information was i
used to introduce the special evolutionary design features, described in
Section 19.1.2 of this chapter, and make the transition from the System 80 to
the System 80+ design. Once these features were introduced, PRA was used to
quantify their effect on risk and confirm acceptable reduction or elimination '

of vulnerabilities, including compliance with applicable risk goals. Examples
are the CDF reduction estimates (by accident-initiating event category) and
associated System 80+ features which contribute to such reduction, reported in
Section 19.1.3.1.2 of this chapter.

The following are examples of ways in which ABB-CE modified the System 80+
design or requirements based on the System 80+ PRA and its evaluation by the
staff:

ABB-CE added shear bars to provide a positive connection between the-

containment shell and the concrete embedment to increase the HCLPF value
for containment slipping / overturning. This raised the HCLPF value for
this core-damage event from below 0.6 g, which was controlling the plant
level HCLPF value, to 0.73 g.

SI for feed-and-bleed was found by means of the PRA to be an importart-

DHR alternative during shutdown operation. As a result of this, a new
TS was added requiring that two of the four SIS pumps be available in
shutdown modes when the IRWST is available.

Through the PRA, ABB-CE determined that the reliability of the redundant-

and diverse onsite emergency ac power sources is an important feature
contributing to the reduced System 80+ shutdown risk from LOOP /SB0
events, as compared to operating reactor designs. For this reason, a
new TS was added requiring that two of the three onsite ac power sources ;

(i.e., two EDGs and a CTG) be available during shutdown operation.
|

The following are specific examples of confirmatory use of PRA in the design ]
process: |

ABB-CE used the PRA to improve the reliability of the final design of-

the reactor CFS. This was achieved by incorporating the following
features into the design: (1) the addition of an HVT between the IRWST
and the reactor cavity to reduce the potential for inadvertent cavity
flooding, (2) the provision of parallel flow paths for transferring
water into and out of the HVT (four parallel lines between the IRWST and
HVT, and two parallel lines between the HVT and the reactor cavity, each
with a single MOV), and (3) use of ac-motor operated valves with
dedicated inverters (power from 125-V de) to provide increased reliabil-
ity. With these features, the hardware reliability of the CFS was
estimated to be about 1 x 10'3 .

In the original System 80+ PRA, accidents in which the containment*

failed before core melt were found to be dominant contributors to the
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f.- frequency of containment failure. As a result of this insight, ABB-CE
I added the ECSBS. This system provides an independent, self-contained
\ means of supplying water to the containment spray header during an

emergency condition when the normal CSS is not available. The system
includes an external pumping device taking suction from an external
source of water, and delivering the water to the spray headers. Based
on the updated System 80+ PRA, the external source of water to the
sprays virtually eliminates sequences in which core damage occurs as a
result of containment failure.

The following are some specific examples of use of PRA to select among
alternate design features or options:

ABB-CE used PRA to select between two alternative design options for the-

CCW/ station service water (SSW) systems. The first option had standby
CCW/SSW systems for cooling safety-related loads. In the second option,
the one that was selected, the CCW/SSW systems have two divisions with a
normally operating and a standby pump in each division. The selected
option eliminates demand failures of pumps and valves in these systems
which are known to be significant risk contributors in operating
reactors. A subsequent evaluation was also made to determine if the
standby pumps had to be automatically loaded onto the EDGs and started
following a LOOP event. This evaluation indicated that there would be
little risk impact if the standby pumps were aligned to the EDGs
following a LOOP but were not started unless the previously running pump
failed to restart. Thus, larger and potentially less reliable diesels
were not required.

PRA was also used to select between two emergency ac power design*

options, namely, "four diesels" versus "two diesels plus a " combustion
turbine" configurations. This comparison indicated that the first
option was slightly, but not significantly, more reliable than the ;

second option. The second option was selected because it provides power
also to the permanent non-safety-related loads and has a much smaller-
impact on plant size and layout.

Finally, PRA was used to evaluate several severe accident mitigation design
alternatives (SAMDAs) by examining the benefits associated with each of these
design alternatives.

19.1.7 PRA Input to the Design Certification Process

PRA was used in the design certification process to achieve the following
objectives: (1)' develop an in-depth understanding of. design robustness and
tolerance of severe accidents initiated by either internal or external events, t

(2) develop a good appreciation of the risk significance of human errors
associated with the design, and characterize the key errors in preparation for

'

better training and refined procedures, and (3) identify important safety
insights and assumptions to support certification requirements, such as
ITAACs, design reliability assurance program (D-RAP) and operation reliability
assurance process (0-RAP) requirements, TS, as well as COL and interface
requirements.

L/ The first two objectives were achieved by identifying the dominant accident

ABB-CE System 80+ FSER 19-69 June 1994

1

-- ,



-

sequences as well as the risk-important design features and human actions (see
Sections 19.1.3 to 19.1.5 in this chapter). The third objective was achieved
by using PRA insights and assumptions to develop the following list of design
certification requirements. The specific type of requirement, for example,
ITAAC, RAP, and COL is indicated in the text with brackets.

|

Plantwide reauirements

The COL applicant should perform a seismic walkdown to ensure that the as-
built plant matches the assumptions in the System 80+ PRA-based SMA and to
assure that seismic spatial systems interactions do not exist. The COL
applicant will develop details of the seismic walkdown. This is COL Action
Item 19-8.

ABB-CE will maintain a list of the SSC HCLPF values used in the System 80+
seismic margins assessment in the D-RAP.

-

The COL applicant should incorporate the list of important SSCs (see CESSAR-DC
Table 19.15.6-1) in its D-RAP and 0-RAP. This is COL Action Item 19-14. The
D-RAP and 0-RAP should reflect the assumptions in the System 80+ PRA regarding
SSC testing frequencies and unavailabilities.

The COL holder should have an 0-RAP based on the system reliability informa-
tion derived from the PRA and other sources.

The COL applicant should compare the as-built SSC HCLPF values to those
assumed in the System 80+ SMA. Deviations from the HCLPF values (or assump-
tions) in the SMA should be evaluated by the COL applicant to determine if any
vulnerabilities have been introduced. This is COL Action item 19-9.

The COL applicant should incorporate the information on risk important
operator tasks (see list in CESSAR-DC Table 19.15.6-2) in the MCR verification
and validation process. The COL applicant should also use this information in
developing and implementing procedures, training, and other human reliability
related programs. This is COL Action Item 19-15. The COL applicant is also
responsible for developing detailed procedures for actuation and operation of
the severe-accident design features, such that the use of these features is

| consistent with the PRA assumptions, or for modifying the site-specific PRA to
| match the modified assumptions. This is COL Action Item 19-16.
|

| Integrity of divisional separation between redundant safety-related equipment
is a key assumption in the System 80+ fire and flood risk analyses. This
divisional separation, which is extended also in the SSW/CCW structures,
prevents fires and floods from propagating from one division to the other.
There are no doors or passageways connecting the divisions of safety-related
equipment up to elevation 70+0 ft.

Separate ventilation systems for each division minimize the possibility of
smoke, hot gases, and fire suppressants migrating from one division to
another.

Electrical separation between the two safety-related divisions is maintained.

All drains are divisionally separated. Drains within a division drain to the

ABB-CE System 80+ FSER 19-70 June 1994

______ -



1

I

lowest level which has adequate volume to collect water from a break in any .

division. They are sized to handle the potential discharge of fixed fire- |b suppression systems and fire hoses. !

During plant shutdown operation, the integrity of fire and flooo barriers
between areas in the same division, such as quadrants, where systems compris-
ing the alternate shutdown success paths are located, should be maintained.
The COL applicant will maintain configuration control of fire / flood barriers j
for shutdown operation. This is COL Action Item 19-18. The COL applicant i

should incorporate in its configuration control program a requirement that at )
least one quadrant within the subsphere (with at least one SCS/ CSS pump
operable) be maintained physically isolated with its water-tight fire doors
closed during Modes 4, 5, and 6 to help prevent common-mode failures from !

internal floods or fires.
i

During plant shutdown, risk can be minimized by appropriate outage management, j
administrative controls, procedures, and operator knowledge of plant configu- !

ration. The control of these activities is an important COL applicant
responsibility.

.

!

All fire barriers which provide separation between the two divisions are rated
for at least 3 hours. It was assumed that all fire doors and penetrations
w U.in the fire barriers are maintained with high reliability during power
operation to prevent the propagation of fire from one area to the next. |

i

All flood barriers are capable of withstanding water pressures generated by l
floods in adjoining areas. All water-tight doors and penetrations are |

t O
maintained with high reliability during power operation to prevent the |

propagation of water from one area to the next.

Each half of the subsphere is compartmentalized to separate redundant safe-
.

shutdown components, to the extent practicable while maintaining accessibility 1

requirements. The subsphere, which houses the front-line safety systems is
compartmentalized into quadrants, with two quadrants on either side of the
divisional structural wall. Flood barriers separate quadrants, and maintain
equipment removal capability. EFW pumps are located in separate compartments i
within the quadrants, and each compartment is protected by flood barriers.
Flood barriers also separate electrical equipment from fluid mechanical
systems at the lowest elevation within the nuclear annex. Elevated equipment |
pads prevent equipment from being inundated in the event of flooding.

Flood protection is integrated into the floor drainage systems. The floor
drainage systems are separated by division and Safety Class 3 seismic Catego-
ry 1 valves which prevent backflow of water to areas containing safety-related i
equipment. Each subsphere quadrant has its own separate sump equipped with i
redundant Safety Class 3, seismic Category I sump pumps and associated

'

instrumentation. These pumps are also powered from the diesel generators in
the event of LOOP. The nuclear annex also has its own divisionally separated
floor drainage system, having no common drain lines between divisions. Floors
are gently sloped to allow good drainage to the divisional sumps. Floor
drains are routed to the lowest elevation to prevent flooding of the upper
elevations. The lowest elevation in each division has adequate volume ton

(V collect water from a break in any system without flooding the other division. !)
In addition, potential discharge of fixed fire-suppression systems and fire i
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hoses is considered in the sizing of floor drains to preclude flooding of
areas should the fire protection systems be initiated.

The COL holder will maintain a well-trained and well-prepared fire brigade.
!

The System 80+ low-pressure systems which interface with the RCS are protected
against ISLOCA by a combination of increases in the piping pressure limits and
autoisolation capability based on pressure sensors.

Solid state switching devices and electromechanical relays resistant to relay
chatter will be used in the Nuplex 80+ protection and control systems. Use of
these devices and relays either eliminates or minimizes the mechanical
discontinuities associated with similar devices at operating reactors.

During the construction stage, the COL holder will be able to consider as-
built information. The plant-specific PRA developed for the design certifica-
tion should be revised to account for site-specific information, as-built
(plant-specific) information refinements in the level of design detail, TS,
plant specific E0Ps and design changes.

As plant experience data accumulates, failure rates (taken from generic data
bases) and human errors assumed in the design PRA are to be updated and
incorporated, as appropriate, into the operational reliability assurance
process (0-RAP) (see Section 17.3 of this report).

ABB-CE has stated that the COL applicant (COL Action Items 19-5 and 19-12)
should provide an updated internal fire PRA that takes into account design
details, such as cable routing and door locations as well as fire detection
and suppression system location, to search for internal fire vulnerabilities
in the detailed design.

ABB-CE has stated that the COL applicant (COL Action Items 19-6 and 19-12)
should provide an updated internal flood PRA that takes into account design
details, such as pipe routing, door locations, and flood barriers, to search
for internal flooding vulnerabilities in the detailed design.

There are 3-hour-rated fire barriers as well as flood barriers between
quadrants, and the power and control cables to the quadrants are separated by
fire and flood barriers.

The COL applicant should perform a site-specific PRA-based analysis of
,

external flooding, hurricanes, or other external events pertinent to the site'

to search for site-specific vulnerabilities. This is COL Action item 19-12.
This site-specific PRA should be submitted at the time of the COL application
and updated, as necessary, to account for ongoing first of a kind engineering.

Nuclear Annex and Reactor Buildina

There are no sources of " unlimited" external flooding in the RB. The inter-
face between the CCWS and the ultimate heat sink (through the service water
system (SWS)) is located in a separate structure outside the RB.

Consequential flooding of safety-related plant structures from turbine
building sources is prevented by the following design features: (1) plant
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grade below openings to safety-related structures, (2) openings to safety-
related structures above the maximum flood level for the turbine building; and

M (3) site grade such that water would flow away from structures in which ;

!safety-related equipment is located.

Drains in the nuclear annex and the RB are divisionally separated, have
seismic Category I valves to prevent backflow, and are sized to handle fire- ,

protection system discharges. Each subsphere quadrant has its own redundant
'

seismic Category I sump pumps that can be powered off the EDGs. i

The possible sources of internal flooding within the nuclear annex and RB are
'

located below elevation 70+0 ft. ;

The seals for the underground pipe chase (contains CCW piping') between the !
nuclear annex and the CCW building will be capable of withstanding an internal ,

flood from a pipe break in the CCWS/SSWS building (e.g., service water).

Chemical and Volume Control System
.

Divisional separation exists between redundant charging pumps and their power
supplies.

There will be diverse RCP seal injection capability using positive displace-
ment pump that is diverse from the CVCS and can be powered from either the ,

EDGs or the CTG. The dedicated seal injection pump (air-cooled positive
displacement pump) should be located in such a manner as to minimize its
vulnerability to internal floods and fires that could also affect the primary .

means of providing RCP seal cooling or RCP seal injection.

Instrument Air System (IAS)

Divisional separation exists between redundant trains of instrument air and !
their power supplies.

:

Instrumentation and Control

To provide sufficient diversity and defense in depth to mitigate all postulat-
ed accidents even assuming a CCF within the plant protection system (PPS), the
System 80+ instrumentation and control systems provide the manual hardwired
engineered safety feature actuation system (ESFAS) for the controls and, for
display, there are hardwired key indications of critical function status for
postaccident monitoring. |

Raoid Depressurization System

The following are some important aspects of the RDS as represented in the PRA: :

One function of the RDS (which is part of the SDS) is to provide a. safety-
grade means of rapidly depressurizing the RCS manually from the MCR so that 51
.can be actuated, when the long-term DHR fails. This is an important feature
added to the System 80+ design that helps reduce the failure probability of
long-term DHR and plant risk with respect to operating reactor designs.

An important function of the RDS, in additi.a to providing a primary feed-and-
. bleed cooling capability in conjunction with the SIS, is to provide the

|
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capability to depressurize the RCS during a severe accident to minimize the
potential for HPME.

The RDS valves are motor operated and will not reclose on high containment
pressure.

The RDS valves fail as-is and, therefore, they are not subject to automatic
reclosing upon battery depletion. |

ABB-CE will provide emergency operation guidelines (EOGs) guidance on use of
RDS for feed-and-bleed cooling. Procedures should be provided for the use of
the RDS for depressurization of the RCS during a severe accident.

The SDS valves are qualified for DBA conditions.

The reliability of the RDS is important. The COL will ensure high reliabili-
ty.

Shutdown Coolina SysteLm

The following are some important aspects of the SCS as represented in the PRA:

The SCS has two separate and redundant divisions, each with the heat-removal
capacity to cool the RCS to cold-shutdown conditions.

The SCS and CSS pumps are designed to be independent, identical, and function-
ally interchangeable. Either pump in a division can provide flow to either
the CSS header or the SCS heat exchanger.

With the SCS heat exchanger bypass throttle valves failed open, there is
adequate flow (3,785 L. per min [1,000 gpm]) through the SCS heat exchanger to
achieve cooldown over an extended time period.

During plant shutdown operation, the SCS can be aligned to the IRWST to
provide RCS inventory makeup or to perform a feed-and-bleed operation.

Instrumentation and controls in the remote shutdown panel ensure that the SCS
functions can be performed even when the MCR cannot be used because of a fire.

The SCS discharge valves are capable of opening with a differential pressure
equal to the SCS pump shutoff head. This capability is needed for SCS
injection from the IRWST to the RCS following ASC.

i

| The SCS piping outside of containment has an ultimate strength in excess of
the normal RCS pressure of 2250 psi.

The SCS pumps can be aligned to take suction from the IRWST. The SCS pumps
can also be aligned to discharge to the IRWST via the SCS heat exchangers.

The SCS can be aligned to provide IRWST cooling. This backs up the CSS
capability for providing IRWST cooling.

The valve isolating the SCS pump suction from the IRWST is capable of passing
flow in either direction. This is required so that the SCS pump can draw
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suction from the IRWST to back up the appropriate CSS pump and the CSS pump
can draw suction from the RCS to back up the SCS pump. |

With the SCS pumps aligned to the IRWST, the pumps' net positive suction head
(NPSH) is adequate to prevent pump cavitation and failure if the IRWST
inventory is saturated.

lThe SCS pump motor in each division is not powered from the same Class IE
4.16-kV bus as the CSS pump motor in the same division. I

Safety In.iection System

The following are some important aspects of the SIS as represented in the PRA:

Four redundant trains are arranged in two divisions so the two SIS divisions
are completely physically separated from each other.

Each SIS pump train has an independent suction line connection to the IRWST.

The two SIS divisions are completely physically separated from each other
outside containment.

SI for primary feed-and-bleed is an important backup DHR method during
shutdown operation. A new TS was added requiring two of the four SIS trains
to be available during most shutdown modes.

Instrumentation and controls for trains 3 and 4 are provided at the remote

O MCR cannot be used due to a fire.
shutdown panel to ensure that the SIS functions can be performed even when the

Containment Soray System

The following are important aspects of the CSS as represented in the PRA:

In addition to its design-basis capabilities, the CSS provides the capability
to cool the IRWST during accidents requiring feed-and-bleed operation.

The CSS pumps' NPSH is adequate to prevent pump cavitation and failure if the
IRWST inventory is saturated.

Electrical Distribution System

The following are some important aspects of the EDS as represented in the PRA.

The EDS includes the following features intended to reduce the frequency of
LOOP and SB0 events.

The grid system. for System 80+ will include at least two preferred power*

circuits, ea'_h having sufficient capacity. They will be continuously
energized and available to provide power to safety-related loads. The
two designated offsite power transmission lines shall be designed and
routed to minimize, to the extent practicable, the likelihood of treirn

/ simultaneous failure. These circuits shall be routed to ensure no
( single event, such as a tower falling or a line breaking, can simulta-
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neously affect both circuits in such a way that neither can be returned
to service. The two offsite power circuits shall terminate at two
switchyards that are physically separate and electrically independent to
the extent practicable.

The turbine generator system and the associated buses are designed to-

run back to maintain " hotel" loads on a loss of load. This is an
important feature incorporated into the System 80+ design for reducing
the frequency of SB0 events and should be included in the D-RAP and 0-
RAP.

The two EDGs have dedicated 125-V dc batteries (division batteries).-

Therefore, they can start and load without the emergency channel
batteries.

In addition to the two EDGs, the System 80+ design has an AAC power*

source. This is a non-safety, seismically robust, CTG which is indepen-
dent and diverse from the EDGs.

The two EDGs are physically and electrically isolated from each other..

;

High reliability of the onsite emergency ac power sources is important-

also during shutdown operation. A new TS was added requiring that two
of the three onsite power sources (i.e., two EDGs and the CTG) be
available during shutdown operation.

The reliability of the two switchyards is an important feature contributing to
the reduced System 80+ shutdown risk from LOOP /SB0 events, as compared to
operating reactor designs. When a switchyard is unavailable for maintenance,
the COL applicant should ensure that no activities which could fail the
operating switchyard are taking place and no fire sources are present. This
is COL Action Item 19-17.

Each of the six independent load group channels and divisions of 125-V dc
vital I&C power has a separate and independent Class 1E 125-V battery (two
division batteries and four channel batteries). Each battery is sized to
supply the continuous emergency load of each own load group for a period of
2 hours. The six independent and separate Class lE 125-V batteries permit
operating the I&C loads associated with the turbine-driven EFW pumps for
8 hours, assuming manual load shedding or the use of a load management
program. This enhances the SB0 coping capability of the System 80+ design.

Each EDG has a complete and separate fuel oil storage system. The storage
system has sufficient fuel to permit EDG operation for no less than 7 days.

Each EDG has two independent air-starting systems.

The COL applicant should develop procedures for manually aligning the AAC
power supply (CTG) when one of the two diesel generators is unavailable during
a LOOP event. This is COL Action item 19-19.

Breakers between the PNS and the Class IE buses will be interlocked so that a
PNS bus cannot be aligned to a Class lE bus that is being powered by an EDG.
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Procedures for load shedding will be provided. Is
s

The structure that houses the CTG must have an HCLPF value of at least that of
the CTG itself, or must be designed in such a manner that failure of this
structure following a seismic event up to the HCLPF value of the gas turbine i
will not affect the availability of the gas turbine to perform its intended
function.

Station Service Water System and the Component Coolina Water System -

The following are some important aspects of the SSWS and CCWS as represented ;

in the PRA:
,

Each of these systems (i.e., CCWS and SSWS) has two redundant and separate
safety-related divisions with heat dissipation capacity to achieve and y

maintain safe shutdown. Each division has two pumps. Typically during normal
operation one SSWS pump and_one CCWS pump in each division are running with
the second pump of SSWS and CCWS in standby. The standby pump will automati-
cally start if the running pump in that division trips. This configuration
reduces the demand failures of pumps and valves which were found to be <

significant contributors to risk in current generation plants with standby '

CCWS/SSWS designs.

The supply and return lines in one division of the SSWS are completely !
separated from the supply and return lines of the redundant division. !

The CCW heat exchanger building and the station service water structure have i
separating divisional walls designed to protect against interdivisional fires
and floods (a fire or flood in one division will not affect the other divi-
sion, for example, by propagation or by causing failure of the divisional

,

wall). There are no cross-connections between the two closed loops in >

different divisions of the CCWS. The COL applicant is to provide a site- ,

specific PRA to evaluate the design of these buildings to determine if there- i

are any vulnerabilities to internal floods or fires. These are COL Action !
Items 19-6, 19-7, and 19-12. |

i

SSWS valves in the supply and return lines are locked in the desired position
so _that only actuation of the pumps is required to place a division in

,

service.

The COL applicant should evaluate the vulnerability of the SSW intake to ,

tornado-generated debris. This is COL Action Item 19-1.
,

,

The ESF actuation signals isolate the non-safety-related portion of the CCWS '

'following an accident condition, except.for cooling for the RCPs, IAS compres-
sor coolers, charging pump motor coolers, and charging pump miniflow heat

,

exchangers. i

Emeraency Feedwater System

The following are some important aspects of the EFWS as represented in the
PRA:

The EFWS is a dedicated safety system that has two separate and redundant

ABB-CE System 80+ FSER 19-77 June 1994

i
_ _ - -



divisions. Each division has two diverse 100-percent-capacity EFW pumps, one
motor operated and one turbine driven. Redundancy, diversity, and separation i

between divisions are important features reducing the failure probability of
the secondary-side heat removal. 1

i

The EFW pumps in one division can supply feedwater to the SG in the other i

division through a pipe having at least two normally closed isolation manual |
valves installed.

Each EFW storage tank (EFWST) can be supplied by gravity flow from the
condensate (water) storage tank (CST). This source is isolated by at least |
wo normally closed isolation valves.

The EFW turbine-driven pump in each division is supplied steam from the SG in
its division via a pipe connection located upstream of the MSIV. For SB0
sequences, the turbine-driven EFW pumps are the only safety system available
for removing decay heat. Their operation, however, requires dc power supplied

,
by batteries. No room cooling or other ac source is required for 8 hours.

!

ASC, which involves cooling the RCS by opening the ADVs and ensuring that EFW
is being delivered to both SGs given failure of SI, has a significant impact
on the CDF contribution for small LOCAs and SGTR. Given a small LOCA or SGTR
with failure of SI, the SCS can be aligned to provide the injection function
if the RCS is depressurized below the SCS pump shutoff head.

ABB-CE will provide EOG guidance to the COL applicant for the use of the EFWS,
and the turbine bypass system (TBS) or ADVs for ASC and the alignment of the
SCS for injection operation.

In-Containment Refuelina Water Storace Tank

The IRWST is an important design feature which helps reduce the System 80+
risk with respect to operating reactor designs. Important characteristics are
(1) located inside containment, (2) the CSS and/or SCS can be aligned to cool
the IRWST contents using the CSS or SCS heat exchangers, respectively, (3) no
valve changeover is required for the recirculation mode of emergency core
cooling, (4) IRWST inventory can be made up from the BAST, and (5) in conjunc-
tion with remote manual valve operation, provides source of water for flooding
the reactor cavity in severe accidents.

Main Control Room

The following are features of the System 80+ MCR which were assumed to
minimize risk from fires in the MCR:

The materials in the MCR panels do not independently support combustion.-

The energy sources coming into the control panels are limited to low-*

power voltage, thus practically eliminating potential ignition sources
within the panels.

A significant portion of the control and indication signals are inter--

faced to the main control panel via fiber-optic cables.
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I

In designing the Nuplex 80+ advanced control complex, it is important that no

O verification and validation (V&V) process, the COL applicant should qualita-
significant new human errors be introduced. To this end, during the MCR

|

tively confirm that the " findings" from the human factors (V&V) plan (as
dispositioned) do not lead to a risk-significant increase in error potential
over that represented in the System 80+ PRA HRA. If this is not confirmed,
the COL applicant should model the additional risk-significant errors in an

'

updated HRA. This aspect of the validation process is addressed in Sec-
tion 8.1 of the " Human Factors Engineering Verification and Validation Plan i
for Nuplex 80+," (Reference 3 of CESSAR-DC Section 18.4). |

No water lines are routed above or through the MCR and the computer room.
HVAC water lines are in rooms around the MCR that have raised curbs to prevent
leakage from entering the MCR. !

!

The MCR has its own dedicated ventilation system. This eliminates the
possibility of smoke, hot gases, and fire suppressants, originated in areas
outside the MCR, to migrate via the ventilation system to the MCR.

.

Remote Shutdown Panel !

+

Sufficient instrumentation and controls at the remote shutdown panel bring the ;

plant to safe shutdown in case the MCR must be evacuated. Indication and ;
'control are provided for EFW, SCS, ADVs, SIS, RDS, CCWS, and SSWS. Equipment
'that does not have dedicated instrumentation and controls at the remote

shutdown panel can be controlled via the operator's module. This provides the
ability to control most' plant functions, albeit on a limited basis, from the
remote shutdown panel.

An MCR fire will not impact the instrumentation and controls located at the .

remote shutdown panel, or the equipment which is required to place the plant |

in cold shutdown, because of the following features of the System 80+ design: :
.

The MCR and the remote shutdown room are located at different elevations*

and in different fire areas.

The MCR ventilation system is different from the ventilation system for !-
'the remote shutdown room.

The stairwells connecting the MCR and the remote shutdown room are ;*

pressurized, thus not allowing smoke, hot gases, and fire suppressants
to migrate from one room to the other. ;

The MCR is continuously pressurized to prevent the entry of smoke, hot*

gases, dirt, and fire suppressants from other areas.

Startuo feedwater System
,

,

The SFWS, a non-safety-related system, can be used to deliver feedwater to the
SGs following a reactor trip. The SFWS pump is powered from the PNS bus and.
can be powered by the CTG. The SFWS pump can be aligned to the CST or the
degenerator storage tank. With alignment to either storage facility, the NPSH
for the pump is adequate to prevent pump cavitation and failure. ,

,

ABB-CE System 80+ FSER 19-79 June 1994

--, q , - ew m-- --



Emeroency Containment Soray Backup System

An ECSBS is included in the System 80+ design to provide an onsite pumping
source independent of ac power buses, with the capability to supply water to ,

the containment spray header from an external source when the normal CSS is ;
lnot available, including SB0 events.

The ECSBS comprises the following design features: (1) an 20 cm (8-in.)
diameter " tee" connection to the containment spray recirculation line, (2) an
extension of 20 cm (8-in.) diameter Class 2 piping from the tee connection to
the exterior of the nuclear annex, (3) external connections for temporary
hookup of an external source of water located at or near grade, (4) a porta-
ble, onsite pumping source (e.g., fire truck) with the capability to supply
sufficient flow against maximum containment pressure to maintain containment
pressure below ASME Service Level C limits, and (5) pre-staging of all
necessary hoses, fittings, and spool pieces.

The specific flow rate for the pumping device will be developed by the COL
applicant as part of the detailed design. This is COL Action Item 19-10.

The detailed ECSBS design and location of all associated valves and connec-
tions should take into account expected radiation levels and shielding
requirements for any required local operator actions. This is COL Action
Item 19-11.

Detailed procedures for use of the ECSBS will be developed by the COL appli-
cant. This is COL Action Item 19-16.

Hydroaen Mitiaation System

There is an HMS utilizing igniters to control hydrogen during a severe
accident.

The accident management procedures will address use of the HMS. This is part

of COL Action Item 19-16.

The hydrogen purge vent to the annulus is not credited in the PRA. However, !
the use of this vent could decrease the late CCFP. |

Reactor Cavity Flood System

A reactor cavity flood system is provided to enhance the coolability of ex-
vessel core debris.

Procedures for use of the CFS during a severe accident will be developed by
the COL applicant as part of its plant-specific severe-accident management
guidelines. This COL Action Item 19-16.

The reliability of the CFS and associated valves is important. The COL
applicant will ensure the reliability of the CFS by inclusion of the system in
the reliability assurance program.

Containment Penetrations
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The major containment penetrations (equipment hatch, personnel airlocks, and
fuel transfer tube) will be designed to ensure that they will maintain leak-

v tightness up to ASME Service Level C for the containment shell.

Penetrations will be designed to ensure that the selected seal and mounting
will provide a minimum of I days' containment integrity. This will be
achieved by a combination of selecting high-quality and high-capability seals,
protectively mounting the seal so that it is not directly exposed to the
containment environment, and providing double seals (inner and outer) wherever
possible.

The major containment penetrations will be designed to ensure that they will
maintain leak-tightness up to the ultimate pressure capacity of the contain-
ment shell.

Seal materials in the major containment penetrations will be selected to
minimize the potential for overtemperature failure.

Steam Su_golv System

The reliability of the MSSVs, ADVs, and MSIVs is important. The COL applicant
will ensure the reliability of these components.

19.1.8 Conclusions and Findings I

The NRC has evaluated the quality of the System 80+ design PRA and its use in
the design development and certification process. The NRC concludes that the

C) quality and completeness of the System 80+ PRA is adequate for its intended
V purposes, such as supporting the design and design certification process. The

approaches used by ABB-CE for both the core damage and containment analyses
are logical and sufficient to achieve the desired goals of describing and
quantifying potential core-damage scenarios and containment performance during
severe accidents. The NRC concludes that.the use of PRA in the design process
helped introduce improved or unique " evolutionary" features (such as the RD
capability of the SDS, the IRWST, and the reactor CFS) which contributed to
the reduced CDF and CCFP estimates of the System 80+ design when compared with:
operating PWRs. PRA results and insights were used to identify areas in which
it is particularly important to implement the design and operational require-
ments assumed for design certification (e.g., ITAACs, D-RAP, 0-RAP, TS,
operator training and procedures). The NRC finds that the System 80+ design
represents an improvement in safety over operating PWRs in the United States.

Based on the staff's review of the System 80+ PRA and System 80+ design as set
forth in this section.(19.1) of this report, the staff finds that the Sys-
tem 80+ design and the submittals made for the System 80+ in the' CESSAR-DC
meet the intent of the Commission's Policy Statement on Severe Reactor
Accidents Regarding Future Designs and Existing Plants, dated August 8,1985,
the requirement of 10 CFR 50.34(f)(1)(i) to perform a plant-soecific PRA that
seeks improvement in the reliability of core and containment heat removal
systems, the staff's proposed applicable regulation for analysis of external
events for the System 80+ PRA, and the requirement of 10 CFR 52.47(a)(1)(v)
for an evolutionary plant design vendor to submit a PRA.

\ 19.2 Severe-Accident Performance
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19.2.] Introduction

The purpose of Section 19.2 is (1) to consolidate the NRC's approach to
resolution of severe-accident issues for ALWRs as specified in SECY-90-016,
SECY-91-262, SECY-93-087, and the corresponding SRMs, and (2) to evaluate the
approach proposed by ABB-CE for resolution of severe-accident issues for the
System 80+ design.

To provide adequate protection of the public health and safety, current NRC
regulations require conservatism in design, construction, testing, operation,
and maintenance of nuclear power plants. A defense-in-depth approach has been
mandated in order to prevent accidents from happening and, if accidents should
occur, to mitigate their consequences. Siting in less populated areas is
emphasized. Furthermore, the NRC, State, and local governments mandate
emergency response capabilities are mandated to provide additional defense-in-
depth protection to the surrounding population.

The reactor and containment systems design are a vital link in the defense-in-
depth philosophy. Current reactors and containments are designed to withstand
a LOCA and to comply with the siting criteria of 10 CFR Part 100 and general
design criteria of 10 CFR Part 50 (Appendix A). The large-break LOCA and
other accidents analyzed in accordance with the NRC's Standard Review Plan
(SRP) (NUREG-0800) and documented in Chapter 15 of the CESSAR-DC are commonly
referred to as " design-basis accidents" for nuclear power plants.

The high-level of confidence in defense-in-depth approach results, in part,
from stringent requirements for meeting single failure criterion, redundancy,
diversity, quality assurance, and utilization of conservative models. The
staff concludes that existing requirements ensure a safe containment design.

The NRC also has requirements to address conditions beyond the traditional
design-basis spectrum, such.as ATWS (10 CFR 50.62), SB0 (10 CFR 50.63), and
combustible gas control (10 CFR 50.44); however, a definitive set of regulato-
ry requirements for addressing specific severe-accident phenomena does not
exist. Existing regulations which require conservative analyses and inclusion
of features for design-basis events provide margin for severe-accident
challenges. This design-basis margin coupled with regulatory guidance to
address severe accidents in the form of policy positions provides a robust
design that satisfies the Commission's policy statement on severe accidents.

In an SRM, dated January 28, 1992, on SECY-91-262, the Commission approved the
staff's recommendation to proceed with design-specific rulemakings through
individual design certifications to resolve selected technical and severe
accident issues. The effect of these actions on the System 80+ is that the
criteria specified for resolution of severe accident issues in SECY-90-016 and
SECY-93-087 will be incorporated into the System 80+ design certification
rulemaking as applicable regulations. The following discussion describes the
criteria that were used for the deterministic evaluation of severe accident
issues.

19.2.2 Deterministic Assessment of Severe Accident Prevention

19.2.2.1 Severe-Accident Preventive Features
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The System 80+ is designed to cope with plant transients and LOCAs without any |

b adverse impact on the environment. However, the potential does exist, albeit j
h remote, for a LOCA or seemingly ordinary plant transient coupled with numerous j

'plant safety system failures to progress to a severe accident with the
potential for substantial offsite releases.

Accident initiators can be separated into two general groups - transients and
LOCAs. Transients include planned reactor shutdowns and transients which
result in reactor scrams. Examples of transients are manual shutdown,
steamline break (SLB), SGTR (also a form of LOCA), LOOP, and loss of feedwater
(LOFW). In addition to these transients, there is an entire spectrum of LOCAs
which are accident initiators. LOCAs fall within three categories: small, '

medium, and large, based on the size of the line break.

Following the accident initiator, normal and emergency plant systems respond
to control reactivity, reactor pressure, reactor water level, and containment
parameters within the design-bases spectrum. Of most importance is to ensure
inventory control and sufficient heat removal from the core to prevent
overheating and subsequent fuel damage. Failure to provide heat removal or
inventory control; results in core uncovery, fuel overheating, and the
potential for oxidation and melting of the reactor core.

In response to accident initiators identified through operating reactor
experience and performance of probabilistic risk assessment, the NRC developed
criteria for evolutionary LWRs to prevent the occurrence of such initiators
from leading to a severe accident. These criteria were specified in
SECY-90-016 and SECY-93-087 and include design provisions for the following:

..

( ATWS, SB0, fires, and ISLOCAs.

19.2.2.1.1 Anticipated Transient Without Scram

An ATWS is an anticipated operational occurrence (A00) followed by the failure
of the trip portion of the RPS. A00s are those conditions of normal operation
which are expected to occur one or more times during the life of the nuclear
power plant and include, but are not limited to, loss of power to all recircu-

| lation pumps, tripping of the turbine generator set, isolation of the main
condenser, and loss of all offsite power. Dependent upon the transient and

( its severity, the plant may recover and continue normal operation or the plant
! may require an automatic shutdown (scram) via the RPS. The RPS is designed to ,

l safely shut down the reactor to prevent core damage. !
|

These transients when coupled with a failure of the RPS may lead to conditions
beyond the design basis of the plant. In these cases, the reactor must be i

Imanually scrammed in order to avoid reactor fuel damage or coolant system
damage. Subsequent failure of the manual scram system and inadequate core
cooling (ICC) would lead to core damage.

Transients with the greatest potential for significant damage to the reactor
j core and containment are those which lead to an increase in reactor pressure

and temperature, a loss of heat sink, or a failure of the RPS to scram the
reactor. During an ATWS event, reactor power, pressure, and temperature must
be controlled or the potential exists for a severe accident.i

The ATWS rule (10 CFR 50.62) was promulgated to reduce the probability of an
I
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ATWS event and to enhance mitigation capability if such an event occurred.
For PWRs, the ATWS rule specifies inclusion of a diverse scram system from the
sensor output to interruption of power to the control rods. In Sections 7.7
and 15.3.10 of this report, the NRC concludes that the System 80+ design
complies with the ATWS rule.

19.2.2.1.1.1 Features To Prevent and/or Mitigate

In SECY-90-016, the staff recommended that the Commission approve the staff's ,

'

position that diverse scram systems should be provided for evolutionary LWRs.
In its June 26, 1990, SRM, the Commission approved the staff's position, but
directed that if an applicant can demonstrate that the consequences of an ATWS
are acceptable, the staff should accept the demonstration as an alternative to
the diverse scram system.

The System 80+ design includes a control-grade alternate protection system to
provide an alternate reactor trip signal and an alternate EFW actuation signal
separate and diverse from the safety-grade reactor trip system.

19.2.2.1.1.2 Basis for Acceptability

In SECY-90-016, the NRC concluded that evolutionary LWR designs should have
diverse methods of inserting control rods to mitigate a potential ATWS and to
ensure a safe reactor shutdown. The System 80+ design has a diverse alternate
scram system. The System 80+ design complies with the ATWS rule, as concluded
in Sections 7.7 and 15.3.10 of this report, and the design is capable of
satisfactorily mitigating the effects of an ATWS and preventing an ATWS event
from evolving into a severe accident with core damage. The staff concludes
that the System 80+ design conforms to the criteria specified in SECY-90-016
by incorporating the features discussed above.

19.2.2.1.2 Station Blackout

An SB0 involves the complete loss of alternating current (ac) electric power
to the essential and nonessential switchgear buses in a nuclear power plant
(i.e., loss of offsite electric power system concurrent with turbine trip and
unavailability of the onsite emergency ac power system). SB0 does not include
the loss of available ac power to buses fed by station batteries through
inverters or by AAC sources, nor does it assume a concurrent single failure or
DBA.

During normal plant operation, power is supplied to the Class 1E distribution
system from the main generator. After plant shutdown, the preferred power
source is the offsite grid, which provides a continuous source of ac electric
power to equipment required to maintain core coolability. If the power from
the offsite grid is not available, the onsite distribution system will sense
an undervoltage condition and initiate a transfer to the EDGs for continued
power. In the event of the loss of both the offsite grid and EDGs, an SB0 has
occurred. Because most DHR and containment heat removal systems are dependent
upon ac power, the loss of ac power could lead to increases in temperature and
pressure and subsequent failure to provide core cooling may lead to a severe
accident.

The SB0 rule (10 CFR 50.63) allows several design alternatives to ensure that
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a plant is able to withstand an SB0 for a specified duration and recever. Ap) complete evaluation of the System 80+ relative to the SB0 rule is in Sec-g() tion 8.5 of this report.

19.2.2.1.2.1 Features To Prevent and/or Mitigate

In SECY-90-016, the staff concluded that the preferred method of demonstrating
compliance with 10 CFR 50.63 is through the installation of a spare (full
capacity) AAC source of diverse design that is consistent with the guidance in
Regulatory Guide (RG) 1.155, " Station Blackout," August 1988, and is capable
of powering at least one complete set of normal shutdown loads. The staff
recommended that the Commission approve imposition of an AAC source for
evolutionary LWRs. In its June 26, 1990, SRM, the Commission approved the
staff's position.

The System 80+ design has two independent electrical divisions, each with
high- and low-pressure water injection capability, each powered by a full-
capacity EDG, and each division capable of independently shutting down the
reactor. In addition, the System 80+ design includes non-safety-grade CTG
(AAC source) to back up the EDGs. Two division and four channel batteries
provide an SB0 coping capability assuming manual load shedding or the use of a
load management program. This permits operating the instrumentation and
control loads associated with the turbine-driven EFW pumps for 8 hours.

The System 80+ design includes a main switchyard for incoming ano outgoing
electric power and a separate and independent backup switchyard that is tied

g to the grid at some distance from the main switchyard. In addition, the

t System 80+ turbine generator system and the associated buses are designed to
( run back to maintain hotel loads on a loss of grid. These features aim at

reducing the frequency of LOOP initiating events and, therefore, the frequency
of SBO.

19.2.2.1.2.2 Basis for Acceptability

In SECY-90-016, the NRC concluded that designers should meet the SB0 rule by
including an AAC power source (i.e., CTG) of diverse design capable of
powering at least one complete set of normal shutdown loads. The System 80+
design complies with this request by including a CTG with this capability.
The System 80+ also has the capability to survive at least an 8-hour blackout
period. The staff concludes that the System 80+ has fully conformed to the
criteria of SECY-90-016.

19.2.2.1.3 Fire Protection

The Commission concluded that fire-protection issues that have been raised
through operating experience and the External Events Program must be resolved
for evolutionary LWRs. In SECY-90-016, the staff recommended that current NRC
guidance to resolve fire-protection issues be enhanced to minimize fire as a
significant contributor to the likelihood of severe accidents and DBAs. As
indicated in SECY-90-016, the System 60+ design must ensure that safe shutdown
can be achieved, assuming that all equipment in any area will be rendered

n' inoperable by fire and that re-entry into the fire area for repairs and
( operator actions is not possible. Because of its physical configuration, the
\ MCR is excluded from this approach, provided an independent alternative

!|
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shutdown capability that is physically and electrically independent of the MCR
is included in the design. The System 80+ design must also provide fire
protection for redundant shutdown systems in the reactor containment building
that will ensure, to the extent practical, that one shutdown division will be
free of fire damage. Additionally, the System 80+ design must ensure that
smoke, hot gases, or fire suppressant will not migrate into other fire areas
to the extent that they could impair safe-shutdown capabilities, including
operator actions. Fire protection is further discussed in Chapter 9 of this
report.

19.2.2.1.3.1 Features To Prevent and/or Mitigate

In CESSAR-DC Section 9.5.1, " Fire Protection System," ABB-CE describes and
evaluates the System 80+ features provided to prevent and mitigate fires. In
particular, this section addresses protection of safe-shutdown equipment,
passive fire-protection features, fire detection, fire-protection water supply
system, water fire-suppression systems, gaseous fire-suppression systems, fire
extinguishers, emergency communication and lighting, emergency breathing air,
curbs and drains, smoke control, access / egress routes, construction materials
and combustible contents, and interaction with other systems.

19.2.2.1.3.2 Basis for Acceptability

On the basis of the staff's evaluation of CESSAR-DC Section 9.5.1 and the
discussion above and documented in Section 9.5.1 of this report, the staff
concludes that the System 80+ design complies with the criteria in SECY-90-016
and is acceptable for preventing and mitigating threats from fires for severe
accidents.

19.2.2.1.4 Interfacing Systems Loss-of-Coolant Accident
i

ISLOCAs are defined as a class of LOCAs in which the RCS pressure boundary,
interfacing with a system of lower design pressure, is breached. The breach
may occur in portions of piping located outside of the primary containment,
causing a direct and potentially unisolable discharge from the RCS to the
environment. An ISLOCA is of concern because of potential direct releases to
the environment, loss of core cooling, and loss of core makeup.

High/ low-pressure interfaces occur on many lines including the SDC heat
exchangers or the containment spray pumps which are capable of substituting
for the SDC pumps. An ISLOCA occurs when high pressure is introduced to a
low-pressure system due to a valve (s) failure or an inadvertent valve actua-
tion. In either case, the overpressurization can cause the low-pressure
system or components to fail.

19.2.2.1.4.1 Features To Prevent and/or Mitigate

In SECY-90-016, the staff recommended that evolutionary LWR designs reduce the
possibility of a LOCA outside containment by designing (to the extent practi-
cable) all systems and subsystems connected to the RCS to an ultimate rupture
strength (URS) at least equal to the full RCS pressure. The " extent practica-
ble" phrase is a realization that all systems must eventually interface with
atmospheric pressure and that for certain large tanks and heat exchangers, it
would be difficult or prohibitively expensive to design such systems to an URS
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,s equal to full RCS pressure. The staff further recommended that systems that
have not been designed to withstand full RCS pressure should include (1) the

(v) capability for leak testing of the pressure isolation valves, (2) valve
position indication that is available in the MCR when isolation valve opera-
tors are de-energized, and (3) high-pressure alarms to warn MCR operators when
rising RCS pressure approaches the design pressure of attached low-pressure
systems and both isolation valves are not closed.

In its June 26, 1990, SRM, the Commission approved the staff's position on
ISLOCA provided that all elements of the low-pressure system are considered
(e.g., instrument lines, pump seals, heat exchanger tubes, and valve bonnets).

ABB-CE performed a systematic evaluation of interfacing systems to ensure that
the SECY-90-016 requirements are satisfied. The resolution of this issue is
discussed in Section 20.2 of this report.

19.2.2.1.4.2 Basis for Acceptability

Generic Safety Issue 105: ISLOCA is addressed in Section 20.2 of this report.
As indicated there, the staff concludes that the System 80+ design complies
with the criteria from SECY-90-016.

19.2.3 Deterministic Assessment of Severe-Accident Mitigation

19.2.3.1 Overview of the System 80+ Containment Design

n The System 80+ primary containment design consists of a 61 m (2000-ft)-
! I diameter spherical steel shell with a nominal wall thickness of 4.45 cm
G' (1.75 in.). This wall will be reinforced around primary containment penetra-

tions to structurally compensate for these openings. The primary containment
encloses the nuclear steam supply system, the IRWST, SITS, the refueling
caeal, and associated mechanical, electrical, and HVAC support components. The
sphe.-ical steel shell below the reactor cavity is protected by a minimum of
0.9 m ( ft) of concrete with an additional 5.5 m (15 ft) of concrete below
the steel shell.

3 3The primary containment has 94,600 m (3,340,000 ft ) of net-free volume, and
its internal structures are arranged in a manner to promote mixing throughout
the containment atmosphere and accommodate the pressurization from condensible
and non-condensible gas releases during severe accidents. The internal
structures surrounding the SGs are especially effective at promoting natural
circulation within containment by causing a " chimney" effect. The containment
contains 80 igniters to control hydrogen generated during severe accidents.

The primary containment is totally enclosed by a shield building made of
reinforced concrete. The containment shield building is designed to provide
biological shielding and external missile protection for the containment
vessel and safety-related equipment. In addition, the annulus ventilation and
filtration system provides a mechanism for reducing fission-product releases
following severe accidents.

Steam from a reactor depressurization event is condensed in the IRWST. Them
[v} IRWST is the primary heat sink and may be cooled by either the SCS or the CSS'

heat exchangers. Either system supplies water at about 1,480 kPa (200 psig)
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discharge pressure. The System 80+ design does not rely on low pressure SI;
however, the SCS delivery pressure is sufficient to function as a low-pressure
emergency core cooling system (ECCS) and as a surrogate for the SIS. Typical-
ly low-pressure ECCSs in operating PWRs deliver water between 1,720 kPa and
3,450 kPa (250 and 500 psi). The depressurization system is expected to
reduce primary system pressure to approximately 1,140 kPa (150 psig). The
IRWST supplies water to the CFS which provides a means of flooding the reactor
cavity during a severe accident, for the purpose of cooling the core debris in
the reactor cavity and scrubbing fission-product releases. The water flows
first into the HVT through four 30-cm (12-in.)-diameter MOVs and then into the
reactor cavity through two 25-cm (10-in.)-diameter MOVs. The IRWST also
supplies water to the CSS which can be used to reduce containment temperature
and pressure and remove iodine from the containment atmosphere following
severe accidents.

The spherical steel containment can be vented, in the case of an internal
pressurization that may challenge containment integrity, through two 8-cm
(3-in.)-diameter hydrogen purge vents. ABB-CE has provided this venting
capability; however, ABB-CE has demonstrated that venting is not needed for
most of the severe-accident events. For those sequences in which venting
would aid in limiting the containment pressure below ASME Service Level C,
venting would not be needed before 24 hours into the event. The use of the
hydrogen purge vent for containment pressure control is the responsibility of
the technical support center. ABB-CE used the ASME Boiler and Pressure Vessel
Code to determine the containment pressure that may be reached without
exceeding ASME Service Level C. ASME Service Level C loading conditions allow
material strains representative of incipient yield, assuming minimum material
properties, and consequently provides a conservative estimate of the contain-
ment ultimate capacity. The pressure limits determined in accordance with
ASME Service Level C criteria decrease from about 1.00 MPa (145 psia) at an
average steel shell temperature of 143 *C (290 'F) to 0.930 MPa (135 psia) at
a temperature of 232 *C (450 'F).

19.2.3.2 Severe-Accident Progression

The processes, both physical and chemical, that may occur during the progres-
sion of a severe accident, and how these phenomena affect containment perfor-
mance, are described in this section. This description is intended to be
generic in nature; however, many aspects of severe-accident phenomena depend
on the specific reactor type or on the containment design features. This
information has been extracted from NUREG/CR-5132, " Severe Accident Insights
Report," April 1988, NUREG/CR-5597, "In-Vessel Zircaloy 0xidation/ Hydrogen
Generation Behavior During Severe Accidents," September 1990, and
NUREG/CR-5564, " Core-Concrete Interactions Using Molten UO With Zirconium on2
a Basaltic Basemat," August 1992.

Severe accident progression can be divided into two phases, an in-vessel stage
and an ex-vessel stage. The in-vessel stage generally begins with insuffi-
cient DHR and can lead to melt-through of the reactor vessel. The ex-vessel
stage involves the release of the core debris from the reactor vessel into the
containment and such resulting phenomena as CCI, FCI, and DCH.

19.2.3.2.1 In-Vessel Melt Progression

ABB-CE System 80+ FSER 19-88 June 1994



!
1
1

)

in severe accidents that proceed to vessel failure and release of molten corec\ material into the containment, the in-vessel melt progression estaoiishes the/ '

b initial conditions for assessment of the thermal and mechanical loads that I
may ultimately threaten the integrity of the containment. In-vessel melt
progression encompasses the phenomena and processes involved in a severe core-
damage accident starting with core uncovery and initial heatup, and continuing
until either (1) the degraded core is stabilized and cooled within the reactor
vessel or (2) the reactor vessel is breached and molten core material is
released into the containment. The phenomena and processes in the System 80+
that can occur during in-vessel melt progression include

core heatup resulting from loss of adequate coolinga

metal-water reaction and cladding oxidation*

eutectic interactions between core materials=

melting and relocation of cladding, structural materials, and fuela

formation of blockages near the bottom of the core due to the solidifi--

cation of relocating molten materials (wet core scenario)

drainage of molten materials to the vessel lower head region (dry corea

scenario)

formation of melt pool, natural circulation heat transfer, crust=

n formation, and crust failure (wet core scenario)
< i
O lower head breach resulting from failure of a penetration, or from local=

or global creep-rupture

Decay heat produced by the core must be removed to achieve adequate core
cooling. Adequate core cooling can be accomplished in the System 80+ by
either providing enough cooling water flow to the reactor core and by removing
the decay heat through the SGs or via feed-and-bleed. The mechanisms by which
decay heat is removed from the reactor core include a four-train SIS with DVI,
functionally interchangeable SDC and CSS, and SDS. Cooling water flow to the
SGs is provided by the main and EFWS. If the decay heat is transferred to the
containment from the core, it can be removed by containment heat removal
systems such as the CSS and the CCWS.

In the event that all safety and non-safety systems fail to remove the decay
heat, the core will heat up to the point at which damage to the fuel and fuel
cladding may occur. Decay heat is transferred through the radiative, conduc-
tive, and convective heat transfer to the steam, other core materials, and
non-fuel materials within the reactor. The insufficient cooling supply
results in coolant boiloff and a decreasing level within the reactor vessel as
the decay heat generation exceeds the heat removal rate. The coolant level
within the core further decreases so that the fuel rods above the coolant
level are only cooled by rising steam. The fuel rods begin to overheat and
cladding oxidation in the presence of steam begins at high temperatures. As

,m the cladding oxidizes in the presence of steam, hydrogen, and additional heat
( are generated. The fuel cladding is made of a zirconium alloy called

Zircaloy.N
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The initial Zircaloy oxidation involves oxygen diffusion through a Zr03
surface layer. As the fuel rods continue to heat up from decay heat and
exothermic zirconium oxidation reaction occurs, the materials within the
reactor with low melting points are expected to melt first and may form
eutectics. Eutectics are mixtures of materials with a melting point lower
than that of any other combination of the same components.

Zircaloy, with a melting point of 1,757 *C (3,194 *F), begins to melt,
breaking down the protective Zr0 layer which exposes unoxidized Zircaloy.3

Following this, local melting of the fuel rods may cause changes in the core
geometry resulting in differing steam flow paths. This can lead to an
increase in the oxidation process as access to the unoxidized Zircaloy is made
available; on the other hand, the melt formation or changes in the steam flow
path could reduce the Zircaloy surface available for oxidation and thereby
decrease the overall reaction process. In some accident scenarios in which
residual amounts of water remain in the bottom of the core and lower plenum,
substantial steaming and oxidation can take place.

In addition to oxidation, the potential exists for the Zircaloy to interact
with the UO fuel, forming low-melting-point eutectics. Formation of

2eutectics may decrease the effective surface area for oxidation and overall
oxidation rate. The melting point of Zircaloy is dependent upon its state and
lattice structure. It has three melting points which include 1,877 *C
(3,410 *F) (beta-Zr),1,977 *C (3,590 *F) (alpha-Zr(0)), and 2,677 *C
(4,850 *F) (Zr0 ). When partially oxidized Zircaloy is in contact with UO .7 2
an alpha-Zr(0)/U0 -based eutectic will form with a liquefaction temperature of
approximately1,8h?'C(3,446*F). Therefore, in the presence of good
fuel / cladding contact, fuel liquefaction and melt relocation will commence
around this temperature. This has the potential to affect the oxidation
behavior of Zircaloy-based melt.

Various severe fuel damage (SFD) test programs sponsored by the NRC indicate
that oxidation of the Zircaloy is largely controlled by the availability of a
steam supply and that high rates of hydrogen generation can continue after
melt formation and relocation. Some of these experiments indicate that the
majority of the hydrogen was generated after onset of Zircaloy melting and
fuel dissolution. In steam-rich experiments, oxidation took place over most
of the fuel bundle length and most of the hydrogen is generated early. For
steam-starved experiments, oxidation was limited to local regions of the fuel
bundle and the majority of the hydrogen is generated after the onset of Zr/U02
liquefaction and relocation.

I The System 80+ design contains more than 25,240 kg (55,655 lb) of zirconium in
| the active fuel region which has the potential to generate more than 1,100 kg
| (2,440 lb) of hydrogen. Hydrogen production and accumulation may represent

challenges to the containment in numerous ways, including deflagration,
detonation, and pressurization, as nydrogen gas is non-condensible. The
System 80+ containment has 80 hydrogen igniters to consume hydrogen as it is
produced during a severe accident. Because of the large containment volume,
System 80+ is not threatened from pressurization of the containment from
generation of hydrogen gases. The resulting pressures are well below ASME
Code Service Level C limits.

The SFD tests indicated the potential for incoherent melt-relocation due to
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non-coherent temperatures within the test bundles. This is because of the
( different core materials present with a wide range of melting points and

eutectic temperatures. Formation of eutectics would result in a nonuniform :'

melting and relocation process. Further differences in the melt-relocation
process can be attributed to asymmetric bundle heating which can increase upon
Zircaloy oxidation. This process begins when one area of the fuel bundle is
initially at a temperature higher than the other areas. The higher tempera- :

ture Zircaloy will consume the available steam-through oxidation at a quicker i
rate. The oxidation reaction increases the hotter areas to even higher
temperatures, which further increases the oxidation rate and the local
temperatures. This autocatalytic nature of Zircaloy oxidation appears to
contribute to asymmetric bundle heatup and the potential for incoherent melt
relocation behavior. s

As the temperature of the core increases, the fission products are vaporized
and released. These fission products are then carried by steam and/or
hydrogen throughout the primary system and are subject to deposition on the

'

,

surfaces of internal components. The deposition mechanisms include condensa-
tion, gravitational settling, and thermophoresis. The fission products that
are not deposited remain airborne and are released to the containment, where !

the dominant removal mechanisms are gravitational settling and, potentially, ,

diffusiophoresis.

The core melt progression, including relocation and fission product release, :
becomes increasingly difficult to predict as it continues to degrade. The ;

core melt could relocate into the lower reactor vessel plenum. If water is .

p present in the lower plenum, the potential exists for in-vessel steam explo-
sions, where molten core rapidly fragments and transfers its. energy causinggd RSG and shock waves. On the other hand, the core debris within the lower ,

plenum may quickly melt through the reactor vessel or interact with available r

!water before melting through and entering the reactor cavity.

The in-vessel core melt progression, including core degradation, relocation,
and failure of the reactor vessel, contains considerable uncertainty. This
uncertainty includes

the potential for in-vessel steam explosion=

the interaction between core debris and internal vessel structures i=

the time and mode of vessel failure=

1the composition of the core debris released at vessel failure=

the amount of in-vessel hydrogen generation-

the in-vessel fission-product release and transport=

retention of fission products and other core materials in the RCS=

19.2.3.2.2 Ex-Vessel Melt Progression

Ex-vessel severe accident progression is affected by the mode and timing of
the reactor vessel failure, the primary system pressure at reactor vessel
failure, the composition, amount, and character of the molten core debris
expelled, the type of concrete used in containment construction, and the
availability of water to the reactor cavity. The initial response of the
containment from ex-vessel severe accident progression is largely a function
of the pressure of the RCS at reactor vessel failure and the existence of
water within the reactor cavity. If not prevented by design features, early
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containment failure mechanisms and bypass usually dominate risk consequences.
Early containment failure mechanisms result from energetic severe-accident
phenomena such as HPME with DCH and EVSEs. The long-term response of the
containment from ex-vessel severe-accident progression is largely a function
of the containment pressure and temperature due to CCI and the availability of
mechanisms to remove heat from the containment.

At high RCS pressures, the molten core debris could be ejected from the
reactor vessel in jet form, causing fragmentation into small particles. The
potential exists for the core debris ejected from the vessel to be swept out
of the reactor cavity and into the upper containment. Finely fragmented and
dispersed core debris could heat the containment atmosphere and lead to large
pressure spikes. In addition, chemical reactions of the core debris particu-
late with oxygen and steam could add to the pressurization loads. Direct
attack on the steel shell is precluded in the System 80+ design because the
steel shell is either protected by concrete or by the crane wall. This
severe-accident phenomenon is known as HPME with DCH. To prevent this
phenomenon, the System 80+ design has incorporated a reliable RDS to provide
assurance, that in the event of a core-melt scenario, the reactor vessel would
fail at a low RCS pressure. Should the reactor vessel fail at a high pres-
sure, the design of the System 80+ containment provides an indirect pathway
from the reactor cavity to the upper compartments of the containment in an
effort to decrease the amount of core debris that could contribute to DCH.

Reactor vessel failure at high or low pressure coincident with water present
within the reactor cavity may lead to interactions between fuel and coolant
with the potential for RSG or steam explosions. RSG involves the pressuriza-
tion of containment compartments from nonexplosive steam generation beyond the
capability of the containment to relieve the pressure so that the containment
fails because of local overpressurization. Steam explosions involve the rapid
mixing of finely fragmented core debris with surrounding water resulting in
rapid vaporization and acceleration of surrounding water creating substantial
pressure and impact loads. ABB-CE concludes that the System 80+ plant is
capable of withstanding the loads from the most likely FCI.

The eventual contact of molten core debris with concrete in the reactor
cavity will lead to CCI. CCI involves the decomaosition of concrete from core
debris and can challenge the containment in various mechanisms, including
(1) pressurization due to the production of steam and noncondensible gases to
the point of containment rupture, (2) the transport of high-temperature gases
and aerosols into the containment leading to high-temperature failure of the
containment seals and penetrations, (3) containment liner melt-through,
(4) reactor support structures melt-through leading to relocation of the
reactor vessel and tearing of containment penetrations, and (5) the production
of combustible gases such as hydrogen and carbon monoxide. CCI is affected by
many factors, including the availability of water to the reactor cavity, the
containment geometry, the composition and amount of core melt, the core-melt
superheat, and the type of concrete involved.

The System 80+ design has several design features to mitigate the effects of
CCI. These include a CFS that can be supplied from the IRWST or externally
through the CSS, and limestone-based concrete for the reactor cavity floor.

!

| The CFS has been designed to provide water to assist in the cooling of core
; debris before it enters the reactor cavity. The CSS is capable of providing

|
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water, from the IRWST or through an external source, to control containment
pressurization. Water entering the containment from the CSS will gather in
the HVT where it can be directed to the reactor cavity by the CFS, thereby
providing an external means of flooding the reactor cavity. The limestone-
based concrete protects the containment liner from melt-through.

19.2.3.3 Severe-Accident Mitigative Features q

19.2.3.3.1 Hydrogen Generation and Control

Generation and combustion of large quantities of hydrogen is a severe-accident
phenomenon that can threaten containment integrity. The major source of the

,

hydrogen generated is from the oxidation of zirconium metal with steam when
the zirconium reaches temperatures well above normal operating levels. This i

reaction is commonly referred to as the metal-water reaction.

Research indicates that in-vessel hydrogen generation associated with core-
damage can vary over a wide range. The specific amount of oxidation is
dependent on a variety of parameters related to sequence progression. These -

include the RCS pressure, the timing and flow rate of reflooding if it occurs,
i and the temperature profile of the reactor core during the course of the'

accident sequence. In addition, ex-vessel hydrogen generation must be
considered. Hydrogen is produced as a result of ex-vessel core debris ;

reacting with steam or concrete, or both.

19.2.3.3.1.1 Features to Prevent and Mitigate

O certification to demonstrate compliance with any technically relevant portions
in 10 CFR 52.47(a)(1)(ii), the NRC requires applicants for a standard design '

,

of the TMI requirements in 10 CFR 50.34(f). In 10 CFR 50.34(f)(2)(ix), the
NRC requires a system for hydrogen control that can show with reasonable !
assurance that uniformly distributed hydrogen concentrations in the contain-
ment do not exceed 10 percent during and following an accident that releases *

an amount of hydrogen equivalent to the amount that would be generated from a |

100-percent fuel-clad metal-water reaction, or that the postaccident atmo-
sphere will not support hydrogen combustion.

In SECY-90-016, the staff recommended that the Commission approve the staff's |
position that the requirements of 10 CFR 50.34(f)(2)(ix) remain unchanged for

'

evolutionary LWRs. In its June 26, 1990, SRM, the Commission approved the
staff's position.

-

The System 80+ core contains approximately 25,240 kg (55,655 lb) of zirconium
in the active fuel-clad region. Oxidation of this amount of zirconium with

'steam would produce about 1,100 k9 (2,4d0 lb) of hydrogen. This amount of
hydrogen uniformly distributed througncut the containment would result in a :

hydrogen concentration of approximately 13' percent. Therefore, to comply with :

10 CFR 50.34(f)(2)(ix), ABB-CE has equipped the System 80+ with a HMS composed ,

of 80 shielded GMAC model 7G thermal igniter glow plugs. The intent of the !

HMS is to ignite the hydrogen _as soon as sufficient hydrogen has accumulated ;
'

to achieve a combustible mixture. This early combustion will limit the
hydrogen concentration well below the 10-percent limit referenced in the rule.

The efficiency of the GMAC model 7G thermal igniter has been investigated in j
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several experimental programs such as the program of the Nevada test site, the
Hydrogen Igniter Experimental Program at Lawrence Livermore National Laborato-
ry, and tests conducted by Fenwal, Incorporated. These programs showed that
the glow plug could effectively ignite hydrogen mixtures as low as 6 percent
by volume and that ignition above 8 percent by volume of hydrogen consistently
resulted in complete combustion. The Fenwal tests indicated that upward burns
would propagate at hydrogen concentrations as low as 4 percent by volume; at
6.5 percent by volume the burn will propagate sideways and at 8.5 percent by
volume the burn will propagate in all directions. The results of various
experimental programs conducted at these and other facilities are summarized
in NUREG/CR-5079, " Experimental Results Pertaining to the Performance of
Thermal Igniters" (October 1989).

Tests of these igniters were conducted to support licensing of operating
reactors with ice condenser containments and Mark T.I containments. ABB-CE
has shown that this data base is directly applicable to the System 80+ design.
Therefore, it is the staff's position that, properly placed and powered, the
GMAC model 7G thermal igniter can maintain uniformly distributed hydrogen
concentrations below 10 percent.

In order to ensure a highly reliable HMS, two igniters have been supplied in
each subvolume in addition to adding igniters in the large upper region of the
containment. A subvolume is defined as a region which has some level of air
flow restriction. The redundant igniters have been divided equally into two
redundant groups, A and B.

:

| Particular attention has been paid to providing a reliable power source to the
igniters for all possible conditions. All 80 igniters are capable of being
powered via offsite power and the emergency diesels. This is the same as all
operating plants that have igniters. However, ABB-CE has provided two
additional sources to ensure that power is available at all times to the
igniters. The third source is a CTG and is considered by ABB-CE to be the
primary backup to the EDGs. The fourth source is from batteries. In case of
SB0 sequences, 34 igniters can also be supplied power for a minimum of 4 hours

' by the Class IE division batteries. The HMS components are non-nuclear
safety-related, since they are not required to prevent or mitigate the
consequences of a DBA, but are designed to sustain seismic Category I loads.

The staff's evaluation of ABB-CE's placement of the igniters was quite
involved, but always came down to the critical question, "If one could develop
a sequence in which hydrogen could either be generated in or pass through the
volume in question, ther. igniters should be provided." The starting point was
the consideration of detailed three dimensional drawings of the System 80+
layout. Additionally, a series of confirmatory analyses were performed by
ABB-CE using the MAAP 4 generalized containment model which were confirmed by
the staff using CONTAIN. Results from these analyses assisted ABB-CE in the
placement of igniters within the system.

In combination with the analyses, one also considered the possible sources of
t hydrogen. Two entry points were considered possible. Hydrogen generated in-

vessel during a LOCA would be released directly into the containment through
the line rupture. Therefore, igniters were placed above and in the vicinity
of all RCS primary piping and non-isolable connecting piping to account for
these hydrogen sources. The other and more dominant pathway is associated
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with all transients with an in-tact primary system or small-break LOCAs.p
J

These conditions would direct hydrogen to the IRWST via the SDS. Inside thet

G IRWST, four igniters are located in the freeboard space above the spargers.

Any hydrogen not burned in the IRWST, because of steam inerting or a lack of
2

oxygen })o support combustion, would flow out of the IRWST through 18.6 m(200 ft of vent area. The vents are located at the bottom of the SG
compartment on the El. 91 ft 9 in, and are inside the wing walls. Once inside
the SG compartment, the hydrogen will be burned by three sets of four igniters
located at Els.100 ft,126 ft, and 164 ft.

This briefly summarizes the process that was used to develop the placement and
number of igniters in the System 80+ containment. This process is summarized
in Table 5.2-1 of CESSAR-DC Appendix 19.llK, titled, " Summary of Specific
Igniter Placement and Design Criteria for System 80+," and it lists the
criteria used by ABB-CE to determine the 40 igniter regions. Some of the
other critical criteria for locating the hydrogen igniters are listed below:

All System 80+ enclosures, which are vented, have been supplied with a*

pair of igniters.

All igniters have been placed approximately 3 m (10 ft) below solid*

surfaces, such as ceilings, to promote upward burning.

Igniters have been located away from equipment and instrumentation*

required during and after a severe accident, or necessary radiative
q shielding will be provided.

With the exception of the dome regi n, igniters,)> ti.e flowpaths will
*

cover a volume of less than 1,416 m (50,000 ft .

Igniters positioned in the vicinity of the containment she'l will be*

reviewed by the COL to ensure that local heating effects are negligible.
If local heating of the shell is a concern, appropriate radiative
shielding will be installed between the ignition source and the shell.

The staff has reviewed the entire process and believes that adequate igniter
coverage has been provided.

Although placement and number of igniters appears to be adequate, the staff
was concerned about the effectiveness of the igniters when the containment
comes from an inerted condition into a flammable condition. During a severe
accident, the containment atmosphere may be inerted, due to high steam
concentrations, thus the igniters would not be able to burn the hydrogen. If
this atmosphere were to experience rapid condensation, due to initiation of
the CSS, a potentially detonable mixture could be formed before the igniters
would ignite the mixture.

Testing done at Whiteshell by Atomic Energy of Canada Ltd. (AECL) and docu-
mented in EPRI NP-5254, July 1987, addressed the ignition of mixtures in steam
condensing atmospheres using the GMAC 7G thermal glow plug. Mixtures initial-
ly steam inerted were ignited as the mixture passed into the flammable region.p)
The condensation took place over a 20- to 30-minute period. Althoug', theset

V experiments are not prototypical of the System 80+, they are believed to be
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generally applicable as long as the condensation occurs on the order of
several minutes as opposed to several seconds.

Experiments are currently being performed by Sandia National Laboratories
(SNL) in the modified Surtsey facility to examine hydrogen igniter performance
in a steam condensing atmosphere. A steam condensation test, including a
spray, was conducted on November 19, 1993. The test showed that the rate of
steam condensation occurs on the order of minutes, not seconds, and that
predictions using the CONTAIN computer model were in reasonable agreement with
the data. Experiments adding hydrogen and igniters to this environment are
expected to be carried out in early 1994.

,

The conditions in the Surtsey facility are similar to those in the System 80+
containment. The initial results of the test and the supporting analytical
runs were transmitted to the staff, in a letter from SNL, dated Decem-

.

ber 13, 1993. In a letter to the staff, dated January 7, 1994, SNL statedI
that CONTAIN calculations indicate the water spray drops attain thermal
equilibrium relatively quickly in the Surtsey facility. This would also be
expected in the System 80+. As such, the spray mass flux becomes the impor-
tant perameter governing the rate of steam condensation. Tpe spray mass flux
in the :iurtsey steam condensation experiment was 0.181 kg/m s compared to
0.138 kg/m s for the System 80+ when one spray pump provides its maximum2

runaut flow of 6,500 gpm. On the basis of this consideration, the staff
believes that the test demonstrated a conservative depressurization rate. The
observed rate is well below the rate the staff believes would be necessary to
consider the possibility of creating detonable mixtures.

To further ensure that rapid condensation will not occur in the System 80+
design, ABB-CE in Appendix A of the System 80+ emergency operating guidelines
(E0Gs) state that only one containment spray train or a throttled spray train
be activated when restoring sprays.

An additicnal consideration is the potential of generating significant
concentration gradients within the containment during the course of the event.
The HDR test facility experiments showed significant mixing for low-elevation
release points. Stratification, however, was observed for cases with an
elevated release point. Therefore, particular attention was given to high
release points in the System 80+ design.

The highest release point in the System 80+ would be from the pressurizer
through the pressurizer housing. Two igniters have been placed inside the top
of the pressurizer housing and four more igniters are located outside the
pressurizer. Therefore, the staff does not expect significant stratification
within the System 80+ containment.

The HMS is designed to be man ell) actuated from the MCR. Actuation is
expected upon recognition of an uncoverni core. The presence of an uncovered
core condition can be established by (1) no liquid measurement la the upper
plenum, as noted by the lowest reactor vessel level monitoring system (RVLMS)
sensors, (2) core exit temperature readings above 371 "C (700 'F) which are,

I

indicative of superheat, and (3) SI unavailable.

The hydrogen igniter system is designed to survive a severe accident environ-
This is accoW ' <hed by locating transformers and power suppliesment.
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outside of the containment and only having the igniter located within thep Power is supplied to igniters via cables designed for operationi containment.
V during a 45-minute continuous burn at 650 *C (1,200 *F).

In 10 CFR 50.34(f)(3)(v), the staff requires containment integrity to be
maintained below ASME Code Service Level C limits for steel containments
during an accident that releases hydrogen generated from 100-percent fuel-clad
metal-water reaction. ABB-CE performed analyses, based on the methodology
described in CESSAR-DC Appendix 19.llE to determine the pressurization
resulting from adiabatic isochoric complete combustion of hydrogen produced by
oxidizing 105 percent of the System 80+ active fuel-clad material. This was
assumed to be a bounding approach. The maximum calculated containment
pressure was less than 102 psia which is below the ASME Code Service Level C
stress intensity of 135 psia at a temperature of 232 *C (450 *F).

The staff concludes that these analyses show that the design conforms to this
regulatory requirement.

19.2.3.3.1.2 Basis for Acceptability

The System 80+ design conforms to the requirements of SECY-90-016 and
10 CFR 50.34(f)(2)(ix) by designing a system for hydrogen control that
provides reasonable assurance that uniformly distributed hydrogen concentra-
tions inside containment will not exceed 10 percent. The System 80+ design is
capable of withstanding the pressurization loadings associated with the
complete combustion of hydrogen produced by oxidizing 100 percent of the
active fuel-clad material as required by 10 CFR 50.34(f)(3)(v).,-

I

C 19.2.3.3.2 Core Debris Coolability

Core debris coolability and quenchability have been the subject of extensive
research over the past decade; however, much uncertainty still exists relative
to this phenomenon which will most likely not be resolved in the near future.
Because of this uncerteinty, the NRC decided that the question is not whether
coolability or quenchability has been achieved or can be achieved; but rather,
what is the impact on the containment design if they are not achieved.

i

CCI is a severe-accident phenomenon that involves the melting and decomposi- )
tion of concrete in contact with molten core debris. This phenomenon may
occur following accident sequences which result in molten core debris breach- ,

ing the reactor vessel and spreading onto the floor of the reactor cavity. |

The thickness of the layer of core debris within the reactor cavity depends
upon the amount of core debris, its spreadability, and the area of the reactor ,

cavity floor. Once on the reactor cavity floor, the molten core debris may |

react with the concrete and any available water producing non-condensible
gases, water vapor, and heat from exothermic reactions.

CCI can challenge the containment by various mechanisms including: pressur-
ization from non-condensible gas and steam generated, destruction of structur-
al support members, and melt-through of the containment liner. Noncondensible
gases, primarily carbon dioxide, carbon monoxide, and hydrogen, are released
from the concrete as it decomposes and are formed from reactions between waterm

I \ and metals within the molten core debris. The core debris and concrete are
d heated from the combined effects of decay heat and exothermic chemical
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reactions.

19.2.3.3.2.1 Features to Prevent and/or Mitigate

In SECY-93-087, the staff recommended that the Commission approve the position
that both the evolutionary and passive LWR designs meet the following crite-
ria: (1) provide reactor cavity floor space to enhance debris spreading; (2)
provide a means to flood the reactor cavity to assist in the cooling process;
(3) protect the containment liner and other structural members with concrete;
if necessary, and (4) ensure that the best-estimate environmental conditions
(pressure and temperature) resulting from core-concrete interactions do not
exceed ASME Code Service Level C limits for steel containments or factored
load category for concrete containments, for approximately 24 hours. In I
addition, ensure that the containment capability has margin to accommodate |

. uncertainties in the environmental conditions from CCis. In its Ju- !

| ly 21, 1993, SRM, the Commission approved the staff's position. |

| Therefore, the staff's proposed applicable regulation for core debris' ,

coolability is as follows: |

The standard design must include features that reduce the potential for
and effect of interactions with molten core debris by*

,

(1) providing reactor cavity floor space to enhance debris spreading;

(2) providing a means to flood the reactor cavity to assist in the
cooling process;

(3) protecting the containment liner and other structural members with
concrete, if necessary; and

(4) providing design features that ensure that the best estimate
environmental conditions (pressure and temperature) resulting from
CCis do not exceed ASME Code Service Level C limits for steel
containments or factored load category for concrete containments,
for approximately 24 hours.

ABB-CE has incorporated many features in the System 80+ design to help
mitigate the effects of CCI. The following features were judged by the staff
as being most important: a large reactor cavity floor area with minimal
obstructions to the spreading of core debris, a CFS, an external means of
adding water to the reactor cavity, use of sacrificial limestone-based
concrete for the reactor cavity floor and robust reactor vessel support
structures (e.g., corbels and lower cavity walls).

19.2.3.3.2.1.1 Reactor Cavity floor Area

The System 80+ reactor cavity has been designed to maximize the unobstructed
floor area available to the spreading of corium debris. The cavity floor is

free from obstructions and comprisps an area available for corium debris2 2(1,000 ft ) . Approximately 64.4 m (693
spp)eading of approximately 92.90 mof available floor area is flat while the remainder is provided by theft

sloped section of the core debris chamber. If the sumps are excluded, the
2 2reactor cavity has a flat floor area of 662.9 m (677 ft ). The maximum depth
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of core debris covering the reactor cavity floor would be less than 0.25 m (10,m
in.). The ratio of reactor cavity floor area to rated thermal power for the

V)/
2System 80+ is 0.024 m /MWt. This ratio is greater than the ERRI URD design

2criterion of 0.02 m /MWt for debris coolability which represents the EPRI
estimate of what is required to adequately to adequately cool core debris.
The staff does not support or dispute the EPRI floor sizing criteria.
Instead, the staff concludes that an unobstructed floor area, along with the
System 80+ design features mentioned above, provide measures to promote the :

potential for core debris coolability, but do not necessarily ensure it.

To determine whether the reactor cavity complies with the criteria in
SECY-93-087 relative to providing reactor cavity floor space to enhance debris
spreading, the staff reviewed the total floor area of the reactor cavity, the
number of obstructions aresent to interfere with the spreading of molten core
debris, and the 1.tpact of requiring further modifications to the containment
design. On tre basis of this evaluation, the staff finds that the design has -

affectively com,Aied with the EPRI criteria by having a net floor area of
2approximately 0.02 m /MWt. In addition, ABB-CE has demonstrated that the

floor area has been maximized. Further increases would require extensive
redesign. Also, the floor area has minimal obstructions to interfere with the
spreading of molten cort debris. On the basis of these considerations, tne
staff concludes that the ('esign is acceptable.

19.2.3.3.2.1.2 Cavity Flooding System

A CFS has been incorporated into the System 80+ design to supply water from
the IRWST through the HVT to the reactor cavity to assist in the coolingp process of core debris. The system would only be activated if corium melt-

g
through of the reactor vessel appears to be probable. Once activated, the
water is intended to flood the cavity floor before the core debris pours in.
The water also cools and condenses gases evolved during CCI, thereby limiting
containment temperature and pressure increases, and scrubs fission-product
releases. The CFS is discussed in CESSAR-DC Sections 6.8, 19.6.3.16, and
19.11.3.3.

The CFS consists of four 30-cm (12-in.)-diameter spillways from the IRWST to
the WT and two 25-cm (10-in.)-diameter spillways that connect the HVT with
the reactor cavity. The CFS valves are located approximately 1.5 m (5 ft)
above the basemat to avoid direct attack from core debris. The HVT spillways
and the reactor cavity spillways are equipped with remote, manually actuated
MOVs that are qualified for submerged operation. The CFS is seismic
Category 1.

Each holdup volume flooding valve is powered from separate Class 1E channels,
and each cavity flooding valve is powered from separate Class IE divisions.
The Class lE buses are normally supplied from offsite power sources. Upon

|
LOOP, power to the buses can be supplied by the Class IE EDGs or the Class IE
batteries. In addition, the CTG can power these buses upon loss of all other'

ac power. Once the valves have been actuated, the water moves passively from
the IRWST to the cavity because of the natural hydraulic driving heads of the
system. Fully flooded, the water level in the reactor cavity will be approxi-
mately 5.2 m (17 ft) above the floor. The CFS has been designed to flood the
reactor cavity to the 1.5-m (5-ft) level in no more than 30 minutes. The timei( to completely fill the reactor cavity to the equilibrium elevation was
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calculated to be about 72 minutes with two HVT spillway valves and one reactor
cavity spillway valve open. The maximum flood level was established to avoid
contact between the cavity flood water and the in-core instrument (ICI) plates ,

below the reactor vessel lower head in case of an inadvertent actuation of the i

ICFS.

Accident management guidanr- ''dicates that the CFS will be actuated once a
potential core-melt condit W. 1s imminent or has been diagnosed as being in

.

progress. Among indications that are capable of diagnosing core uncovery are 1

(1) core exit thermocouple (CET) temperatures in excess of 650 *C (1200 *F),
(2) RVLMS readings indicative of no liquid above the fuel alignment plate, and
(3) significant changes in readings of self-powered neutron detectors.'

As stated in CESSAR-DC Table 3.9-4, " Seismic I Active Valves," and 3.9-15,
" Inservice Testing Safety-Related Pumps and Valves," the CFS are ASME Sec-
tion III, Code Class 2 and Safety Class 2. The CFS valves are stroke tested
each refueling outage in accordance with the Inservice Inspection and Testing
Program, and Section XI of the ASME Code.

The staff concludes that the CFS meets the criteria of SECY-93-087 relative to
providing a means to flood the reactor cavity to assist in the process of
coolin9 core debris.

19.2.3.3.2.1.3 Containment Spray System

The CSS is a safety-grade and seismic Category I system designed to reduce
containment pressure and temperature and remove iodine from the containment
atmosphere following a main steamline break (MSLB), a LOCA, or a severe
accident. The CSS sprays of borated water into the containment atmosphere
from the upper regions of the containment. The spray flow is produced by the
containment spray pumps which take suction from the IRWST. The CSS is
discussed in Sections 6.5 of the CESSAR-DC and Section 6.5 of this report.

The spray headers are in the upper part of the containment building to allow
the falling spray droplets time to approach thermal equilibrium with the ,

steam-air atmosphere. Condensation of the steam by the falling spray reduces
containment pressure and temperature. The CSS is designed to adequately cool
the containment atmosphere to limit post-design-basis-accident building
temperatures and pressures to less than the containment design values (3.7 x

210 kPa (53 psig) and 143 *C (290 *F)). The IRWST water used to spray the
containment atmosphere minimizes the fission-product iodine by removing iodine
by the spray droplets.

Containment spray flow can also be provided from an external source of water
via a " tee" connection. Water from the containment sprays is collected in the
HVT. As described in Section 19.2.3.3.2.1.2 of this chapter, the CFS is
designed to direct water from the HVT to the reactor cavity to assist in the
process of cooling core debris.

The staff concludes that the CSS is capable of reducing containment pressure
and temperature and is another means of flooding the reactor cavity to assist
in the process of cooling core debris, as specified in SECY-93-087.

19.2.3.3.2.1.4 Sacrificial Limestone-Based Concrete
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Limestone concretes are calcium-carbonate based and are used in the construc- I

tion of nuclear power plants. This concrete melts over a range of 1,380 *C |
(2,516 *F) to 1,600 *C (2,912 *F) and depending on the aggregate selection can
liberate between 20 to 35 weight-percent C0 (bound as CACO ) and 4 to 52 3

weight-percent H 0.2

In CESSAR-DC Section 19.11.3.6.2, ABB-CE states that the minimum distance ,

between the floor elevation and the embedded portion of the containment shell |

is 0.9 m (3.0 ft) in the reactor cavity. Directly under the reactor vessel,
this distance increases to a maximum of 1.5 m (5 ft). An additional 4.6 m
(15 ft) of concrete is available below the containment liner elevation. The
basemat will be constructed of either limestone-common sand or limestone
aggregate type concretes. Limestone-based concrete was chosen because of its
superior resistance to ablation when compared to other commonly used basemat
materials such as basaltic concrete. This improved ablation resistance allows
ABB-CE to maintain c'ontainment integrity without further increasing basemat
thicknesses. The results of the analyses provided by ABB-CE and the staff are
provided in Sections 19.2.3.3.2.2.1 and 2 of this report, respectively.

The staff concludes that the 0.9-m (3.0-ft) layer of limestone-based concrete
provides sufficient protection for the containment liner and that the criteria
specified in SECY-93-087 relating to protecting the containment liner have
been met.

19.2.3.3.2.1.5 Reactor Vessel Support Structure

fi:e limestone-based concrete (discussed above) protects the containment liners

I from core-concrete attack in the axial direction. Core-concrete attack in the
radial direction could affect the reactor cavity walls. The reactor cavity

walls have a minimum thickness of 2.0 m (6.5 ft). Calculations performed for
the System 80+ design show that the reactor vessel and the upper cavity could
continue to be supported even if the entire lower cavity walls below the
corbels were either eroded by corium attack or destroyed by a steam explosion.
Reinforcing steel between the interface of adjacent walls with the upper :
reactor cavity wall will provide enough resistance through shear friction to
support the reactor vessel and the upper cavity without relying on support
from the lower cavity wall (see CESSAR-DC Section 19.11.3.6.2.8). The staff
concludes that radial ablation of concrete is not a threat to containment
integrity.

19.2.3.3.2.1.6 Containment Overpressure Protection
i

Paragraph (3)(iv) of 10 CFR 51.34(f) requires one or more dedicated contain-
ment penetrations, equivalent in size to a single 0.91 m (3 ft) diameter
opening, in order not to preclude future installation of systems to prevent i
containment failure, such as e filtered containment vent system. This i

requirement is intended to ensure provision of a containment vent design
feature with sufficient safety margin well ahead of a need that may be
perceived in the future to mitigate the consequences of a severe accident
situation.

ABB-CE shows that the containment is sufficiently robust to not require
venting before 24 hours. However, to further improve containment performance,
the System 80+ containment is equipped with two 7.6-cm (3.0-in.) diameter
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hydrogen purge vents which can be used to relieve containment pressure before ,

containment pressure reaches ASME Code Service Level C. With respect to CCI,
the vent could be used to prevent catastrophic overpressurization failure of
the containment for severe-accident sequences involving prolonged periods of

',

CCI. The hydrogen purge vents are capable of opening when exposed to an
internal pressure corresponding to ASME Code Service Level C, of 972 kPa (141
psia) at a temperature of 177 *C (350 *F), and can be powered by the AAC
source (i.e., CTG).

ABB-CE has provided this venting capability; however, they have demonstrated
that venting is not needed for most of the severe-accident events. For those
sequences in which venting would aid in limiting the containment pressure
below ASME Code Service Level C limits, venting would not be needed before
24 hours after the onset of core damage. Therefore, the use of the hydrogen
purge vent for containment pressure control is the responsibility of the COL
holder's technical support center.

In Section 19.2.4 of this chapter, the staff concludes that System 80+ meets
the acceptance criteria in SECY-90-016, SECY-93-087, and the staff's proposed
applicable regulation for containment performance. This conclusion is based
on a robust containment design and design features that limit the CCFP as
noted in this report. Section 19.1.3.2 of this chapter provides the staff's
analysis of the design features that contribute to limiting the CCFP. The
severe accident phenomena that are mitigated by these design features are
evaluated in Sections 19.2.3.3 and 19.2.6 of this chapter. In addition, by

letter dated April 26, 1994, ABB-CE indicated to the NRC that a dedicated
filtered containment vent is approximately seven orders of magnitude away from
being cost effective as discussed in CESSAR-DC, Appendix 19A, Table 19A.2-1).

On the basis of the above considerations, an exemption in accordance with 10
CFR 50.12 exemption criteria (a)(1), (a)(2)(ii), and (a)(2)(iii) is justified.

19.2.3.3.2.2 Analyses

in SECY-93-087, the staff concluded that the evolutionary ALWRs should ensure
that the best-estimate environmental conditions (pressure and temperature)
resulting from CCIs do not exceed Service Level C for steel containments, for
approximately 24 hours after the onset of core damage. In addition, they
should ensure that the containment capability has margin to accommodate
unce-tainties in the environmental conditiens from CCIs.

The staff judged that 24 hours was an appropriate time period to allow for
decay of fission products, operator intervention, utilization of accident
management strategies, fission-product deposition in the containment through
natural mechanisms, and offsite protective measures. In recognition of the
uncertainties in severe-accident progression and phenomenology, that period
was developed as a guideline and not as a strict criterion.

19.2.3.3.2.2.1 ABB-CE Analyses Using MAAP 3.0B

in CESSAR-DC Section 19.11.5, ABB-CE presents the results of their deter-
ministic evaluation for several specific accident challenges to evaluate the
containment's performance. The evaluation was performed using the Modular
Accident Analysis Program 3.0B (MAAP 3), Revision 16.03, which was modified to
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model the configuration of the System 80+.

(O) Using the System 80+ probabilistic risk assessment, ABB-CE chose accidentu
sequences with relatively larger frequencies and which resulted in larger
contributions to the radiological releases. These included SB0 scenarios,
large-break LOCAs, small-break LOCAs, total-loss-of-feedwater scenarios,
SGTRs, and the ISLOCA sequence. For each accident sequence, there are
several mitigating systems that could be used to prevent or reduce the
release of fission products to the environment. Among these mitigating
systems are battery power, CFS, containment heat removal, and containment
sprays.

The results of the analyses for each accident sequence are presented in
tabular and graphical form at the end of CESSAR-DC Section 19.11.5. These
analyses generally indicate core debris coolability and little, if any, CCI
when the CFS is actuated preceding vessel breach. CCI was predicted for
accident sequences with a dry cavity. The time for failure of the containment
liner due to melt-through ranged from 15 to 27 hours. However, even after
liner failure, the release path is expected to be torturous because the
basemat lies against the liner. On the other hand, overpressurization will
result in a direct release. But the minimum time for the release from
containment due to overpressurization is not expected to occur until after
50 hours. The times listed above assume that the severe-accident scenario
initiates at reactor trip.

A benchmark of the containment's passive pressure capability is the loss of
,m containmant heat removal sequence analyzed by ABB-CE in CESSAR-DC Sec-

l tion 19.11.5.4.1.2. This analysis assumes a total loss of all ac power,(d including the EDGs, the CTG, and the station batteries. It was also assumed
that the operator fails to actuate the CFS and that the reactor vessel fails
in the presence of a dry cavity. This analysis indicated that the containment
liner is breached in approximately 29 hours after reactor trip. If the
operator actuates the CFS, the containment liner is not breached and fission
product is released, due to containment overpressurization, 63 hours after
reactor trip. If station battery power is available for 8 hours, during which
time the majority of the power is directed toward maintaining auxiliary
feedwater flow to the SGs, and the operator floods the reactor cavity with the
CFS prior to battery depletion then an overpressure containment failure is not
predicted to occur for about 80 hours.

Although the timing mentioned above began at reactor trip, the criteria
mentioneo in SECY-90-016 and SECY-93-087 are based on beginning with the onset
of core damage. Adjusting for this change in start time would reduce the
given times above by 2 to 3 hours.

19.2.3.3.2.2.2 ABB-CE Analyses Using CORCON-MOD 3

ABB-CE had the Argonne National Laboratory (ANL) perform concrete erosion I
calculations for System 80+, using CORCON-MOD 3, Version 2.26, which are
described in CESSAR-DC Section 19.11.4.2.2.3.2. This code was developed to
compute concrete erosion rates and profiles during severe accidents. These ;

e analyses computed heat transfer to the upper crust via mechanistic heat-

C) transfer models which allowed for consideration of growth and depletion of the(
crust. These models allowed the code to select the most appropriate upper
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surface heat flux based on the thickness and surface temperature of the corium
crust. The ANL study considered corium-concrete erosion in limestone,
limestone / common sand, and basaltic concretes.

The analysis indicates that the average basemat depth will not erode by
significantly more than 0.9 m (3.0 ft) in a 24-hour period following initia-
tion of CCI, regardless of the basemat composition. Over the 24-hour inter-
val, radial erosion was predicted to be approximately equal to axial erosion.

Deterministic calculations were also performed to find the effect of molten
corium accumulating in the reactor cavity sump. The cavity sump is designed
with a depth of concrete between the bottom of the sump and the containment
shell of 1.0 m (3.2 ft). CORCON-M003 analyses of concrete erosion in a sump
geometry predicted the downward erosion into concrete for a 24-hour interval
to be between 0.7 m (2.3 ft) and 1.0 m (3.4 ft).

As discussed in Section 19.2.3.3.2.1.4 above, the System 80+ plant will have a
O.9-m (3.0-ft) to 1.5-m (5.0-f t) layer of limestone-based concrete above the'

cont inment liner. This concrete layer is designed to protect the containment
liner from being breached in the event of significant CCI. In CESSAR-DC
Section 19.11.4.2.2.3, ABB-CE provides the results of analyses which calculat-
ed the extont of radial and axial ablation using the C0RCON-MOD 3 code. The
results are given in CESSAR-DC Table 19.11.4.2.2-3 and indicate that axial
ablation will not reach 0.9 m (3.0 ft) in a 24-hour period.

19.2.3.3.2.2.2 Staff Analyses Using MELCOR

The staff (through Brookhaven National Laboratory (BNL)) has performed confir-
matory analysis using MELCOR to evaluate containment temperature and pressur-
ization, radial ablation, and axial ablation.

The MELCOR results generally reproduced the event sequences predicted by MAAP,
albeit usually with timing shifts. These timing shifts did not affect the
overall safety conclusions from the containment analyses.

19.2.3.3.2.2.3 Conclusions

The staff did not rely on any one specific sequence or scenario performed t,y
ABB-CE using the MAAP 3 code nor by the staff's contractor (BNL) in determin-
ing whether the System 80+ design conformed to the criterion in SECY-93-087
for ensuring that containment conditions do not exceed Service Level C for
approximately 24 hours. Rather, the staff evaluated the range of results
provided by these codes, with due consideration of the uncertainties inherent
within them, and the capability of the design to extend the time period to
containment overpressurization. The CFS and CSS are fundamental to prolonging
the period to containment overpressurization or melt-through of the conte.in-
ment liner.

The staff concludes that the System 80+ design conforms to the criterion when
the mitigation systems incorporated into the design, such as the CFS and CSS,
are considered.

19.2.3.3.2.3 Basis for Acceptability
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The System 80+ meets the criteria in SECY-93-087 and the staff's proposed
applicable regulation for core debris coolability through (1) designing an,

N unobstructed reactor cavity floor that promotes debris spreading,
(2) providing a diverse and redundant means of flooding the cavity, l

(3) providing at least a 0.9-m (3.0-ft) layer of limestone-based concrete to |
protect the containment liner, and (4) providing a robust reactor cavity. |

Containment conditions resulting from CCI can be maintained below Service ]
Level C for 24 hours, through incorporation of the design features listed
above. :

|

l 'd . 2 . 3 . 3 . 3 High-Pressure Melt Ejection |
HPME and subse:;= t DCH is a severe-accident phenomenon that could lead to
early containment iallure with large radioactive releases to the environment. <

HPME is the ejection of core debris from the reactor vessel at a high pres-
sure. DCH is the sudden heatup and pressurization of the containment result- -

ing from the fragmentation and dispersal of core debris within the containment |
atmosphere. In addition, DCH can also lead to direct attack on the contain-
ment chell. However, direct attack on the steel shell is precluded in the
System 80+ design because the steel shell is either protected by concrete or ,

'by the crane wall.

19.2.3.3.3.1 Features to Prevent and/or Mitigate

In SECY-90-016, the staff concluded that evolutionary LWR designs should have
a depressurization system and cavity design features to contain ejected core |
debris. In its June 26, 1990, SRM, the Commission approved the staff's
position that evolutionary LWR designs should have a depressurization system >

and cavity design to contain core debris. In addition, the Commission stated
that the cavity design, as a mitigating feature, should not unduly interfere
with such operations as refueling, maintenance, or surveillance.

t

In SECY-93-087, the staff recommended that the Commission approve the gener- |al criteria that the evolutionary LWR designs should have a reliable j

depressurization system and cavity design features to decrease the amount of '

ejected core debris that reaches the upper containment. In its July 21, 1993,
SRM, the Commission approved the staff's position.

,

On the basis of engineering judgment, the staff believes that examples of
cavity design features that will decrease the amount of ejected core debris !

reaching the upper containment include ledges or walls that would deflect core
debris and an indirect path from the reactor cavity to the upper containment.
The staff position in SECY-93-087 evolved from its position in SECY-90-016 and
therefore, is the basis for the staff's review and evaluation.

Therefore, the staff's proposed applicable regulation for HPME is as follows:

The standard design must provide a reliable means to depressurize the
RCS and cavity design features to reduce the amount of ejected core
debris that may reach the upper containment so that the potential for
and effects of interactions with molten core ejected under high pressure
are reduced.

One of the major preventive features of the System 80+ is the RDS which is
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discussed in CESSAR-DC Sections 6.7, 19.11.3.5, and 19.11.4.4.1.4.2. The
staff's evaluation of the RDS appears in Sections 6.7 and 7.4.7 of this
report. The discussions are focused on the performance of the system within
the design-basis envelope. The following discussion focuses on the perfor-
mance during severe-accident conditions. However, as a preface to that
discussion, a brief description of the system is in order.

The RDS is a manually operated safety-grade system which will provide an
initial flow capable of depressurizing the RCS from 1.72 x 10' kPa
(2,500 psia) to 1.72 x 10' kPa (250 psia) in an attempt to prevent reactor
vessel melt-through. This is achieved by venting steam or water from the
pressurizer through two 15-cm (6.0-in.) isolation valves in each of two
parallel depressurization lines to the IRWST. The RDS valves are of a size
to accommodate a total loss of main feedwater and EFW event. Active RDS
components are designed to be powered from a dc bus. Power connections are
such that in the case of a total SB0 and the loss of one battery bank, an RD
bleed path from the pressurizer can be established.

Following a complete and irrecoverable total LOFW event, the operator is
instructed via the E0Gs to actuate the RD valves and maintain inventory
control and heat removal by means of the feed-and-bleed process. If SI is
unavailable for the inventory feed operation, the operator is still instructed
to perform this operation so that the SITS can inject into the RCS. Thus, the
E0Gs direct early actuation of the RDS in advance of core uncovery.

The RDS valves must remain open during the in-vessel phase of a severe
accident to ensure that any potential vessel failure occurs at low pressure.
Therefore, the RD valves are designed to fail in the open position once
actuated. Once the reactor vessel has failed, the RDS is no longer needed.
ABB-CE states that the capability of the depressurization system will not be
degraded by radiation exposure or thermal loads. The design-basis qualifica-
tion temperature of the RDS valves is 371 *C (700 *F). ABB-CE performed
analyses to determine conditions in the RCS if the operator fails to actuate
the RDS. These analyses indicate that the design-basis temperature will only
be exceeded for a short time preceding RCS depressurization caused by the
failure of the pressurizer surge line. Because the RDS valves will be
actuated before the core is damaged and because of the high likelihood that
the valves will be available well into a severe accident, the staff has
concluded that the RDS valves will be available to depressurize the RCS during
a severe accident. |

The design of the reactor cavity is expected to decrease the amount of ejected
core debris that reaches the upper containment. This decrease is anticipated
through (1) capture and trapping of some debris in the reactor cavity and
(2) impaction and removal of core debris as it is transported between the
reactor cavity and upper containment.

System 80+ is equipped with an offset core debris chamber designed to de-
entrain and trap the debris ejected during a reactor vessel breach. The
reactor cavity debris chamber and exit shaft have been designed so that
following a failure of the reactor vessel, high-inertia corium debris would
de-entrain and collect in the debris chamber while the lower-inertia
steam / hydrogen / air mixture would negotiate a right angle turn and exit the ;

reactor cavity via a convoluted vent path.

ABB-CE System 80+ FSER 19-106 June 1994



One possible pathway from the reactor cavity to the upper containment would be
7 through the instrument shaft. To minimize the possibility of corium carry-
( over, the vertically oriented shaft has been provided with a limited gass

venting area. Analyses performed by ABB, based on models developed by SNL,
indicate that only 10 percent of entrained corium could be expected to
initially be carried upward into the shaft. Finally, gas /corium outflow into
the instrument shaft is restricted by an instrument seal table.

I
|The entrance to the reactor cavity is a single stairway from the El. 91 ft

9 in. operating deck. This stairwell connects the upper containment with the
reactor cavity by means of a convoluted pathway through an HVAC room. The |

staff considers this pathway sufficiently torturous to contain ejected core
debris within the reactor cavity.

19.2.3.3.3.2 Basis for Acceptability

In SECY-93-087, the staff recommended that the Commission approve the general
criteria that the evolutionary ALWR designs have reliable depressurization
systems and cavity design features to decrease the amount of ejected core
debris that reaches the upper containment. In its July 21, 1993, SRM, the
Commission approved the staff's position.

The RDS has a reliable de power supply to ensure its operability. The
containment design is expected to decrease the amount of ejected core debris
that leaves the reactor cavity. This decrease is anticipated through
(1) capture and trapping of debris in the reactor cavity and (2) impaction and
removal of core debris as it is transported between the reactor cavity andp

r upper containment. On this basis, the staff concludes that the criteria of
( SECY-93-087 and the staff's proposed applicable regulation for HPME have been

met.

19.2.3.3.4 Fuel-Coolant Interaction

The containment function can be challenged by energetic or rapid energy
releases. One such energetic or rapid energy release is FCI whien results in
a steam explosion. The term steam explosion refers to a phenomenon in which
molten fuel rapidly fragments and transfers its energy to the coolant result-

! ing in RSG, shock waves, and possible mechanical damage. To be a significant
j safety concern, the interaction must be very rapid and must involve a large

fraction of the core mass. Steam explosions can occur either inside (in-
vessel) or outside (ex-vessel) the reactor vessel.

19.2.3.3.4.1 In-Vessel Steam Fxplosion

in NUREG-lll6, "A Review of the Current Understanding of the Potential for
Containment Failure From In-Vessel Steam Explosions," the staff summarized the
deliberations of the Steam Explosion Review Group's (SERG's) understanding of
the potential for containment failure arising from in-vessel steam explosions
during core-melt accidents. The consensus of the SERG was that the occurrence

| of an in-vessel steam explosion of sufficient energetics which could lead to
containment failure was of sufficiently low probability to allow it to be
eliminated as a credible threat.

This conclusion was reached despite the expression of differing opinions on
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the modeling of basic steam explosion sequence phenomenology. An opinion
supported by most members of SERG is that the probability of containment
failure is reduced by the expectation of limited melt mass involvement in the
explosion or low thermal-to-mechanical energy conversion, or both.

This conclusion was reaffirmed at the recent meeting of the Committee on the
Safety of Nuclear Installations (CSNI), " Specialist Meeting on Fuel-Coolant,"
in January 1993. The conclusion of the meeting was that alpha-mode failure
was highly unlikely because of the structures in the lower reactor vessel
head. These structures, such as the ICI guide tubes, would limit the melt mass
involvement by causing incoherent relocation of the molten corium.

19.2.3.3.4.2 Ex-Vessel Steam Explosion

In SECY-93-087, the staff stated that any dynamic forces due to ex-vessel FCI
on the integrity of the containment should be evaluated. Direct containment
threats due to shock pressure impulse and expansion work with possible missile
generation cannot occur. The expected containment failure mode from EVSE is a
steam explosion occurring within the reactor cavity that weakens and/or
collapses the RV supporting structures (e.g., cavity walls, RV supports).
Failure of the RV supports may lead to excessive motions in the RCS piping
which can ultimately cause a containment penetration to fail.

In CESSAR-DC Section 19.11.3.6.2.8, ABB-CE performed calculations showing that
the reactor vessel and the upper cavity could continue to be supported by
structures adjacent to the cavity even if the ertire lower cavity wall below
the corbels was destroyed by a steam explosion.

This feature of the System 80+ cavity design ensures that steam explosion
loadings in the reactor cavity (even those that fail the cavity lower walls)
will not be sufficient to induce a failure of containment integrity.

19.2.3.3.4.2.1 Reactor Cavity Strength

ABB-CE's assessment of reactor cavity strength is documented in CESSAR-DC
Section 19.11.3.6.2.7. ABB-CE calculated the impulse capacity of the concrete
corbels supporting the reactor vessel and the lower portion of the reactor
cavity to be 23.6 kPa-s (3.43 psi-s) and 8.96 kPa-s (1.30 psi-s), respective-
ly. These calculations assumed a triangular forcing function and used an
impulse duration of 5 milliseconds (ms), which appears to be reasonable
considering pulse widths observed during FCI experiments involving corium
simulates. The corbels and the cavity are stiff structures that have natural
periods of 4.5 ms and 11.5 ms, respectively.

19.2.3.3.4.2.2 Staff Analysis

The staff performed an independent assessment to determine the expected range
of pressure impulses resulting from steam explosions in the reactor cavity
region using the TEXAS computer code. The assessment consisted of a base case
and a number of parametric calculations. The assessment did not consider
chemical augmentation of the steam explosion energetics. It is not currently

known if such augmentation can occur with zirconium as it can with aluminum.
The initial conditions and the results of the assessment are documented in the
draft report ERI/NRC 94-201, "An Assessment of Ex-Vessel Fuel-Coolant-Interac-
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tion Energetics for the Combustion Engineering System 80+ Advanced Pressurizedn
( Water Reactor."

This assessment based the quantity, state, and composition of corium in the -

lower plenum prior to vessel breach on NUREG/CR-5809, "An Integrated Structure
and Scaling Methodology for Severe Accident Technical Issue Resolution." j
ABB-CE adjusted these results as shown in CESSAR-DC Table 19.11.4.1.1-1 so
that they may apply to System 80+. For vessel failure at low pressure, ABB-CE
estimates that 63 percent of the core relocates to the lower plenum and
45 percent of that mass is molten.

For the base case, the staff assumed a gravity pour of 35 kg/sec (77 lbm/sec)
through a single 3-cm (1.2-in.)-diameter instrument tube that was artificially
triggered after one second. The pressure impulses in the reactor cavity were
determined to be approximately 7.0 kPa-s (1.0 psia-s) at the corbel supports
r.nd 2.9 kPa-s (0.42 psia-s) at the cavity wall. These impulses are within the
capacity values quoted above.

L The following parametric calculations were performed to give an idea of the
possible range of pressurizations that could be expected:

|

increasing the melt superheat temperature by 100 Kelvin*

increasing the number of failed penetrations from one to eight I-

decreasing the pool depth from 5.5 m (18 ft) to 4.5 m (15 ft) and then*

to 3.0 m (9.8 ft), increasing the mass flow rate, and

increasing the temperature of the pool to saturationM =

The most significant parameters appear to be the number of failed penetrations
and the depth of the pool. Increasing the number of penetrations from one to
eight increased the pressure impulse to 61 kPa-s (8.9 psia-s) at the corbel
supports and 25 kPa-s (3.6 psia-s) at the cavity wall (these were the most
limiting loads calculated). Decreasing the pool depth to 4.5 m (15 ft)
slightly increased the cavity wall loading to 3.4 kPa-s (0.49 psia-s) and !

further decreasing the pool depth to 3 m (9.8 ft) decreased the pressure |
limpulse seen at the cavity wall to 2.8 kPa-s (0.41 psia-s). Therefore, the

impact of FCI can be diminished by reducing the depth of water in the pool.

It appears from these analyses that the System 80+ reactor cavity can accommo- |
date the staff's best-estimate EVSE resulting from the failure of a single ;

instrument tube and is likely to survive an EVSE involving between 1 and 8
failed instrument tubes. It appears unlikely that the reactor cavity wall
directly below the corbels will survive an EVSE involving eight simultaneously
failed instrument tubes and that an FCI resulting from global creep rupture of
the lower vessel head will most likely result in containment failure.

19.2.3.3.4.3 Basis for Acceptability

The staff concludes that in-vessel steam explosions are not a threat to the
System 80+ containment based on the conclusions reached in NUREG-1116 and
reaffirmed at the recent CSNI meeting as documented in NUREG/CR-0127, " LWR

\ Pressure Vessel Irradiation Surveillance Dosimetry Quarterly Report October -
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December 1977," September 1978.

To better understand the possible pressure impulses on the reactor cavity from
an EVSE, the staff performed best estimate analyses with the latest analytical
tool s . These analysas showed that the cavity is likely to survive an EVSE
involving between 1 and 8 failed penetrations. Because of the uncertainties
associated with these analyses, the staff requested that ABB-CE provide
further assurance that the System 80+ could accommodate an EVSE.

As discussed above in Section 19.2.3.3.4.2, structural calculations performed
by ABB-CE show that the integrity of the containment will be preserved even if
the reactor cavity walls beneath the corbels are destroyed. The staff
believes that the ability of the containment to survive without these cavity
walls is a sufficient basis to conclude that containment integrity will not be
compromised by an EVSE.

19.2.3.3.5 Steam Generator Tube Ruptures

Although an SGTR is not a severe-accident phenomenon, SGTRs that proceed to
core damage can contribute significantly to plant risk. A rupture of one or
more SG tubes could lead to the actuation of the SG safety or relief valves,
discharging primary system radioactive inventory outside the containment.

19.2.3.3.5.1 Features to Prevent and/or Mitigate

The staff concluded, in Section 15.3.9 of this report, that there is a
reasonable assurance that SGTR events pose no undue threat to the public
health and safety fresolution of DSER Open Item 15.3.8-1). This conclusion is
based on several preventive and mitigative features of the System 80+ design
(documented in CESSAR-DC Appendix 5F). Some examples of mitigative features
within the System 80+ design follow: the ability to direct all the steam from
the TBS to the condenser, radiation monitors, including two nitrogen-16 (N-16)
monitors in the steamlines to assist in the early detection and diagnosis of
SGTR events, and an RDS to limit discharge from the primary to the secondary
system. The following preventive features also contributed to this safety
finding: SG tubes made of thermally treated Inconel 690, which resist primary
and secondary stress corrosion cracking, a reduced hot-leg temperature, a
deaerator in the condensate /feedwater system for the removal of oxygen, and a
condensate system with a full-flow condensate polisher to remove dissolved and
suspended impurities.

A primary consideration in the staff's review was the amount of time before an
MSSV lifts after the rupture of one to five SG tubes. The longer this time,
the greater the time available for the operator to perform mitigative actions
to prevent the lifting of an MSSV. Analyses, described in Section 4 of
CESSAR-DC Appendix 5F, showed that unless the operator takes appropriate
actions, MSSVs will lift after approximately four hours for a single-tube
rupture. The staff determined that with the (1) modification 0.~ the component
coolant water system to ensure continued operation of the TBS throughout an
SGTR event, (2) addition of two N-16 monitors in the steamlines to help SGTR
diagnostics, (3) addition of associated ITAACs and TS to ensure inclusion cnd
availability of N-16 monitors, and (4) modification of emergency operations
guidelines to ensure proper guidance of SGTR recovery actions, the System 80+
design has adequate diagnostics and operator response time to mitigate the
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consequences of SGTR events (see Section 15.3.9 of this report for additional
inf_ormation) . |

19.2.3.3.5.2 Basis for Acceptability
1

In SECY-93-087, the staff recommended that the Commission approve the position |

to require that the evolutionary PWR designs assess design features to 1

mitigate the amount of containment bypass leakage that could result from SG
tube ruptures. In its July 21, 1993, SRM, the Commission approved the staff's
position. In SECY-93-087, the staff noted that the following design features
were able to mitigate the releases associated with a tube rupture:

a highly reliable (closed loop) SG shell-side heat removal system that*

relies on natural circulation and stored water sources i
i

a system which returns some of the discharge from the SG relief valve=

back to the primary containment

increased pressure capacity on the SG shell side with a correspondinga

increase in the safety valve setpoints

ABB-CE assessed these three design alternatives in a report dated Septem-
ber 23, 1993, and titled, " Design Alternatives for the System 80+ Nuclear
Power Plant," and found these alternatives to be cost prohibitive. ;

In Section 5.13, "MSSV and ADV Scrubbing," of the report on design alterna-
tives, ABB-CE discussed the alternative of routing the discharge from the

[ MSSVs and ADVs through a structure in which a water spray would condense the
steam and remove most of the fission products, thereby reducing the conse-
quences associated with SGTR. ABB-CE estimated a cost of $9.5 million for r

this system. In Section 5.27, " Venting the MSSV in Containment,"'ABB-CE
!evaluated the possibility of routing the MSSV steam releases back into the

containment in order to minimize releases to the environment in SGTR events.
ABB-CE judged that this alternative required a major redesign effort, posed
serious design drawbacks, and was prohibitively expensive. In Section 5.25,

,

" Increase Secondary Side Pressure," ABB-CE investigated the possibility of
increasing the design pressure of the secondary gystem, including the MSSVs
from 8.274 x 10~3 kPa (1,200 psia) to 1.034 x 10' kPa (1500 psia) in order to
reduce the frequency of SGTR events. ABB-CE judged that this alternative
posed serious design drawbacks with limited benefits and was prohibitively
expensive.

In.Section 19.4.2.1 of this chapter, the staff concluded that as a result of
the low estimated CDF and associated risk levels for the System 80+, any <

potential modifications that cost more than about $20,000 would not be cost
_

effective, even if the design modification were to totally eliminate the
severe accidents or their consequences. Therefore, it is the staff's position
that these design alternatives are impractical and would have excessive impact
on the plant.

On the basis of the preventive and mitigative features in the System 80+-
design, the staff concluded that the CDF has been reduced from 1 x 10'5/ year
for the System 80 to 3 x 10'7/ year for the System 80+. The staff further
concluded, in Section 15.3 of this report, that as a result of these preven-
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tive and mitigative features with the System 80+ design modifications and
operational requirements discussed in Sections 19.2.3.3.5.1 and 15.3.9, there i

is reasonable assurance that SGTR events pose no undue threat to the public :

health and safety, and the System 80+ design satisfies the staff's proposed I
applicable regulation for SGTRs (see Section 15 3.9). The staff further !

lconcludes that the three design alternatives identified in SECY-93-087 have
been adequately assessed and that the criteria of SECY-93-087 have been
adhered to.

19.2.3.3.6 Equipment Survivability

In SECY-93-087, the NRC requires that, during the review of the credible
severe-accident scenarios for ALWRs, the staff evaluate the ALWR design
certification applicant's identification of the equipment needed to perform
mitigative functions and the conditions under which the mitigative systems
must operate. ABB-CE addresses equipment survivability in CESSAR-DC Sec-
tion 19.11.4.4.

Design bases events are defined as conditions of normal operation, including
A00s, DBAs, external events, and natural phenomena for which the plant must be
designed. Safety-related equipment, both electrical and mechanical, must
perform its safety function during design bases events. CESSAR-DC Sec-
tion 3.11 defines the environmental conditions with respect to limiting design
conditions for all safety-related mechanical and electrical equipment. The
common terminology used for the level of assurance provided for equipment
necessary for design bases events is " environmental qualification" or " equip-
ment qualification."

Beyond design basis events can generally be categorized into in-vessel and ex-
vessel severe accidents. The environmental conditions resulting from these
events are generally more limiting than those from design bases events. The
NRC established a criterion to provide a reasonable level of confidence that
the necessary equipment will function in the severe accident environment for
the time span for which it is needed. This criterion is commonly referred to
as " equipment survivability" and is fundamentally different from equipment
qualification.

The applicable criteria for equipment, both mechanical and electrical,
required for recovery from in-vessel severe accidents are provided in
10 CFR 50.34(f).

Part 50.34(f)(2)(ix)(c) states that equipment necessary for achieving*

and maintaining safe shutdown of the plant and maintaining containment
integrity will perform its safety function during and after being
exposed to the environmental conditions attendant with the release of
hydrogen generated by the equivalent of a 100 percent fuel-clad metal-
water reaction including the environmental conditions created by
activation of the hydrogen control system.

Part 50.34(f)(3)(v) states that systems necessary to ensure containment* ,

'integrity shall be demonstrated to perform their function under condi-
tions associated with an accident that releases hydrogen generated from i

100 percent fuel-clad metal-water reaction.
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Part 50.34(f)(2)(xvii) requires instrumentation to measure containment i*,m
t I pressure, containment water level, containment hydrogen concentration,
V containment radiation intensity, and noble gas effluents at all poten- .

tial accident release points. l
'

Part 50.34(f)(2)(xix) requires instrumentation adequate for monitoring*

plant conditions following an accident that includes core damage. 1

The applicable criteria for equipment, both electrical and mechanical,
required to mitigate the consequences of ex-vessel severe accidents is
discussed in the Equipment Survivability section of SECY-90-016. In its SRM
of June 26, 1990, relating to SECY-90-016, the Commission approved the staff's
position that features provided only (not required for DBAS) for severe-
accident protection (prevention and mitigation) need not be subject to the 10
CFR 50.49 environmental qualification requirements; 10 CFR Part 50, Appendix B
quality assurance requirements; and 10 CFR Part 50, Appendix A redundan-
cy/ diversity requirements. The reason for this judgement is that the staff
does not believe that severe core damage accidents should be DBAs in the
traditional sense that DBAs have teen treated in the past.

However, mitigation features must be designed to provide reasonable assurance
that they will operate in the severe-accident environment for which they are
intended and over the time span for which they are needed. In cases where
safety-related equipment (equipment provided for DBAs) is relied upon to cope
with severe accident situations, there should be reasonable assurance that
this equipment will survive accident conditions for the period that is needed
to perform its intended function. Therefore, the staff's proposed applicable
regulation for equipment survivability is as follows:' n

gd,

The standard design must include analyses, based on best available
methods, to demonstrate that:

Equipment, both electrical and mechanical, needed to prevent and
mitigate the consequences of severe accidents is capable of
performing its function for the time period needed in the best-
estimate environmental conditions of the severe accident (e.g.,
pressure, temperature, radiation) in which the equipment is relied
upon to function.

Instrumentation needed to monitor plant conditions during a severe
accident is capable of performing its function for the time period
needed in the best-estimate environmental conditions of the severe
accident (e.g., pressure, temperature, radiation) in which the
instrumentation is relied upon to function.

According to SECY-90-016, ABB-CE was to review the various severe accident
scenarios analyzed and identify the equipment needed to perform various
functions during a severe accident and the environmental conditions under
which the equipment must function. Equipment survivability expectations under

i severe accident conditions should include consideration of the circumstances
of applicable initiating events (e.g., SB0 and earthquakes) and the environ-

g ment (e.g., pressure, temperature and radiation) in which the equipment is
( relied upon to function.

| %
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19.2.3.3.5.1 Severe Accident Environmental Conditions

In SECY-90-016, the NRC stated that mitigation features must be designed to
provide reasonable assurance that they will operate in the severe-accident
environment for which they are intended and over the time span for which they
are needed. To address equipment survivability in environmental conditions
associated with in-vessel and ex-vessel severe accidents, ABB-CE identified
three severe-accident environmental conditions for which mitigative features
and instrumentation, necessary to monitor the course and mitigate the conse-
quences of the severe-accident, must survive. The first environment is a core
damage accident with the core retained in-vessel, attendant with the release
of hydrogen generated by the equivalent of a 100 percent fuel-clad metal-water
reaction, in accordance with 10 CFR 50.34(f)(2)(ix)(c). The second environ-
ment is a core melt with vessel failure created by a large-break LOCA with a
wet cavity. The third expected environment is that associated with a hydrogen
burn.

ABB-CE defined the in-vessel severe accident environment using MAAP 3 analyses
which were supplemented with more conservative hand calculations. Using
MAAP 3, ABB-CE calculated a containment temperature of 110 *C (230 'F) when
50 percent of the fuel-clad metal-water reaction has taken place. At this
point, the computer model is unable to calculate further fuel-clad metal-water
reaction because of a lack of water. ABB-CE extrapolated MAAP 3 analyses to
assess the in-vessel gas and containment conditions should the oxidation
process involve 100 percent of the active cladding. ABB-CE found the gas
temperature in the RV upper plenum to be less than 1371 *C (2500 'F) and the
maximum temperature inside containment to be 168 *C (335 'F) if 100 percent of
the active cladding were oxidized. ABB-CE calculated the gas temperature in
the area above the upper guide structure support plate (which is above the RV
upper plenum and houses the RCS temperature and level monitors) to be less

| than 871 *C (1600 "F). This calculated profile was selected as the environ-
mental condition for an in-vessel event.'

ABB-CE also used MAAP 3 to determine the ex-vessel environmental conditions.
Of the sequences analyzed with MAAP 3, the highest temperatures and pressures
were for the large break LOCA with a wet cavity sequence. No credit was taken
for containment sprays, but the CFS was assumed to be operable. For this
sequence by use of MAAP 3, ABB-CE calculated a temperature of 166 *C (330 *F)
at approximately 24 hours which subsequently rose to 177 *C (350 'F) with a
pressure corresponding to ASME Code Service Level C (972 kPa (141 psia) at
177 *C (350 'F)) at approximately 48 hours after reactor scram. This calcu-
lated profile was selected as the environmental condition for an ex-vessel
event.

ABB-CE established two separate hydrogen burn environments. The local burn
environment was based on analyses using the MAAP 4 containment model. These
results were then confirmed by comparing them to observations made during the
Hydrogen Control Owners Group 1:4 scale Mark Ill igniter system experiment.

: As a result of this exercise, the following trends were identified:
'

(1) containment temperatures away from the hydrogen source regions were below
166 *C (330 *F), (2) burning occurred at low hydrogen concentrations with
long-term hydrogen concentrations controlled near 5 volume percent, and

| (3) containment pressures during igniter operation could be maintained below
| 34 kPa (50 psia). ABB-CE concluded that the mitigative features and instru-
1

ABB-CE System 80+ FSER 19-114 June 1994



I
I

fm mentation listed in CESSAR-DC Tables 19.11.4-1 and 2 should be located a

V) minimum of 3.0 m (10 ft) from an igniter in order to protect this equipment(
from the effects of a local burn.

The second hydrogen environment assessed by ABB-CE was a global burn. In this |

calculation, ABB-CE assumed the following: the containment is steam inerted,

100 percent of the active cladding has been oxidized, containment sprays are
recovered and the containment is de-inerted, the mixture burns at the minimum
flammability point, and the combustion completeness of the mixture is
50 percent based on hydrogen and steam concentrations. On the basis of these
assumptions, ABB-CE concluded, the limiting global hydrogen burn can be
approximated by a temperature of 121 *C (250 *F) rising to 316 *C (600 *F)
over 30 seconds and rapidly decaying over the next 10 seconds to 121 *C
(250 *F). This profile was used as the environmental condition associated
with a global burn of hydrogen generated by the equivalent of a 100 percent
metal water reaction.

The staff had several severe accident sequences analyzed with its computer
model, MELCOR, to confirm the ability of the computer model used by ABB-CE,
MAAP 3, to predict the environmental conditions attendant with a severe
accident. On the basis of this confirmation, the staff concludes that the
environmental conditions predicted above by MAAP are acceptable approximations
of the environmental conditions for which mitigative features and instrumenta-
tion, identified in this section, must survive.

Severe Accident Source Term for System 80+

V) Post-severe accident radiation environments can be defined as a condition
resulting from accidents involving substantial core damage, including total
core melt, slump and vessel bottom head failure. Two distinct classes of
accidents are possible. The first includes the accidents that are " recover-
able," i.e., the core degradation process could be successfully arrested and
the bottom head failure would have not occurred. The other is a class of
"non-recoverable" accidents that includes the scenarios, where the vessel
failure could not have been prevented, and the core debris would be relocated
to the reactor cavity leading to the interaction with concrete or existing
water, or both. ,

1

The " recoverable" accidents result in fission product releases to the contain- j

ment from three sources: (1) coolant activity, (ii) gap release, and |

(iii) early in-vessel release. As a source term for these releases, the '

applicant used the ones provided in draft NUREG-1465. That makes the "recov-
erable" environment identical to that of DBA Level 2, as described in

CESSAR-DC Section 3.11. As a result, ABB-CE's position is that the equipment
qualification done for the DBA Level 2 condition envelops that for the !

" recoverable" environment. |

The "non-recoverable" accidents result in fission product releases to the
containment from all five phases of a severe accident as described in draft i

I
NUREG-1465, i.e., (i) coolant activity, (ii) gap releases, (iii) early in-
vessel release, (iv) release for the interaction between core debris and

p concrete, and (v) late in-vessel release.
t

i The equipment and instrumentation can be exposed to the radiation field from
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two sources, i.e., containment atmosphere and water. The fission products
released into the atmosphere are subjected to the removal by containment
spray. For the severe accident condition, ABB-CE uses the best estimate spray
removal coefficients, as described in CESSAR-DC Sections 15.6.5.4 and
15.6.5.5. The fission product released during the CCI would be scrubbed by
the overlaying pool of water. ABB-CE applies the decontamination factor (DF)
of 10 for the pool . The fraction of the fission product that were not
scrubbed by the overlaying pool are released to the containment atmosphere.
For the water source doses, the fission product released from all five phases
is deposited directly in the IRWST water.

The equipment and instrumentation required for severe accident mitigation and
monitoring, thus exposed to the maximum radiation field, are listed in
CESSAR-DC Table 19.11.4.4-6. The instrumentation is qualified at the maximum
dose for 180 days, which is 80 days longer than a period of time widely
excepted as sufficient for qualification under any circumstances. The
equipment will be qualified at maximum dose for 10 days. The rational for
this is, that under the worst case condition, the containment may lose its
integrity within 1 to 3 days. If this worst case accident progression cannot
be controlled within this period of time, the operability of any equipment may
not be needed. Therefore, ABB-CE postulates, the qualification for 10 days at
the maximum dose is sufficient.

The staff finds the above approach acceptable based on the following:

(1) the five elements considered by the applicant bound all possible
accidents including the most limiting "non-recoverable" events (this
concept is endorsed by draft NUREG-1465),

(2) the " recoverable" accident means, that the in-vessel core degradation
was arrested by flooding the reactor vessel with water, therefore, only
the first three, out of five, are applicable; (i) there is no ex-vessel
source possible, and (ii) the late in-vessel releases are impossible
because of the lower system temperature associated with a recoverable
event,

(3) direct deposition of the fission product in the IRWST maximizes the
concentration of radioactive materials, thereby maximizing the calculat-
ed dose for the equipment and/or instrumentation exposed to the water
source activity,

(4) similarly, the radioactive source within the containment atmosphere is
maximized by assuming minimal removal rate of the aerosol,

(5) the decontamination factor (DF) of 10, applied to the fission product
scrubbing by the overlying pool, is consistent with SRP Section 6.5.5,

(6) independent calculations, performed by the staff with the MELCOR
computer program, support ABB-CE's claim that the loss of containment
integrity can happen within 3 days of a postulated accident. After the
loss of containment integrity, any mitigative feature becomes basically
ineffective. It is, therefore, the staff's position that to account for i
existing uncertainties, a period of 10 days is sufficient for the

! qualification at the maximum dose.
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19.2.3.3.6.2 Equipment and Instrumentation Necessary to Survive

j ABB-CE identified the instrumentation and equipment required for severe ;

accident mitigation and recovery in CESSAR-DC Tables 19.11.4.4-1 and 2. The
equipment listed is necessary to ensure that adequate inventory and heat
removal can be provided to the RCS, reactivity control can be maintained,
hydrogen can be controlled, and containment heat removal via sprays is
functional. The list of equipment also includes the CFS and the containment
penetrations in the case of an ex-vessel event. The instrumentation was
chosen so that the operator could confirm and trend the results of actions
taken and that adequate information would be available for those responsible
for making decisions about accident management.

The instrumentation and equipment required for severe accident mitigation and
recovery will be demonstrated to operate in the applicable environment
described above in Section 19.2.3.3.6.1. The demonstration process used to
provide reasonable assurance that the instrumentation and equipment will
operate includes one or more of the following factors: limited time period in

or exposure to the environment, the use of similar equipment in commercial
industry exposed to a similar environment, the use of analytical extrapola-
tions, the use of vendor performance data, the use of procurement specifica-
tions imposed on the vendor, or the results of tests performed in the nuclear
industry or at independent laboratories.

Two exceptions to this requirement are the high range radiation monitor and
the containment temperature monitor which are qualified to 166 *C (330 *F) and
690 kPa (100 psia) for 24 hours per 10 CFR 50.49 environmental qualification

i requirements. Radiation inside the containment is monitored beyond 24 hours
) by direct containment air sampling using the post accident sampling system

(PASS). The PASS, the majority of which is located outside containment, is
qualified to 177 *C (350 *F) and 972 kPa (141 psia) for 48 hours. Containment
temperature was not seen as a significant enough parameter to require qualifi-
cation beyond 10 CFR 50.49 because the most likely accident management

_

;

decision to be made after 24 hours would be to vent the containment. The
parameters necessary to make this decision are containment pressure and
radiation which would be available. Hydrogen purge valves are capable of
opening under a pressure, corresponding to ASME Code Service Level C, of 972 '

IkPa (141 psia) and a temperature of 177 *C (350 *F).

The staff performed an independent assessment of the entire list of equipment 1

and instrumentation in CESSAR-DC Tables 19.11.4.4-1 and 2 and compared them to I

the more extensive lists such as that required by RG 1.97 and 10 CFR 50.34(f) i

to ensure that the equipment and instrumentation-provided is sufficient. The
-staff concludes that the equipment and instrumentation needed to perform and i

monitor the mitigative functions necessary during a severe accident are 1

adequate.

19.2.3.3.6.3 Basis for Acceptability
i

In SECY-93-087, the staff recommended that the Commission approve the general
criteria that the_ evolutionary LWR designs review the various severe accident
scenarios analyzed and identify the equipment needed to perform its function
during a severe accident and the environmental conditions under which the

V equipment must function. In its July 21, 1993, SRM, the Commission approved
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the staff's position.

On the basis of the equipment and instrumentation identified in CESSAR-DC
Tables 19.11.4.4-1 and 2 and the commitment that reasonable assurance will be
provided that the equipment and instrumentation will operate in the applicable
environments listed in Section 19.2.3.3.6.1 of this chapter, the staff
concludes that the criteria of SECY-93-087 have been complied with and the
requirements of 10 CFR 50.34(f) discussed in Section 19.2.3.3.6, ar.d the
staff's proposed applicable regulation for equipment survivability have been
satisfied.

19.2.4 Containment Performance

The NRC approach for ensuring containment survivability from severe accident
challenges consists of requiring inclusion of accident prevention and conse-
quence mitigation features and the CPG. The CPG ensures that the containment
would perform its function in the face of most severe-accident challenges and
that the design (including its mitigation features) would be adequate if
called upon to mitigate a severe accident.

Two alternative CPGs were identified in SECY-90-016: a CCFP of 0.1 or a
deterministic CPG that offers comparable protection. In its June 26, 1990,
SRM, the Commission approved the use of the 0.1 CCFP as a basis for establish-
ing regulatory guidance for evolutionary ALWRs. In assessing the probability
of containment failure, two definitions of containment failure were consid-
ered. These include a CCFP based on structural integrity and on a dose
definition. Using the dose definition of containment failure, the CCFP for
the System 80+ is approximately 3 percent while using the shell integrity
definition of containment failure results in a CCFP of 11 percent, which is
slightly higher than the goal. In Section 19.1.3.2.1 of this chapter, the
staff discusses the results of the CCFP analyses. Through these analyses, the
staff concludes that because of the approximate nature of the CPG, the
recognition that PRA results, particularly bottom-line numbers, contain
considerable uncertainties, and the fact that the majority of containment
failures reflected in the ll-percent CCFP estimate are late, containment
basemat melt-throughs rather than releases to the atmosphere, the System 80+
design limits the CCFP to approximately 0.1.

The Commission directed that the use of a 0.1 CCFP should not be imposed as a
requirement, and that the use of the CCFP should not discourage accident
prevention. Therefore, the staff's proposed applicable regulation for
containment performance is as follows:

The standard design must include design features to limit the CCFP
for the more likely severe accident challenges.

Section 19.1.3.2 of this chapter provides the staff's analysis of the design
features that contribute to limiting the CCFP. The severe accident phenomena
that are mitigated by these design features are evaluated in Sections 19.2.3.3
and 19.2.6 of this chapter. Based on the evaluations in these sections, the
staff concludes that the acceptance criteria in SECY-90-016, SECY-93-087, and
the staff's proposed applicable regulation for containment performance have
been met.
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19.2.5 Accident Management-

Accident management (AM) encompasses those actions taken during the course of I
|an accident by the plant operating and technical staff to (1) prevent core

damage, (2) terminate the progress of core damage if it begins and retain the
core within the reactor vessel, (3) maintain containment integrity as long as
possible, and (4) minimize offsite releases. AM, in effect, extends the
defense-in-depth principle to plant operating staff by extending the operating
procedures well beyond the plant design basis into severe fuel-damage regimes,
and by making full use of existing plant equipment and operator skills and
creativity to terminate severe accidents and limit offsite releases.

On the basis of PRAs and severe-accident analyses for the current generation
of operating plants, the NRC staff concluded that the risk associated with
severe accidents could be further reduced through improvements to utility
accident management capabilities. Although future reactor designs such as
System 80+ will have enhanced capabilities for preventing and mitigating
severe accidents, accident management will remain an important element of
defense-in-depth for these designs. However, the increased attention to
accident prevention and mitigation in these designs can be expected to alter
the scope, focus, and overall importance of accident management relative to
that for operating reactors. For example, increased attention to accident
prevention and the development of error-tolerant designs can be expected to
decrease the need for operator intervention, while increasing the time <

available for such action if necessary. This will tend to relieve operators
of the need for making rapid decisions, and will permit a greater reliance on
support from outside sources. For longer times after an accident (several

O ' hours to several days), human intervention and accident management will
continue to be needed.

In SECY-88-147 and Generic Letter (GL) 88-20, the staff identified the ,

development of an " accident management plan" by each operating reactor
licensee as a key element of severe-accident closure. The major goals,
framework, and elements of an accident management plan was subsequently
described in SECY-89-012, " Staff Plans for Accident Management Regulatory and >

Research Programs," and in an NRC letter to Nuclear Management and Resources
Council dated July 29, 1991. The AM plan provides a framework within the *

licensee's organization for evaluating information on severe-accidents, for
preparing and implementing severe accident operating procedures, and for
training operators and managers in these procedures.

The nuclear power industry initiated a coordinated prcgram on accident
management in 1990. As described in SECY-90-313, " Status of Accident Manage-
ment Program and Plans for Implementation," this program involves the develop- i

ment of three major products: (1) a structured method by which utilities may -

systematically evaluate and enhance their abilities to deal with potential
severe accidents, (2) a technical-basis document that distills the results of
earlier technical studies related to accident management and summarizes

!applicable technology and results, and (3) vendor-specific accident management
guidelines for use by individual utilities in establishing plant-specific j

accident management procedures and guidance. The program was subsequently i

broadened to include the development of guidance and material to support !

O utility activities related to training in severe accidents. As described in
SECY-93-308, " Status of Implementation Plan for Closure of Severe Accident
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Issues," the industry accident management program is scheduled for completion
in 1994. Using the guidance developed through this program, a plant-specific
accident management plan is expected to be implemented at each operating plant
by 1997 as part of a binding industry initiative.

For both operating and advanced reactors, the overall responsibility for AM,
including development, implementation, and maintenance of the accident
management plan, lies with the nuclear utility, since the utility is ultimate-
ly responsible for the safety of the plant and for establishing and maintain-
ing an emergency response organization capable of effectively responding to
potential accident situations. However, the development and implementation of
accident management in future reactors involves both the reactor designer and
the plant owner / operator, particularly in view of the fact that many of the
design details are still to be developed (such as balance of plant equipment
and final piping layout). The plant designer is responsible for developing
the technical bases for the plant-specific accident management program or
plan, whereas the owner / operator is responsible for developing and implement-
ing the complete accident management plan, including those areas beyond the
purview of the plant designer, such as the content and techniques for severe-
accident training, and the delineation of decisionmaking responsibilities at a
plant-specific level.

The COL applicant should develop and submit an accident management plan as
part of the COL application. The plan should include ABB-CE's commitments to
perform a systematic evaluation of the plant's ability to deal with potential
severe accidents, and to implement the necessary enhancements within the
detailed plant design and organization, including severe-accident management
guidelines and training. General areas that should be addressed in the plan
are (1) accident management strategies and implementing procedures,
(2) training in severe accidents, (3) guidance and computational tools for
technical support, (4) instrumentation, and (5) decisionmaking responsibili-
ties.

All System 80+ PRA insights and COL action items that fall within the scope of
accident management should be specifically addressed as part of the COL
applicant's accident management plan, including the following:

development of detailed guidance and procedures for the use of the*

severe-accident design features in the System 80+ design, including the
RDS, the HMS, the reactor cavity flood system, the ECSBS, and the
hydrogen purge vent

development of additional guidance and procedures on protection of-

fission-product barriers, including the following:

- filling of the SGs to prevent a thermally induced SGTR

- depressurization of a SG to effect early closure of a cycling MSSV ,

'

following a SGTR with core damage

- use of spray systems for containment fission-product scrubbing

- use of the annulus ventilation and filtering system to control
,

fission-product releases following intact as well as vented |
,
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severe-accident sequences-

evaluation of (1) information needed to implement the accident manage-=

ment-guidelines and (2) plant instrumentation that could be used to
supply the needed information, considering availability and survivabili-
ty under severe-accident conditions

The staff will review the accident management plan at the COL stage to ensure i

that the evaluation process and commitments proposed by the COL applicant |

provide an acceptable means of systematically assessing, enhancing, and
maintaining AM capabilities, consistent with staff expectations.

The COL applicant would subsequently implement the plan and submit the results
for staff review before plant operation. This plan should be developed ;

'

according to the final as-built plant, the accident management-related
information developed by the plant designer, and the accident management
program guidance developed for the current generation of operating reactors.
This is COL Action item 19-15.

19.2.6 Containment ASME Service Level C and Ultimate Pressure Capability

19.2.6.1 Introduction

In CESSAR-DC Section 19.11, ABB-CE discusses the severe-accident phenomenology
and the containment performance under postulated severe-accident conditions
for the System 80+. The staff presents its evaluation of the' adequacy of the

O
containment to withstand the postulated design-basis loads in Sections 3.8.1 .

and 3.8.2 of this report. The evaluation that follows covers the structural
performance aspect of the steel containment under severe-accident conditions.
Specifically, the purpose of this evaluation is to assess (1) the performance
of the containment under severe-accident conditions against the containment
performance criteria in the Commission paper, SECY-90-016, (2). the potential ,

local leakage, and (3) the adequacy and acceptability of the proposed fragili-
ty curve for the System 80+ containment. ;

In SECY-90-016, the staff recommended that the Commission approve a CCFP of
0.1 given the occurrence of a core-melt accident, or a deterministic CPG that
offers comparable protection in the evaluation of evolutionary- ALWRs. The -

staff recommended the following general criterion for containment performance
4during a severe-accident challenge for evolutionary ALWRs in place of a CCFP

of 0.1.
i

The containment should maintain its role as a reliable leak-tight ;

i

barrier by ensuring that containment stresses do not exceed ASME >

Code Service Level C limits for a minimum period of. 24 hours . ;

following the onset of core damage and that following this 24-hour |
period, the containment should continue to serve as a barrier !

!against the uncontrolled release of fission products.
)

,

in its June 26, 1990, SRM, the Commission approved the use of the 0.1 CCFP as
a basis for establishing regulatory guidance for evolutionary ALWRs. The ;

Commission further encouraged the staff to develop suitable alternative,

.O deterministically established, containment performance objectives that provide
,

!

comparable mitigation capability, if.these are submitted by applicants.

*
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IThe staff reviewed the containment performance evaluations submitted through
the CESSAR-DC, ABB-CE's responses to NRC staff RAls, and other submittals,
which include the materials presented and discussed during the NRC meetings
with ABB-CE. The staff evaluated the containment internal pressure resisting
capacities corresponding to the detern:nistic criteria in SECY-90-016
(i.e., Service Level C limit for the first 24 hours and prevention of contain-
ment rupture or collapse to ensure that no uncontrolled release of radioactive
materials after 24 hours from onset of core-melt accident) and the acceptabil-
ity of the containment fragility curve submitted by ABB-CE. The details of
the staff's evaluation based on the documents reviewed and the staff's
understanding of the discussions in meetings are discussed below.

19.2.6.2 Deterministic Evaluation of Containment Capacity

The System 80+ severe-accident mitigation design features include (1) a large,
dry, steel primary containment, (2) a reinforced-concrete secondary contain-
ment with an annuls ventilation filtration, (3) a reactor CFS, (4) a hydrogen-
mitigation system to prevent in-containment hydrogen concentration from
reaching detonation levels, (5) an SDS, (6) a large reactor cavity designed
for retention and cooling of core debris, (7) missile-protection structures,
and (8) an integrated SDC and CSS. The objective of this section is to assess
the extent to which the System 80+ steel containment vessel (SCV) meets the
deterministic CPGs of SECY-90-016.

(1) Description of Containment

The System 80+ steel containment is a spherical, welded, steel shell structure
designed in accordance with Section III, Subsection NE of Division I of the
ASME Code. The containment is 60.96 m (200 ft) in diameter and is constructed
of steel plate with a nominal thickness of 4.445 cm (1.75 in.). The plate
thickness of 5.08 cm (2 in.) is used for the anchorage region.

The material of construction is SA537 Class 2 carbon steel. Above El. 28 m
(91 ft 9 in.), the containment is designed as an independent, free-standing
structure. Below this elevation, the vessel is encased between the base slab
of the internal structures and the shield building foundation. Shear bars are
welded to the containment vessel in the embedded region to restrain it from
sliding. Near the top of the embedment in concrete there is a transition
region outside the shell which is filled with compressible material.

(2) Deterministic CPGs Under Severe-Accident Conditions

(a) For the first 24 hours after the onset of the core-melt accident,
the ASME Code Section III, Division I, Subsection NE, Service
Level C limit stress intensities should not be exceeded.

i

!

(b) After the first 24-hour period, the ultimate containment capacity I
analysis will be used to demonstrate that the containment will
neither rupture nor collapse under the prevailing accident envi-
ronment which could lead to uncontrolled release of radioactivity.

(3) Containment Pressure Capacity Analysis
i

O1(a) Desian-Basis Pressure Capacity
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For the determination of the required containment shell thickness under-) the design-basis pressure, the stresses in the containment for the load(V combinations of SRP Section 3.8.2.II.3 should be shown to satisfy the
limits prescribed in SRP Table 3.8.2-1. ABB-CE has performed a 3-D
finite element analysis of the containment for the load combinations
identified above. The compressible material in the transition region
was determined to have a modulus of 488.6 kPa/cm (180 psi /in.). The 3-D
finite element model (FEM) included the equipment hatch and personnel
air locks. The analysis results show a containment pressure capacity of
466.77 kPa (53 psig).

For the consideration of containment shell under compression,
SRP Section 3.8.2 provides guidelines that the stresses in the contain-
ment should satisfy the stability requirements of ASME Code Section III,
Subsection NE, and RG 1.57 for load combinations resulting in compres-
sive stresses in the shell. ABB-CE performed a buckling analysis of the
containmant for the compressive loading combination. This analysis was
performed on a 3-D model with the ANSYS finite element code using a
large deflection option. The loading applied included the combined
gravity load, an external pressure due to an inadvertent actuation of
containment spray, and SSE loads. This buckling analysis led to an
external differential pressure capacity of 13.79 kPa (2 psid) in
combination with the SSE and gravity loads.

On the basis of the analyses described above, the System 80+ design-
basis pressure limit for containment internal pressurization was

m determined to be 466.77 kPa (53 psig), and the differential pressure
IV) limit for containment external pressurization was calculated to be 13.79

kPa (2 psid) for LOCA load combination with the SSE and normal operating
condition.

(b) ASME Code Service level C Limit Stress Evaluation

To demonstrate compliance with the first part of the deterministic
criterion of SECY-90-016, ABB-CE performed an evaluation to determine
the containment pressure that may be reached without exceeding the ASME
Code Service Level C limit allowable stress intensities.

The calculations based on the results of the 3-D ANSYS model with major
penetrations reflected in the model, that is, the design-basis pressure
capacity analyses, indicate that the pressure capacities corresponding
to the ASME Code Service Level C limit criteria range from about 999.74
kPa (145 psia) at an average steel shell temperature of 143.3 "C
(290 *F) to 930.79 kPa (135 psia) at a temperature of 232.2 *C (450 *F).
The staff performed an independent calculation for the pressure limits
based on the primary membrane stress and it showed pressure capacities
of 1145.43 kPa (166.1 psia) at 143.3 *C (290 *F) and 1082.68 kPa
(157 psia) at 232.2 *C (450 *F). The staff's pressure capacity assess-
ment is based on the maximum membrane stress value and does not incorpo-
rate detailed evaluation of local higher stresses at points of change of
geometry and discontinuities. Pressure capacity comparisons for the

= 999.74 kPa (145 psia)ASME Code Service Level C limit (i.e., Ppi
930.7ENa= (1145.43 kPa (166.1 psia) at N.,Yn;C (290 *F) and P*N" =

,

vs. Ptd'

135 psia) vs. P, = 1082.68 kPa (157 psia) at 232.

|
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(450 *F)) show that ABB-CE's calculations are more detailed and conser-vative and are, therefore, acceptable.

Since the pressures computed above envelope the severe-accident pressure
and temperature calculated by ABB-CE using the MAAP 3.0B for the first
24 hours (i.e., the peak pressure and temperature within the first 24
hours of accident are reported to be 634.41 kPa (92 psia) and 226.7 *C

,

f (440 *F)), the first 24-hour goal for containment performance under
|

severe accidents is met. The staff believes that compliance with the
deterministic criteria of SECY-90-016 will provide reasonable assurancei

that the containment will withstand the effects of a severe accident
occurring within the containment without impairment of its structural
integrity or loss of the required safety functions.

(c) Deterministic Ultimate Capacity Analysis
,

The deterministic ultimate strength of the containment shell was
established by ABB-CE using an axisymmetric (2-D) shell model with added
local masses to represent the shell penetrations. The stress-strain |

curve for material with chemistry similar to that of SA537 Class 2
indicates a relatively flat plateau of yield stress of 11.79 MPa (81.3
ksi) for strains ranging from 0.002 to 0.006. This is followed by the

strain-hardening up to a maximum stress of 13.71 MPa (94.5 ksi) at a
strain of 0.079. The first portion of the strain-hardening is approxi-
mately linear, with a stress level of 13.05 MPa (90 ksi) at a strain of I

about 4 percent. ABB-CE assumed that the ultimate containment failure
'

occurs once the global shell stress exceeds the yield point where the
|strain changes from 0.002 to 0.006 without appreciable pressure in-

crease. As a result of this flat stress-strain curve, once the yield )
point of the material is exceeded, the shell may rapidly grow by up to
7.2 in. ABB-CE considered this growth to be sufficient to c.reate a
small area of separation or openings between the shell and some of the l
larger penetrations, thereby, leading to potentially uncontrolled j

release of radioactivity. Therefore, ABB-CE's assumption is conserva-
'

tive. ABB-CE showed an ultimate capacity of 1082.47 kPa (157 psia) at
143.3 *C (290 *F) and 1013.52 kPa (147 psia) at 232.2 *C (450 *F). The
staff considers this reasonable and acceptable. .

I

19.2.6.3 Evaluation of Containment Ultimate Capacity via Use of Fragility
Curve

ABB-CE also assessed the containment median ultimate capacity via development
of a containment fragility curve. The staff considers the median fragility of
the containment structure as an adequate criterion for satisfying the second
part of the SECY-90-016 objective, as long as the total leakage from penetra-
tions and other bypasses are reasonably controlled.

Median Ultimate Capacity Evaluation

(1) Structural Analysis Methodoloav

The median ultimate containment strength was established by pressurizing the
axisymmetric shell model until the median material yield stress was reached.
The median ultimate containment strength was conservatively established at
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10 percent above the minimum material yield strength based on 122 steelf-

( coupon test data. This assumption is judged to be realistic since it is
based on the actual test data, therefore, it is acceptable. From the 2-D
analysis discussed above at a temperature of 143.3 *C (290 *F), the minimum
yield pressure is computed as 1082.4 kPa (157 psia) and, accordingly, the
median failure pressure is determined as 1201.1 kPa (172 psia). Median
ultimate containment failure pressures for a range of containment temperatures
are tabulated as follows:

l

Temperature Yield Stress Median Failure Pressure j

65.5 *C (150 *F) 436.1 MPa (63,250 psi) 1296.2 kPa (188 psia)

143.3 *C (290 *F) 298.0 MPa (57,728 psi) 1201.1 kPa (172 psia)

176.7 *C (350 *F) 387.5 MPa (56,210 psi) 1158.3 kPa (168 psia)

232.2 *C (450 *F) 370.1 MPa (53,680 psi) 1103.1 kPa (160 psia)

These median ultimate capacities are considered conservative and are, there-
fore, acceptable.

(2) Construction of Containment Fraaility Curve

In order to develop a fragility curve, ABB-CE assumed that the containment
failure would follow, once material yield strength is exceeded on a global
basis. On the basis of 122 test data of the containment steel material, SA537
Class 2 steel, the mean yield strength is 476.43 MPa (69.1 ksi) with a(g standard deviation of 22.75 MPa (3.3 ksi). As discussed before, the meanj

V yield value of the shell material needed for the assessment of the median
ultimate pressure analysis was set at 110 percent of the ASME Code minimum
yield strength of 413.69 MPa (60 ksi) for the SA537 Class 2 carbon steel
plate. Additionally, the maximum yield strength was set by ABB-CE at
120 percent of the minimum value.

The containment fragility estimate was derived from analyses for the design-
basis loads and load combinations and the severe-accident load combination in
conjunction with the use of the conservative material property assumptions
made above. ABB-CE conservatively assumed that the containment failure
probabilities are (1) 0 percent for pressures up to 1.5 times design-basis
pressure based on NUREG-1150, Volume 2, (2) 3 percent for pressure correspond-
ing to the ASME Code Service Level C limit stress allowable obtained from the
3-D analysis, (3) 5 percent for pressure associated with the ASME Code Level C
Service Limit stress as obtained from the 2-D analysis, (4) 50 percent for
pressure corresponding to the nominal yield stress (using 1.1 times ASME Code
minimum yield strength), and (5) 100 percent at the pressure corresponding to
the maximum yield stress (using 1.2 times ASME Code minimum yield strength).
The acceptability of the failure probabilities proposed above is discussed
next.

The 50-percent failure probability is acceptable because a conservative mean
yield strength is used based on the actual test data. The chosen vs. actual
values are 1.la . for mean chosen yield strength vs. 1.150 for actualb test value. ThII''0-percentfailureprobabilityisacceptabibYecauseitisdb also determined from a conservatively selected mean yield strength (i.e.,
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1.20 m (selected value) vs. 1.330 test-obtained value)). The accept- )abilYty of the other failure probabilfde(s is discussed below.

ABB-CE used a linear fit between the points discussed above for the definition
of the fragility curve used in the PRA. ABB-CE also compared the fragility
curve above with a lognormal distributed one anchored to a best estimate of
the containment pressure capacity, and concluded that the linearly fitted
fragility curve overestimated the failure probability of the containment in
the tail region of the fragility curve below the 3-percent failure point (in
the pressure region between 648.10 kPa (94 psia) and 999.74 kPa (145 psia)).

For the fragility curve with a lognormal probability distribution, ABB-CE
estimated the uncertainties associated with the median fragility value using
engineering judgment and the results from an earlier analysis. The uncertain-
ties in the prediction of the failure pressure generally arise from uncertain-
ties in modeling and material strength. The lognormal distribution is
selected to characterize the fragility curve and is defined in terms of the
median pressure capacity and the combined logarithmic standard deviation. The
logarithmic standard deviations from uncertainties for mcdeling and material

) are estimated as 0.10 and 0.09,
properties of steel structures (B, and B,d logarithmic standard deviation (B,)respectively, by ABB-CE, and the combine
is estimated to be 0.137.

In NUREG/CR-2442 " Reliability Analysis of Steel Containment Strength", June
1982, the resistance modeling error is taken as X, - 66 where 6 represents the
basic variability of the theoretical resistance model with respect to experi-
mental results and a represents the variability between experimental results

The total coefficient of variation (C0V) [ defines
andin-sep)vicecondition.-1)\] of resistance modeling error X,hich w,2ould , result in a V 2as (exp(B is V .y2 + y,2 ABB-CE

as 0.09 and 0.05, respectively, w
used V, and V, fore, the use of 0.10 for 8, is judged to be acceptable be,cause

-

0.0106. There
it is consistent with NUREG/CR-2442.

The use of 0.09 for 8 is acceptable because the variability associated with
material strength is , expected to be the same regardless of the material
temperature, and the statistical data for SA-537, Class 2 show that the
average yield strength of the material is 69.1 ksi and the standard deviation
is 3.3 ksi. The COV is 0.048, which is less than 0.09 used for 8,.

the use of the combined logarithmic standard deviation (B,) of
Therefore,2 , g,2)w) is acceptable.0.137 ((0,

On the basis of the preceding discussion, the staff considers the median
fragility value proposed for the SCV of 1244.5 kPa (180.5 psia) (based on the
actual test data) at 143.3*C (290 *F) with the combined logarithmic standard
deviation of 0.137 to be reasonable and acceptable.

IThe fragility curve obtained from the linear approximation is judged to be
more conservative in the low-pressure region, say, below 965.26 kPa (140
psia), than the lognormally distributed fragility curve based on the combined ;

beta method. Both methods, however, yield similar results around 999.74 kPa I

(145 psia) (3-percent failure probability). In the pressure range from 999.74 i

kPa (145 psia) to 1103.16 kPa (160 psia) failure probabilities computed using
the combined beta method are higher than those used for the PRA (3-percent to

|
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25-percent failure probability). However, most challenges from the postulated -

severe accidents for the System 80+ containment are confined to the pressure
,

I zone below 999.74 kPa (145 psia) except for the high-pressure RV DCH event.
The high-pressure RV DCH event produces a pressure range from 682.95 kPa (99
psia) to 1041.10 kPa (151 psia). In this range, fewer than 2 percent of the
ever.ts are above 999.74 kPa (145 psia). The net effect of using the linearly
fit;sd fragility curve for PRA is to produce higher DCH CCFPs than those using
a combined beta method. Therefore, the linearly fitted fragility curve for
PRA is acceptable.

19.2.6.4 Evaluation of Localized Leakage

The containment function can be compromised if excessive leakage occurs before
the computed containment capacity pressure is reached The objective of the

following evaluation is to ensure that significant localized leaks would not {
occur before reaching the containment capacity pressures. Above the design-

'

allowable pressure, leakage from the containment can occur from buckling at
,|the transition area due to high temperature and at penetrations due to highi

temperatures and high pressures. The leakage potential from thermal buckling
and from containment penetrations is evaluated below: ,

(1) Thermal Bucklina

In the design-basis evaluation, the ASME Code Service Level C limit (emergency
). condition) does not require the consideration of temperature loading. This is

based on the premise that the temperature loadings associated with LOCAs are
short lived and would not affect the behavior of the steel shell. The

O number of days.
temperature loadings associated with the severe-accident sequences may last a

Thus, the effect of severe-accident temperature loading needs
to be evaluated to ensure that the expected compressive stresses at the
transition region (along the entir6 periphery of the shell) do not lead to
buckling of the containment shell, thereby, causing a loss of containment
function. The staff asked ABB-CE to address the margin against buckling due
to the severe-accident temperature loading in CESSAR-DC Section 19.11.3.1.2.1.

ABB-CE responded to the staff's request and investigated local buckling in I
this area using the following nominal loads: (1) interial pressure of 466.77 !

kPa (53 psig), (2) severe-accident temperature of 232.2 *C (450 *F),-(3) dead i
weights, and (4) live loads. The internal pressure of /06.77 kPa (53 psig) '

and temperature of 232.2 *C (450 *F) is selected on the ie: sis e. the observa- |
tion that the severe-accident events of an SB0 with a dry cavity, and a large- i

break LOCA with a dry cavity, produce a consistently high temperature in the I
first 24 hours; the corresponding peak pressure during the first several days
of these events is below 466.77 kPa (53 psig). The stability safety factor
against buckling for this severe-accident condition was estimated as 1.9.

The thermally induced compressive stress encountered during the severe-
accident condition is strain controlled, or strain limited, rather than load

cc.. trolled. Load-controlled buckling is characterized by such load applica-
tions as external pressure and dead weight, that continue beyond instability
into the post-buckling region, resulting in gross deformation and loss of
function. Strain-controlled buckling is characterized by loads that are
strain limited, such as thermal loads, so that when buckling occurs, the
strain is accommodated and the le.d is relieved. The process is self-limiting
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so that deformations are controlled without immediate loss or impairment of
function. The essential difference between load-controlled buckling and
strain-controlled buckling is recognized in the ASME Code Case N-47, Appen-
dix T-1500, by setting different design factors of safety for each case. The

design factor of safety for load-controlled buckling is 3.0, consistent with
the ASME Code Section III, whereas, for strain-controlled buckling, the design
factor of safety is set at 1.67.

For the System 80+ containment vessel with a factor of safety of 1.9, it is
highly unlikely that thermal buckling could impair the function of the vessel.
The strain is limited and the material is ductile so that the shell will not
rupture due to buckling. If there are no penetrations in the region of
buckling that might distort appreciably, then there should be no reason for
loss of containment pressure due to buckling. Since the region of thermal
buckling is at the base and away from penetrations, this is acceptable.

(2) Containment Penetrations

The System 80+ has a 6.71 m (22-ft)-diameter equipment hatch, two 3.048 m
(10-ft)-diameter personnel locks, and containment piping penetration assem-
blies to provide for the passage of process, service, sampling, and instrumen-
tation pipe lines into the containment; electrical penetrations for power,
control and instrumentation; and a fuel transfer tube for ingress and egress
of fuel assemblies. Details of the containment penetrations are presented in
CESSAR-DC Section 3.8.2.1.3. The penetrations have stiffeners to limit
distortion, such as buckling or ovalization under severe-accident conditions.
This is acceptable because the stiffened hatch has the allowable external
pressure of 1,138.3 kPa (165.1 psia) at 143.3 *C (290 *F) and 1,102 kPa
(159.9 psia) at 232.2 *C (450 *F) which is higher than the ASME Code Service
Level C pressure, the acceptance criterion, as defined in Item 3.b, Sec-
tion 19.2.6.2 of this chapter.

(3) Containment Penetration Seals

Seals around penetrations are designed to seat under internal containment
pressurization to ensure minimal containment leakage at higher pressures. In
CESSAR-DC Section 19.11.3.1.4, ABB-CE describes the design of electrical
penetration assemblies (EPAs) and mechanical penetrations for the assumptions
and conditions for severe accident.

In NUREG/CR-5334, SNL, " Severe Accident Testing of Electrical Penetration
Assemblies," November 1989, showed that no leakage was detected from any of
the three EPAs during severe-accident conditions. They are (1) D.G. O'Brien
EPA, 182.7 *C, 1073.52 kPa (361 *F, 141 psig) for 10 days, (2) Westinghouse
EPA, 204.4 *C, 521.93 kPa (400 *F, 61 psig) for 10 days, and (3) Conax EPA,
371.1 *C, 935.61 kPa (700 *F, 121 psig) for 10 days.

For the EPAs, ABB-CE stated that a temperature of 182.7 "C (361 *F) and
pressure of 1073.52 kPa (141 psig) for 10 days bound all " wet" reactor cavity
sequences and are generally representative of the low-probability " dry" cavity
severe accident sequences. Therefore, ABB-CE considered the failure of EPAs
remote.

For the mechanical penetrations, ABB-CE stated that the onset of rapid failure

ABB-CE System 80+ FSER 19-128 June 1994



of seals occurred above 329.4 *C (625"F) provided the seal was constructed

(Vm)
from either a ethylene-propylene (EP), neoprene, or silicone. Seal failure
was defined as the inability of the seal to maintain a high (approximately
1135.56 kPa (150 psig)) containment pressure. Gradual degradation of these
seals was noted at the temperature in the 148.8 to 204.4 *C (300 to 400 'F)
range. The typical EP seals will require more than 20 hours to fail when
exposed for a sustained period of high temperature. Silicone-based seals have
even longer high-temperature stability. The capability of either sealant
material is sufficient to guarantee containment integrity for periods of more
than I day for all " wet" cavity sequences. These sequences constitute more
than 90 percent of the severe-accident transients. Analyses performed by the
staff using the MELCOR computer model showed that the temperatures do not
exceed 260 *C (500 *F) for dry cavity sequences in the first 24 hours.

In CESSAR-DC Section 19.11.3.1.4, ABB-CE states that the intent of the
penetration seal design is to ensure that the selected seal and mounting will
provide a minimum of 1-day containment integrity. This intent will be
accomplished by a combination of selecting high-quality and high-capability
seals, protectively mounting the seal so that it is not directly exposed to
the containment environment, and providing double seals (inner and outer)
whenever possible. This is judged by the staff to be achievable based on the
current penetration design and is, therefore, acceptable.

ABB-CE states that as a consequence of its design philosophy for the Sys-
tem 80+, seal failures will not cause a failure of the containment before
24 hours and that for all " wet" cavity sequences the seal capacity is higher
the containment capacity. Dry containment sequences that do not result in
basemat melt-through or containment overpressure are assumed to fail because

j;V of temperature degradation of the seals. In order to estimate the consequenc-
es of a containment seal failure, ABB-CE estimated the seal leakage area to be
92.9 cmr (0.1 ft2).

The staff considers the treatment of penetration seals acceptable for severe
accident conditions. ABB-CE incorporates its leakage area as a function of
the containment failure mode. The staff reviews ABB-CE's source term esti-
mates in Section 19.2.3.3.6 of this report.

19.2.6.5 Conclusion

The staff concludes that the design of the steel containment under severe
accident phenomenology will comply with the deterministic CPGs of SECY-90-016.
The conclusion is based on (1) the evaluation of capacity using ASME Code

| Level C Service Limit and a 3-0 FEM analysis, (2) the realistic to pessimistic
failure probability assessments for various pressure ranges, and (3) the due
consideration of the effects of any potential localized leakage from thermal
buckling at the transition area, at the penetrations, and at penetration
seals.

The median pressure capacity should ensure that the containment would serve as
a reliable barrier against uncontrolled release of fission products as long as
the internal pressure generated by severe accident events does not exceed

| 1185.89 kPa (172 psia) at 143.3 *C (290 'F) or 1103.16 kPa (160 psia) at
232.2 *C (450 *F). On this basis, the staff considers that localized leakage
from thermal buckling at the transition area, from the penetrations, and from

ABB-CE System 80+ FSER 19-129 June 1994



penetration seals is duly accounted for.

Comparison of the current PRA fragility values from the linear approximation
with the fragility curve obtained from the combined beta method based on the
lognormal distribution shows that both methods achieve reasonable results.
The linearly fitted fragility curve for PRA is acceptable because the net
effect of using the linearly fitted fragility curve is to produce higher DCH
CCFPs compared to the combined beta method. This is conservative and accept-

able.

19.3 Shutdown Risk Evaluation

19.3.1 Introduction

As part of the certification process for the System 80+ standard plant design,
the NRC requested, in accordance with SECY-90-016, " Evolutionary Light Water
Reactor (LWR) Certification Issue and Their Relationship to Current Regulatory
Requirements," January 12, 1990, the design certification applicant (ABB-CE)
to perform a systematic examination of shutdown risk, including evaluation of
specific System 80+ design features that minimize shutdown risk,
quantification of the reliability of DHR systems, identification of any
vulnerabilities introduced by new design features and consideration of fires
and floods with the plant in modes other than full power. This was also
identified as DSER Open Item 5.4.3.5-1 and DSER Open Item 20.2-13. The
following discussion documents the staff's evaluation and basis for resolving
these DSER open items.

ABB-CE evaluated the System 80+ design for risks associated with plant
conditions in Mode 3 (hot standby), Mode 4 (hot shutdown), Mode 5 (cold
shutdown), and Mode 6 (refueling). ABB-CE concluded that the System 80+ is
engineered with features that enhance shutdown safety by: (1) deliberate
system engineering, equipment specification and plant arrangements for
shutdown operation, (2) mode dependent control logic that assists and limits
operations, (3) instrumentation, displays and alarms that clearly portray
plant status in each mode and, (4) procedural guidance and technical specifi-
cations that address important shutdown evolutions. The staff reviewed this
submittal availing itself of insights from NUREG-1449, a number of studies
from the international community documented in NRC Information Notice (IN)
91-54, " Foreign Experience Regarding Boron Dilution," September 6, 1991, and a
probabilistic risk assessment (PRA) of shutdown and low-power operating modes
for a PWR to screen for important accident sequences.

The purpose of the staff review is to ensure that the System 80+ design has
appropriately addressed the shutdown risk concerns based on experience with
operating plants, including appropriate vendor guidance for COL applicants in
areas of outage planning and control, fire protection, and instrumentation.
Design improvements anf/or design modifications ABB-CE identified were
reviewed to ensure insights from shutdown operation experiences were addressed
and that the design improvements reduce the likelihood of core damage and
enhance public health and safety. Also, the staff evaluated vulnerabilities
that may result from new design features; DHR capability; treatment of fires
and floods with plant in modes other than full power; and related technical
findings discussed in NUREG-1449.
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Therefore, the staff's proposed applicable regulation for shutdown risk is asgh follows:
O>

The application for design certification must include a systematic examination
of shutdown risk including an assessment of:

(1) specific design features that minimize shutdown risk;
(2) the reliability of DHR systems;

(3) vulnerabilities introduced by new design features; and
(4) fires and floods with the plant in modes other than full power.

These items are discussed in the sections below.

19.3.2 Design Features That Minimize Shutdown Risk

ABB-CE described the System 80+ design features that minimize shutdown risk in
Section 7 of CESSAR-DC Appendix 19.8A, " Shutdown Risk Evaluation Report."

19.3.2.1 Shutdown Cooling System

The SCS consists of two electrically and physically independent divisions,
each with 100-percent capacity. This redundancy will provide the operator
with a standby SCS system if any component of the operating system fails to
perform its function. This is an improvement over existing PWRs which have
shared components such as the heat exchanger. The SCS is a dedicated system
and performs only the DHR function. This is an improvement over operating
PWRs where the residual heat removal (RHR) systems also perform the low-
pressure Si functions for emergency core cooling. These improvements allow

( SCS maintenance to be performed in Modes 1 through 4, thus increasing the SDC
availability during shutdown operation conditions. To reduce the likelihood
of a loss of inventory, SCS suction valves are interlocked with the reactor
system pressure to ensure that low-pressure piping is not exposed to full
system pressure. However, even if the interlocks fail or are bypassed, the
low-pressure portions of SCS piping are designed to withstand the full reactor
pressure without rupture (ISLOCA challenge). This is an improvement over
existing plants where low-pressure systems are not capable of withstanding
full system pressure.

The following additional improvements have been made to the System 80+ SCS
design that will increase resistance to and reduce the loss of DiiR:

elimination of automatic closure interlocks the SCS suction valves-

improved protection against SCS pump excessive flow conditions=

improved RCS level instrumentation at midloop=

elimination of loop seals in suction lines-

19.3.2.2 Containment Spray System

The CSS consists of two redundant and independent trains, each having I
100-percent cooling capability. The CSS pump and the SCS pump in the same ,

division are of identical design and are interchangeable. These pumps are i

connected by piping and valves such that one pump can perform the other's |p) intended function. Thus, the CSS also serves as an alternate DHR system.>V
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19.3.2.3 Comnonent Cooling Water System

The CCWS design has two redundant divisions, each having 100-percent cooling
capacity. This redundancy provides continuous cooling for safety-related
components and the flexibility for the COL holders to perform component
repairs and maintenance without loss of the CCWS function.

19.3.2.4 Electrical Distribution System

The EDS design has two redundant safety divisions. Each division can be
powered from the following four separated sources:

switchyard interface I*

switchyard interface 11*

a Class lE EDG*

a non-safety-grade CTG=

This arrangement allows redundant power :upp ies to be maintained availablel

even during periods of electrical system maintaance.

19.3.2.5 Containment

The System 80+ design incorporates a large operating deck inside the contain-
ment. The design of the containment operating deck includes open floor spaces
assigned for storage and to accommodate various maintenance activities during
outages. Some open floor spaces are used for pre-staging and laydown of
equipment in support of maintenance activities. The spaces provided for these
activities combined with pre-staged support tools eliminate the need to
transfer components through the equipment hatch to work spaces outside the
containment, thus reducing the number of times the equipment hatch must be
opened. This facilitates maintenance and recovery of containment integrity
in shutdown conditions.

19.3.3 Decay Heat Removal Capability and Alternate Decay Heat Removal

19.3.3.1 Reduced Inventory Operation

Reactor Water level Durina Midloop Operation

While the RCS level is lowered to within the hot leg (midloop) to allow
necessary maintenance and testing activities, the risk of loosing SDC is
increased from the possibility of vortexing at the SCS pump suction. The
ability to accurately measure the water level and water temperature, and to
monitor the SCS status to ensure adequate core cooling, is particularly
important. Instrumentation used for shutdown operation is discussed in
Section 19.3.5 of this chapter.

Guidance to support reduced inventory operations has been developed for the
COL applicant. The guidance prohibits operations directly affecting the RCS
pressure boundary. Midloop operations are only performed with the reactor
vessel head on so as to ensure the availability of the heated junction
thermocouple (HJTC) level indication system. Maintenance activities are not
performed on the SCS or the operable containment spray pump. Planning should
be such that the duration of reduced inventory operations is minimized. Also,
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the guidance identifies initiators that lead to a loss of SDC flow such as a
- loss of ac power or valve misalignments. The System 80+ reduced inventory

operational guidance provides important insights to the COL applicant forN
outage control and planning.

Air entrained in the SCS piping may create problems that hinder the ability to
provide continued SDC during reduced inventory conditions. To address this
concern, ABB-CE designed the SCS piping to each respective pump suction in a
continuously downward sloping path, thereby creating a self-venting path with
no high point areas and no loop seals.

The staff finds these provisions acceptable and finds that ABB-CE has appro-
priately addressed the concerns in NUREG-1449 regarding midloop operations.

19.3.3.2 Loss of DHR Capability ;

In the event that the SCS is lost, the CSS provides an alternate means for
DHR. If both the SCS and CSS systems are lost, the SDS and the SI pumps can
be used to perform a feed-and-bleed operation to maintain core cooling. ,

in addition to coping with a loss of DHR, the System 80+ design will provide
alternate makeup capability to replenish RCS coolant boiloff. At least two
means of adding inventory to the RCS will be available whenever the RCS is in -

a reduced inventory condition as indicated in Table 2.4-3 of CESSAR-DC .

Appendix 19.8A. Operating guidance will be provided to specify the makeup 3

water source, ways to provide injection of water into the RCS, and the
recommended strategy to be used. During Modes 5 and 6, if all normal methods
of decay heat and inventory replenishment are lost, alternate makeup capacity ,

can be provided using the CVCS charging pump or the boric acid makeup (BAMU)
pump. The BAMU pump takes suction from the BAST.

'

The BAST water can be transferred to the CVCS using BAMU pumps or by a gravity
feed bypass line around these pumps that allows the contents of the BAST to be
delivered directly to the CVCS charging pump suction. As a result of the
System 80+ probabilistic risk assessment (PRA) insights during shutdown
operations, ABB-CE recommends that plant procedures be developed to prevent
both BAMU pump and CVCS pump from being out of service at the same time.during
reduced RCS inventory conditions. This will further enhance alternate makeup
capability of the System 80+ design. The staff considers this a COL action :

item and will ensure that proper procedures be developed by the COL applicant
to prevent the BAMU pump and the CVCS pump from being out of service at the
same time during reduced inventory conditions. This COL action item is

f

|
discussed in Section 19.3.9.2 of this chapter and is part of COL Action

i Item 19.3.9.2-1.

Additionally, the staff specifically looks for passive DHR means that could be
accomplished without ac power (SB0) during shutdown operation. ABB-CE states
that the SITS could be made available because they have gravity feed capabili- ;

ty. Inventory addition from the two SITS would provide approximately 1.68 m ;

(5.5 ft) of borated water rise in the RCS level and can make up for approxi- i

mately 3 hours of core boiloff (assuming 4 days after shutdown). However,
j ABB-CE did not identify cperating procedures to utilize this method as a COL

'

,

! action item because the system 80+ design includes the use of the combustion
p - gas turbine which provides necessary ac power to maintain DHR capability in an
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SB0 event. The staff agrees that the use of passive DHR means is not re-
quired. However, the staff encourages COL applicants to consider the avail-
able passive DHR method in their planning and control for outage and refueling
operations. The staff will review this method if it is made part of an outage
plan.

The staff concludes that ABB-CE has presented acceptable ways to sustain core
makeup, and required equipment will be made available to maintain core cooling
in the event of a loss of SDC.

19.3.3.3 ECCS Recirculation

As pointed out in NUREG-1449, DHR capability in postaccident conditions (ECCS
recirculation) could be lost if debris from maintenance activities prevented
the water from draining to the containment sump or blocked the sump pump
suction lines.

Following an accident, water introduced into the containment will drain into
the HVT. Any debris greater than 3.81 cm (1.5 in.) in diameter in the
containment will be prevented from entering the HVT by a vertical trash rack
located at the entrance to the HVT. This vertical trash rack will help to

impede the deposition of debris buildup on the screen surface. Debris less
than 3.81 cm (1.5 in.) in diameter will be permitted to enter the tank. The
HVT will function as a trap for solids, allowing debris that enters the tank
to accumulate and settle on the bottom of the tank. The IRWST spillways will
be located at a high location to ensure that most of the debris in the water
settles to the bottom of the tank before the water spills over into the IRWST.
Debris that remains suspended will make its way to the IRWST and will be
prevented from entering the SIS suction piping by debris screens, These
screens will filter out particles greater than 0.22 cm (0.09 in.) in diameter.
The screen design will allow visual inspections to detect any corrosion or
structural degradation during refueling outages.

The design of the System 80+ IRWST, HVT, and their associated debris-blocking
devices offers reasonable assurance that recirculation will not be impeded by
debris during postaccident conditions. However, the COL applicant's outage
plans should include provisions to control debris from maintenance activities,
and to preclude such practices which would impede ECCS recirculation as
temporary covers. The staff will review the COL applicant's outage planning
and control program to ensure that ECCS recirculation under postaccident
conditions can be maintained.

19.3.3.4 Effects of PWR Upper Internals

In NUREG/CR-5820, " Consequences of the loss of the Residual Heat Removal
Systems in Pressurized Water Reactors," May 1992, the staff and its contractor
analyzed the assumed loss of RHR with the vessel upper internals in place to
examine the possibility of core uncovery from a lack of coolant circulation
fl ow. Such conditions could occur during the flooding of the refueling pool
cavity while preparing for fuel shuffling operations. Under these conditions,
the vessel upper internals may provide sufficient hydraulic resistance to
natural circulation flow between the refueling pool and the reactor, and may
prevent the refueling water from cooling the core if the RHR cooling is lost.
The staff asked ABB-CE to address this issue.
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|ABB-CE discussed the effects of PWR vessel upper internals in Section 2.10 of
O the System 80+ shutdown risk report.
V

Using conservative assumptions, ABB-CE estimated that the time to reach
saturation was 35 minutes. It is expected that plant operators will be able
to provide alternate core cooling using the CSS within 35 minutes. Procedural
guidance will be given to the COL applicant, specifically the emergency
operations guidelines, to address a loss of DHR during Mode 6 with the upper
internals in place. In the event that the CSS pumps cannot be used as backup
to the SCS pump, the CVCS charging pumps are available to provide makeup to at
least match core boiloff. The charging pump can be throttled to match decay
heat anid can provide adequate flow for almost 12 hours before the BAST is
depleted (assuming 4 days after shutdown). The staff considers this a COL
action item and will ensure that the COL applicant develops procedures which
require at least one CSS train to be available. This COL action item is
discussed in Section 19.3.9.2 of this chapter and is part of COL Action
Item 19.3.9.2-1.

19.3.4 Reactivity and Inventory Controls

19.3.4.1 Rapid Boron Dilution

ABB-CE discussed rapid boron dilution issues in Section 2.6 of the System 80+
{ shutdown risk report (CESSAR-DC Appendix 19.8A), including considerations
j discussed by the staff in NUREG-1449. Possible flow paths of unborated water

that could result in a slug of water being injected into the RCS were also
identified in Table 2.6.1 of the System 80+ shutdown risk report. ABB-CE

e\ stated that the only possible source of an unborated water slug is the DVI
lines. The water volume for these lines is determined to be a maximum of

3 33.40 m (120 ft ). This diluted water slug is assumed to be injected into the
reactor vessel via the DVI lines at the maximum flow rate with four SIS pumps
operating in order to minimize the potential mixing with RCS water. One RCP
is then assumed to start flushing the water slug through the core at approxi-
mately 116 percent of design flow. Analysis results indicate that maximum
positive reactivity addition of the event is less than 3 percent. This
reactivity insertion is less than the available shutdown margin of
6.5 percent. Therefore, the core will remain subcritical.

Also, ABB-CE addressed the scenario discussed in IN 91-54. As described in IN
| 91-54, this particular event starts with the highly borated reactor being

deborated as part of the normal startup procedure. The reactor is at hot
conditions with the RCPs running and the shutdown banks removed. Unborated
water enters the RCS through the CVCS charging pumps. It is then assumed that
a LOOP occurs, resulting in a reactor trip and RCPs trip. The CVCS charging
pumps restart because they are powered by emergency diesels. These pumps will
continue to inject unborated water into the RCS from the volume control tank
(VCT) during plant recovery. This unborated water will not be entirely mixed I
with the RCS water because of low natural circulation flow during startup and
it is assumed to collect on the bottom of the vessel. Whea offsite power is

t recovered, it is assumed that the operators will restart the RCPs and resume
| the startup process. The unborated water then passes through the core as a
L slug and the reactivity insertion may be sufficient to cause a significant

power excursion, possibly leading to fuel damage.
,
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ABB-CE stated that the event described above will not occur in the System 80+ |
'

design because the CVCS is not safety-related and its charging pumps are not
powered from onsite Class lE emergency sources (i.e., EDGs). The CVCS
charging pumps are powered from the CTG in the event of a LOOP. Therefore, if
a LOOP occurs, the reactor will trip, as will the CVCS charging pumps. The
CVCS charging pumps will not automatically be brought back on line. To resume
injection, the operator must manually load the charging pumps on the PNS buses
(powered from the AAC source) when site power is provided by the onsite
emergency ac power. Therefore, injection of unborated water into the RCS from
the VCT during plant recovery is unlikely.

Also, ABB-CE stated that NUREG/CR-5368, " Reactivity Accidents," and the
System 80+ design were used to provide the logic and assumptions to assess
boron dilution events mentioned in NUREG/CR-0105, " Estimates of Inter Dose
Equipment of 22 Target Organ," July 1978, as follows:

NUREG/CR-5368 states that boron dilution as a result of injection or*

leakage of diluted water from accumulator tanks (e.g., SITS for Sys-
tem 80+) into the vessel is an " incredible" event. This finding remains
applicable to the System 80+ design. The applicable TS for the System
80+ design include more conservative assumptions than those assumed in
the analysis.

LOCA with diluted ECCS water is a Mode 1 issue and is discussed in*

CESSAR-DC Chapter 15.

Rod ejection is a reactivity accident 'and is not related to boron*

dilution. A rod ejection accident is discussed in CESSAR-DC Chapter 15.

The staff concludes that ABB-CE has appropriately addressed the boron dilution
concerns raised in NUREG-1449.

19.3.4.2 Potential for Draining The RCS

The staff stated in NUREG-1449 that primary coolant water could be lost during
Modes 2 through 6 if the RCS is pressurized and its temporary pressure
boundary f ails. Failures of the temporary pressure boundary includes the use
of nozzle dams in PWRs, ICI seals, and other drain paths.

In the System 80+ shutdown risk report (CESSAR-DC Appendix 19.8A), ABB-CE
discussed SG nozzle dam integrity in Section 2.3, potential draining paths of
the RCS in Section 2.12, and applicable CESSAR-DC Chapter 15 accidents and
LOCA analyses for low-power operations in Sections 4.0 and 5.0, respectively.

19.3.4.2.1 Steam Generator Nozzle Dam Integrity

PWR nozzle dams are often used during refueling outages to allow inspection of
the SG tubes. The System 80+ nozzle dam will be installed in the cold legs
first and then in the hot legs. Likewise, the nozzle dam will be removed from
the hot legs first and then from the cold legs. This it stallation and removal
process will minimize the time that both SG hot legs wili be simultaneously
blocked by nozzle dams and will maximize the time the SG will be available for ,

reflux cooling in case DHR 1s lost.
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The nozzle. dam will fail if the RCS pressure exceeds the nozzle dam design
pressure witnout a pressure vent / release pathway, thus creating a direct RCS
drain path (LOCA) to the containment through an open SG primary manway. The

System 80+ nozzle dams are designed to withstand an RCS pressure of 275.8 kPa 1

(40 psia) as compared to a typical pressure of 138 - 173.4 kPa (20-25 psia). j

The procedural guidance for reduced inventory operations will require the j
pressurizer manway to be opened before the nozzle dams are installed. The j

opening of the pressurizer manway provides a vent pathway and prevents )
possible RCS pressurization from exceeding the nozzle dams design pressure,
thus ensuring that reactor water is not lost as a result of a loss of DHR.
The pressurizer manway vent path is free of restrictions that could create
unfavorable back pressure conditions.

19.3.4.2.2 In-Core Instrument Seal Table and Reactor Cavity Seal

The staff asked ABB-CE to address RCS leakage as a result of the ICI opera- |

tions during refueling, and tne ability to safely restore spent fuel cooling
and maintain core cooling following failure of the reactor cavity seal during
Mode 6 operations.

The loss of inventory from 101 seal table activities is minimized because the
System 80+ reduced inventory operational guidelines prohibit the ICI seal
table operations during midloop condition with the reactor vessel head
installed. The System 80+ ICI seal table design, arrangement, and replacement ,

is identical to the System 80 design at the Palo Verde Nuclear Power Station. |

The-ICI seal table is located in the refueling pool area at several feet
higher than the reactor vessel flange elevation. The withdrawal of the ICI
assemblies will only be performed after the refueling pool has been flooded
for refueling process. Therefore, the System 80+ design does not require-
temporary thimble tube seals in the ICI assemblies because of the replacement
process mentioned. The staff reviewed the System 80+ ICI seal table arrange- ,

ment and replacement process, and concluded that the loss .of inventory .from
the ICI thimble tube seal failures is not a concern.

ABB-CE stated that if the reactor cavity seal failed during the refueling
process, the refueling water would drain down to the reactor vessel flange
level and would not result in vortex formation and air entrainment to SCS
suction pumps. Hence, drainage from reactor cavity seal failure is self-
limiting and SDC is not interrupted. Analysis results indicate that it will
take approximately 4 hours for water in the refueling pool to drain down to
the reactor vessel flange level.

Refueling water leaks through a failed reactor cavity seal collect in the
reactor cavity region. The collected water is directed to the HVT and returns
to the IRWST through the spillways connected with the HVT. The water is,
'therefore, available for return to the reactor vessel through the DVI lines
via SCS and CSS injections. These system alignments are accomplished from the
MCR by means of some local and manual operator actions. Additionally,

i
alternate RCS makeup can be provided using available BAMU pumps that take'

suction from the BAST.

The System 80+ instruments and detection devices are available to operators toI

monitor the refueling water level with detection alarms set at 3.08 cm (2 in.)_
below the nominal level . The refueling level monitoring system provides water
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level indications down to the reactor vessel flange and alarms are located in
the MCR.

Analysis shows that refueling water level drops to the top of the spent fuel (
being transferred in approximately 80 minutes. To preclude uncovering the i

spent fuel assembly, the fuel assembly must be lowered below the reactor
vessel flange level. The fuel assembly can be lowered either into the reactor j
vessel or the end of the refueling cavity area containing the transfer system i

upender and core support barrel. These locations contain sufficient water to
cover the fuel. The spent-fuel safe-storage process can be accomplished using
the refueling machine, which takes approximately 3 minutes. E0Gs will be ;

| provided to COL applicant to respond to a reactor cavity seal failure event. i

i The COL applicant will develop plant-specific E0Ps based on the System 80+ j

EOGs.

The staff considers this a COL action item and will ensure that proper
procedures have been implemented to prevent, detect, and mitigate inadvertent
loss of coolant through a f ailed reactor cavity seal. This COL action item is
discussed in Section 19.3.9.2 of this chapter and is part of COL Action item
19.3.9.2-1.

19.3.4.3 Applicable CESSAR-DC Chapter 15 Analyses in Shutdown Modes

ABB-CE discusses applicable CESSAR-DC Chapter 15 accidents postulated to occur
| in shutdown operations in Section 4.0 of CESSAR-DC Appendix 19.8A and states
| that consequences from these postulated accidents are bounded by accidents i

|

| analyzed for power operating conditions indicated in CESSAR-DC Chapter 15.
!

The following seven events discussed in CESSAR-DC Chapter 15 have been
postulated to occur during shutdown modes.

Increase in Feedwater Flow and Decrease in Feedwater Temperature

! The evaluation indicated that transients during shutdown would not create any
! new consequences beyond those of the full-power events discussed in CESSAR-DC

Section 15.1.2. The minimum departure from nucleate boiling ratio (DNBR) for
this event was found to be greater than 3 as compared to the required minimum
DNBR of 1.24. The RCS temperature and pressure would not exceed 100 percent
of the design because of low decay heat level.

Increase in Main Steam Flow and Inadvertent Openina of an SG Relief or Safety
Valve

The evaluation indicated that transients during shutdown would not create any
| new consequences beyond those discussed in CESSAR-DC Section 15.1.4. The
I minimum transient for DNBR was found to be greater than 2 as compared to the

required minimum DNBR of 1.24.

Steam System Pipina Failures inside and Outside Containment

The evaluation indicated that transients during shutdown would not create any
new consequences beyond those discussed in CESSAR-DC Section 15.1.5. The RCS
pressure would remain less than 110 percent of the design pretsure and would
not violate the pressure-temperature (P-T) limits for brittle fracture. The
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. SG pressure also would remain less than 110 percent of the design pressure, |

thus ensuring the integrity of the secondary system. The 2-Laur inhalation i

dosage at the exclusion area boundary did not exceed the acceptance criterion.
The minimum transient for DNBR was found to be greater than 2 as compared to
the required minimum DNBR of 1.24. i

Loss of Condenser Vacuum (LOCV)

The evaluation indicated that transients during shutdown would not create any
new consequences beyond those identified in CESSAR-DC Section 15.2.3. The RCS ,

and SG would not approach 110 percent of the design pressures. The LOCV would
not challenge the P-T limits for brittle fracture. The minimum DNBR for an
LOCV event postulated to occur at the highest decay heat flux just after
shutdown, with no RCPs in operation, was found to be greater than 9. The DNBR
will increase to a larger value when the event is associated with decay heat
levels 4 days after shutdown.

Main Steam Isolation Valve Closure and Loss of Normal Feedwater Flow

The comparison between the MSIV closure and LOCV events, discussed in
CESSAR-DC Section 15.2.4, is applicable for shutdown conditions. For the LOCV
event discussed in Section 4.2.3 of the shutdown report, ABB-CE assumed a much
faster reduction in steam flow rate than in the MSIV event discussed in
CESSAR-DC Section 15.2.4. Therefore, the consequences of the MSIV event are
bounded by the LOCV event postulated to occur during shutdown conditions.
These assumptions resulted in a minimum DNBR of 9.

Feedwater System Pine Breakl

A feedwater system pipe break postulated to occur during shutdown conditions
following a heatup event would result in less severe consequences than the
same event discussed in CESSAR-DC Section 15.2.8 because of much lower initial
reactor power-level . A heatup event can be mitigated by the pressurizer
safety valve or the SCS relief valve, the LTOP enable / disable temperatures,
the MSSVs, and the EFWS. The mismatched energy between primary and secondary
pressure for a heatup event also is much less than that for the event dis-
cussed in CESSAR-DC Section 15.2.8. Therefore, there will be no violations of
the P-T limits.for brittle fracture of the RCS and no approach to 110 percent
of the RCS and SG design pressures. Departure from nucleate boiling is not a
concern for a heatup event because of low initial core power level.

Steam Generator Tube Ruoture

The evaluation indicated that transients during shutdown Mode 3 would not I

create any new consequences beyond those discussed in CESSAR-DC Sec-
tion-15.6.3. The SCS safety-relief valves would maintain the P-T limits for
the RCS and these valves would not be prematurely actuated. The SG pressure
would not approach 110 percent of the design pressure. Fuel integrity would |
be maintained, and radiological release doses would be even less if the SGTR .

event were postulated to occur in Mode 4 or 5 with the RCS loops filled.

19.3.4.4 LOCA in' Lower Power Operations| f

ABB-CE stated that LOCAs could occur during shutdown. These LOCAs are
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normally associated with low RCS temperatures and pressures, and are consid-
ered small-break LOCAs. In Section 5.0 of the shutdown report, ABB-CE stated
that consequences from the postulated LOCAs are bounded by LOCAs analyzed for
normal operating conditions and that fuel acceptance criteria will be main-
tained as required by 10 CFR 50.46.

In Mode 4, ABB-CE stated that the most limiting size and location for a worst-
case small-break LOCA is a break in a DVI discharge leg. A DVI line break of
0.036 m (0.4 ft ) at this location will minimize injection flow into the RCS.2 z

ABB-CE performed a sensitivity study for a postulated DVI line break in Mode 4
to determine the available time for operator actions. The study indicated
that the core will be uncovered in approximately 7 minutes from the time of
the break due to boiloff, and the operator action to initiate SI within 10
minutes will prevent the cladding temperature from exceeding 1204.4 *C
(2200 *F). ABB-CE stated that ECCS acceptance criteria will not be violated
if Si of at least one SI pump is initiated 10 minutes into the transient. As

a result, ABB-CE changed the System 80+ TS to require automatic SIS initiation
be operable in Mode 4 conditions to reduce dependence on operator actions for
core makeup and cooling. The staff performed an independent calculation of
the DVI line break and confirmed ABB-CE's estimate.

The staff finds these provisions acceptable and concludes that automatic
actuation of the SI injection in Mode 4 conditions ensures that the core will
be covered and core cooling will be maintained.

At a meeting on February 8, 1994, and in subsequent telephone conference
calls, ABB-CE presented additional information regarding the issue of RCS
draindown during Mode 5 operation. Rapid RCS draindown from inadvertent
system misalignment or valve opening is more likely to occur than a large
pipe-break event during shutdown operations. The staff agrees with ABB-CE
that rapid draindown events are the limiting loss-of-inventory events for
Mode 5, and that the likelihood of a large pipe break during shutdown opera-
tions is considered remote.

Rapid draindown events predominantly result from numerous operator errors in
performing the required actions as well as failure to follow maintenance
procedures. Nevertheless, considerable time is available for operators to
respond and to close the containment. ABB-CE estimated CDF of these events to
be less than 1 x 10'7/ year. The SCS LTOP valve failure is considered the most
limiting event, which indicates that the RCS water will drop to the bottom of
the hot leg in 26 minutes, boiloff to the top of active fuel in another 19
minutes, and damage the fuel in an additional 20 minutes. The operator would
have 45 minutes to diagnose the event and initiate injection before the core
is uncovered. To preclude uncontrolled offsite releases, the containment is
expected to be closed within an hour of event initiation. In addition to a
manual S1 capability, ABB-CE recommended changes in TS to require RCS level
instruments with indications and alarms in the MCR during Mode 5 operations to
help operators in diagnosing the transient. Containment temperature and
radiation alarms also are available for operators to diagnose the transient.

The staff considers this issue to be technically resolved. It will remain a
confirmatory item, however, pending formal documentation (amendment of
CESSAR-DC) of the information presented at the meeting and subsequent informa-

ABB-CE System 80+ FSER 19-140 June 1994

__



tion received during telephone conference calls. This issue was identified asp
t 1 part of FSER Confirmatory item 1.1-1 in the advanced version of this report.
V Subsequently, ABB-CE incorporated this information into the CESSAR-DC in

Amendment V. This is acceptable.

19.3.5 Instrumentation and Control During Shutdown Operation

The staff stated in NUREG-1449 that inadequate instrumentation and incomplete
operating procedures, especially during periods of reduced inventory opera-
tions, have contributed to several loss-of-shutdown-cooling events at operat-
ing plants. Consequently, the staff recommended that PWRs of advanced designs
include enhanced instrumentation capabilities to enable the operator to
continuously monitor key plant parameters during reduced inventory operations.
Also, the operator must be able to detect the onset of a loss of DHR early
enough that mitigating actions can be taken to restore shutdown capability.
As a minimum, instrumentation should be available to provide visible and
audible indications of abnormal conditions in reactor vessel level, tempera-
ture, and SCS heat-removal performance.

ABB-CE addressed instrumentation and control systems in Section 2.8 of the
System 80+ shutdown risk report (CESSAR-DC Appendix 19.8A).

Level Instrumentation

The System 80+ design uses four sets of level instrumentation for monitoring
RCS inventory during draindown and reduced inventory operations. This
instrumentation consists of two differential-pressure (dP)-based level sensorp

i systems, and two different HJTC systems. One pair of wide-range dP level
(b instruments is provided to measure the RCS coolant level from the top of the

pressurizer to below the bottom of the hot-leg level. One pair of narrow-
range dP level sensors is provided to measure the RCS coolant between the DVI
nozzle elevation and the junction of the SCS suction line with the RCS hot
legs. The wide-range and the narrow-range dP instruments have separate taps
connected to each SCS suction line. These will ensure the independence and
redundancy of the dP instruments and will operate with or without the reactor
vessel head in place.

In addition to the dP-based level instruments, there are two sets of HJTC
systems for reactor vessel level measurement when the reactor vessel head is
in place and the plant is in Mode 5 reduced inventory operations. The first
system uses two ICC probes that are located inside
the reactor vessel. The range of these probes extends from the reactor vessel
head to the fuel alignment plate. A second HJTC system provides narrow-range
level indication for midloop operations when the reactor vessel level is in
the hot-leg region. This system is specifically designed to provide accurate
level indications using thermocouple probes concentrated in the hot-leg
region. The measurement of RCS water level by these probes is limited to
those periods when the reactor vessel head is installed.

The HJTC systems will compensate for the flow gradient across the core
. associated with the operating SCS. The HJTC sensors will have an accuracy and
f p) response time that are consistent with the maximum draindown rate of the RCS.-

I i The HJTCs are designed so that instrument signal and power are transmitted on
| V individual electrical conductors. Failure of one HJTC sensor will not result
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in a loss of signal from the remaining sensors. The RCS level indications
will be displayed and alarmed in the MCR during reduced inventory operations.

The staf f concludes that the instrument range overlap will provide the
operators a continuous indication of RCS inventory. The diversity of the

level instruments (dP and HJTCs) will ensure against common-mode failures that
could result in loss of RCS level response information. For midloop opera-
tions, the refueling HJTC probes will provide accurate level measurements to
within 1 inch of the vessel level . This accuracy requirement is necessary
because there is a very narrow margin between the minimum RCS level to prevent
SCS pump cavitation and the level required for installing and removing the SG
nozzle dams.

On the basis of this discussion of the System 80+ level instrumentation
design, the staff finds appropriate RCS level indication is provided for
reduced RCS inventory conditions.

Temperature Instrumentation

The System 80+ uses several different sets of temperature instruments to
monitor the RCS coolant temperature during shutdown operations. The instru-
ments available for measuring the RCS temperature consist of CETs, resistance
temperature detector (RTD) sensors in the SCS suction and return lines, hot-
leg RTDs, and refueling water level instrument temperature sensors (HJTC probe
only).

The CETs measure the temperature of the coolant as it exits the top of the
core. The CETs are bottom-mounted instruments; consequently, the CETs are
available for measuring coolant temperatures even when the reactor vessel head
is removed, except during fuel shuffling operations.

The RTDs in the SCS suction and return lines, and the hot-leg RTDs are
effective only when the system is operating and the RCS coolant is flowing
past the temperature sensors. These sensors will become ineffective following
a loss of SDC flow.

ABB-CE states that refueling HJTC probes are used primarily to provide both
level and temperature indications during midloop operations. The HJTCs will ;

'

be disconnected before the reactor vessel head is removed; therefore, tempera-
ture indications provided by the HJTC probes will not be available. The
temperature sensors will have associated alarms in the MCR for indicating the ;

onset of loss of SDC and temperature rise in the RCS. |

|
On the basis of these temperature instrumentation designs, the staff finds '

that appropriate indication of RCS temperature is provided to the operator
during shutdown operations, and the design is, therefore, acceptable.

Shutdown Coolina System Performance

In addition to level and temperature instrumentation, the System 80+ design
includes instrumentation for monitoring SDC pump suction pressure and motor
current, which can be used to indicate the onset of pump cavitation.

The following discrete indications and alarms of SCS performance and RCS
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instrumentation will be located in the MCR:

O . SCS heat exchanger inlet temperature
SCS heat exchanger outlet temperature*

pump header pressurea

pump motor current-

pressurizer levela

RCS level-

RCS pressurea

core exit temperaturea

refueling cavity level=

On the basis of this discussion, the staff concludes that appropriate indica-
tion will be provided to the operator during shutdown conditions for monitor-
ing RCS inventory, temperature, and SCS performance to ensure core cooling
capability.

19.3.6 Flooding and Fire Protection

In NUREG-1449, the staff stated that the safety significance of flooding or
spills during shutdown depends on the equipment affected by the spills and
that such spills are most often caused by human error. Plant activities
during shutdown and refueling operations may increase fire hazards in safety-
related systems essential to the plant's capability to maintain core cooling.
Further, Appendix R to 10 CFR Part 50, " Fire Protection for Nuclear Power
facilities Operating Prior To January 1, 1979," and current NRC fire-protec-
tion philosophy do not address the capability of the plant design to protect

| safe-shutdown equipment from fire and floods during shutdown operations.
I

! The System 80+ design requires flood protection from both external and
internal sources for all structures, systems, and components whose failure
could prevent safe shutdown of the plant or could result in an uncontrolled
release of radioactivity. ABB-CE discussed significant water sources that can
cause internal flooding and spills and may disable safe-shutdown equipment in
Section 2.13.3 of the System 80+ shutdown risk report (CESSAR-DC Appen-
dix 19.8A). The CCWS and the emergency feedwater storage tanks (EFWSTs) were
identified as major sources of possible floods or spills because of valve
failure or a break in the system piping.

19.3.6.1 Flooding Protection

Essential systems may be at a higher risk for failure due to flooding and
spills during shutdown because of the various and interrelated maintenance -
activities that may be in progress simultaneously. Past events have involved,

-

for example, spills from the CCWS, SWS, condensers, and refueling pool seals. |
ABB-CE addressed the issue of the loss of DHR as a consequence of spills and i

internal flooding that may disable components of the SDC system (SCS) in |
Section 2.13.'1 of the System 80+ shutdown risk report. Section 3.4 of this
report also contains an evaluation of flood protection., for both external and ,

!internal sources.

The System 80+ design emphasizes the elimination or minimization of potential
( flood sources within safety-related areas and provides a boundary of separa-

tion between redundant DHR systems as the means of flood protection.
1

!
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The SWS and the CCWS heat exchangers used to remove decay heat from the RCS l

are located outside of the nuclear annex. The condenser circulating water
system is also located outside of the nuclear annex. The location of these
major sources of water (which could be potentially unlimited sources) outside
of the nuclear annex reduces in-plant sources of flooding to that contained in
the closed systems in the plant. ABB-CE has identified the following poten-
tial sources of flooding inside the nuclear annex:

Flood Source Volume

component cooling water system 700 m3 (24,700 ft3)
in-containment refueling water storage tank 2065 m3 (72,958 ft3)
emergency feedwater system 1325 m3 (46,785 ft3)
fire protection system 2270 m3 (80,203 fta)
chemical and volume control system 4560 m3 (161,075 ft3)

In CESSAR-DC Section 3.4.4, ABB-CE states that seismic Category I structures
are designed with flood protection measures in accordance with RG 1.102.
Flood barriers are integrated into the design to provide additional flood
protection while minimizing the impact on maintenance accessibility. Floods
are controlled in the plant by the divisional structural wall which serves as
a barrier between redundant divisions of safe-shutdown systems and components,
so that a single flooding event will not affect redundant safety systems. The
lowest elevation of the structure wall has no door or other passage, and the
limited penetrations through the lower wall are sealed against water. The COL
applicant will perform an evaluation to ensure that all penetrations in
seismic Category I structures below the external flood level are properly
sealed to protect safety-related equipment.

The staff asked ABB-CE to provide monitors for indicating status of the flood
doors in its review of flood protection for the shutdown risk evaluation. In
response to this concern, ABB-CE revised the CESSAR-DC to state that the flood
doors have sensors with open and close status displays at a central fire alarm
station. The open/close status of the doors will be continuously monitored
and the monitoring station will be continuously manned. The monitoring
station is located in the security central alarm station (CAS). The CAS is
continuously manned and monitored by security personnel. ABB-CE indicated to
the staff that if an alarm indicates that a door is mispositioned, a security
officer is sent out to investigate. Security procedures are the respon-
sibility of the COL applicant as per Chapter 13 of the CESSAR-DC. Also,
communications are provided between the MCR and the security CAS. Flood alarm
information is also retrievable in the MCR. The staff reviewed ABB-CE's
submittal and finds that the flood door monitoring system is acceptable (see
Section 3.4.1 of this report).

As stated above, the primary means of flood control in the nuclear annex and
RB subsphere is provided by the divisional wall which serves as a barrier
between redundant trains of safe-shutdown systems and components. Each half
of the spherical containment subsphere is compartmentalized to separate safe-
shutdown components to the extent practical, while maintaining accessibility
to the compartment. The subsphere, which houses the front-line safety
systems, is compartmentalized into four quadrants, with two quadrants on
either side of the divisional structural wall. Although flood barriers
separate the quadrants, the capability of removing equipment is maintained.

ABB-CE System 80+ FSER 19-144 June 1994 l

|
_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ __ . _ _ _ _ _ _ _ _ _ _ _ _



EFW pumps are located in separate compartments within the quadrants, and each,m
compartment is protected by flood barriers. Penetrations are sealed and there

(U} are no doors in the divisional wall that separates the nuclear annex and RB
subsphere up to El. 70+0 ft, which is the maximum internal flood. Safety-
related electrical components are located at higher elevations so that floods
will not affect components. Flood barriers also provide separation between
electrical equipment and fluid mechanical systems at the lowest elevations
within the nuclear annex. Curbs provide similar separation at higher eleva-
tions. The COL applicant will ensure that all seismic Category I structures
are protected against flood damage.

The nuclear annex floor drainage systems are separated by division, and Safety
Class 3 valves prevent backflow of water to areas containing safety-related
equipment. Each subsphere quadrant has redundant sump pumps (Safety Class 3)
and associated instrumentation, which are powered from the EDGs in the event
of LOOP.

On the basis of its review, the staff has determined that the System 80+
design minimizes the potential flood sources within safety-related areas and
provides a boundary of separation between redundant DHR systems to prevent
potential sources of flooding from affecting the DHR function. Therefore, the
staff concludes that ABB-CE has provided adequate measures to protect the
System 80+ plant from flooding.

19.3.6.2 Fire Protection

NUREG-1449, " Shutdown and Low-Power Operation at Commercial Nuclear Power
b. Plants in the United States," reported that 10 CFR Part 50 (Appendix R) and
V the current NRC fire-protection philosophy do not address shutdown and

refueling conditions and the impact a fire may have on the plant's ability to
remove decay heat and maintain reactor coolant temperature. The insights
obtained from NUREG-1449 were utilized as part of the review of System 80+
fire protection during shutdown.

In Section 2.7.3 of the shutdown risk evaluation report (CESSAR-DC Appen-
dix 19.8A), ABB-CE stated that a defense-in-depth philosophy is employed in
the design of the fire-protection system in order to reduce overall shutdown
risk from fire. The elements of the defense-in-depth philosophy are to
prevent a fire from occurring and to promptly detect, suppress, and mitigate
the consequences of any fire that should occur. The fire-protection features
will be independent of other features or systems that are routinely taken out
of service during shutdown. These elements are discussed in reverse order
below.

To mitigate the consequences of a fire during shutdown, the two redundant
divisions of the DHR systems are separated from each other with 3-hour-rated
fire barriers. All penetrations within these barriers are sealed with
assemblies that are qualified to maintain the integrity of the 3-hour rating.

Additionally, the System 80+ design provides interdivisional separation.
Within each division, the containment spray pump and the SDC pump can be
interchanged with each other to provide DHR. The SDC pump is separated-)(V physically and electrically from the containment spray pump by 3-hour-rated
fire walls and fire doors. Additionally, the valve that connects the two
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systems is located in a separate fire area so that a fire involving either
pump will not prevent the operator from switching over to the other pump.
Both pumps are electrically isolated from each other in that each pump is
powered separately from different safety-related bums.

In the event of a major fire in the MCR, the remote shutdown panel is capable
of controlling both divisions of safety-related DHR systems. The remote
shutdown panel is physically and electrically independent of the MCR and is
available during reduced inventory and refueling conditions. Instrument and
control power for safety-related DHR equipment would be transferred from the
MCR to the remote sh tdown panel. The MCR utilizes fiber-optics that trans-9
mits two identical digitized control signals to operate equipment. Therefore,
it is highly unlikely that a fire in the MCR will cause spurious operation of
equipment (except in cases of shorting control switches), because two simulta-
neous, identical digitized control signals are needed at the de-multiplexer
for a control action to be taken at the field device (equipment). The impact
a fire may have on control panel switches causing hot shorts will be evaluated
on a plant-specific basis.

Inside containment there are no divisional fire barriers between redundantt

safe-shutdown equipment, as described in CESSAR-DC Section 9.5.1.2. ABB-CE'

has designed the containment so that the redundant safe-shutdown components
such as instruments and valves will be separated to the extent practicable as
stipulated in SECY-90-016. ABB-CE stated that redundant safe-shutdown
divisions are generally located in separate hemispheres, the cables entering
the containment are widely spaced around the perimeter of the containment, and
that the only in situ combustible material inside the containment is insula-
tion on cables that are not associated with safe-shutdown functions, and that
they will not affect safe-shutdown equipment in a case of fire in the contain-
ment. Inside the containment and the annulus, ABB-CE has utilized 3-hour-
rated mineral-insulated cable or its equivalent for safe-shutdown functions
and 1-hour-rated penetrations are installed in the containment. ABB-CE also
states that while currently there are no 3-hour-rated penetrations, 3-hour-
rated penetrations will be used should they become available. The staff finds
that the use of 1-hour-rated penetrations, with the commitment to use 3-hour-
rated penetrations if they become available, is acceptable because of the low
combustible loading in the vicinity of the penetrations inside the containment
and the annulus, and the cables for redundant safe-shutdown divisions are
widely spaced around the perimeter.

In CESSAR-DC Section 9.5.1.2, ABB-CE states that the HVAC system is designed
to remove smoke and mitigate smoke migration beyond the area of origin in the
event of fire. The HVAC systems in the subsphere building and control complex
are required by TS to be operable during shutdown. The dedicated fans for

smp/ min /ft ) of floor area.kepurgearedesignedtoexhaustataminimumof945L/ min /m2 (3The norma ventilation is designed to provide an
(1 ft / min /ft}) of floor area or more.

ft
3 ABB-CE statesair flow of 315 L/ min /m2

that the layout of the ductwork ensures ventilation of all corners of the area
as much as practical. The design as described provides a lower pressure in
the division experiencing the fire which will prevent or significantly reduce
the amount of smoke migration to other divisions.

ABB-CE states that fire-protection features required to detect and suppress
fires are independent from other features or systems routinely taken out of
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service during shutdown modes of operation. In Section 2.7.3.2 of CESSAR-DCp
i Appendix 19.8A, ABB-CE states that the System 80+ fire protection is not

(d degraded or reduced during plant shutdown because there is no reason to breach
the fire boundaries, interrupt the detection system, or impair the fire hose
(standpipe) system. All of these systems are provided specifically for fire
protection and are not shared with, or dependent on, any other systems or
features. The System 80+ fire-protection program stipulates that the fire-
protection systems shall be operable for all modes of operation, including
low-power and shutdown operations.

A fully trained and equipped onsite fire brigade is available for fire-
fighting activities. The fire brigade is available during refueling and
shutdown activities.

To prevent fires, the COL applicant will develop administrative controls for ,

all modes of operation. ABB-CE lists areas which will have increased combus-
tible loading during shutdown conditions in Table 2.7-1 of CESSAR-DC Appendix
19.8A. The administrative controls include, but are not limited to, the <

following:

control of combustible and flammable liquids-

control of combustible material=

housekeeping=

control of open flame and hot work=

A detailed review of the administrative controls will be performed during the
plant-specific licensing process as identified in COL Action item 9.5.1.5.1.

On the basis of its review, the staff has determined that the System 80+
protection philosophy and design minimizes the potential fire sources within
safety-related areas, provides fire-detection and suppression features, and
provides a boundary of separation between redundant DHR systems to prevent
potential sources of fire from affecting the DHR function. Therefore, the
staff concludes that ABB-CE has provided adequate measures to protect the
System 80+ plant from fire.

19.3.7 Containment Integrity

GL 88-17, " Loss of Decay Heat Removal," was issued to pWR licensees and
requested, among other things, implementation of procedures and administrative
controls that reasonably ensure that the containment wi's; be closed before the
time that reactor vessel water level would drop below the top of the active
fuel following a loss of SDC under reduced inventory conditions. Containment
closure was defined as a containment condition in which at least one integral
barrier to the release of radioactive material is provided. This definition
of containment closure effectively reduces the likelihood of a release while
providing the flexibility to have the containment building open under appro-
priate conditions.

While the System 80+ is in Mode 5, with the RCS in reduced inventory, and Mode
6 during core alteration, or reduced inventory, containment closure is ensured

p by compliance with the System 80+ TS. TS 3.10.5 requires the equipment hatch
closed and held in place by a minimum of four bolts, one door in each air lockV) closed, and each penetration providing direct access from the containment

(

i
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atmosphere to the outside atmosphere is either (1) closed by an isolation
valve, blind flange, manual valve, or equivalent, or (2) exhausting through
operable RB containment purge exhaust system high-efficiency particulate air
filters and charcoal absorbers, and is capable of being closed by an operable
containment purge and exhaust isolation system.

In GL 88-17, the staff defined a closed containment as one whose equipment
hatch door is closed and held in place by a sufficient number of bolts so that
no gaps exist in the sealing surface. In CESSAR-DC Appendix 19.8A under
Section 2.5.3.2.2.3, ABB-CE states that four bolts are sufficient to secure
the equipment hatch so that no visible gap can be seen between the seals and
sealing surface. Equipment hatches, installed at operating plants, of a
design similar to the one to be used in the System 80+ have met the intent of
GL 88-17 by using four bolts. It is the staff's opinion that the containment
closure can be demonstrated by either a visual inspection or a local leak rate
test between the double seals in accordance with Appendix J to 10 CFR Part 50.
The hatch is designed to be pressure seated. Thus, any increase in pressure
inside the containment will act to seal the hatch. In addition any radiation
leakage will go into the nuclear annex.

ABB-CE defined containment integrity during Mode 5, with the RCS in reduced
inventory, and Mode 6 during core alteration, or reduced inventory, in
TS 3.10.5. The staff concludes that the barriers noted in TS 3.10.5 suffi-
ciently separate the containment atmosphere from the outside environment.
This is acceptable pending a formal revision to the TS and E0Gs that excludes
the use of waterloop seals as a method of maintaining containment integrity
(barrier). This issue was part of FSER Confirmatory Item 1.1-1 in the
advanced version of the report. ABB-CE incorporated this into the CESSAR-DC
in Amendment W.

When in Modes 5 and 6, with the RCS not in a reduced inventory, the operator
is required by Appendix B of the E0Gs to initiate containment closure immedi-
ately upon loss of all RHR. In CESSAR-DC Appendix 19.8A under Sec-
tion 2.5.3.2.2, " System 80+ Containment Features," ABB-CE states that the
closure time of the equipment hatch is less than I hour with or without ac
power and that the air lock doors could be closed in less than 10 minutes.

ABB-CE analyzed the time to core uncovery resulting from the loss of SDC
events, and found that time to reach saturation was approximately 11 minutes,
and the core would be uncovered in another 55 minutes. The staff considers
the time required to close the containment hatch to be the most limiting when
trying to reestablish containment closure. The staff considers this a COL
action item and will ensure that the containment can be closed within an hour
of the initiating event. This is COL Action Item 19.3.7-1.

ABB-CE has incorporated guidance in the System 80+ E0Gs to help the COL j
holders to establish procedures, using such available instrumentation as
containment temperature, pressure, and radiation monitors, to expeditiously
close the containment hatch in the loss of SDC event in Mode 5 other than
reduced inventory operations.

The staff finds ABB-CE's approach acceptable for the containment closure in
Mode 5 other than reduced inventory operations; ABB-CE has appropriately 1

addressed the concerns and insights identified in NUREG-1449. !
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19.3.8 Shutdown Risk Insights
f ;

t

The staff reviewed ABB-CE's shutdown risk PRA for the System 80+ design. The
study addressed CDF from internally initiated events in Modes 3, 4, 5, and 6;
and vulnerabilities while operating the plant in modes other than sull power.
The staff also considered human reliability insights, important human actions,
insights from uncertainty, importance, and sensitivities analyses. Details of
the PRA insights for System 80+ are in CESSAR-DC Chapter 19 and Section 19.1.5
of this chapter.

The fundamental conclusion of the staff evaluation of the PRA-based insights !

for System 80+ shutdown operation is that there are no significant vulnerabil-
ities that would require design changes. The following are considered
important shutdown risk insights for the System 80+ design:

During plant shutdown, risk can be minimized by appropriate outage*
:management, administrative controls, procedures, training, and operator-

knowledge of plant configuration. This issue is discussed in Sec-
tion 19.3.6 of this chapter. ;

During plant shutdown, the integrity of fire protection and flood- ,

barriers between areas in the same division, such as quadrants, where
systems comprising the alternate shutdown success paths are located,
should be maintained. This issue is discussed in Section 19.3.6.2 of
this chapter.

'

Technical Findings in NUREG-1449

O .
19.3.9

fIn NUREG-1449, the staff discussed the following issues that are especially
important for shutdown operations:

outage planning and control-

technical specifications*

fire protection- ,

instrumentation-

+19.3.9.1 Outage Planning and Control
i

In Section 2.1 of the System 80+ shutdown risk report, ABB-CE discussed the
use of the operational support information (OSI) program to ensure that design
features are effectively utilized in the operation of the plant and also
provides COL holders a formal means to transfer design-related bases for
operations, regulatory operational commitments, and related information. The ,

OSI program integrates information from various interrelated areas, including ,

the maintenance plan, the reliability assurance program (RAP), and as-procured i

equipment characteristics, to ensure that the COL holder can efficiently ,

operate the plant within the design bases. The OSI program also includes i

operational guidance to support reduced inventory operations. The operational
guidance to support reduced inventory incorporates requirements to support
midloop operations, SCS flows, restrictions related to vortexing characteris-
tics, and capability to diagnose abnormal operating conditions. The OSI i

O
program is intended to ensure that the information needed to develop a sound
outage plan and technical input needed for training will be' available to the -

COL holders.
,
.
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The staff considers outage planning and control a plant-specific issue and
will review and ensure that the COL holders have appropriately addressed the ,

outage and planning program to improve low-power and shutdown operations. The

guidelines for planning and controlling outages should include the following:

an outage philosophy which includes safety as a primary consideration in.

outage planning and implementation

organizations responsible for scheduling and overseeing the outage;*

provisions for an independent safety review team that would be assigned
to perform final review and grant approval

control procedures which address both the initial outage plan and alla

safety-significant changes to schedule

provisions to ensure that all activities receive adequate resources-

provisions to ensure defense in depth during shutdown and ensure that-

safety margins are not reduced; an alternate or backup system must be
made available if a safety system is removed from service

provisions to ensure that all personnel involved in outage activitiesa

are adequately trained; this should include operator simulator training
to the extent practicable; other plant personnel, including temporary
personnel, should receive training commensurate with the outage tasks
they will be performing

This is COL Action Item 19.3.9-1.

The staff finds ABB-CE's approach to outage and planning for the System 80+
design acceptable. The OSI program provides sufficient guidance with regard
to proper precautions, restrictions, design features, and requirements to
guide COL applicants in the development of their shutdown risk program.

19.3.9.2 Operator Training and Procedures

ABB-CE has developed the OSI program to help COL holders develop plant-
specific procedures and requirements. The COL holders are expected to prepare
training programs and procedures for normal, abnormal, and emergency opera-
tions using guidance developed by the plant designer. The staff considers
this a COL action item and will ensure that such important areas as DHR
capability, inventory control (including LOCAs), electrical power availabili-
ty, reactivity, and containment integrity have been properly addressed.

Additionally, the staff also considers it the COL applicant's responsibility
to ensure the availability of the following procedures utilizing (1) the CVCS

|and BAMU pump capability to provide alternate coolant makeup during Modes 5
and 6 (detailed discussion of this issue is in Section 19.3.3.2 of this i

chapter), (2) the availability of the CVCS, SCS, and BAST to support Mode 6
operation with upper internals in place (detailed discussion of this issue is
in Section 19.3.3.4 of this chapter), and (3) the availability of the SCS,
CSS, and BAMU pump tc respond to a failed reactor cavity seal event (detailed i

discussion of this issue is in Section 19.3.4.2.2 of this chapter).
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This is COL Action Item 19.3.9-2.

k 19.3.9.3 Technical Specifications (TS)

ABB-CE established systematic requirements for reduced RCS inventory opera-
tions. The staff reviewed the System 80+ shutdown TS, using insights from
technical findings discussed in NUREG-1449 and the staff's proposed model TS
improvements to enhance the safe-shutdown operation of all nuclear plants
which were discussed with industry during the open meeting with the owners
groups on the improved standard technical specifications (STS) in July 1993
(memorandum from C. Grimes to B. Grimes, September 27,1993). In Table 19.5,

the staff tabulates additional limiting conditions proposed by ABB-CE, beyond
those currently listed in the improved STS (NUREG-1432), for operation during
reduced inventory. The System 80+ shutdown TS reflect redundant onsite ac
power sources, one offsite ac power source, redundant SCS systems, independent
means of monitoring of RCS level and temperature, independent means of
monitoring SDC performance during reduced inventory conditions, and associated
support systems to ensure the DHR capability can be maintained and to minimize
the loss of DHR from a loss of ac power.

The System 80+ shutdown TS closely follow the staff's guidance on the proposed
model TS improvements. Therefore, the staff concludes that the proposed
System 80+ shutdown TS include requirements needed for managing risk during
shutdown operations.

19.3.10 Conclusion

O) Based on the above, the staff finds the System 80+ design and the System 80+(
L./ Shutdown Evaluation Risk Report (CESSAR-DC Appendix 19.8A) acceptable, and

meets the staff's proposed applicable regulation for shutdown risk. Further,
the staff concludes that ABB-CE has adequately addressed the shutdown risk
concerns identified in NUREG-1449 and has demonstrated that the System 80+
design will not introduce significant risk during shutdown operations.

19.4 Consideration of Potential Desian Improvements Under Reauirements of

10 CFR 50.34(f)

19.4.1 Introduction

In 10 CFR 50.34(f)(1)(i), the staff requires an applicant to " perform a
plant / site specific probabilistic rhk usessment, the aim of which is to seek
such improvements in the reliabiiity of core and containment heat removal
systems as are significant and practical and do not impact excessively on the
plant." In accordance with 10 CFR 52.47(a)(1)(ii), ABB-CE has addressed
10 CFR 50.34(f)(1)(1) as documented in CESSAR-DC Appendix 19A. The staff's
evaluation is presented below.

ABB-CE has made extensive use of the results of the PRA to arrive at a final
System 80+ design. As a result, the estimated CDF and risk calculated for the
System 80+ is very low, both relative to operating PWR plants and in absolute
terms. The low CDF and risk for the System 80+ is a reflection of ABB-CE's !

efforts to systematically minimize the effect of initiators / sequences that
have been important contributors to CDF in previous PWR PRAs. This has been
done largely through the incorporation of a number of hardware improvements in
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the System 80+ design. Among the improvements are a four-train dedicated
safety EFWS which includes two turbine-driven pumps for increased availability
in SB0 sequences, a safety-grade reactor depressurization system for facili-
tating feed-and-bleed operation, a diverse and independent combustion gas
turbine capable of providing ac power to any of the safety and non-safety
divisions, an IRWST that eliminates the need for switchover from injection to
recirculation following a LOCA, and an ac-independent system as a backup to )
the CSS. Several improvements have also been incorporated in the System 80+ |

I

design to mitigate the consequences of a core damage event. These include *
an HMS capable of being powered from station batteries, a reactor CFS to i

'

enhance the potential for ex-vessel debris coolability, the use of limestone
concrete in the reactor cavity to extend the time to basemat penetration, and
a high containment ultimate pressure capacity to minimize the potential for
early containment failure. These and other System 80+ design features which
contribute to low CDF and low risk for the System 80+ are discussed in
Section 19.1 of this chapter.

In response to 10 CFR 50.34(f)(1)(i), ABB-CE submitted an initial evaluation
of potential System 80+ design improvements by letter dated April 24, 1992 l

(LD-92-056). On the basis of this evaluation, ABB-CE concluded that because |

of the small risk associated with the System 80+ design (estimated at approxi-
mately 330 person-rem over a 60-year plant life) none of the design improve-
ments considered were cost beneficial.

This evaluation was subsequently revised in letters dated June 18, 1993
[LD-93-098], and September 30,1993 [LD-93-143], to reflect (1) changes made
to the Level 1 and 2 portions of the PRA, (2) consideration of an expanded set
of design improvements, and (3) additional information regarding the basis for
risk reduction and cost estimates for selected design improvements. The
residual risk in the revised analyses (approximately 8 person-rem over a 60-
year plant life) was substantially less than in the original analysis, and
strengthened ABB-CE's original conclusion that none of the design improve-
ments, beyond those already incorporated in the System 80+ design, were cost
beneficial. Finally, ABB-CE incorporated their evaluation into CESSAR-DC
Appendix 19A " Design Alternatives for the System 80+ Nuclear Power Plant."

In the advanced version of this report, the staff noted that ABB-CE will
submit a final update to its evaluation of potential design changes in the
next CESSAR-DC amendment to reflect changes in the modeling of SGTR sequences
in the level 1 and 2 PRA. The update will result in an increase in total risk
to approximately U person-rem over a 60-year plant life, but will not change
ABB-CE's original conclusion regarding the cost / benefit of any design alterna-
tives. This issue was part of FSER Confirmatory Item 1.1-1. Subsequently,
ABB-CE updatea the CESSAR-DC in Amendment V with this information. This is
acceptable and resolves this aspect of FSER Confirmatory item 1.1-1.

19.4.2 Estimate of Risk for System 80+

19.4.2.1 ABB-CE Estimates

The results of the Level 2 portion of the PRA is a set of RCs, each with an
associated source term and frequency of occurrence. In the Level 3 PRA, these
source-term estimates are combined with meteorological data and population
data to yield predictions on offsite radiological impacts. Total offsite
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consequences are obtained by weighing the consequences for each RC by the RCp
T frequency.i

In ABB-CE's PRA analysis, source terms for each RC were determined using a
plant-specific version of the NRC-developed XSOR code. Offsite consequences
were then calculated for each RC using the NRC-developed MACCS code. Conse-
quences were determined for a reference site defined by the meteorological and
population data reported in Revision 1 of the EPRI ALWR URD (Chapter 1, i

Appendix A, Annex B, Revision 1, May 1989). The ALWR reference site data were l
developed by EPRI to conservatively represent, that is, bound, the consequenc- l
es at approximately 80 percent of the reactor sites in the United States. |

ABB-CE's estimate of the cumulative offsite risk to the population within
50 miles of the site is approximately 17 person-rem, assuming a 60-year plant
life. The small level of risk calculated by BB-CE is primarily due to the
low estimated CDF for the System 80+ (2 x 10'p/ reactor-year), combined with
the relatively benign nature of the bulk of the releases from containment, in
terms of timing and magnitude of release. As a result of the low estimated
CDF and associated risk levels for the System 80+, any potential modifications
which cost more than about $20,000 would not be cost effective, even if the
design modification were to totally eliminate the severe accidents or their
consequences.

19.4.2.2 Staff Review of ABB-CE Estimates

The staff has reviewed the major models and assumptions entered into ABB-CE's
risk estimate. ABB-CE based its risk estimate on four mejor elements: (1)

(Vn)
the mean value CDF estimate from the Level 1 PRA; (2) the MAAP computer code'

and supporting deterministic analyses for modeling accident progression,
containment performance, and time and energy of release; (3) a plant-specific
version of the XSOR code for estimating fission-product releases (source
terms); and (4) the MACCS computer code, combined with meteorology and
population data for a bounding reactor site, for estimating offsite conse-
quences.

As discussed in Section 19.1 of this chapter, the staff finds the approach
used by ABB-CE for assessing CDF and containment performance to be logical and
sufficient for describing and quantifying potential core damage sequences.
ABB-CE has also estimated the uncertainty inherent in the CDF estimate, which
has been considered by the staff in assessing the merit of the design alterna-
tives.

The staff notes that in addition to MAAP code calculations for containment
performance, ABB-CE submitted additional analyses using the NRC-developed
MELCOR code. The NRC staff has also performed a number of severe-accident
confirmatory calculations, as described in Section 19.2 of this chapter. On
the basis of ABB-CE and NRC calculations, the staff concludes that ABB-CE's
characterization of accident progression and containment performance is
acceptable.

The staff has reviewed ABB-CE's source term estimates for the major RCs and
.

compared these predictions with estimates from NUREG-1150. The staff finds
the two sets of estimates in reasonable agreement. Finally, the staff

g,

considers ABB-CE's use of the MACCS code in conjunction with the bounding sitet '

ABB-CE System 80+ FSER 19-153 June 1994



data in the EPRI requirements document to be an acceptable basis for estimat-
ing the consequences associated with severe-accident releases for the System
80+ design.

Considering the acceptability of ABB-CE's overall approach for quantifying the
risk of severe accidents, the staff has based its assessment of the risk
reduction potential for potential design improvements on ABB-CE's estimate of
risk (17 person-rem over a 60-year plant life for internally initiated
events). However, the validity of the conclusions of this analysis were
tested by considering the uncertainties in CDF estimates, as well as the
potential for core damage from external events.

19.4.3 Identification of Potential Design Improvements

19.4.3.1 List of Potential Design Improvements

ABB-CE identified a set of potential design improvements for the System W
based on (1) previous industry and NRC-sponsored studies of preventi % and
mitigative features which address severe accidents; (2) the dominant failure
modes identified in the System 80+ PRA, including SGTRs; and (3) input from
the System 80+ design engineering staff. Among previous studies considered
are the SAMDA performed by the NRC staff for Limerick, Comanche Peak, and the
advanced boiling-water reactor standard plant design, as well as the plant
improvements explored as part of the NRC CPI program. Through this effort,
ABB-CE developed a list of 63 potential design improvements. The list is
presented in CESSAR-DC Table 19A.5-1 (Amendment V).

ABB-CE eliminated certain design improvements from further cons.deration on
the basis that they are already incorporated into the System 80+ def.gn.
Examples of design improvements already included in the design ar2 larger
pressurizer and SGs, an SDS, an IRWST, an HMS, and a CTG. On the basis of
this screening, 40 potential design improvements were retained for further
consideration. The list of design improvements selected for further evalua-
tion was presented in CESSAR-DC Table 19A.5-2 (Amendment V).

The staff has reviewed the set of potential design improvements identified by
ABB-CE and finds it to be comprehensive. The list includes all improvements
identified as part of the NRC CPI program, and the NRC review of SAMDAs for
Limerick that would be applicable to the System 80+. The list also includes
potential design improvements oriented toward reducing the risk from major
contributors to risk for System 80+, specifically, SGTR events. The staff
notes that the set of design improvements is not all inclusive, in that
additional, perhaps less-expensive design improvements can be postulated.
However, the benefits offered by any additional modifications would not likely
exceed those for the modifications evaluated, and the costs of alternative
improvements are not expected to be less than those of the least expensive
improvements evaluated, when the subsidiary costs associated with maintenance,
procedures, and training are considered. On this basis, the staff concludes
that the set of potential design improvements identified by ABB-CE is accept-
able.

The set of design improvements selected for further evaluation also appears to
be reasonable. Among the improvements considered are a filtered containment
vent and a flooded rubble bed core-retention device, two improvements specifi-
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cally mentioned in NUREG-0660 for evaluation as part of TMI Item II.B.8.

[m) ABB-CE also considered a strategy to delay the time of reactor vessel failure
'w,- by flooding the reactor cavity to a level above the reactor vessel lower head.

Recognition of the need for this modification was instigated by the results of
recent analyses of reactor vessel bottom head failure as documented in
NUREG/CR-6056.

It should be noted that several of the improvements selected for further
evaluation have been incorporated as part of the System 80+ design independent
of this evaluation of design improvements. These include the following:

RCP Seal Cooling - A dedicated, positive-displacement seal injection-

pump (air-cooled) independent of CCW is provided in the System 80+
design, thereby reducing the potential for RCP seal LOCAs during loss of
CCW events.

Alternative SFWS -- The SFWS has been modified so that it can be used as*

a backup to the EFW system.

Nitrogen-16 (N-16) Monitors - N-16 monitors will be installed to assist-

the operators in identifying SGTR events.

Alternative Containment Spray - An independent CSS has been added as a.

backup to the front-line CSS, so that frequency of late steam
overpressure failures is reduced.

Hydrogen Purge Line - The existing hydrogen purge line in the System 89+.

(n) design can be used to vent the containment to avoid late containment
'% / overpressure failures.

Alternative Concrete Composition - The use of a limestone-based concrete*

in the reactor cavity is specified to provide increased resistance to
core concrete attack and basemat penetration.

These items are identified as potential design improvements in the section
below, but have not been further evaluated since they have already been
incorporated into the plant design.

19.4.3.2 Description of Design Improvements

The design improvements selected by ABB-CE for cost-benefit evaluation are
described in Section 5 of CESSAR-DC Appendix 19A (Amendment V). These
improvements are listed below, grouped according to the general objective of

| the improvement. The numbers in parentheses correspond to the design alterna-
,

tive number in the ABB-CE submittal.

A: Increase Primary and Secondary Boundary InteQritY

RCP Seal Cooling (A1) - Add a dedicated positive displacement pump for=

diverse seal injection that is not dependent on CCW, thereby reducing
the potential for RCP seal LOCAs during loss-of-CCW events (added to
design). ;n) .

(V 100-Percent SG Inspection (A2) - Perform eddy-current testing on 100=
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percent of the SG tubes each refueling outage in order to reduce the
frequency of SGTR events.

N-16 Monitors (A3) - Provide N-16 monitors to assist the operators in-

identifying SGTR events (added to design).

Increase Secondary Side Pressure (A4) - Upgrade the design pressure of-

the secondary system, including the MSSVs, from 1,200 psia to 1,500 psia
in order to reduce the frequency of SGTR events.

Passive Secondary-Side Coolers (A5) - Provide a passive, secondary-side-

heat-rejection loop consisting of a condenser and heat sink to reduce
the potential for core damage due to loss-of-feedwater events.

Secondary Side Guard Pipes (A6) - Install guard pipes around the*

,

secondary piping between the containment and MSIVs in order to reduce
| the potential for multiple SGTRs given an MSLB.
I

Improved Overpressure Protection (A7) - Incorporate modifications to the-

original System 80+ design, as described in CESSAR-DC Appendix SE, to
reduce the challenges and risk from ISLOCAs (added to design).

Digital large-Break LOCA Protection (A8) -- Upgrade plant instrumentation-

and logic to improve the capability to identify symptoms / precursors of a
large-break LOCA (leak before break), thereby reducing the frequency of
large-break LOCAs and MSLBs inside containment.

B: Increase Decay Heat Removal Reliability

Alternative Batteries and EFWS (81) - Increase the capacity of the EFWS-*

related batteries so that loss of DHR due to battery depletion is
eliminated.

12-Hour Batteries (B2) - Increase the battery size to accommodate a 12-*

hour rather than 8-hour duty cycle, thereby reducing the probability of
failure to recover offsite power before core damage.

Alternative Pressurizer Auxiliary Spray (B3) - Increase the redundancy-

and diversity of the pressurizer spray valves and charging pump, so that
failures of the auxiliary spray to successfully depressurize the primary
system are eliminated in SGTR sequences.

Alternative High-Pressure Safety injection (HPSI) (B4) - Provide an*

alternative or improved HPSI system, so that all core-damage sequences
involving HPSI failures are eliminated.

Alternative RCS Depressurization (BS) - Increase the reliability and-

diversity of the safety depressurization valves so that all sequences in
which SDS fails are essentially eliminated

Diesel-Driven 51 Pumps (B6) - Replace two of the electric SIS pumps witha

diesel-driven pumps to reduce CCF of all four pumps and the risk from
SBO.
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Alternative SFWS (87) - Modify the startup feedwater pump so that it can-

(n) be used as a backup to the EFW system, including during SB0 events
(/ (added to design).

Extended IRWST Source (B8) - Provide a separate borated water storage-

tank and pump for refilling the IRWST, thereby reducing the potential
for RWST depletion in unisolated SGTR events ;

C: Imorove Electrical Power Reliability

Third Diesel Generator (Cl) - Add a third, swing DG to lower the proba--

bility of SB0 events and provide improved operational flexibility.

Tornado-protection for Combustion Turbine (C2) - Provide tornado-

protection for the gas turbine generator and associated support systems
to prevent loss of the system due to tornado and high-wind events.

Fuel Cells (C3) - Use fuel cells in lieu of conventional lead-acid-

batteries, thereby extending the availability of dc power.

Hookup for Portable Generators (C4) - Provide temporary connections so*

that portable generators could be used to power the turbine-driven EFW
pump after the station batteries are depleted.

D_: ATWS and External Events

Alternative ATWS Pressure Relief Valves (01) - Provide a system of-
7x
/ relief valves that can prevent equipment damage from a primary coolantV) pressure spike in an ATWS sequence.

ATWS Injection System (D2) - Modify the RCP seal cooling system to-

inject boron using existing sources of boron and existing piping and
valves.

Diverse PPS (D3) - Provide a third, diverse PPS to resolve I&C diversity=

concerns and reduce the frequency of ATWS events.

Increased Seismic Capacity (D4) - Modify the plant design, including*

containment and SG support design, to meet an HCLPF of twice the SSE
(i.e., 0.6 g).

E: Reduce Radioactive Releasgi

Alternative Containment Spray (El) - Provide an independent CSS as a.

backup to the front-line CSS, sc that frequency of late steam
overpressure failures is reduced (added to design).

Filtered Containment Vent (E2) - Add a filtered containment vent similar-

to the multi-venturi scrubbing systems implemented in some plants in
Europe to eliminate the potential for late containment overpressure
failures

b Alternative Concrete Composition (E3) - Use an advanced concrete*

d composition in the reactor cavity or increase the thickness of the

ABB-CE System 80+ FSER 19-157 June 1994

4



basemat concrete so that basemat melt-through is prevented (added to
design).

Reactor Vessel Exterior Cooling (E4) - Provide the capability to-

submerge the reactor vessel lower head in water during severe accidents
in order to enhance heat removal from the lower head and prevent melt-
through of the lower head.

Alternative Hydrogen Igniters (ES) - Provide dedicated batteries for the*

HMS in order to improve system reliability and further reduce the
potential for containment failure from hydrogen combustion .

Passive Autocatalytic Recombiners (E6) - Provide passive autocatalytic*

recombiners in addition to the existing HMS to provide improved hydrogen
control, particularly in SB0 sequences.

MSSV and ADV Scrubbing (E7) - Route the discharge from the MSSVs and-

ADVs through a structure where a water spray would condense the steam
and remove most of the fission products, thereby reducing the conse-
quences associated with SGTR.

Alternative Containment Monitoring System (E8) - Improve the containment*

isolation valve position indication so that risk from containment bypass
sequences and ISLOCAs is eliminated.

Cavity Cooling (E9) - Modify the reactor cavity configuratiun and the-

flowpaths between the IRWST and reactor cavity so that heat from the
reactor vessel lower head or ex-vessel core debris could be transported
passively to the IRWST, thereby reducing the potential for reactor
vessel failure, EVSEs, and core-concrete interactions.

Venting the MSSV in Containment (E10) - Route the MSSV steam releases-

back into containment in order to minimize releases to the environment
in SGTR events.

Hydrogen Purge Line (Ell) - Provide the capability to vent the contain-*

ment to avoid late containment overpressure failures (added to design).

Water-Cooled Rubble Bed (E12) - Provide a bed of refractory pebbles that*

would impede the flow of molten corium to the concrete drywell struc-
tures a d increase the available heat transfer area, thereby enhancing
debri molability.

Refractory-Lined Crucible (E13) - Provide a ceramic-lined crucible and-

cooling system in the reactor cavity in order to eliminate the potential
for basemat melt-through.

Vacuum Building (E14) - Provide a separate building / structure that would-

be normally maintained at a vacuum and would be connected to the primary
containment boundary following an accident, thereby depressurizing the
primary containment and further reducing emissions from severe acci-
dents.

Ribbed Containment (E15) - Add ribbing to the containment shell to*
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reduce the potential for buckling due to containment vacuum conditionsg (i.e., reverse pressure loading).,

\

19.4.4 Risk Reduction Potential of Design Improvements ,

l

19.4.4.1 ABB-CE Evaluation

ABB-CE used the reduction in cumulative risk of accidents occurring during the
life of the plant as the basis for estimating the benefit that could be
derived from plant improvements. ABB-CE developed estimates of risk reduction
by determining the approximate effect of each modification on the frequency of
the various RCs in the PRA. ABB-CE's basis for estimating the risk reduction
for each design improvement is discussed in CESSAR-DC Section 19A.5 (Amendment
V). ABB-CE's risk reduction estimates for each potential design improvement
are reported in Table 19.6.

The staff reviewed ABB-CE's bases for estimating the risk reduction associated
with the various design improvements. The staff notes that considerable
judgment was exercised in estimating the risk reduction potential, but that
the rationale and assumptions on which the risk reduction estimates are based
are, in general, reasonable.

19.4.4.2 Staff Evaluation

in view of the small residual risk for the System 80+, rather than performing
an independent assessment of the risk reduction potential of each System 80+

7- design improvement, the staff used a screening-type approach for identifying
c the most promising design improvements. The set of potential design improve-

ments was initially screened using a bounding assumption that each improvement
would eliminate all of the risk from internally initiated events for the
System 80+ (17 person-rem for the 60-year plant life). This approach tends to
over estimate the benefits because the System 80+ risk profile reflects
contributions from several unique types of sequences, for example, SBO,
containment bypass, and LOCAs. An individual design improvement would
generally reduce or eliminate some of these contributors, but would have no
effect on others. Moreover, there are numerous and diverse modes of contain-
ment failure which must be dealt with to ensure containment integrity in a
severe accident. Thus, a carefully selected set of plant improvements would
generally be needed - each one acting on particular components of risk - to
significantly reduce total risk.

For those potential design improvements whose cost-benefit ratio was found to
ibe within a factor of 10 of the $1,000/ person-rem-averted criterion in the

screening assessment, e vore design-specific assessment was subsequently
performed. This is disci.ssed further in Section 19.4.6 of this chapter. r

19.4.5 Cost impacts of Candidate Design Improvements

ABB-CE determined the approximate costs for each design improvement. The
costing methodology and assumptions are described in CESSAR-DC Section
19A.3.2. The cost basis for each plant improvement is given in CESSAR-DC |

Section 19A.5, item by item. |
7

ABB-CE indicated t'nat the cost estimates represent the incremental costs that
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would be incurred in a new plant, not costs that would apply on a backfit
basis. ABB-CE also indicated that the costs were intentionally biased on the
low side, but that all known or reasonably expected costs were accounted for
in order that a reasonable assessment of the minimum cost would be obtained.
However, the cost analyses conservatively neglected any annual costs associat-
ed with operation of the design improvements, including testing, maintenance,
and training.

For modifications that reduce the CDF, ABB-CE reduced the costs of the design
improvements by an amount proportional to the reduction in the present worth
of the risk of averted onsite costs. Among onsite costs considered were
replacement power at $0.013/kwh differential cost, direct accident costs
including onsite cleanup at $2 billion, and the economic loss of the facility
at $1.4 billion. The resulting costs for each of the design improvements are
given in Table 19.6.

The staff reviewed the bases for ABB-CE's cost estimates and finds them
reasonable. For certain improvements, the staff also compared ABB-CE's cost
estimates with estimates developed elsewhere for similar improvements, even
though the bases for some of these cost estimates were different. The staff l

considered the cost estimates developed as part of (1) the evaluation of l
Idesign improvements for GESSAR II (NUREG-0979, Supplement 4) and (2) the

review of SAMDAs for Limerick and Comanche Peak (NUREG-0974 and -0775,
respectively).

The staff noted a number of inconsistencies in the cost estimates; for

example, ABB-CE's cost estimates for certain improvements, such as 12-hour
batteries ($300K), and reactor cavity cooling system ($50K) were lower than
expected, whereas the costs for other improvements were much higher than
expected, such as alternative concrete composition ($5 million) and refracto-
ry-lined crucible ($108 million). Nevertheless, the staff views ABB-CE's
approximate cost estimates as adequate, given the uncertainties surrounding
the underlying cost estimates, and the level of precision necessary given the
greater uncertainty inherent on the benefit side, with which these costs were
compared.

19.4.6 Cost-Benefit Comparison

A cost-benefit comparison was performed to determine whether any of the
potential severe-accident design features could be justified. ABB-CE's cost-
benefit estimates for each potential improvement are reported in Table 19.6.
Consistent with current NRC practice (NUREG-3568), ABB-CE used a screening
criterion of $1,000/ person-rem-averted to identify whether any of the design
improvements could be cost effective. As shown in Table 19.6, the potential
cost per averted person-rem ranges from about $25,000 to $830 million for the
various suggested modifications according to ABB-CE evaluation, far exceeding
the $1,000/ person-rem-averted criterion. On this basis, ABB-CE concluded that
no additional modifications to the System 80+ design are warranted.

As mentioned in Section 19.4.4.2, the staff used a screening-type approach for
identifying the most promising design improvements, and performed a more
detailed assessment for only those design improvements whose cost-benefit
ratio was found to be within an order of magnitude of the $1,000 dollar /
person-rem criterion in the screening assessment. The factor of 10 is
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consicered to provide ample margin to cover uncertainties in risk and cost

(m) estiaates, given that, in general, estimates for these factors were conserva-
v' tively estimated.

The set of potential design improvements was initially screened using a
bounding assumption that each improvement would eliminate all of the risk from
internally initiated events for the System 80+ (17 person-rem for the 60-year
plant life). This approach tends to overestimate the benefits because the
System 80+ risk profile reflects contributions from several unique types of
sequences, for example, SB0, containment bypass, and LOCAs. On the basis of
the initial screening, all but two of the potential design improvements have a
cost-benefit ratio at least a factor of 10 greater than the $1,000/ person-rem-
averted criterion, in spite of the significant conservatism in assessing risk
reduction potential in the staff's analysis. For these improvements, a more
design-specific assessment was performed. The two exceptions are:

Hookup for Portable Generators (C4) - Provide temporary connections so*

that portable generators could be used to power the turbine-driven EFW
pump after the station batteries are depleted.

Cavity Cooling (E9) - Modify the reactor cavity configuration and the*

flow paths between the IRWST and reactor cavity so that heat from the
reactor vessel lower head or ex-vessel core debris could be transported
passively to the IRWST, thereby reducing the potential for reactor
vessel failure, EVSEs, and core-concrete interactions.

p The staff notes that for these two modifications, the assumption that all
(j) residual risk for the System 80+ design is eliminated is overly conservative,

since these improvements will have little impact on the SGTR sequences that
dominate risk for System 80+. ABB-CE's risk reduction estimates, which take
into account the actual plant risk profile, are judged to be more appropriate
for these options. ABB-CE's risk-reduction estimates for the portable
generator hookup option assume complete elimination of all sequences in which
EFW is lost after battery depletion. The risk- reduction estimates for the
cavity flooding option assume complete elimination of reactor vessel melt-
through, basemat attack, and steam explosions. On the basis of these assump-
tions, the cost-benefit ratio for the two options are a factor of 25 or more
higher than the $1,000/ person-rem-averted criterion. Furthermore, the staff
notes that at $10,000 and $50,000, respectively, these are lowest cost
modifications evaluated by ABB-CE, and appear somewhat low. The staff
concludes that these design options would not be cost beneficial, and also
would not substantially reduce overall risk for the System 80+ design since
the improvements would not have an impact on the sequences that dominate risk
for System 80+.

For several of the potential design improvements, ABB-CE did not perform a
detailed assessment of costs or risk reduction because ABB-CE judged that
these improvements would involve serious design drawbacks, major redesign
efforts, or extremely high costs, or would be relatively ineffective given
features already incorporated in the System 80+ design. The staff considers
ABB-CE's bases for excluding these improvements from further evaluation to be
reasonable.

The staff notes that even though the System 80+ design is essentially a paper
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design, relatively large costs are still to be anticipated for many of the
design improvements because they would involve first-of-a-kind engineering,
and would need to be integrated within the existing design. In addition, the

j introduction of a new system will trigger a series of related requirements
such as incremental training, procedural changes, and possible licensing
requirements. These are all legitimate costs that require consideration in a
comprehensive cost estimate. The staff concludes that none of the modifica-
tions evaluated would be cost effective given the low residual risk for the
System 80+ and the $1,000/ person-rem-averted criterion.

The staff has considered the robustness of this conclusion relative to a
number of critical assumptions in the analysis, as described below. These

| involve the effect of uncertainties in estimating CDF, the use of alternative'

cost-benefit criteria, and the inclusion of external events within the scope
of the analysis.

On the basis of uncertainty analyses performed by ABB-CE for the Level 1>

portion of the PRA (see Section 19.1.3.1.3 of this Chapter), the 95th-I

4percentile CDF is approximately 5 x 10 /per reactor year. This is about a
factor of 3 higher than the mean value on which the cost-benefit analysis is
based, but still very low comparea to operating plants and also in absolute
terms. Even if the benefits of the various design improvements were
requantified on the basis of this upper bound value, none of the improvements
would become cost beneficial. This would remain the case even if the cost-
benefit criteria was also increased by a factor of 10 to $10,000/ person-rem-
averted.

If external events are included, the estimate of System 80+ risk could be one
or possibly two orders of magnitude higher than considered in this analysis.
However, even if they CDF were two orders of magnitude higher, any design
modifications or combinations which cost more than $1.7 million would not be
cost effective even if they completely eliminated all risk. On the basis of
the ABB-CE analysis, those modifications which were estimated to cost less
than $2 million have a relatively low risk reduction potential, and would
generally eliminate only about 10 percent of the residual risk from internal
events. The lower cost improvements are also not expected to be effective in
eliminating most of the added risk from seismic events. As a result, none of
these improvements are expected to be cost effective when their actual
effectiveness ia reducing risk is taken into account.

The staff concludes that given the significant margins in the results of the
cost-benefit analysis, the findings of the analysis would be unchanged even
considering the factors discussed above.

19.4.7 Conclusions

As discussed in Section 19.1 of this report, ABB-CE has made extensive use of
the results of the PRA to arrive at a final System 80+ design. As a result,
the estimated CDF and risk calculated for the System 80+ is very low both
relative to operating plants and in absolute terms. The low CDF and risk for j
the System 80+ is a reflection of ABB-CE's efforts to systematically minimize
the effect of initiators / sequences that have been important contributcrs to
CDF in previous PWR PRAs. This has been done largely through the incorpora- |
tion of a number of hardware improvements in the System 80+ design. These i
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include the provision of a four-train dedicated safety EFWS which includes two |

O grade reactor depressurization system for facilitating feed-and-bleed opera-
turbine-driven pumps for increased availability in SB0 sequences, a safety- i

tion, a diverse and independent combustion gas turbine capable of providing ac
power to any of the safety and non-safety divisions, an IRWST that eliminates !

the need for switchover from injection to recirculation following a LOCA, and
an ac-independent system as a backup to the CSS. Several improvements have
also been incorporated in the System 80+ design to mitigate the consequences
of a core-damage event: an HMS capable of being powered from station batter-
ies, a reactor CFS to enhance the potential for ex-vessel debris coolability,
the use of limestone concrete in the reactor cavity to extend the time to
basemat penetration, and a high containment ultimate pressure capacity to
minimize the potential for early containment failure. These and additional
System 80+ design features which contribute to low CDF and risk for the System
80+ are discussed in Section 19.1 of this Chapter.

Because the System 80+ design already contains numerous plant features
oriented toward reducing CDF and risk, the benefits and risk reduction
potential of additional plant improvements is significantly reduced. This is
true for both internally and externally initiated events. For example, the
System 80+ seismic design basis (0.3 g SSE) has been shown to result in
significant ability to withstand earthquakes well beyond the design basis, as
characterized by a HCLPF value of about 0.7 g. Moreover, with the features
already incorporated in the System 80+ design, the ability to estimate CDF and ,

risk approaches the limitations of probabilistic techniques. Specifically,
'

when CDFs of 1 in 100,000 or 1,000,000 years are estimated in a PRA, it is the
g areas of the PRA where modeling is least complete, or supporting data is

sparse or even non-existent, that could actually be the more important*
,

contributors to risk. Areas not modeled or incompletely modeled include human '

reliability, sabotage, rare initiating events, construction or design errors, '

and systems interactions. Although improvements in the modeling of these
areas may introduce additional contributors to CDF and risk, the staff does -

not expect that additional contributions would change anything in absolute
terms. ,

;

In 10 CFR 50.34(f)(1)(1), the staff requires an applicant to perform a ;

plant / site-specific PRA, the aim of which is to seek such improvements in the
reliability of core and containment heat removal systems as are significant
and practical and do not impact excessively on the plant. The staff concludes
that the System 80+ PRA, and ABB-CE's use of the insights of this study to
improve the design of the System 80+ meet this requirement. The staff concurs
with the ABB-CE conclusion that none of the potential design modifications
evaluated are justified based on cost-benefit considerations. It is further
concluded that it is unlikely that any other design changes would be justified
on the basis of person-rem exposure considerations, because the estimated CDFs -

would remain very low on an absolute scale.
,

19.4.8 References
,

1. ABB-CE final assessment of Design Alternatives -- CESSAR-DC Appendix 19A
(Amendment W).,

1
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Appendix 19A OPEN, CONFIRMATORY, AND COL ACTION ITEMS IDENTIFIED AS UNRE-
S0LVED IN THE SYSTEM 80+ DSER

|

O

O
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19A.1 RESOLUTION OF DSER OPEN ITEMS

d In preparing the DSER for the System 80+ PRA, the staff identified 51 open
items. ABB-CE replied to all DSER items. The staff reviewed ABB-CE's
responses and in many cases made a RAI. The review by the staff of ABB-CE's
responses to the DSER open items, including responses to subsequent questions,
found that the applicant satisfactorily addressed these issues. Therefore,

the staff considers that all open items raised in the DSER are resolved.
Closure of these DSER open items is summarized below.

Open item 19.1.1.1-1: At the time the DSER was prepared, ABB-CE was updating
its IRWST design. In this DSER open item, the staff stated that the PRA will
be revised by ABB-CE to reflect the design change and that the likelihood for
an unisolable IRWST leak due to a pipe break will be reevaluated. ABB-CE used i

the final IRWST design in the PRA-based SMA. The PRA-based SMA evaluated the
likelihood of an unisolable IRWST leak and was found acceptably low. This 4

'

open item is resolved.

Open Item 19.1.2.1.1.2-1: The staff asked ABB-CE to evaluate the poten-

| tial impact of failure to open of one or more PSVs to prevent RCS ,

overpressurization following an ATWS event. This evaluation was needed to |

determine the success criterion regarding the number of PSVs that must open to !

achieve successful RCS pressure relief during an ATWS event. In response to
this open item, the applicant performed a series of ATWS transient analyses to j

evaluate the System 80+ response to an ATWS event as a function of the
moderator temperature coefficient (MTC) and the number of PSVs that must open
to mitigate the pressure transient. The results of these analyses, in
conjunction with other ABB-CE analyses to determine the Level C stress limit!

\ pressure (i.e., the pressure level above which RCS integrity, or the operabil-
ity of the systems needed for safe shutdown, can be jeopardized), were used to
determine the number of PSVs that must open assuming different MTC values. To
account for uncertainties in the deterministic "best estimate" analyses, and
for PRA modeling purposes only, it was conservatively assumed that the Level C
stress limit pressure is 3200 psia. ABB-CE modified the ATWS event tree model
to reflect failure of PSVs to open. The staff found ABB-CE's conservative
modeling of this issue acceptable. This open item is resolved.

'

Open Item 19.1.2.1.1.2-2: The staff asked ABB-CE to justify the success
criterion for the cooling of the IRWST following an ATWS event with consequen-
tial SGTR (the same success criterion for IRWST cooling as for other less
severe accidents was utilized). The concern was whether one train of the CSS
is sufficient to successfully cool the IRWST following an ATWS event with a
coqsequential SGTR and the loss of other heat removal systems. The concern
sas rais,6 because the success criterion used for IRWST cooling was based on
normal feed-and-bleed loads, while in an ATWS induced SGTR event the reactor
power is higher and the reactor coolant is continuously lost though the!

ruptured SG tube. In response to this open item, ABB-CE performed a mass and
energy balance calculation for the IRWST. The energy deposited to the IRWST
during the first 4 hours of the accident, when the reactor power exceeds the
energy removal capability of one CSS train, was estimated. The mass and
energy removal mechanisms considered in the calculation included the CSS heat
exchanger and the leak through the rupture (assumed to have an average value

J, of 30 lb/sec during this time period). This calculation indicated that
| V although the IRWST water temperature would rise to saturation and a small
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portion of the IRWST water (about 1 percent) would be lost through evapora-
tion, in addition to the water lost through the break, the IRWST would still
have plenty of inventory to permit successful feed-and-bleed cooling of the
primary system (the calculation indicates that only about 10 percent of the
IRWST inventory would be lost during the first 4 hours). The staff review
found that this calculation justifies the success criterion for cooling the
IRWST during an ATWS-induced SGTR event. This open item is resolved.

Open Item 19.1.2.1.1.2-3: The staff asked ABB-CE to provide documentation and
related thermal-hydraulic calculations to confirm success criterion of only
one train of containment spray for cooling the IRWST following an ATWS event
with a stuck-open PSV. The concern was whether one CSS pump (and its associ-
ated heat exchanger) is sufficient to remove the heat load on the IRWST and
thus prevent containment overpressurization and failure of the injection pumps
that take suction from the IRWST. In responding to this open item, ABB-CE
used the results of the calculation performed for Open Item 19.1.2.1.1.2-2.
Since the water loss from the IRWST in this case is less than in the SGTR
case, sufficient IRWST water would be available at the suction side of the
injection pumps and the injection capability would not be compromised. In
addition, although the total amount of energy added to the IRWST in this case
could be larger than that for a design basis LOCA, the challenge to contain-
ment due to overpressurization would be less in this case because the RCS
energy is released via the IRWST instead of directly to the containment
atmosphere as is the case of a LOCA. Transient containment pressure calcula-
tions for a LOFW transient, without any heat removal from the IRWST, indicate
that it would take about 40 hours before containment integrity is compromised.
This proves that containment pressurization challenge is not likely in this
case. The staff agrees with the logic in ABB-CE's response. This open item
is resolved.

Open Item 19.1.2.1.1.3-1: The staff asked ABB-CE to provide documentation /
analyses on the time it takes to reach SCS entry conditions following failure

|
l of the SIS during a small LOCA. The concern was whether core uncovery would

start before the SCS entry conditions are reached when ASC is used to
depressurize the primary system during a small LOCA with SI unavailable.
ABB-CE performed best estimate analyses to determine the upper bound of a LOCA
break size for which the core would remain covered in the absence of SI (only
passive SIT injection was assumed). These analyses indicated that the core
uncovery can be prevented for small LOCAs with break sizes of 28 cm
(0.03 ft ) or less. Once SCS entry conditions are reached, the SCS pump is2

aligned to inject borated water from the IRWST into the RCS to replenish the
lost inventory. Sipce small LOCAs were defined in the PRA as an effective2break area of 46 cm (0.05 ft ) or less, ABB-CE redefined (in the updated PRA)

2 za small LOCA as a LOCA with break size equal to 28 cm (0.03 ft ) or less.
This resolved the question posed in this open item. However, due to this

2

change, the bp)eak sizes of medium LOCAs were expanded to include the 28-46 cm(0.03-0.05 ft range. Since a medium LOCA is assumed in the PRA not to
require secondary side heat removal (i.e., break size is sufficient for DHR
via the break only),2ABB-CE was subsequently asked to prepare an analysis2showing that a 28 cm (0.03 ft ' break is sufficient for DHR via the break
alone. ABB-CE responded with a best-estimate transient analysis (OPS-93-0784,
October 1993) showing that this is the case. This open item is resolved.

Open Item 19.1.2.1.1.3-2: For an SGTR event, followed by failure of SIS, ASC
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using both the intact SG and the ruptured SG is considered as a practicablen

(V)
means of cooling the RCS down to SCS entry conditions. The staff requested
ABB-CE to document the results of any supporting thermal-hydraulic analyses
to substantiate the feasibility and estimated reliability of this operation.
In response to this open item, ABB-CE performed best-estimate transient
analyses (results and assumptions documented in OPS-93-0641, Augut 26,1993;
OPS-93-0814, October 7, 1993; and OPS-93-0986, November 19, 1993). These
analyses, which take into account expected operator actions following applica-
ble operating procedures, indicate that ASC is feasible if initiated within
approximately 15 minutes after the failure of the SIS. Its reliability was

estimated by taking into account operator failure to diagnose in time the need
for ASC as well as operator failure to perform the required actions for
successful ASC. The staff found that the analyses (and their results) support
ABB-CE's response. This open item is resolved.

Open Item 19.1.2.1.1.3-3: The concern of this open item was the potential
depletion of the IRWST water inventory in the sequence involving failure of SI
followed by successful ASC and SCS injection. In the original event tree, no
consideration was given to the need for long-term DHR or IRWST cooling, or
whether the ruptured SG has been identified and isolated to terminate the
leakage. If an unisolable leak path exists (e.g., stuck open MSSV), the water
inventory of the IRWST could be depleted early. In response to this question,
the applicant modified the SGTR event tree by expanding the above sequence to
three sequences to include the effects of an unisolable SG leak and a failure
to refill the IRWST. The staff found ABB-CE's response to this open item
acceptable. This open item is resolved.

) Open item 19.1.2.1.1.3-4: The potential for a RCP seal LOCA during a SB0
V scenario was not included in the System 80+ PRA. Since this is contrary to

what is assumed in many operating reactors, the staff asked ABB-CE to p m de
justification for this. ABB-CE maintains that the RCP seals used in the
System 80+ design are not susceptible to seal LOCAs as a rnalt of loss of
cooling. The staff pointed out that the data, analyses, anc test results
submitted by ABB-CE do not provide conclusive evidence to support this
position. ABB-CE subsequently performed a sensitivity analysis to determine
the potential impact on the System 80+ CDF if RCP seal LOCAs were assumed to
be possible when cooling to the seals is lost. Models used in the NUREG-ll50
study for Westinghouse plants were adapted for use in this sensitivity ;

analysis. Various values of the conditional RCP seal failure probability, I

given loss of cooling, were considered. This analysis indicated that the |

estimated CDF from internal events for the System 80+ design is not sensitive
'
,

to the RCP seal failure probability following a SB0 or loss of cooling water
event. The same conclusion was reached for postulated fire and flood induced
RCP seal LOCAs. This result is due to the reduced likelihood of SB0 events
and the improved reliability of RCP seal cooling for System 80+ as compared to !

operating reactor designs. Reduced SB0 likelihood is due to the following
features: (1) two physically separate and electrically independent
switchyards, (2) turbine-generator runback capability, (3) addition of the
non-safety CTG which is independent and diverse from the EDGs, and (4) EDGs i

are provided with dedicated 125-V dc batteries. Improved reliability of RCP I
seal cooling is due to the redundant and diverse systems that perform this
function: (1) two separate and independent CCWS/SSWS divisions, (2) twon

f,
J

redundant and divisionally separated charging pumps, and (3) a diverse (air
U cooled) positive displacement RCP seal cooling pump. For this reason, RCP
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seal LOCAs were not modeled in the System 80+ PRA. The capability and
'

reliability of these important features will be ensured by the incorporation
in the certified design of appropriate certification requirements, such as
ITAACs, RAP, and TS. The staff found ABB-CE's response to this open item
acceptable. This open item is resolved.

Open Item 19.1.2.1.1.3-5: The ATWS events considered in the System 80+ PRA
are those initiated by loss of main feedwater with failure of turbine trip.
The MTC following an ATWS is considered adverse if it is larger than
-3 pcm/*F. An ATWS event, with existence of an adverse MTC, is considered to
lead directly to core damage. This accident sequence was found, by the PRA
evaluated in the DSER, to be a dominant contributor to the total CDF from
internal events. The concern was that the conditional probability of having
an adverse MTC, given an ATWS, was taken to be 0.01 with an EF of 1. Since
there are uncertainties involved in estimating the critical MTC and, hence,
the probability of having an adverse MTC, the staff asked that these be
reflected in an uncertainty analysis to be performed for this sequence. In
response to this open item, ABB-CE changed the EF to 7, the value used in the
NUREG-ll50 PRAs. In addition, ABB-CE argued that, in the case of the Sys-
tem 80+ design, an EF of 7 for the " adverse MTC" event is a conservative
assumption. The staff agrees with the applicant's response. This open item
is resolved.

Open Item 19.1.2.1.1.5-1: CCFs not treated in the System 80+ PRA, which was
evaluated in the DSER, include (1) CCF of check valves, (2) miscalibration of
water level sensors or flow transmitters, and (3) CCFs of components due to
operator or technician errors during test or maintenance. In response to this
open item, ABB-CE modified the fault trees to incorporate CCFs of check
valves. CCF probabilities were calculated using state-of-the-art methods.
Review by the stdf found that CCFs of check valves were appropriately
included in the modeling and quantification of the fault trees. ABB-CE also
responded that common cause " instrument miscalibration" failures were already
included in the " developed" events used for the PPSs. These " developed"
events were taken from detailed System 80 PPS models in CEN-327-A and were
quantified using the failure rate data in that report. ABB-CE submitted a
copy of CEN-327-A along with a brief explanation of what the inputs to the
" developed" events are. The staff's review verified ABB-CE's explanation.
Regarding CCFs due to testing or maintenance errors, ABB-CE responded that
they were already included in the general CCF rates for the components modeled
in the fault trees. The staff determined that, indeed, this was the case. On

the basis of these considerations, this open item is resolved.

Open item 19.1.2.1.1.5-2: The staff asked ABB-CE to resolve a number of human
reliability analysis (HRA) items. These items included missing events in the

,

SGTR event tree and use of the same failure probabilities for a given action'

under very different circumstances. In response to this open item, ABB-CE
made substantial changes to the System 80+ HRA to reflect NRC concerns.
Specifically, Section 19.4 of the SSAR on " accident sequence determination"
was modified to include a description of the standard operator actions for
each initiating event based on the E0P guidelines. The revised SSAR Sec-
tion 19.4 formed the basis for the identification and quantification of the
operator errors modeled for each initiating event. Operator actions needed to
control pressure during an SGTR event were added. The staff found that these
changes are adequate to address the concerns associated with this open item. I

I
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This open item is resolved.

Open Item 19.1.2.1.1.7-1: The staff asked ABB-CE to perform additional
sensitivity / uncertainty /importance analyses to determine the sensitivity of
the risk estimate to parameters that have significant uncertainties. These
analyses were needed to gain insights about the design, to strengthen or
remove doubts about certain aspects of the design, and to provide input for
such certification-related programs as ITAACs, RAP, and Technical Specifica-
tions. In response to this open item, ABB-CE performed all analyses sought by
the staff. The results are documented in Section 19.15 of the SSAR. The
staff review found that these analyses have provided sufficient information
and insights about the design so they can be used to support the various
certification programs. This open item is resolved.

Open Item 19.1.2.1.1.8-1: In determining the unavailability of MOVs for the
RDS, simple demand probabilities were used. However, it is believed that

these probabilities are time-dependent since assumptions about testing and
maintenance intervals significantly affect the demand failure rates for MOVs.
The staff asked that ABB-CE either use time-dependent reliability techniques

|
to determine these demand probabilities or should provide additional informa-
tion / justification for the assumed probability in the PRA. In response to|

this open item, ABB-CE re-calculated the reliability of the RDS MOVs by using
a time-dependent technique and appropriate assumptions. The staff found ABB-
CE's response adequate. This open item is resolved.

Open Item 19.1.2.1.1.8-2: The staff sought further documentation to demon-
strate that the new design features incorporated into the System 80+ design do

O not introduce new and significant failure modes. In response to this open
item, ABB-CE identified several new potential failure modes, such as spurious
draining of the IRWST into the cavity and a spurious opening of a RDS valve.
ABB-CE evaluated each of these new potential failure modes and concluded that
none of them is risk significant. The staff review, based on judgment, found
that the ABB-CE's investigation and evaluation of this issue is adequate.
This open item is resolved.

Open Item 19.1.2.1.2.1-1: The reactor cavity flood system (CFS) design was
modified during the course of PRA preparation, and the final system design was
not reflected in the version of the PRA reviewed at the DSER stage. In
addition, inconsistencies were noted regarding whether the cavity would be wet
or dry if containment sprays are available. ABB-CE subsequently revised the
PRA to reflect the final cavity flooding system design, and submitted addi-
tional information regarding the flooding of the cavity due to containment
sprays. The applicant's response adequately addresses the concerns raised in
the DSER. This open item is resolved.

Open Item 19.1.2.1.2.1-2: In the original PRA, details on the data and split
fractions used in the containment safeguard event tree (CSET) were not given.
The availability of systems in the CSET and their effects on the PDSs were, :
therefore, not clear. Of particular concern was the high probability of wet
cavity cases, and its impact on core-concrete interactions. In response to
staff concerns, ABB-CE provided conditional probabilities of each of the
containment safeguard states, and additional information regarding the successn

( 1 criterion and success probability for the CFS based on the final design of the
V system. This information supports the probability of dry cavity and CCI in
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the System 80+ PRA, and resolves this open item. )

Open item 19.1.2.1.2.2-1: A number of concerns were identified in the DSER
regarding the validity of several of the PDS deletion rules. In response to
this open item, ABB-CE changed the deletion rules in question and corrected
other inconsistencies discussed in the DSER. The changes were reflected in
the updated PRA, and resolve the concerns raised in the staff's earlier
review.

Open item 19.1.2.1.2.3-1: Some of the parameters that are important to
defining fission product release (e.g., release point) were included in the
PDS definition, but were not included in the containment event tree or the RC
definition. As a result, PDSs with significantly different in-vessel releases
to containment could be grouped in the same RC. In response to this concern,
ABB-CE revised the CETs and the related supporting logic models to include top
events for fission-product scrubbing for the various release paths (e.g., in-
vessel and vaporization releases). Although there are still parameters that
are important to fission product releases that are not included in the CET top
events (e.g., the RCS leakage rate, which affects fission-product deposition
in the RCS), the staff concludes that these changes acceptably resolve the
concerns raised in the earlier review. This open item is resolved.

Open Item 19.1.2.1.2.3-2: In the DSER, the staff noted that several of the
CET end states in the original PRA were not necessary because they were
physically impossible, and that certain additional end-states may be needed.
In response to this item, ABB-CE corrected the CET to eliminate physically
impossible end states, and added additional end states to cover outcomes not
originally modeled. After reviewing the updated CETs, the staff concludes
that the problems noted with the original CETs have been eliminated. This
open item is resolved.

Open Item 19.1.2.1.2.4-1: The frequency of containment isolation failure in
the System 80+ PRA was taken directly from WASH-1400. In response to staff
concerns regarding the applicability of this value to the System 80+ design,
ABB-CE performed a plant-specific assessment of the probability for contain-
ment isolation failure due to piping penetration failure. The contribution to
containment isolation failure from other important penetrations, such as
electrical penetrations, equipment hatch, and personnel airlocks, was not
included in this assessment, but is controlled by other regulatory require-
ments, including technical specifications and periodic leak testing under
Appendix J. On these bases, the staff concludes that ABB-CE's treatment of
containment isolation in the PRA is acceptable. This open item is resolved.

Open Item 19.1.2.1.2.4-2: A number of questions were raised in the DSER
related to probability values used in quantifying the DCH logic model.
Specifically, ABB-CE was asked to provide further justification for the
probability values used to assess: debris retention in the reactor cavity
(CAVTGE0M), temperature-induced failure of the RCS (HSINTACT), and failure to
actuate the SDS. In the updated PRA, the use of the cavity retention parame-
ter (CAVTGE0M) to reduce the probability of DCH failure has been eliminated.
Values used for the latter two parameters have also been modified and further
justified in the updated PRA. The staff concludes that the treatment of these
issues in the updated PRA adequately resolves this open item.

|
,
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Ooen Item 19.1.2.1.2.4-3: In the original PRA, credit was taken for the HMS
(n) in sequences in which the reactor vessel fails at high pressure. Since the
V' HMS igniters may not be effective in preventing a large burn coincident with i

reactor vessel breach at high pressure, ABB-CE was asked to provide a further !
evaluation of the effectiveness of the HMS in these cases. In response, '

ABB-CE modified the System 80+ PRA supporting logic model for "early contain-
ment failure" in the updated PRA to include an unconditional hydrogen burn on
vessel failure for sequences in which the vessel fails at high pressure. This
response resolves this open item.

Qpen Item 19.1.2.1.2.4-4: In the original PRA, only the quasi-static pressure
load from a hydrogen burn was included in ABB-CE's analysis. The potential
for either global or local detonations was not addressed. In response to this
concern, ABB-CE included hydrogen detonation as a potential cause for early
containment failure within the supporting logic models in the updated PRA.
ABB-CE modeled the potential for deflagration to detonation transition (DDT),
but considered the potential for directly initiated detonations to be negligi-
ble due to a lack of high energy ignition sources. The staff considers ABB-
CE's focus on DDT to be appropriate given the use of a deliberate ignition
system in the System 80+ design, and the lack of any identified high energy
ignition sources inside containment. The probability values associated with
DDT are also reasonable, and based in part on a semi-quantitative ranking
scheme that considers plant-specific containment characteristics. On the
basis of a more complete modeling of detonation potential in the updated PRA,
and the overall acceptability of these models, the staff considers this issue
to be resolved.

Qpen Item 19.1.2.1.2.4-5: In several parts of the original PRA analysis, the
w/ probability of high RCS pressure at the time of core damage was erroneously

used to represent the probability of high RCS pressure at the time of vessel
breach. This error has been corrected in the updated PRA.

Open Item 19.1.2.1.2.4-6: In order to develop an understanding of advantages
and disadvantages of the reactor cavity design features, the staff asked
ABB-CE to provide an assessment of (1) the ability of the System 80+ design to
accommodate the loads associated with alpha and rocket failure modes and
(2) the impact of these challenges on the System 80+ risk profile.

In response to this open item, ABB-CE provided an assessment of the ability of
the design to accommodate these loads in Section 19.11 of the updated PRA, and
included these failure mechanisms in the early containment failure logic
model. The updated PRA results indicate that these failure modes do not
contribute significantly to the total early CCFP. This open item is resolved.

Open Item 19.1.2.1.2.4-7: In the original PRA, the assigned values for the
probability of failing to recover containment heat removal appeared overly
optimistic (e.g., 0.0 for sequences involving loss of power, and 0.01 for
sequences involving failure of components outside containment). Recognizing
that there are many factors that may hamper the ability to recover, the staff
asked ABB-CE to provide further justification for the values used for non-'

recovery probability of containment heat removal. In the updated PRA, ABB-CE
performed a more detailed containment spray recovery analysis, and modified

[V}
the non-recovery probabilities accordingly. The staff finds the revised
values reasonable and, on this basis, the open item is resolved.
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Open Item 19.1.2.1.2.4-8: A number of issues related to the late hydrogen
burn model were identified in the DSER, in particular (1) double credit for i

the presence of an early ignition source in the model and (2) apparent ;
redundancy in the conditions / parameters considered to be necessary for a late
hydrogen burn. The staff also indicated that additional justification is
needed for the 0.5 probability value assumed for sequences in which the
ignition source is unavailable until late in the sequence, and sequences
without sprays. In response, ABB-CE modified the supporting logic model for
late hydrogen burn, and provided additional justification for the modeling
assumptions. This included converting the logic models to Boolean expressions
to confirm that dependency conditions are handled correctly. The staff notes
that the late hydrogen burn models used in the updated PRA, while somewhat
complicated and difficult to trace, appear to be free of the double counting
and inappropriate dependencies identified in the DSER. On this basis, this
open item is resolved.

Open Item 19.1.2.1.2.4-9: In the original PRA, ABB-CE did not consider the
potential for containment overpressure due to non-condensible gas generation.
The significance of this challenge is augmented by the potential for higher
temperatures during events with CCI, which tend to reduce containment
strength. In the updated PRA, ABB-CE explicitly considers this challenge.
According to the updated PRA, there is no credible potential for overpressure
if long-term heat removal by spray is available. However, in wet cavity cases
where containment spray; are not available, containment failure due to
combined steaming and nt.n-condensible gas generation is assumed to occur.
(Dry cavity cases will generally lead to basemat melt-through before contain-
ment overpressure failure.) The staff finds that the updated PRA provides a
reasonable representation of the potential for CCI and the effect associated
with non-condensible gas generation. On this basis, the staff considers this
DSER open item to be resolved.

Open Item 19.1.2.1.2.4-10: In the original PRA, ABB-CE did not consider the
potential for core debris dispersal to the upper compartment to lead to
containment overtemperature failure. Such a failure could occur as a result
of corium impingement on the containment shell, or continued decay heat
generation and combustible gas generation in the absence of water. This
failure mechanism is considered in the updated PRA. The probability of
containment failure due to debris impingement is addressed in the supporting
logic model for early containment failure; the probability of containment
overtemperature failure as a result of CCI with containment sprays unavailable
is addressed in the supporting logic model for late containment failure (see
Open Item 19.1.2.1.2.4-11). The staff has reviewed these revised models and
the associated CCFP values and finds them to provide a reasonable representa-
tion of the potential for direct containment heating events, and the range of
containment loads that can result from such events. On the basis of the more
complete modeling provided in the updated PRA, the staff considers this DSER
open item to be resolved.

Open Item 19.1.2.1.2.4-11: The potential for localized containment failure
due to degradation of penetration materials at elevated temperatures was not i

lmodeled in the original PRA, but has been factored into the updated PRA. The
probability of a containment penetration failure (under dry cavity conditions)
is assumed to be 1 x 10'3 in the updated model. A low probability of penetra- 1

tion failure will be assured by a commitment under D-RAP that penetrations
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will be designed and sealant materials will be selected to ensure that theq
) seal and mounting will provide a minimum of I day's containment integrity.[V The staff concludes that ABB-CE's treatment acceptably resolves this open

item.

Onen Item 19.1.2.1.2.4-12: In the original PRA, ABB-CE assumed that once the
reactor cavity was flooded the core debris would be coolable and CCI would
terminate in the cavity. Since experimental studies indicate that CCI can
continue despite the existence of an overlying water pool, the staff ques-
tioned the validity of this assumption. In response to this item, ABB-CE
revised the CCI model in the updated PRA. For the base case analysis in the
updated PRA, ABB-CE assumed a 50-percent probability of achieving debris
coolability given a wet cavity. The updated PRA also considers the potential
for basemat melt-through in wet cavity cases, and assigned a 1 percent
probability to this failure mode on the basis of high heat transfer rates to
the water. The impact of these assumptions on PRA results was separately
determined via sensitivity analyses. The staff concludes that ABB-CE's
modeling changes and supporting analyses adequately address the concerns
raised in the DSER. This open item is resolved.

Open Item 19.1.2.1.2.4-13: In the original PRA a complete basemat melt-
through to the underlying stone or soil was assumed to not result in an
atmospheric release and was treated as a "no containment failure" case. Since
the consequences from this case would not be the same as a containment failure
case, the staff asked ABB-CE to provide a further evaluation of the fission
product releases associated with basemat melt-through and, if significant,
establish an additional RC to cover this release mode. This concern has beenn
addressed in the updated PRA by separately representing three possible modes(d of containment failure due to continued CCI: (1) penetration of the basemat

i

into the underlying soil, (2) penetration of the basemat concrete into the
ECCS pump room (subsphere), and (3) containment failure due to cavity wall
collapse. These different release types are weighted on a frequency basis in
the updated PRA to determine the release characteristics for a basemat melt-
through. The staff finds the revised model and quantification acceptable, in
that it provides a more complete representation of containment failure modes
due to CCI and a more reasonable treatment of the fission product releases
given these failures. On the basis of the improved modeling provided in the
updated PRA, the staff considers this open item to be resolved.

Open Item 19.1.2.1.2.5-1: In the original PRA, the availability of SGs late
in an accident was assessed based on the plant damage parameter " steam
generator availability". The staff noted that because steam generator
availability was determined at the time of core damage, there was no guarantee
that the SG would continue to be available for a long period of time after
core damage. Hence, ABB-CE was asked to reevaluate the availability of SGs
late in accident sequences, and requantify the potential for revaporization
release based on the revised model. According to ABB-CE, a mission time for
EFW is set to 24 hours for all transients in the updated PRA. Since the
transients for which the availability of EFW (or SGs) late in the event is of
concern tend to be sequences which result in the onset of core damage within
the first 8 hours, the use of a 24 hour mission time for these events provides
reasonable assurance the SGs will remain available late in the sequence. The

(mV) updated PRA, and supporting justification, acceptably resolves the issues
staff concludes that ABB-CE's treatment of revaporization release in the
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raised in the DSER. This open item is resolved.

Onen Item 19.1.2.1.2.5-2: The potential for late release of iodine from the
IRWST and the reactor cavity water was not addressed in the original PRA.
Because in-vessel fission-product releases are discharged to the IRWST in some
accident sequences, ABB-CE was asked to evaluate the significance of late
release of iodine from the IRWST and pools in the containment, and revise the
PRA to reflect the results of this evaluation. The revaporization release
supporting logic model in the updated PRA now includes the consideration of
revolatization of iodine. However, the basic event affecting late iodine
release is assigned a zero probability, to reflect the fact that the System
80+ design will have provisions for controlling the pH of the RCS and IRWST
such that late iodine release will not occur. On the basis of these provi-
sions, the staff finds ABB-CE's treatment of this issue in the PRA acceptable.
This open item is resolved. '

Open Item 19.1.2.1.2.7-1: A number of concerns regarding the containment
ultimate pressure capability distribution used in the original PRA were
identified in the DSER. As a result, ABB-CE was asked to provide further
analyses and justification to support the containment ultimate pressure
capability distribution. The following issues were to be addressed as part of
this evaluation: (1) the locations and sizes of containment failure,
(2) failure of containment penetrations, and (3) the effect of containment
temperature. ABB-CE has performed further analyses of containment structural
response and capabilities under severe-accident conditions, including the
impact of each of the above items on containment pressure capacity. On the
basis of these analyses, ABB-CE has modified the containment ultimate pres.ture
capability distribution, and incorporated the revised distribution in the
updated PRA. The staff has reviewed ABB-CE's analyses and finds them accept-
able (see Section 19.2 of this report). On this basis, this open item is
resolved.

Open Item 19.1.2.1.2.8-1: Because the original PRA submittal did not include
supporting uncertainty or sensitivity analyses, ABB-CE was asked to perform
and submit the results of quantitative sensitivity and/or uncertainty analyses
which investigate the influence of key severe accident and containment
performance issues and parameters on risk results. In response, ABB-CE
modified the containment event trees and added decomposition event trees to
more fully reflect the range of potential outcomes for phenomena containing
significant uncertainties (e.g., DCH and CCI). ABB-CE also performed and
submitted separate analyses of the sensitivity of containment performance and
offsite doses to key models/ assumptions in the Level 2 and Level 3 analyses.

l The staff finds that ABB-CE's treatment of issue uncertainty within the event
trees, complemented by the sensitivity analyses, provides reasonable assurance!

that the PRA reflects the significance of key actions, events, and phenomena.
This open item is resolved.

Open item 19.1.2.1.3.2-1: In the original PRA, a single MAAP calculation was
performed for each RC to determine the source term for the RC. Because the
sequence selected for analysis was based solely on frequency rather than on
release characteristics, the staff questioned whether the source terms derived
through this process were representative or bounding of all PDSs in the
individual RCs. ABB-CE was, therefore, asked to perform a closer examination

t

!
of all the PDSs in the individual RCs, and provide additional justification

;
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that the sequences selected to represent each RC reasonably bound all sequenc-p es in the respective RC. In the updated PRA, ABB-CE has grouped the PDSs in |Cj each RC according to initiator, and selected the dominant PDS in each group to !

,

'

represent that group. Mean release fractions were generated for each PDS
group in the RC using the S8050R code. The weighted average of these release
fractions was used to represent releases for each RC. The staff finds this
approach acceptable. This open item is resolved. ,

l

Open Item 19.1.2.1.3.3-1: Because of the lack of detailed design information
for the containment system, and the limitation of the code used for conse-
quence calculation (CRAC2), ABB-CE assigned the release locations for the
various RCs as either the top of containment building or at grade in the
original PRA. Although these locations were judged to be reasonable, the
staff asked ABB-CE to provide a further assessment of fission-product release
locations, using the results of the reevaluation of the containment pressure
capability (see Open Item 19.1.2.1.2.8-1) and the MACCS code. A more detailed
accounting of the release location is made in the updated PRA, based on
consideration of containment failure mode and type of containment bypass. The
assumed release locations for the various sequences are reasonable and
consistent with the containment layout. Accordingly, this open item is
resolved.

Open Item 19.1.2.1.3.4-1: As noted in the DSER, the credit taken for fission-
product removal in the original PRA appeared to be optimistic. Accordingly,
ABB-CE was asked to provide further justification for the decontamination
factors assumed for the various mitigation systems, including the containment

r spray, the cavity flood system, and fission-product retention in the auxiliary
( building. As part of the updated PRA submittal, ABB-CE provided additional

information related to decontamination factors for the various mitigation
systems, and comparisons between selected source-term estimates and equivalent
source terms in NUREG-1150. The staff has reviewed the updated fission
product release fractions for the various RCs, and the rationale for differ-
ences in magnitude of release between RCs. On the basis of this review, the
staff finds ABB-CE's source terms, and therefore credit for fission product
removal, to be reasonable. On this basis, the open item related to decontami-
nation factors is resolved.

Open Item 19.1.2.1.3.5-1: Because of the considerable uncertainty associated
with source-term determination, ABB-CE was asked to assess the impact of
uncertainty in key source term issues on risk estimates. In response to this
and other open items related to source terms, ABB-CE used the S80S0R code for
calculating source terms in the updated PRA, instead of relying solely on
MAAP. (S80SOR is a System 80+ version of the NRC-developed ZISOR parametric
computer code for source term determination.) Although S80SOR is capable of
predicting a source term distribution for each RC, ABB-CE based its source-
term estimates on the mean release fractions obtained from S8050R. Because of
the large uncertainty band for release fractions predicted by the code, the
mean value is much greater than the median for most radionuclide categories.
ABB-CE also performed and submitted separate analyses of the sensitivity of
containment performance and offsite doses to key models/ assumptions in the
Level 2 and Level 3 analyses. The staff concludes that ABB-CE's treatment of
source terms, complemented by the sensitivity analyses, provides reasonablen

(V) assurance that the PRA reflects the significance of important release charac-
teristics and phenomena. On this basis, the staff finds that the issues
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raised in the DSER related to source-term uncertainty have been resolved.
This open item is resolved.

Open Item 19.1.2.1.4.2-1: The staff indicated in the DSER that ABB-CE should
provide estimates of the individual risk of early fatality and societal risk
of latent cancers for the System 80+ design, as well as calculations for i

4 l

comparison with the proposed NRC large release goal of 1.0 x 10 / year. In
the updated PRA, ABB-CE presents the CCDF for dose (probability of exceeding a
given dose) at 0.8 km (0.5 mile), which permits comparison with the EPRI ALWR ;

'

public safety goal as well as proposed NRC large release goals. ABB-CE has
also provided estimates of the offsite doses for a reference site as part of
its analysis of design alternatives evaluation under 10 CFR 50.34(f)(1)(i)
requirements (see Open Item 19.1.2.1.6-1). The information provided adequate-
ly resolves this open item.

Open Item 19.1.2.1.5-1: The staff indicated in the DSER that ABB-CE should
treat more thoroughly the loads associated with potentially significant
containment challenges. The following loads were to be addressed in this
assessment: (1) DCH, (2) early hydrogen combustion, (3) EVSEs, and (4) core-
concrete interactions. Each of these challenges is provided in the updated
PRA. This has been done through either modification of the supporting logic
models to explicitly represent the potential for containment failure due to
the challenge (as in the case of steam explosions), or the development and
incorporation of decomposition event trees to represent the associated
containment loads (as in the case of DCH). The staff has reviewed the
modeling changes and finds that they reasonably represent the phenomena. On
this basis, the DSER open item is resolved.

Open Item 19.1.2.1.6-1: At the time the DSER was being prepared, the staff
had not completed its review of the 10 CFR 50.34(f)(1)(i) evaluation. The
staff has completed its review, and it is documented in Section 19.4 of this
chapter. This resolves the DSER open item.

Open Item 19.1.2.2.3-1: At the time the DSER was being prepared, ABB-CE was
revising the seismic risk analysis for the System 80+ design. The staff
requested that a key element of the revised analysis should be the presenta-
tion of fragility curves for the plant as well as for dominant core damage
sequences. In addition, the staff requested that an estimate of the overall
plant HCLPF should be included. Subsequently, with NRC's agreement, ABB-CE |
performed a PRA-based SMA instead of a seismic PRA. The PRA-based SMA
provided similar information, regarding the capability of the design to
withstand earthquakes, as the fragility curves (requested in this open item).
The plant HCLPF value was calculated by the SMA. The staff reviewed the PRA-
based SMA and found it acceptable. This open item is resolved.

!

Open Item 19.1.2.2.3-2: The staff requested that in the base case analysis
performed for seismic sequences, low-acceleration cutoffs should be used in
the fragility functions. Subsequently, with NRC's agreement, ABB-CE performed (

'

a PRA-based SMA instead of a seismic PRA. This automatically addressed the
concern expressed in this open item. This open item is resolved.

Open Item 19.1.2.2.3-3: The staff requested that recovery from relay chatter
should be examined carefully to determine whether reversing the initial
failure event actually reverses all of the effects of the initial failure.
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ABB-CE responded that this will not be a concern since solid-state switching
[m devices and electromechanical relays, resistant to relay chatter, will be used
C} in the NUPLEX 80+ protection and control systems. This open item is resolved.

Open Item 19.1.2.2.6-1: The staff asked ABB-CE to perform a PRA-based
analysis of internal fires to support the development of the needed design
insights. To achieve this objective, the staff requested that the analysis
include a logic development which is sufficiently detailed to show adequate
success paths given probabilistically significant fires. In response to this
open item, ABB-CE performed a " scoping" quantitative risk analysis and used
it, in conjunction with a qualitative fire analysis, to search for design
vulnerabilities and to identify important safety insights and assumptions
about the design needed to support certification requirements, such as ITAACs.
The " scoping" fire-risk analysis was based on two key assumptions:
(1) integrity of the divisional separation between redundant safety-related
equipment (this divisional separation, which is extended in addition to the
nuclear annex in the SSWS/CCWS building, prevents fires from propagating from
one division to the other) and (2) the conservative assumption that a fire
which initiates a transient, causes all safety-related equipment to fail in
the division where the fire occurred. This " scoping" analysis considers fires
in the nuclear annex and the SSWS/CCWS building. Fires in the MCR or in the
containment were examined separately using both qualitative and quantitative
arguments. The reason that a detailed PRA was not performed is the lack of
detailed design information regarding cable routing as well as the locations
of fire-detection and fire-suppression systems (a detailed PRA involves
modeling the propagation of fire, smoke, and hot gases between all the various
fire areas containing safety-related equipment). However, the scoping fire-

(Vn)
risk analysis provided enough information to conclude that the System 80+
design should result in a plant with superior capabilities to prevent and
mitigate fires compared to operating nuclear power plants. The staff reviewed
ABB-CE's initial fire-risk analysis and made several RAls. By means of these
RAls, the staff asked the applicant to provide the following: (1) an evalua-
tion of the potential for migration of smoke, hot gases, or fire suppressants
into other fire areas where they could affect safe-shutdown capabilities,
including operator actions; (2) an evaluation of the potential that fires in
some areas (such as the intake structure, the transformer yard, and the
turbine building) could affect systems used to bring the plant to a safe-
shutdown condition, in addition to causing a plant trip; (3) an assessment of
control room fires, including the capability of using the remote shutdown
panel in case the NCR becomes unavailable; (4) a list of items that should be
verified in ITAACs to ensure the integrity of the divisional separation as
assumed in the fire-risk analysis (e.g., wall and fire-barrier integrity, as
well as the requirements that any penetration in the divisional wall must
meet); (5) an evaluation of loss of seal cooling due to a fire and resultant
RCP seal LOCA; and (6) an investigation of the risk from potential fire
sources inside the containment. ABB-CE submitted all the information request-
ed in these RAls (LD-93-100, June 25, 1993; OPS-93-0629, August 23, 1993; OPS-
93-0998, November 29, 1993; OPS-93-1080 and OPS-93-1083, December 15, 1993).
Although this information did not change, the original fire-risk analysis
significantly provided some useful new safety insights about the design, as
well as a better understanding of assumptions made in assessing the risk from
internal fires. The staff found that the System 80+ fire-risk analysis met

O its objectives, that is, to search for design vulnerabilities and to identify
V important safety insights and assumptions about the design needed to support
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certification requirements, such as ITAACs. This open item is resolved.

Open Item 19.1.2.2.6-2: The staff asked ABB-CE to perform a PRA-based
analysis of internal floods to support the development of the needed design
insights. To achieve this objective the staff requested that the analysis
include a logic development which is sufficiently detailed to show adequate
success paths given probabilistically significant floods. In response to this
open item, ABB-CE performed a " scoping" quantitative risk analysis and used
it, in conjunction with a qualitative flood analysis, to search for design
vulnerabilities and to identify important safety insights and assumptions
about the design needed to support certification requirements, such as ITAACs.
The scoping flood-risk analysis was based on two key assumptions:
(1) integrity of the divisional separation between redundant safety-related
equipment (this divisional separation, which is extended in addition to the
nuclear annex in the SSWS/CCWS building, prevents floods from propagating from
one division to the other) and (2) the conservative assumption that a flood

! which initiates a transient, causes all safety-related equipment in the
division in which the flood occurred. This scoping analysis considers floods'

in the nuclear annex and the SSWS/CCWS building. The potential for flood
propagation from the turbine building to the nuclear annex, where safety-
related equipment is located, was also examined using both qualitative and
quantitative arguments. A detailed PRA was not performed because of the lack
of detailed design information needed to identify the potential flood sources
and flood levels, such as pipe routing, flood curbs, and flood barriers (a
detailed PRA involves modeling the propagation of flooding between all the
various flood areas containing safety-related equipment). However, the
scoping flood-risk analysis produced enough information to conclude that the
System 80+ design should result in a plant with superior capabilities to
prevent and mitigate floods compared to operating nuclear power plants. The
staff reviewed ABB-CE's initial flood-risk analysis and made several RAls.
The staff requested detailed information on potential sources of internal
floods by area, including their capacity, as well as information on the
equipment that can be affected by the flood, existing flood barriers, and
potential passageways. ABB-CE submitted this information (LD-93-100, June 25,
1993) and the staff found it sufficiently detailed to support assumptions made
in the flood-risk analysis. The staff asked ABB-CE to investigate the
potential that some floods, if left unmitigated, could impact multiple systems
in both divisions. ABB-CE submitted an analysis (LD-93-100, June 25,1993)
showing that flood water from any of the applicable flood sources will be
contained below elevation 70+0 ft (the elevation below which there are no
doors or passageways in the wall separating the two divisions in the nuclear

| annex where safety-related equipment is located). The staff asked ABB-CE to
| address potential loss (due to the flood) of non-safety systems credited in
| the PRA, such as the charging pumps and the instrument air, in addition to the

one division of safety-related systems. The objective of this RAI was to
;

verify that the assumption of failure of one division of safety equipment,
made in the scoping flood-risk analysis, bounds the risk for all potential i

'

internal floods and flood areas. In its response to this RAI (LD-93-100,
June 25, 1993), ABB-CE states that non-safety equipment, credited in the PRA, |

! is also divisionally separated. Therefore, all equipment in one division that
was credited in the PRA was assumed failed in the scoping analysis. The staff!

asked ABB-CE to investigate the potential that a flood in the turbine build-
ing, in particular from an unisolable source of water, propagates to the

,

!

nuclear annex (where safety equipment and the control complex are located).

ABB-CE System 80+ FSER 19-178 June 1994

|

|



1

In its response to this RAI (LD-93-100, June 25, 1993, and OPS-93-0629,

[mV) external flooding in the RB and concludes that consequential flooding of l

'

August 23, 1993), ABB-CE states that there are no sources of " unlimited"

safety-related equipment from turbine building sources is prevented by the
following design features: (1) plant grade below openings to safety-related !
structures, (2) openings to safety-related structures above the maximum flood

'

level for the turbine building, and (3) site grade so that water would flow
away from structures where safety-related equipment is located. The staff
asked ABB-CE to submit a list of items that should be verified in ITAACs to
ensure the integrity of the divisional separation as assumed in the flood-risk
analysis (e.g., wall and flood barrier integrity as well as the requirements
that any penetration in the divisional wall must meet). ABB-CE submitted this
list. Finally, the staff asked ABB-CE to evaluate the potential loss of RCP
seal cooling due to a flood and the resultant RCP seal LOCA. ABB-CE evaluated
this issue and did not find it to be risk significant. The staff found that
the System 80+ flood-risk analysis met its objectives, that is, to search for
design vulnerabilities and to identify important safay insights and assump-
tions about the design needed to support certification requirements, such as
ITAACs. This open item is resolved.

Open Item 19.1.2.2.6-3: The staff asked ABB-CE to perform an importance
analysis to extract design insights from the seismic portion of the analysis.
Subsequently, with NRC's agreement, ABB-CE chose to perform a PRA-based SMA
instead of a seismic PRA. Since an importance analysis is not possible
without a PRA, ABB-CE used the SMA results, in conjunction with appropriate
sensitivity analyses, to extract insights related to the plant's capability to
withstand earthquakes. The staff found ABB-CE's response acceptable. This

(Vp) open item is resolved.

Open Item 19.1.2.3-1: The staff asked ABB-CE to submit a risk analysis for
shutdown and low-power operation. ABB-CE submitted this analysis. After
several RAls and ABB-CE responses to such RAls (documented in Appendix 19.8A
of the SSAR), the staff found that the System 80+ shutdown analysis is of
adequate quality and completeness so that it could be effectively used to
identify vulnerabilities and extract safety insights about the design during
shutdown operation. This open item is resolved.

Open item 19.1.2.4-1: The staff asked ABB-CE to use PRA results,and insights
to prepare list (s) of items to be included as certification requirements, such
as ITAAC and RAP requirements. ABB-CE submitted these lists and the staff
found them adequate. This open item is resolved.

19.A.2 RESOLUTION OF DSER CONFIRMATORY ITEMS

Confirmatory items in the DSER were defined as areas in which the staff and
ABB-CE agreed on a proposed resolution to an open item; however, additional
documentation was required. ABB-CE responded to all confirmatory items as
agreed with the staff and these items were closed. The closure of these
confirmatory items is summarized below.

Confirmatory Item 19.1.2.1.1.2-1: The staff asked for documentation showing
that with no secondary cooling and no safety injection tanks (SITS), a single/a\ SIS pump can prevent core damage during a medium LOCA. ABB-CE performed a

O transient analysis using the MAAP computer code and submitted documentation
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showing that this statement is accurate.

Confirmatory item 19.1.2.1.1.2-2: The staff requested that the success
criterion for ASC during a small LOCA (i.e., the criterion that "all four SITS
must inject borated water into the RCS during depressurization") be modeled in
the fault trees. ABB-CE added this in the appropriate fault tree.

Confirmatory Item 19.1.2.1.1.3-1: The staff noticed that the event " failure
of a PSV to reseat after opening" was not modeled in the event trees developed
for " loss of main feedwater and other transients" (these events could be
equivalent to small LOCAs). In the revised PRA, ABB-CE modified the affected
event trees in accordance with the results of applicable transient analyses.

Confirmatory Item 19.1.2.1.1.3-2: The staff asked ABB-CE to report separately
the SB0 cutsets from the rest of the LOOP cutsets (the concern was whether any
important SB0 sequences have been overlooked given that the staff was able to
identify one missing cutset). A detailed breakdown of the LOOP cutsets into
blackout and non-blackout cutsets was submitted in ABB-CE Letter LD-92-Il3.

Confirmatory Item 19.1.2.1.1.3-3: The staff noticed that an important SB0
cutset was missing. This involved LOOP, followed by CCF of the diesel
generators and CCF of the turbine-driven EFW pumps. ABB-CE included the
missing material in the revised PRA.

Confirmatory Item 19.1.2.1.1.4-1: The staff was unable to solve 2 of 67 top-
level functional f ault trees using the Integrated Reliability & Risk Analysis
System (IRRAS) computer code. ABB-CE investigated these two fault trees and
supplied new versions to the staff along with a discussion of what was changed
and what effect this had on the risk profile.

Confirmatory Item 19.1.2.1.1.5-1: The staff asked ABB-CE to confirm that the
88 modularized events used in the fault trees are independent of one another.
ABB-CE explained the process used in developing these "modularized" events
(LD-92-ll3, November 18, 1992) and showed that these are independent of each
other.

Confirmatory Item 19.1.2.1.1.6-1: The staff requested further clarification
in order to better understand why the staff's audit calculations of some
sequence frequency (especially with loss of CCW and loss of HVAC) were found

ABB-to be substantially different from those submitted by ABB-CE in the PRA.
CE responded that, since several changes were made in the updated PRA, all
sequences were requantified. The staff reviewed the new calculations and
found no discrepancies.

Confirmatory item 19.1.2.1.5-1: The staff noted in the OSER that the original
PRA documentation contained several errors and inconsistencies that required
correction or clarification (see Footnotes 4, 7, 8, 9, and 10; and Sec-
tion 19.1.2.1.2.4 in the DSER). In response to the staff's review, the
inconsistencies and errors raised in the DSER have been either corrected or
eliminated by modeling changes in the updated PRA. |

Confirmatory Item 19.1.2.1.5-2: In the DSER, the staff noted that the !
'

starting times for tracking fission-product release were not consistent
throughout the PRA and needed to be clarified. The tracking of fission
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products has been clarified in the updated PRA, and varies by initiator. The
m

h staff reviewed this information and found the tracking of the fission-product[(/ release for the various sequences adequate.

Confirmatory Item 19.1.2.2.2-1: The staff asked ABB-CE to modify the SSWS
fault tree to include the SSWS intake structure blockage by tornado-generated
debris. ABB-CE made this modification in the updated PRA. ;

!
Confirmatory Item 19.1.2.2.2-2: The PRA submittal used in preparing the DSER i
discussed tornado-induced blockage of the service water intake. This event (

'

leads to core demage, since the diesels fail and power is not recovered for a
long time. However, it was assumed in the PRA that following this event the
non-safety-grade combustion turbine could be used to recover ac power.
ABB-CE corrected this mistake in the revised PRA.

19.A.3 RESOLUTION OF COL ACTION ITEMS

COL Action Item 19.1.2.2.2-1: The COL applicant must confirm the invulnera-
bility of the intake structure to tornado-generated debris. This COL action
item identified in the DSER has been redesignated for this report as COL
Action Item 19-1.

COL Action Item 19.1.2.2.3-1: A systematic effort should be made to identify
elements of the plant that do not appear in the internal events model, but
that may affect the performance of systems in a seismic event (passive
structures,etc.). This COL action item identified in the DSER has been
redesignated for this report as part of COL Action Item 19-2.,m,

COL Action Item 19.1.2.2.6-1: It will be necessary to factor site-specific
spectra into the seismic analysis performed at certification. In addition, it

is necessary to verify details of layout and anchorage of critical components,
by reviewing construction drawir.gs and by performing walkdowns. This COL
action item identified in the DdtR has been redesignated for this report as
part of COL Action Item 19-12.

COL Action Item 19.1.2.4-1: All external hazards (e.g., external floods)
should be examined at the COL stage by factoring site-specific information
into previously analyzed external events and by performing screening analyst s
of external events that were deferred at the certification stage. This COL
action item identified in the DSER has been redesignated for this report as
part of COL Action Item 19-12.

COL Action Item 19.1.2.4-2: It will be necessary to verify details of
internal fire analysis and the layout of critical components and fire-
suppression systems by reviewing construction drawings and by performing

j walkdowns. This COL action item identified in the DSER has been redesignated

|
for this report as part of COL Action Item 19-5.

|
COL Action Item 19.1.2.4-3: It will be necessary to verify interaction of
potential internal flood sources and details of layout of critical components
by reviewing construction drawings and by performing walkdowns. This COL

b action item identified in the DSER has been redesignated for this report as
(._., part of COL Action Item 19-5.
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COL Acti2D Item 19.1.2.4-4: The effect of fire suppression systems on the
behavior of other systems will need to be examined at the COL stage. This COL
action item identified in the DSER has been redesignated for this report as
part of COL Action Item 19-5.

ABB-CE's responses are in agreement with the content of all of these COL
items.

|

O

i
i

|

|
!

O
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Figure 19.1 Relative contributions to total CDF frem internal events
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Figure 19.3 Breakout of important contributors to containment failure based on
the updated Level 2 PRA results (internal plus tornado strike
events)
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Figure 19.4 CCDF of whole body dose at 0.5 mile by RCs (internal plus tornado
strike events only)
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Table 19.1 Comparison of contributions to CDF by initiating event

#U I Initiating Event System 80 System 80+ I

(CDF/yr) (CDF/yr)

Large LOCA 2 x 10-6 1 x 10'7

Medium LOCA 4 x 10-6 3 x 10''

Small LOCA 1 x 10~5 2 x 10'7

Steamline/ Secondary Line Break (SLB) 1 x 10~6 2 x 10''

Steam Generator Tube Rupture (SGTR) 1 x 10-5 3 x 10-7

Transients 1 x 10'5 6 x 10'7

Loss of Offsite Power (LOOP) 4 x 10~5 4 x 10s

Anticipated Transient Without Scram 5 x 10'' 5 x 10-e
(ATWS)

ISLOCA 5 x 10'' 5 x 10''0

Vessel Rupture 1 x 10'T 1 x 10'7

Total 8 x 10'5 2 x 10'6

.

1
i

n. |
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Table 19.2 Summary of Level 2 PRA results

O'
Containment Release Fraction of Core-Damage Frequency
* 9 # Internal Events Internal Plus

Only' Tornado Strike
5

f
Events

Intact Containment (RCl) .88 .89

Late Containment Failure (RC2)6 .08 .08

Early Containment Failure (RC3) .01 .01

Containment Isolation Failure (RC4) .03 .02

Containment Bypass (RC5) < .001 < .001

I

O

| |
|

l

I

* Total CDF is estimated to be 1.7 x 104/ year.

Total CDF is estimated to be 2.0 x 104/ year.5
,

Includes basemat melt-through and overpressure and overtemperature failures.6
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Table 19.3 Fractional contribution to offsite consequences from major RCsp
ie

O |
'

Fractional Contribution
Containment Release

Category Probability of Total
2Exceeding 25 Rem Person-Rem

At 0.5 Mile'

Intact Containment (RC1) 0 < .001

Late Containment Failure (RC2) .04 .02

Early Containment Failure (RC3) .12 .10

Containment Isolation Failure (RC4) .83 .87

Containment Bypass (RC5) .01 .01

N.J

8 Overall frequency of exceeding 0.25 Sv (25 rem) at 0.8 kv (0.5 mile) is estimated to be
5.3 x 10*/ year.

2 Total person-rem is estimated to be 17 persors-rem over a 60-year plant life, based on
release class frequencies reported in Table 19.12.3-1 of ABB-CE letter OPS-93-0934
(November 1,1993), and estimated mean doses per event reported in ABB-CE letter

O]
/ LD-93-143 (September 30,1993).
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Table 19.4 CDF from Internal Events During Shutdown

O
POS CDF by Initiating Event Total CDF

Loss of DHR LOCA LOOP

#1 (4, 5, 6F) 1 x 10'' 1 x 10'' 1 x 10'7 1 x 10-7

#2 (SR) 2 x 10'7 3 x 10-8 8 x 10'8 3 x 10^7

#3 (6E) 7 x 10'' 7 x 10-8 7 x 10'' 8 x 10'8

#4 (61) 3 x 10'8 4 x 10-8 3 x 10'' 7 x 10'8

Total 2 x 10'7 1 x 10'7 2 x 10'7 5 x 10'7
-

|

|

O

O
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Table 19.5 Comparison of limiting conditions in System 80+ TS and System 80
TS for operation during reduced RCS inventory

System 80+ Shutdown TS Modes System 80 General TS Modes

Instrumentation. 5 and 6 No specific require-
with water ments for reduced

* Two independent means of level inventory operations
monitoring RCS level and <120 ft
temperature '

* Two independent means of
monitoring SCS performance

Vent paths 5 with wa- No specific require-
ter level ments for reduced
<117 ft) inventory operations

* An RCS vent path of 2
[ pressurizer manway removal]
is established and main- 6 with wa-
tained ter level

<117 ft)
with reac-
tor vessel
head in ;

place with .

one or more
bolts -

tensioned

Heat removal Shutdown cooling
(SDC) - refueling

* Two SCS divisions operable operations
5 and 6 . High water level 6 with

* One containment spray pump with water condition: one SDC water
operable level division operable level

<7.0 m >7.0 m
(23 ft) (23 ft)

= Low water level 6 with i

condition: two SDC water ,

divisions operable level
<7.0 m
(23 ft) '

|

|

|

|

U j.

!
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Table 19.5 Comparison of limiting conditions in System 80+ TS and System 80
TS for operation during reduced RCS inventory (continued)

Containment integrity 5 and 6 no specific require-
with water ments for reduced

* [The equipment hatch level inventory operations
closed and held in place by <117 ft
a minimum of four bolts]

* One door in each air lock
closed
* Containment penetration
isolation using blind
flange, isolation valves
Availability of ac power 5 and 6 ac - shutdown 5 and 6

with water * One offsite power
* One offsite power source level source

<117 ft
* Two onsite power sources * One onsite power

source{_

O

O
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Table 19.6 Cost-Benefit comparison for potential design improvements

J
Cost-Benefit Ratio (1000 Dol-

Potential Design Improvement Estimated Cost Averted Risk lars/ Person-Rem-Averted)
($ Million) (Person-Rem)

ABB-CE Staff '

RCP Seal Cooling (AI) N A (added) --- --- --

-

100 percent Steam Generator Inspection (A2) 1.5 9.4 160 88

N-16 Monitors (A3) NA (added) -- --- -

Increase Secondary Side Pressure (A4) Not Estimated * -- --- -

Passive Secondary Side Coolers (AS) Not Estimated $ - --- -

Secondary Side Guard Pipes (A6) 1.1 0.04 28.000 65

Improved Overpressure Protection for N A (added)* --- - - - --

ISLOCA (A7)

Digital large Break LOCA Protection (AB) Not Estimated 7 -- --- --

Alternative DC Batteries and EFWS (BI) 2 0.1 18,000 120

12-Hour Batteries (B2) 0.3 0.04 7,500 18

Altemative Pressurizer Auxiliary Spray (B3) 5 8.0 630 290

llernative High Pressure Safety injection 2.2 5.0 440 130

/(84)

Alternative RCS Depressurization (BS) 0.5 0.9 550 29

Diesel Driven Safety injection Pumps (B6) 2 5.0 400 120

Alternative Startup Feedwater System (B7) NA (added) - - -

Extended RWST Source (BS) 1 5.3 190 59

Third Diesel Generator (Cl) 25 0.03 8.3 x 104 1,500

Tornado Protection for Gas Turbine (C2) 3 0.10 30,000 180

|Fuel Cells (C3) 2 0.1 18,000 120

Hookup for Portable Generators (C4) 0.01 0.1 90 0.62 |

Alternative ATWS Pressure Relief Valves 1 0.06 17,000 59

(DI)

ATWS Injection System (D2) 0.3 0.06 5,000 18

Diverse Plant Protection System (D3) 3 0.06 50,000 180

Increased Seismic Capacity (D4) Not Estimated '' -- -- --

Alternative Containment Spray (EI) 1.5 0.4 3,800 88

filtered Containment Vent (E2) 10 0.03 3.3 x 10 5 590 |
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Table 19.6 Cost-benefit comparison for potential design improvements (continued) |
|

)

Alternative Concrete Composition (E3) 5 0.3 17,000 290

Alternative Hydrogen Igniters (E4) i 1.8 560 59

Reactor Vessel Exterior Cooling (E4) 2.5 1.8 1,400 150

Passive Autocatalytic Recombiners (E6) 0.8 1.8 440 47

MSSV and ADV Scrubbing (E7) 9.5 9.2 1,000 560

Alternative Containment Monitoring System 1 0.1 10,000 59

(E8)
2

Covity Cooling (E9) 0.05 1.8 28 2.9

5Venting the MSSV in Containment (E10) Not Estimated --- - -

Hydrogen Purge Line (El1) N A (added) -- -
__

Water Cooled Rubble Bed (E12) 19 0.3 63,000 1,100

Refractory Lined Crucible (E13) 108 0.3 3.6 x 10-5 6,400

Vacuum Building (E14) Not Estimated " ,__

--- --

Ribbed Containment (EIS) Not Estimated ' __

-- -

Notes:

I- Staff estimate based on ABB-CE cost estimate and the assumption that all risk (17 person-rem) is eliminated.

3- Judged by ABB-CE to require major changes in plant structures and high costs
4- Judged by ABB-CE to pose serious design drawbacks with limited benefits
5- Judged by ABB-CE to require a major redesign effort and pose serious design drawbacks
6- Further design improvements to address ISLOCA judged by ABB-CE to be unnecest.ary given improvements already

incorporated in design, as documented in Appendix SE to CESSAR-DC
7- Judged by ABB-CE to offer a negligible improvement in plant safety given the existing design features of NUPLEX 80+
8- Eliminated by ABB-CE on basis of high costs and ineffectiveness for bypass sequences which dominate System 80+ risk
9- Eliminated by ABB-CE on basis of high costs and unquantifiable (small) benefit
10 - Further design improvements to address seismic events judged by ABB-CE to be unnecessary given existing seismic

capabilities
2- Further assessed by the staff and found to have a cost-benefit ratio comparable to ABB-CE's estimate

O
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20 GENERIC ISSUES

In this chapter, the staff discusses its evaluation of (1) the compliance of
the ABB-Combustion Engineering (ABB-CE) System 80+ design with 10 CFR 52.47
(a)(1)(iv) and 52.47(a)(1)(ii), and (2) the incorporation of operating experi-
ence into the System 80+ design. The applicant for a standard design certifi-
cation (SDC) are required by 10 CFR 52.47(a)(1)(iv) to propose resolutions of
unresolved safety issues (USIs) and medium- and high-priority generic safety
issues (GSIs) defined in NUREG-0933, "A Prioritization of Generic Safety
Issues," that are (1) technically relevant to the design and (2) identified in
the applicable supplement to NUREG-0933. In addition, the applicant is
required under 10 CFR 52.47(a)(1)(ii) to propose resolutions to the technical-
ly relevant portions of Three Mile Island (TMI) Action Plan items addressed in
10 CFR 50.34(f).

Because a large number of issues are relevant to the System 80+ design, the
staff has grouped its evaluations into the following sections, according to
the issue type in Appendix B of NUREG-0933:

Section 20.2 contains the task action plan items.*

Section 20.3 contains the new generic issues.*

Section 20.4 contains the TMI Action Plan items.*

Section 20.5 contains the human factors issues.*

Section 20.6 lists the 50.34(f) TMI Action Plan items relevant to the-

System 80+ design.

Section 20.7 discusses the incorporation of operating experience into the*

System 80+ design through generic communications.

20.1 Overview of Staff Conclusion

Comoliance With 10 CFR 52.47(a)(1)(iv)

As stated above, an application for design certification must include proposed
resolutions of those USIs and medium- and high-priority GSIs identified in the
NUREG-0933 supplement that was current six months prior to the application,
and which are technically relevant to the design.

By letters dated March 30 and August 21, 1989, ABB-CE applled for SDC of the
System 80+ standardized nuclear power plant design in accordance with the
provisions of 10 CFR 52.45. In the initial application dated March 30, 1989,
ABB-CE applied for SDC in accordance with Appendix 0 of 10 CFR Part 50. On
August 21, 1989, ABB-CE revised its SDC application to be pursuant to 10 CFR
Part 52. However, in its ilhtter dated May 1,1991, the Nuclear Regulatory
Commission (NRC)staffsta$dthattheABB-CEapplicationfortheSystem80+
design conformed to 10 CFR-52.47 and included Combustion Engineering Standard
Safety Analysis Report--Design Certification (CESSAR-DC), as amended through
Amendment I by ABB-CE's submittals dated April 26, July 12, and October 29,
1990, and March 4,1991 (listed in Appendix A of this report). Therefore, to

!
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conform with 10 CFR 52.47 the applicable NUREG-0933 supplement is six months
prior to ABB-CE's submittal of March 4, 1991. However, in Amendment U to
CESSAR-DC Chapter 20, ABB-CE committed to address the relevant issues in
Supplement 15 of NUREG-0933, dated December 31, 1992. The applicable supple-
ment of NUREG-0933 is, therefore, Supplement 15.

The staff reviewed Supplement 15 to NUREG-0933 to identify the list of issues
contained in Appendix B of NUREG-0933, " Applicability of NUREG-0933 Issur.s to
Operating and Future Plants," that should be addressed to conform to Sec-
tion 52.47(a)(1)(iv). In addition, the staff added five other issues (A-17,
A-29, B-5, 29, and 82) that were resolved without the issuance of new require-
ments, but for which the staff had recommended the development of specific
guidance for future plants.

The issues needed to comply with Section 52.47(a)(1)(iv) are evaluated in Sec-
tions 20.2 to 20.5 of this chapter. Additional issues that ABB-CE considered
applicable to the System 80+ design were included in CESSAR-DC Chapter 20 and
were evaluated by the staff. Based on these evaluations, the staff concludes
that ABB-CE has adequately demonstrated compliance for the USIs and medium-
and high-priority GSIs that are technically relevant to the System 80+ design
as required by 10 CFR 52.47(a)(1)(iv). Some of these items involve combined
operating license (COL) action items and will be the responsibility of the COL
applicant. In some cases in this chapter, the staff also refers to the
" owner / operator" of the plant because ABB-CE sometimes refers, in its discus-
sions of the USIs and GSIs in this chapter, to the owner / operator instead of
to the COL applicant for the plant or the procedures discussed should not be
the responsibility of the COL applicant.

Comoliance with 10 CFR 52.47(aHl)(ii)

As stated above, 10 CFR 52.47(a)(1)(ii) requires an SDC application to
demonstrate compliance with any technically relevant portions of the TMI
Action Plan requirements in 10 CFR 50.34(f). ABB-CE addressed these require-
ments in CESSAR-DC Chapter 20 and these requirements are discussed in Sec-
tion 20.6 of this chapter. Because the overlap between these TMI Action Plan
items and those from NUREG-0933 (discussed in Section 20.4 of this report) all
the relevant 50.34(f) TMI Action Plan items are listed in Section 20.6 in
tabular form. This provides the issue designation and a reference to the
appropriate issue in Section 20.4 of this chapter which contains the evalua-
tion of the 50.34(f) TMI Action Plan item.

The staff concludes that ABB-CE has adequately demonstrated compliance of the
| System 80+ design for the technically relevant portions of 10 CFR 50.34(f).

Incorporation of Operatina Experience

In a staff requirements memorandum (SRM) from the Commission, dated Febru-
ary 15, 1991, on SECY-90-377, " Requirements for Design Certification Under
10 CFR Part 52," the Commission directed the staff to ensure that the SDC
process preserves operating experience insights in the certified design. As
discussed in Section 20.7 of this chapter, the staff concludes that ABB-CE has 1

adequately considered operating experience identified in generic letters and |
bulletins issued by the Commission since the beginning of 1980 in the Sys- |
tem 80+ design. !
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Resolution of Issues Relevant to the System 80+ Desiang

In CESSAR-DC Section 20.1, ABB-CE listed the issues in Supplement 15 of I

NUREG-0933 that it considered relevant to the System 80+ design. The section l

also provides ABB-CE's justification for considering an issue not relevant to I
the design. The resolutions of the issues that ABB-CE and the staff consid-
ered relevant are discussed in Sections 20.2 through 20.6 of this chapter.

These sections also address issues that ABB-CE did not consider relevant in
Amendment U of CESSAR-DC and the staff does not consider relevant in terms of
Supplement 15 of NUREG-0933. The staff evaluated these issues during the
review of the System 80+ design since ABB-CE submitted CESSAR-DC in 1989, and
decided to keep the evaluations in this chapter.

In Table 20.1, the staff lists the USIs and GSIs relevant to the System 80+
design, the sections in which these issues appear in this chapter, and the
basis for the relevancy of each issue to the design. The relevancy of the
issues fall into one of the following:

the issue is required by 10 CFR 52.47(a)(1)(ii) or (iv) (i.e., 52.47).*

the issue was selected by ABB-CE as being relevant in CESSAR-DC Chap-*

ter 20 (i.e., ABB-CE).

the staff decided to discuss the issue (i.e., staff).*

In the latter case, ABB-CE originally stated the issue was relevant in anp) early amendment to Chapter 20 of CESSAR-DC and later concluded that the issue(v was not relevant to the System 80+ design. These issues and the staff
evaluations are arranged in Table 20.1 in the order in which they appear in
Sections 20.2 through 20.5 of this chapter.

20.2 Task Action Plan Items

With the exception of Issues A-48 and B-26, the task action plan items are
evaluated against the System 80+ design in this section:

for the design to comply with 10 CFR 52.47(a)(1)(iv) and 10 CFR 50.34(f)*

because ABB-CE stated in CESSAR-DC Table 20.1-1 that the task action plan*

item applied to the design

The staff also decided to include a discussion of Issues A-48 and B-26 for the
System 80+ design.

Issue A-1: Water Hammqr

Issue A-1, in NUREG-0933, addresses the issue of water hammer in fluid systems
in nuclear power plants. Water hammer can be caused by a number of condi-
tions, such as voiding in normally filled lines, condensation in lines,
entrainment of water in steam-filled lines, or rapid valve actuation.
Issue A-1 addresses these probable causes, as well as possible methods for
minimizing the susceptibility of systems to water hammer through design andp\ operational considerations. This issue was resolved with the publication ofI

V NUREG-0927, " Evaluation of Water Hammer Occurrences in Nuclear Power Plants,"
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Revision 1, dated March 1984, which contained evaluation results of water
hammer events, as well as details of recommendations and measures for water
hammer prevention and mitigation.

In CESSAR-DC Section 20.2.50, ABB-CE addresses the issue of water hammer
through a combination of design, operational, and testing considerations, such
as designing for the proper routing and sloping of lines, providing adequate
drainage and venting to protect against water or steam entrainment, and
consideration in the design analysis of dynamic loads resulting from water
hammer.

In the draft safety evaluation report (DSER) on the System 80+ design, the
staff concluded that, although the actions proposed by ABB-CE to eliminate or
reduce the occurrences of water hammer were acceptable, ABB-CE had not
submitted (1) the proposed guidelines for the owner / operator for hot function- |

al testing, operation, and maintenance and (2) the methodology for considera- |
tion of dynamic loads on piping systems resulting from water hammer. These '

two items were identified as DSER Open Item 20.1-1.

In response to DSER Open Item 20.1-1, ABB-CE provided in Amendment U to
CESSAR-DC Section 20.2.50 that general guidelines and associated references i

Ifor use by the COL applicant in preparing plant operating and maintenance
procedures to minimize the potential for water hammer. Guidelines will be
provided to the COL applicant for hot functional testing, as well as operating
and maintenance procedures that require proper precautions to minimize the
potential for water hammer. The staff concludes that these guidelines are
consistent with the staff's recommendations in NUREG-0927 and are acceptable.

In CESSAR-DC Section 1.4.5.2, Appendix 3.9A, ABB-CE indicates that piping
systems are evaluated for water and steam hammer loading using time history
dynamic solutions with the force-time histories as input loading. Water and
steam hammer force-time histories are usually developed using method-of-
characteristics or applicable computer codes. This meets the guideline of
Standard Review Plan (SRP) Section 3.9.3, which states that the potential for
water and steam hammer events should be given proper consideration in service
loading combinations. In addition, ABB-CE commits to implement the guidance
identified in SRP Sections 5.4.7, 6.3, 9.2.1, 9.2.2,10.3, and 10.4.7 (includ-
ing Branch Technical Position (BTP) ASB 10-2) for preventing damage to various
safety-related systems from water hammers.

The staff, therefore, concludes that ABB-CE's proposed actions to eliminate or
reduce the occurrences of water hammer and the potential for water hammer are
acceptable. On this basis, DSER Open Item 20.1-1 and Issue A-1 are resolved,

! for the System 80+ design.

Issue A-2: Asymmetric Blowdown loads on Reactor Primary Coolant Systems

In a postulated event of reactor coolant pipe rupture at the vessel nozzle,
asymmetric loss-of-coolant accident (LOCA) loading could result from forces
induced on the reactor internals by transient differential pressures across
the core barrel and forces on the vessel associated with transient differen-
tial pressures in the reactor cavity. This was designated Issue A-2 in
NUREG-0933.
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This issue was resolved in January 1981, with the publication of NUREG-0609,
[mj " Asymmetric Blowdown loads on PWR Primary Systems." To resolve A-2, the

asymmetric loads on the reactor vessel, internals, primary coolant loop, andv
components should not exceed the limits imposed by the applicable codes and
standards. The staff also issued Generic Letter (GL) 84-04, " Safety Evalua-
tion of Westinghouse Topical Reports Dealing With Elimination of Postulated
Pipe Breaks in PWR Primary Main Loops," on February 1, 1984, to permit the
application of leak-before-break (LBB) technology to eliminate the postulated
pipe rupture from the design basis. Subsequently, the staff revised General
Design Criterion (GDC) 4 to permit the application of LBB.

In CESSAR-DC Section 3.6.3, ABB-CE proposes to use LBB methodology to elimi-
nate the postulated pipe rupture from the design basis. The staff evaluated
the LBB methodology in Section 3.6.3 of this report and approved its applica-
tion to the System 80+ design. Where the LBB approach cannot be applied,
ABB-CE states that the pipe break locations and resulting dynamic effects are
determined. Each postulated pipe rupture is considered separately as a single
postulated initiating event.

In the DSER, the staff stated if ABB-CE could not obtain staff approval for
the LBB approach, it would have to submit details of its analysis on assessing
the effects of the asymmetric blowdown loads. This was designated as DSER
Open Item 20.1-2. On the basis that the staff has approved the application of
LBB for the System 80+ design, this DSER Open Item 20.1-2 is resolved.

On the basis of the above, ABB-CE's proposal for resolving Issue A-2 is
adequate to address asymmetric blowdown loads and, thus, is acceptable inp) resolving Issue A-2 for the System 80+ design.(

LJ ,
,
' Issue A-4: ABB-CE Steam Generator (SG) Tube Intearity

Staff concerns related to steam generator (SG) tube degradation stem from the
fact that the SG tubes are a part of the reactor coolant system (RCS) bound-
ary, and that tube ruptures allow primary coolant into the secondary system
where its isolation from the environment is not fully ensured. In 1978,
issues A-3, A-4, and A-5 were established to evaluate the safety significance
of tube degradation in Westinghouse, ABB-CE, and Babcock and Wilcox SGs,
respectively. These studies were later combined into one effort because of
the similarity of many problems among the pressurized water-reactor (PWR)
vendors.

This issue was resolved and no new requirements were established (U.S. NRC,
! " Technical Resolution of Unresolved Safety Issues A-3, A-4, and A-5 Regarding
| Steam Generator Tube Integrity," SECY-88-272, September 27, 1988; and "NRC

Integrated Program for the Resolution of Unresolved Safety Issues A-3, A-4,
A-5 Regarding Steam Generator Tube Integrity," NUREG-0844, September 1988).
However, the staff issued GL 85-02, " Staff Recommended Actions Stemming From
NRC Integrated Program for the Resolution of Unresolved Safety Issues Regard-
ing Steam Generator Tube Integrity," dated April 17, 1985, to provide recom- .

mended actions from NUREG-0844. After reviewing responses to GL 85-02, the |
'staff concluded that the large majority of licensees and applicants are

following programs, practices, and procedures that are partially to fully,

| consistent with, or equivalent to, the recommendations discussed in GL 85-02.
(.
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ABB-CE states in CESSAR-DC Section 20.2.52 that it will comply with the
following recommendations in GL 85-02, to the extent that they are applicable
to the System 80+ design:

prevention and detection of loose parts. I*

SG tube in-service inspection (ISI). i*

secondary water chemistry and impurity control..

primary-to-seccadary coolant leakage limit..

use of Nitrogen-16 and area radiation monitors..

primary coolant iodine activity limit..

safety injection (SI) signal reset logic..

ABB-CE also states that Inconel 690 will be used for SG tubes to provide
increased resistance to corrosion.

The staff finds that ABB-CE's proposed resolution to Issue A-4 for the System
80+ design is acceptable; however, ABB-CE will be subject to the staff's
proposed applicable regulations on SG tube integrity which are addressed in
Section 15.3.9 of this report.

The initial staff reviews identified an unresolved issue regarding secondary
water chemistry guidelines. This issue was designated as DSER Open
Item 5.4.2-5. As stated in Section 5.4.2 of this report, the secondary water
chemistry guidelines contained in the CESSAR-DC now conform to the recently
published Electric Power Research Institute (EPRI) guidelines for makeup water
to SGs. Therefore, DSER Open Item 5.4.2-5 is resolved.

As discussed in Sections 5.4.2 and 15.3.9 of this report, ABB-CE specifies
that development of the SG tube ISI program is the responsibility of the COL
applicant. The program is plant specific and will be reviewed by the staff
individually for each license application referencing the System 80+ design
certification. Therefore, submittal of the ISI program is designated as COL
Action Item 5.F-1.

See Issues 66 and 135 (Section 20.3 of this chapter) for additional evalua-
tions of SG issues.

Issue A-9: Anticipated Transient Without Scram

Issue A-9, in NUREG-0933, addressed the issue of ensuring that the reactor can |attain safe shutdown after incurring an anticipated transient with a failure '

of the reactor trip system (RTS). An anticipated transient without scram i

| (ATWS) is an expected operational occurrence (such as loss of feedwater, loss )
of condenser vacuum, or loss of offsite power (LOOP) to the reactor) that is'

accompanied by a failure of the RTS to shut down the reactor.

The acceptance criterion for the resolution of Issue A-9 is that the reactor
must be capable of reaching a safe-shutdown condition as identified in
10 CFR 50.62, after incurring an anticipated transient and an RTS failure:

To comply with the mitigation requirement of 10 CFR 50.62(c)(1), plant.

equipment must automatically initiate emergency feedwater (EFW) and
turbine trip under conditions indicative of an ATWS. This equipment must
function relubly and must be diverse and independent from the RTS.
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To comply with the prevention requirement of 10 CFR 50.62 (c)(2), the*

[ plant must have a scram system that is diverse and independent from the i

V existing RTS.

In CESSAR-DC Section 20.2.53, ABB-CE states that the System 80+ design l
contains safety-grade and control-grade systems that are designed to protect (
the plant and mitigate the consequences of design-basis events (DBEs). These |
systems have the following design features: )

The plant protection system (PPS) consists of the reactor protection*

system (RPS) and the engineered safety features actuation system (ESFAS).
The PPS is designed with both redundancy and diversity to maximize the
ability to mitigate transients. However, should an ATWS occur, the j

System 80+ design includes an alternate protection system (APS) for I
mitigation. ]

The APS augments the RPS to address 10 CFR 50.62 requirements for the {=

reduction in risk of ATWS and for the use of ATWS mitigating systems i
actuation circuitry (AMSAC). j

ABB-CE states that the APS design includes an alternate reactor trip
signal (ARTS) and an alternate feedwater actuation signal (AFAS) that are
separate and diverse from the PPS. The APS equipment provides diverse
and independent mechanisms to reduce the possibility of an ATWS and toj

j offer additional assurance that an ATWS event could be mitigated.

The ARTS will initiate a reactor trip when the pressurizer pressure*

b exceeds a predetermined value. Turbine trip signals can also initiate
V the ARTS if the reactor power cutback system (RPCS) is out of service. i

'The ARTS turbine trip input is manually enabled from the main control
panel.|

ABB-CE states that the ARTS circuitry is diverse and independent from
that of the RPS. The ARTS design uses a 2-out-of-2 logic to open the

i

motor-generator output contractors, thus, removing motive power to the'

reactor trip switchgear system (RTSS).

f The AFAS will start EFW to a SG when the water in that SG decreases below=

a predetermined level. Its circuitry is diverse from that of the RPS.
The EFW pumps and valves are actuated by sending isolated AFAS signals to
the ESFAS.

Based upon the initial description of the System 80+ ATWS design submitted by
ABB-CE, the staff concluded in Section 7.7 of the DSER that the ATWS implemen-
tation was not acceptable. Subsequently, ABB-CE submitted a revised descrip-
tion of the ATWS design that the staff found acceptable, thereby resolving
DSER Open Items 7.7.1.12-1 and 7.7.1.12-2. The staff now finds that the ATWS

,

j is designed to perform its function independent of the RTS. This is discussed
| in Section 7.7.1.12 of this report.

On this basis, Issue A-9 is resolved for the System 80+ design.

D
(&
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Issue A-12: Fracture Touahness of Steam Generator and Reactor Coolant Pumo
J

Sucoorts

During the course of the licensing action for North Anna, Units 1 and 2, a ,

'

number of questions were raised about the potential for lamellar tearing and
low-fracture toughness of the SG and reactor coolant pump (RCP) support
materials for these facilities. Concerns regarding the supports at North Anna
were applicable to all PWRs. This was designated as Issue A-12 in NUREG-0933. |
lhis issue was resolved and no new requirements were established (U.S. NRC, )

" Potential for Low Fracture Toughness and Lamellar Tearing in PWR Steam i

Generator and Reactor Coolant Pump Supports," NUREG-0577, Revision 1, Octo- !

ber 1983). However, the staff recommended developing guidance for new plants
based on the fracture toughness requirements of Subsection NF of Section III
of the American Society of Mechanical Engineers (ASME) Code.

ABB-CE states in CESSAR-DC Section 20.2.54 that the major RCS component
supports, including those for the SGs and the RCPs, will comply with the
requirements in ASME Code, Section III, Subsection NF. Thus, the ABB-CE
proposal adequately addresses the structural integrity of SG and RCP supports
and Issue A-12 is resolved for the System 80+ design.

Issue A-13: Snubber Operability Assurance

Snubbers are primarily used as seismic and pipe whip restraints at nuclear
power plants. They function as rigid supports for restraining the motion of
attached systems or components under such rapidly applied load conditions as
earthquakes, pipe breaks, and severe hydraulic transients, while allowing free
expansion of the systems and components during various operating conditions.
Issue A-13 in NUREG-0933 addressed the concern of a substantial number of
snubber malfunctions, the most frequent of which were (1) seal leakage in
hydraulic snubbers and (2) high rejection rate during functional testing of
snubbers. This issue has been resolved and new requirements were established
with the revision of SRP Section 3.9.3, "ASME Code Class 1, 2, and 3 Compo-
nents, Component Supports, and Core Support Structures," in 1981.

By request for additional information (RAI) Q210.65, listed in Appendix B of ,

'

this report, the staff asked ABB-CE to submit information identified in SRP
Section 3.9.3 (Rev.1), Subsection II.3.6(7), regarding safety-related compo- |

nents that use snubbers. This information was to include the following data:

Identify the systems and components in those systems which utilize.

snubbers.

Specify the number of snubbers utilized in each system and on components i*

in that system. |
4
'

Specify the type (s) of snubber (hydraulic or mechanical) and identify the=

corresponding supplier.

Specify whether or not the snubber was constructed to the rules of ASME*

Code, Section III, Subsection NF.

9 '|
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State whether or not the snubber is used as a shock, vibration, or dual-.

[m purpose snubber.b) For snubbers identified as either dual purpose or vibration arrester*

type, indicate whether or not both snubber and components were evaluated
for fatigue strength.

In response to staff RAI Q210.65, ABB-CE stated that a listing of all safety-
related components that use snubbers (including the requested detailed
information) requires detailed plant arrangements, piping layouts, and piping
designs. Because detailed piping system design and layout and plant arrange-
ments are not required at the design certification stage, the staff requested,
by DSER COL Action Item 20.2-9, that the COL applicant shall submit a list of
all safety-related components that use snubbers per SRP Section 3.9.3. ABB-CE
states in CESSAR-DC Section 3.9.3.4 and lists in CESSAR-DC Table 1.10-1 that
the COL applicant will submit the requisite list to the NRC staff. This is
designated COL Action Item 3.9.3.4-1, which is discussed in Section 3.9.3.4 of
this report. On this basis, DSER COL Action Item 20.2-9 is resolved.

In CESSAR-DC Sections 3.9.3 and 20.2.55, ABB-CE also provides the general
design and operability assurance acceptance criteria proposed for snubbers
including large-bore hydraulic snubbers (LBHSs). The staff concludes that
these criteria are acceptable and meet SRP Section 3.9.3.

Therefore, Issue A-13 is resolved for the System 80+ design.

Issue A-17: Systems Interactions in Nuclear Power Plantsg
Issue A-17, in NUREG-0933, addressed the concerns regarding adverse systems
interactions (ASIS) in nuclear power plants. Depending on how they propagate,
ASIS can be classified as functionally coupled, spatially coupled, and
induced-human-intervention coupled. As discussed in NUREG-1229, " Regulatory
Analysis for Resolution of USI A-17," dated August 1989, and GL 89-18,
" Resolution of Unresolved Safety Issue A-17, Systems Interactions in Nuclear
Power Plants," dated September 6,1989, Issue A-17 concerns ASIS caused by
water intrusion, internal flooding, seismic events, and pipe ruptures.

A nuclear power plant comprises numerous structures, systems, ard components
(SSCs) that are designed, analyzed, and constructed using many different engi-
neering disciplines. The degree of functional and physical integration of
these SSCs into any single power plant may vary considerably. Concerns have
been raised about the adequacy of this functional and physical integration and
coordination process. The Issue A-17 program was initiated to integrate the
areas of systems interactions and consider viable alternatives for regulatory
requirements to ensure that the ASIS have been or will be minimized in
operating plants and new plants. Within the framework of the program, the
staff requested, as stated in NUREG-0933, that plant designers consider the
operating experience discussed in GL 89-18 and use the probabilistic risk
assessment (PRA) required for future plants to identify the vulnerability and
reduce ASIS.

7s In responding to staff RAI Q440.127(1), listed in Appendix B of this report,
-ABB-CE stated that System 80+ is designed to prevent ASIS resulting from waterV)f

intrusion, internal floods, seismic events, and pipe ruptures and gave
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examples of these design features. In the resolution to Issue A-17 included
in CESSAR-DC Section 20.2.56, ABB-CE states that the System 80+ design was
evaluated for its vulnerability to ASIS identified from previous designs, and
operating experiences reported in licensee event reports (LERs) and NRC
information notices. ABB-CE evaluated each of the interaction incidents
resulting from water intrusion referenced in NUREG-1174, " Evaluation of
Systems Interactions in Nuclear Power Plants: Technical Findings Related to
Unresolved Safety Issue A-17," dated May 1989, to identify the features of the
System 80+ design that should ensure prevention of a similar ASI. In addi-
tion, the System 80+ PRA covers functionally coupled ASIS.

At the time the DSER was issued, ABB-CE was scheduled to revise the System 80+
PRA. The revision included plans to qualitatively assess potential fire and
flood risk in order to partially address spatially coupled ASIS. Spatially
coupled ASIS were also addressed, in part, by the seismic PRA. ABB-CE
committed to evaluate induced-human-intervention-coupled ASIS in parallel with
the System 80+ PRA revision and to submit an inspections, tests, analyses, and
acceptance criteria (ITAAC) program acceptable to the NRC for ASI risk
reduction. The staff stated in the DSER that it would evaluate the PRA
submittals and ITAAC program provided by ABB-CE and include an evaluation of
Issue A-17 resolution results in this report. In addition, ABB-CE was to
submit the requirements for conducting walkdowns at "as built" plants to
identify any spatial interactions. These actions were designated as DSER Open
Item 20.1-3.

Since the DSER was issued, ABB-CE has updated the System 80+ PRA in CESSAR-DC
Chapter 19 and the staff has concluded that the issues relating to the closure
of DSER Open Item 20.1-3 have been acceptably addressed. Nevertheless,
spatially coupled ASIS and walkdowns of the as-built plant are issues that
will be addressed by the COL applicant. This is part of COL Action Item 19.8
which is discussed in Section 19.1 of this report.

In addition, the staff has reviewed the System 80+ ITAAC program and concluded
that there are no open items relating to the resolution of Issue A-17.

Therefore, Issue A-17 is resolved for the System 80+ design.

Issue A-24: Oualification of Class 1E Safety-Related Eouioment

Construction permit (CP) applicants for which safety evaluation reports (SERs)
were issued after July 1,1974, were required by the NRC to qualify all
safety-related equipment to Institute of Electrical and Electronics Engineers
(IEEE)-323, "IEEE Standard for Qualifying Class IE Equipment for Nuclear Power
Generating Stations." From the time this standard was originated, the
industry developed methods that were used to qualify equipment in accordance
with the standard. Some of these methods had not been resolved to the
satisfaction of the NRC. To assess the adequacy of the equipment qualifica-
tion methods and acceptance criteria used by nuclear steam supply system
(NSSS) and balance-of-plant (B0P) vendors, the NRC determined that a generic
approach was required. This was designated as Issue A-24 in NUREG-0933 and
was resolved with the publication of NUREG-0588, " Interim Staff Position on
Environmental Qualification of Safety-Related Electrical Equipment," dated|

July 1981.
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This issue on environmental design and qualification is discussed in CESSAR-DC
Sections 3.11 and 20.2.57. The Class 1E electrical equipment (including pump
and valve motors and electrical accessories) of the System 80+ design is

s,
environmentally qualified by the methods docunented in the NRC-approved report
CENPD-255-A, " Class lE Qualification" (Rev. 3, October 1985). ABB-CE states
that the methods in CENPD-255-A are in accordance with the guidance of IEEE
323-1974, NUREG-0588, Regulatory Guide (RG) 1.89 (" Environmental Qualification
of Certain Electric Equipment Important to Safety for Nuclear Power Plants",
Rev. 1), and the generic requirements of 10 CFR 50.49, as described in
CESSAR-DC Section 3.11. The staff approved CENPD-255-A in its letter to
ABB-CE dated August 13, 1985.

Equipment supplied by ABB-CE, and either required to mitigate the consequences
of a design-basis accident (DBA) or attain a safe shutdown of the reactor is
tabulated in CESSAR-DC Appendix 3.118. This tabulation indicates both the
location of the equipment and, in part by a cross-reference to Appendix 3.llA, -

!

I typical normal and accident environments in that location, including integrat-
ed radiation doses.

Typical environmental conditions (temperature, pressure, humidity, integrated
radiation dose, and exposure to chemicals) are given in CESSAR-DC Appen-
dix 3.llA for the 60-year design lifetime. Conditions are tabulated for
normal operation inside and outside of the containment, and for LOCA and main
steamline break (MSLB) inside the containment.

Environmental qualification tests and analyses are addressed in CESSAR-DC
Section 3.11.2. The equipment listed in Appendix 3.11B is stated by ABB-CE to
be environmentally qualified for 60 years exposure to normal operating condi-e i

\ tions (not required by NRC) and then to remain functional in the environmental
conditions expected at the equipment location during and after the limiting
DBA. The environmental conditions are tabulated in Appendix 3.11A. Qualifi-
cation tests and analyses of electrical equipment for the effects of aging,
radiation, temperature, humidity, chemical spray, submergence, and power
supply variation, as applicable, are performed, and the results are documented
in accordance with CENPD-255-A (Rev. 3).

With the exception of pump motors and valve motor operators, which were ad-
dressed in CESSAR-DC Section 3.9.2.2, dynamic and seismic qualification
testing and analysis of the electrical equipment listed in CESSAR-DC Appen-
dix 3.118 are addressed in CESSAR-DC Section 3.10. The tests and analyses are
performed in accordance with IEEE 344-1987, which is endorsed by RG 1.100.
However, when the DSER was issued, ABB-CE was revising CESSAR-DC Section 3.10.
Therefore, the staff was unable complete its review of the ABB-CE submittal.
This was designated as DSER Open Item 3.10-1 which has been resolved as
discussed in Section 3.10 of this report.

On the basis of the staff's review, which is discussed in Section 3.11 of this
report, the staff concludes that ABB-CE's approach to environmental qualifica-
tion of Class IE equipment is in compliance with 10 CFR 50.49 and Issue A-24
is resolved for the System 80+ design.

In the DSER, the staff stated that ABB-CE's approach to resolve this issue was
,O acceptable with the exception that ABB-CE stated in CESSAR-DC Amendment I,
\_,/ that CENPD-255-A (Rev. 3) was in accordance with IEEE-323-1983, instead of
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IEEE 323-1974. The exception is that the staff had approved CENPD--255-A
(Rev. 3) in part because it was in accordance with IEEE 323-1974 and the staff
has not accepted IEEE 323-1983. This exception was designated DSER Open
Item 20.1-4 and the staff requested ABB-CE to confirm that report CENPD-255-A
was in accordance with IEEE 323-1974. ABB-CE now states in CESSAR-DC Sec-
tion 20.2.57 and Appendix 19A that CENPD-255-A (Rev. 3) is in accordance with
IEEE 323-1974, instead of IEEE 323-1983. This resolved DSER Open Item 20.1-4.

Issue A-25: Non-Safety Loads on Class lE Safety-Related-Eauipment

Issue A-25, in NUREG-0933, addressed a review of whether non-safety-related
loads should also be allowed to share the Class lE power sources. The
Class IE power sources provide the electric power for the plant systems that
are essential to reactor shutdown, containment isolation, reactor core
cooling, containment heat removal, and preventing significant release of
radioactive material to the environment. As discussed in NUREG-0933, this
issue was resolved in Revision 2 to RG 1.75, " Physical Independence of
Electric Systems."

Issues A-25 is discussed in Section 8.3.1.8 of this report and, based on the
staff's conclusions in this section, Issue A-25 is resolved for the System 80+
design.

Issue A-26: Reactor Vessel Pressure Transient Protection

Since 1972, there have been, since 1972, many reported pressure transients
which have exceeded the pressure-temperature limits specified in technical
specifications (TSs).for PWRs. The majority of these events occurred at
relatively low reactor vessel temperatures at which the material has less
toughness and is more susceptible to failure through brittle fracture. 'This
is Issue A-26 in NUREG-0933 which was resolved with the issuance of SRP Sec-
tion 5.2.2, " Overpressure Protection." Applicants for cps and operating
licenses were requested to design an overpressure protection system for light-
water reactors (LWRs) following the guidance provided in SRP Section 5.2.2.

Overpressure protection for the System 80+ design is described in CESSAR-DC
Sections 5.2.2, 5.4.10, 5.4.13 and Appendix SA in accordance with SRP Sec-
tion 5.2.2. Overpressure protection for the reactor coolant pressure boundary
(RCPB) is provided by pressurizer safety valves, SG safety valves, and relief
valves of the shutdown cooling system (SCS), in combination with the action of
the RPS. The combination of these features provides overpressure protection
as required by GDC 15, Section III of the ASME Code, and Appendix G of 10 CFR
Part 50. These measures ensure RCPB overpressure protection for power
operation and low temperature (startup and shutdown) operation.

The staff evaluated the overpressure protection system for the System 80+
design in Sections 5.2.2.1 and 5.2.2.2 of this report and determined that the
system conforms to the requirements of GDC 15 and SRP Section 5.2.2. There-
fore, Issue A-26 is resolved for the System 80+ design

In the DSER, the staff did not address this issue. The staff stated that it

would address this issue in this report and designated this as DSER Open
Item 20.1-5. Based on the above discussion, DSER Open Item 20.1-05 is
resolved.

I
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. Issue A-29: Nuclear Power Plant Desian for Reduction of Vulnerability to 1

Sabotaae

issue A-29, in NUREG-0933, addressed alternatives to the basic design of
nuclear power plants with the emphasis primarily on reducing the vulnerability
of reactors to radiological sabotage. In the past, reduction in the vulnera-
bility of reactors to such sabotage has been treated as a plant physical
security function and not as a plant design requirement.

This issue is addressed in Section 13.6 of this report and, based on the
staff's conclusions in this section, Issue A-29 is resolved for the System 80+
design.

Issue A-30: Adeouacy of Safety-Related DC Power Sunolies

Issue A-30, in NUREG-0933, addressed the adequacy of the safety-related de
power in operating plants. The de power system in a nuclear power plant
provides control and motive power to valves, instrumentation, emergency diesel
generators (EDGs), and other components during normal and accident conditions.
Assurance of de supply reliability would require that the batteries and other
systems elements remain ready for full operation and there is independence of
the de redundant divisions. An aspect of potential significance of Issue A-30
is that failure of one division would generally cause a reactor scram that
could result in a demand for de power to remove decay heat and prevent core
melt. As stated in NUREG-0933, this issue was integrated into the resolution
of Issue 128. Issue 128 is discussed in Section 20.3 of this chapter.

O) The Class 1E dc power system for the System 80+ design is described in
( ,' CESSAR-DC Sections 8.3.2 and 20.2.61. It comprises four independent and

physically separated subsystems that supply instrumentation and control (I&C)
channels A, B, C, and D. Each Class 1E de subsystem (i.e., batteries,
charger, switchgear, and distribution system) is physically separate and
independent from its redundant counterparts and non-Class IE dc systems. The
System 80+ design provides dedicated non-Class 1E dc systems for the non-
Class IE loads.

In order to ensure the continued operability of the Class IE dc power systems,
sufficient local and control room indication and alarms will monitor the
status of the batteries and battery chargers. The staff evaluated these
systems in Section 8.3.2 of this report.

In the DSER, the staff found that ABB-CE had not adequately addressed the
requirement for loss of a dc bus not leading to a reactor trip. The staff
stated that this issue would be resolved as part of the resolution of the open
items discussed in Sections 8.3.2 and 8.3.2.1 of the DSER. In CESSAR-DC
Amendment U, ABB-CE illustrated that the System 80+ design ensures that
failure or loss of any dc bus does not result in a plant transient and
simultaneously cause the loss of single-failure protection in any safety-
related system. The requirement for reducing the probability of a reactor
trip in the event of a loss of a single safety-related bus is described in
Section 8.3.2 of this report.

3
Therefore, Issue A-30 is resolved for the System 80+ design.

v
.
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Issue A-31: Residual Heat Removal Shutdown Reauirements

Issue A-31, in NUREG-0933, addressed the ability to transfer heat from the
reactor to the environment after a shutdown, which is an important safety
function. It was resolved in 1978 with the issuance of SRP Section 5.4.7,
" Residual Heat Removal (RHR) System."

The safe shutdown of a nuclear power plant following an accident not related
to a LOCA has typically been interpreted as achieving " hot standby" condition.
The NRC has placed considerable emphasis on the hot-standby condition of a
power plant in the event of an accident or other abnormal occurrence and,
similarly, on long-term cooling, which is typically achieved by the residual
heat removal (RHR) system. The RHR system starts to operate when the reactor
coolant pressure and temperature are substantially lower than their hot-
standby-condition values. Even though it may generally be considered safe to
maintain a reactor in hot-standby condition for a long time, experience shows
that certain events have occurred that required eventual cooldown or long-term
cooling until the RCS is cold enough for personnel to inspect the problem and
repair it.

As discussed in CESSAR-DC Sections 5.4.7 and 20.2.62, the long-term RHR system
is defined as the SCS for the System 80+ design. The SCS has entry conditions
of 3105 kPa (450 psia) in pressurizer pressure and 177 "C (350 'F) in reactor
temperature.

The staff reviewed the SCS for the System 80+ design in accordance with SRP
Section 5.4.7 and BTP RSB 5-1, " Design Requirements of the Residual Heat
Removal System." The staff's evaluation in Section 5.4.3 of this report
addresses compliance of the SCS design with the requirements of each of the
following areas:

functional requirements*

SCS isolation*

SCS pressure relief*

SCS pump protection*

tests, operational procedures, and support systemsa

The staff concluded that the SCS design for the System 80+ plant meets the
requirements of BTP RSB 5-1, as discussed in Section 5.4.3 of this report.
Therefore, Issue A-31 is resolved for the System 80+ design.

Issue A-35: Adeauacy of Offsite Power Systems

Issue A-35, in NUREG-0933, addressed the adequacy of existing testing require-
ments and the susceptibility of safety-related electric equipment to a
sustained degraded voltage condition on the offsite power source and an i
interaction of the offsite and onsite power sources. This issue included the I

following concerns:

reliability of the offsite power systems as the preferred source*

vulnerability of Class 1E equipment to sustain degraded voltagese

interactions between offsite and onsite power sources= *
adequacy of testing the onsite power sources.*
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This issue is addressed by BTP PSB-1 " Adequacy of Station Electric Distribu-
tion System Voltages," Appendix A to SRP Section 8.3.1.

The staff evaluated the conformance of System 80+ design to BTP PSB-1 in Sec-
tion 8.3.1.14 of this report and, based on the staff's conclusions in this
section, Issue A-35 is resolved for the System 80+ design.

Issue A-36: Control of Heavy loads Near Spent Fuel

At all nuclear plants, overhead cranes are used to lift heavy objects in the
vicinity of spent fuel. If a heavy object, such as a spent fuel shipping cask
or shielding block, were to fall onto spent fuel in the storage pool or
reactor core during refueling and damage the fuel, radioactivity could be
released to the environment. Such an occurrence would also have the potential
for overexposing plant personnel to radiation. If the dropped object were

| large and the damaged fuel contained a considerable amount of undecayed
| fission products, radiation releases to the environment could exceed the
I exposure guidelines of 10 CFR Part 100. With the advent of increased and
' longer-term storage of spent fuel, the NRC determined that there was a need

for a systematic review of requirements, facility designs, and TSs regarding
the movement of heavy loads to assess safety margins and improve them where
necessary. This was designated as Issue A-36 in NUREG-0933.

As given in CESSAR-DC Section 20.2.64, ABB-CE addresses these criteria for the
System 80+ design as follows:

(1) The component (heavy load) handling procedure guidelines will require the
COL applicant to establish the safe load path and perform special

C handling component inspections before a lift.,

(2) The plant operating procedure guidelines will require appropriate
operator training and crane inspections.

(3) The cask-handling crane is designed with mechanical stops and electrical !

interlocks to prevcnt its movement near the spent fuel pool after the
pool contains irradiated fuel (see CESSAR-DC Section 9.1.4).

(4) The new-fuel-handling crane is designed with mechanical stops and elec-
trical interlocks to restrict its motion between the new-fuel shipping
container receipt area, the new-fuel inspection and storage areas, and
the new-fuel elevator (see CESSAR-DC Section 9,1.4).

(5) The spent-fuel building has been arranged so that the spent fuel cask
does not pass over critical components during its travels from the i
shipping vehicle to the cask laydown area (see CESSAR-DC Sec-
tions 9.1.4.1.3 and 9.1.4.3.1). ,

!

(6) The reactor vessel head lift rig and the reactor vessel internal compo-
nent lift rigs are designed in accordance with the acceptable (stress)
factors of safety as discussed in NUREG-0612, " Control of Heavy Loads at
Nuclear Power Plants."
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(7) A drop of the reactor vessel head onto the reactor vessel has been
analyzed as described in CESSAR-DC Section 9.1.4.3.3, and the results are
accentable. (This was discussed in Section 9.1.4.2 of this report.)

(8) The upper guide structure drop on the reactor vessel has been analyzed to
demonstrate that this event is bounded by the result of the analysis of
item 7 (above).

(9) The load handling system is designed in accordance with the relevant
requirements of GDC 2, 4, 5, and 61 (see CESSAR-DC Sections 3.1 and
9.1.4).

Heavy load handling equipment is discussed in Section 9.1.4.2 of this report
in which the staff concludes that the design of the heavy load handling
portions of the fuel handling system conform to GDC 2, 4, 5, and 61 and to the
guidelines in SRP Section 9.1.5. Such compliance with GDC 2, 4, 5, and 61,
and the guidance of SRP Section 9.1.5 is acceptable for resolving this issue
for the System 80+ design. Also, all DSER open and confirmatory items in Sec-
tion 9.1 of this report related to fuel storage and handling, have been
resolved. Issue A-36 is, therefore, resolved for the System 80+ design.

Issue A-40: Seismic Desian Criteria Short-Term Proaram

Issue A-40, in NUREG-0933, addressed short-term improvements in seismic design
criteria. The objectives of Issue A-40 were the following:

investigate selected areas of the seismic design sequence to determine*

their conservatism for all types of sites.

investigate alternative approaches, where desirable.*

quantify the overall conservatism of the design sequence.=

modify the NRC criteria in the SRP, where justified.=

To resolve this issue, the staff revised SRP Sections 2.5.2, 3.7.1, 3.7.2, and
3.7.3 to address areas of vibratory ground motion; design time-history
criteria; development of floor response criteria, damping values, and soil-
structure interaction (SSI) uncertainties; and combination of modal responses.
The revisions also addressed seismic analysis of the above-ground tanks and
Category I buried piping. An acceptable resolution of Issue A-40 is that
future nuclear power plants should be required to conform to the seismic,

! design acceptance criteria and guidance of Revision 2 to SRP Sections 2.5.2,
| 3.7.1, 3.7.2, and 3.7.3.

In CESSAR-DC Section 20.2.65, ABB-CE states that the System 80+ design
complies with Revision 2 of SRP Sections. 2.5.2, 3.7.1, 3.7.2, and 3.7.3.
Also, all tanks required to function during and after a safe-shutdown earth-
quake (SSE) are designed for SSE loads in accordance with SRP Section 3.7.3.

In Sections 2.5.2, 3.7.1, 3.7.2, 3.7.3, 3.9, and 3.10 of this report, the
staff details its evaluation of vibratory ground motion, seismic design
parameters, seismic analyses of systems and subsystems, seismic results of the

i
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coupled RCS, and the methodology and results of the SSI analysis. On the
,m\ basis of these evaluations, Issue A-40 is resolved for the System 80+ design.
(G

Issue A-43: Containment Emeraency Sumo Performance

Issue A-43, in NUREG-0933, concerns the availability of adequate recirculation
cooling water following a LOCA when long-term recirculation of cooling water
from the PWR containment sump (or boiling-water reactor (BWR) RHR suction
intake) must be initiated and maintained to prevent core melt following a
postulated LOCA. This water must be sufficiently free of LOCA-generated
debris and potential air ingestion so that pump performance is not impaired,
thereby seriously degrading long-term recirculation flow capability.

The technical concerns evaluated under Issue A-43 are as follows:

sump hydraulic performance under post-LOCA u nditions resulting from.

potential vortex fonnation and air ingestie, and subsequent pump failure

possible transport of large quantities of LOCA-generated insulatione

debris resulting from a pipe break to the sump debris screen (s), and tha
potential for sump screen (or suction strainer) blockage to reduce net
positive suction head (NPSH) margin below that required for the rec'.rcu-
lation pumps to maintain long-term cooling

capability of RHR and containment spray system (CSS) pumps to continue=

pumping when subjected to possible air, debris, or other effects, such as
particulate ingestion on pump seal and bearing systems

b The staff issued its proposed resolution of Issue A-43 for public comment on
May 10, 1983. The public comment package included draft NUREG-0869 ("USI A-43
Regulatory Analysis," dated October 1985), the staff's technical findings
report draft NUREG-0897 (" Containment Emergency Sump Performance," dated
October 1985), proposed RG 1.82 (" Water Sources for Long-Term Recirculation
Cooling Following a Loss-of-Coolant Accident," Rev.1), and proposed SRP
Section 6.2.2 (" Containment Heat Removal Systems," Rev. 4). The public
comments received and the staff's respontes were published in Appendix A of
NUREG-0869 (Rev. 1). On October 31, 1985, the staff presented the resolution
of Issue A-43 to the Commission in SECY-85-349, " Resolution of Unresolved
Safety Issue A-43, Containment Emergency Sump Performance."

In CESSAR-DC Section 20.2.66, ABB-CE states that in the System 80+ design '

engineered safety features (ESFs) are incorporated to mitigate DBEs, including
a LOCA. Two principal systems used to mitigate the effects of a LOCA are the
safety injection system (SIS) (see CESSAR-DC Section 6.3), and the CSS (see
CESSAR-DC Section 6.5). These systems use an in-containment refueling water
storage tank (IRWST) as their single source of water. The IRWST is toroidal
in shape, uses the lower section of the spherical containment as its outer
boundary, and is enclosed to prevent contamination and excess containment
humidity.

Long-term return of spray water from upper-level elevations is not dependent
on individual floor screens and piping. Major openings, such as hatches and

(3 stairwells, are also available to return water to the screened entrance to the
,

V) holdup volume.
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It is ABB-CE's position that the IRWST meets the intent of SRP Section 6.2.2
(Rev. 4) and RG 1.82 (Rev. 1) with respect to I

IRWST hydraulic performance*

evaluation of potential debris generation and associated effects (includ-*

ing types and quantities of insulation, and debris screen blockage)

preservation of NPSH for the SIS and CSS pumps after a LOCAa

multiple pathways to the IRWST for containment spray and SI water*

introduced into the containment building in case one drain becomes fouled
with debris

The IRWST has the advantage that during normal full-power operation it is
possible to perform a full-flow test of the SI pumps and containment spray
pumps while taking suction from the IRWST and discharging back to the IRWST
via a recirculation line. Satisfactory hydraulic performance of the IRWST can
be verified by testing at runout conditions on the pumps and minimum level in
the IRWST.

The System 80+ IRWST design differs from conventional sump designs. The IRWST
does not function as the containment sump; the holdup volume tank (HVT) serves
this purpose. Water, from a reactor coolant break or from the initiation of
containment sprays, accumulates in the HVT and overflows into the IRWST via a
villway. Vertical screens, capable of filtering debris greater than 3.8 cm
(1.5 in.) in diameter, are at the entrance of the HVT to prevent large debris
from entering the HVT and thus the IRWST. These vertical screens are more
than 6 ft high and more than 40 ft long. The HVT is of sufficient volume to
allow a significant settling of high density debris.

The fine debris that could be introduced into the IRWST is prevented from j
entering the SIS suction header piping by a debris screen. These screens are i

located at each end of the four wing walls. These wing wall assemblies extend
from the IRWST floor to above the maximum IRWST water level. The wing wall j
screens have the capability to remove particles greater than 0.23 cm )
(0.09 in.) in diameter. The IRWST screen design is described in CESSAR-DC |
Appendix 19.8A, Section 2.9. I

Section 6.8.2.2.1 of CESSAR-DC requires that the COL applicant submit an 1

analysis, consistent with RG 1.82, of the suction inlet screen area based on I
'the insulation type and quantity in the containment. This analysis must show

that the System 80+ screen are is at least three times over that indicated by j
RG 1.82. The staff finds this commitment sufficient to meet the staff's
current position that emergency core cooling system (ECCS) suction strainers
be sized in accordance with RG 1.82, Revision 1, but with a factor of three
sizing margin.

Other design features have been incorporated to reduce the potential for a
decrease in ECCS suction efiiciency. To minimize the potential for corrosion
products, JRWST surfaces thLt are in direct contact with borated water are
lined with stainless steel and IRWST water can be cleaner by i.ie chemical and
volume control system (CVCS). Each of the four SIS pumps h a separate IRWST
suction lines and each of the two CSS pumps takes suction from or of these
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four lines. Finally, in response to staff RAI 440 d6, .isted in Appendix Bfm
l of this report, ABB-CE stated that permanent cage-type vort a suppressor will
( be placed over each ECCS suction inlet to suppress vortices and eliminate air

ingestion.
,

ABC-CE states in CESSAR-DC Section 13.5.2 that the containment must be cleaned I

of sand, maintenance debris, and other particulate materials prior to startup I
from a refueling outage to avoid excessive fouling and plugging of the screens
near the IRWST suction inlets during an accident.

;

Several significant events have occurred at operating plants, including the
plugging of ECCS suction strainers at the Perry Nuclear Power Plant and
Barseback plant in Sweden. This is discussed in NRC Bulletin (BL) 93-02,
Supplement 1, " Debris Plugging of Emergency Core Cooling Suction Strainers,"
dated February 11, 1994. The staff had originally proposed that the advanced
designs should have the ability to backflush the suction strainers, which is
similar to the resolution taken in Sweden for the Barseback plant. However,
in evaluating the events, the staff decided to increase the sump sizing
criteria, rather than requiring a backflush capability. As a result, in the
" Advance Copy of Safety Evaluation Report for the Advanced Boiling Water
Reactor (ABWR)," which was sent to General Electric in the staff letter dated
December 30, 1993, the staff stated that an acceptable resolution for the
advanced designs would be to size the ECCS suction strainers in accordance
with RG 1.82, Revision 1, but with the factor of three screen area margin.

The staff had conducted a qualitative assessment of the risk associated with
not applying the three-times multiplier for the ABWR design. This was applied

1 to the System 80+ design. The assessment showed that the incremental risk is
marginal unless very pessimistic assumptions are used; however, because of the
uncertainties in the staff's knowledge of the severity of this phenomenon on
the design-basis LOCA, the staff has decided to take a conservative position.
For operating plants, the staff issued BL 93-02, Supplement 1, which requested
interim compensatory measures to minimize the potential for the loss of ECCS
suction pressure during a LOCA. Further analysis is required to assess the
impact of non-fibrous debris on the potential for ECCS pump head loss because
the staff has not bounded the magnitude of this issue.

Therefore, it is prudent to consider a more conservative position (i.e., the
three-times screen area multiplier) to ensure compliance of the System 80+
design with 10 CFR 50.46. This position is in conformance with the Commis-
sion's advance reactor policy goal of providing a greater margin of safety for
the next generation of reactor designs, such as the System 80+ design.

The staff has reassessed the potential impact of clogging of the ECCS suction
strainers on advanced light water reactors (ALWRs). The staff concludes that
the System 80+ meets the staff's position on Issue A-43 which requires that
all ECCS suction strainers be sized to three times the area that would be
calculated based on RG 1.82 (Rev. 1) for all LOCA scenarios.

In the DSER, the staff concluded that the proposed resolution of Issue A-43
for the System 80+ design was in conformance with SRP Section 6.2.2 (Rev. 4)
and RG 1.82 (Rev. 1), and acceptable pending the following actions:
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(1) resolution of the open and confirmatory items in DSER Section 5.4.3
concerning (a) the potential vortex formation as part of shutdown risk
review and (b) capability of shutdown cooling pumps to continue pumping

isubject to possible air and other effects.

(2) an analysis, necessary design enhancements, or both, to conclude the
capability of the CSS pumps to continue pumping when subjected to
possible air, debris, or other effects such as particulate ingesting on ;

'

pump seal and bearing systems.

The staff finds that the open and confirmatory items in Section 5.4.3 of this
report, identified in Items (1)(a) and (1)(b) above, have been resolved. As
discussed above and in Section 19.3.2.3 of this report, the two CSS pumps take
suction from the SIS suction headers. Therefore, the above resolution is
applicable to the CSS pumps and the shutdown cooling pumps, which are func-
tionally interchangeable with the CSS pumps.

Therefore, based on the above, the staff finds ABB-CE's response to this issue
is acceptable and Issue A-43 is resolved for the System 80+ design.

Issue A-44: Station Blackout

Issue A-44, in NUREG-0933, addressed the likelihood and duration of the loss
of all ac power at the site (i.e., station blackout (SBO)), and the potential
for severe core damage after the SB0. An SB0 could be an important contribu-
tor to the total risk from an nuclear power plant. This issue was resolved in
1988 with the publication of 10 CFR 50.63 (53 fB 23203) and RG 1.155, Station
Bl ackout. "

In CESSAR-DC Section 20.2.67, ABB-CE lists the improved design features and
electrical systems in System 80+ to ensure a safe shutdown of the reactor
during an SB0. In CESSAR-DC Sections 8.1.4.2 and 8.3.1.1.5, ABB-CE describes
the alternate ac (AAC) power source that is designed to power one safety-
related load division and its corresponding essential non-safety-related load
bus within 2 minutes of an SB0. The staff has evaluated SB0 for the System
80+ design in Section 8.5 of this report.

'

On the basis of the staff's conclusions in Section 8.5 of this report, Issue
A-44 is resolved for the System 80+ design.

Issue A-45: Shutdown Decay Heat Removal Reauirements

!
Issue A-45, in NUREG-0933, addresses the safety adequacy of the decay heat
removal (DHR) function in an operating LWR and assesses the value and impact
of alternate measures to improve the overall reliability of the RHR function.

due to failure of the DHR function should be less than 1 x 10'p/ reactor-year,In response to the DHR PRA study, the NRC established a goal t at core damage
,

| as identified in NUREG-0933. This goal should be demonstrated by a Level 1
SCS PRA for the System 80+ design.'

ABB-CE has conducted a Level 1 PRA for the System 80+ design, which includes
an assessment of the core-damage frequency (CDF) failure of the SCS. The PRA

|
determines the CDF attributable to internal initiating events such as SG tube,

| rupture (SGTR) and station blackout (SBO), as well as external events, such as
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tornados and earthquakes. The PRA is in CESSAR-DC Chapter 19. The PRA showed
that the CDF for failure of the SCS capability, along with failure of other! s

d systems included in the core-damage sequences, is lower than the staff 1

requirements noted above. The staff reviewed the PRA findings of ABB-CE in
assessment of the compliance of the System 80+ design with the Ni'C guidance |

regarding the performance goal for the SCS and found that the PRA submittals
are acceptable (see Section 19.1 of this report for the evaluation). In
addition, the staff concluded in Section 19.3 of this report that ABB-CE's
shutdown risk assessment provides reasonable assurance that the System 80+
design will significantly reduce the shutdown risk and is acceptable.

Therefore, Issue A-45 is resolved for the System 80+ design.

In the DSER, the staff did not include its evaluation of ABB-CE's PRA in
assessing the compliance of the System 80+ design in meeting the staff's
performance goals for the SCS. The staff stated that it would address this
compliance later in this report and designated this as DSER Open Item 20.1-6.
Therefore, as discussed above, DSER Open Item 20.1-6 is resolved.

Issue A-47: Safety Imolications of Control Systems

Issue A-47, in NUREG-0933, concerns the potential for accidents or transients
becoming more severe as a result of control systems failures. Within this
issue, the staff performed an in-depth review of non-safety-related control
systems and assessed the effect of control system failures on plant safety.

Non-safety-grade control systems are not relied on to perform any safetys
) functions, but they are used to control plant processes that could have a

V significant impact on plant dynamics. For the resolution of Issue A-47, the
NRC evaluated the effects of control system failures on PWR reference plants,
including a design subjected to single and multiple control system failures
during automatic and manual modes of operation. The staff raised two concerns
related to the design: (1) SG overfill and (2) reactor core heat removal to
cold shutdown after a small-break LOCA (SBLOCA), without overcooling the
reactor vessel. The NRC issued GL 89-19, " Request for Action Related to
Resolution of USI A-47, Pursuant to 10 CFR 50.54(f)," dated September 20,
1989, which required all operating PWR plants and plants under construction to
provide automatic protection from SG overfill by the main feedwater (MFW)
system.

The first acceptance criterion for the resolution of Issue A-47 is that the
plant shall have, as a minimum, control-grade protection against SG overfill
by MFW, and by TSs and plant operating procedures to ensure in-service
verification of the availability of the overfill protection, in accordance
with GL 89-19. )

|In CESSAR-DC Section 20.2.69, ABB-CE states that the System 80+ design i

includes a MFW isolation system to protect the SGs from being overfilled. The |
system includes redundant, remotely operated isolation valves in each MFW line |

to each SG. The valve actuation system comprises redundant trains A and B,
with physically and electrically separate I&Cs, so that a failure in one train
will not impair the actions of the other train. The MFW isolation valves are

h) automatically actuated by a main steam isolation signal (MSIS) from the ESFAS.
V High SG water level, in a 2-out-of-4 logic, is one of the initiators of the
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MSIS. The MFW isolation valves can be in-service tested in accordance with
ASME Code, Section XI, Subsection IV. A TS establishes testing requirements
for the valve actuation system. These requirements will also be incorporated
into the plant maintenance procedures.

The second criterion is that the SI pressure capability should be greater than
8791 kPa (1275 psia) and EFW should be automatically initiated on a low SG
water level signal.

In an SBLOCA, high-pressure SI in the System 80+ design is delivered at a
pressure that exceeds the 8791 kPa (1275-psia) requirement. The System 80+
design also incorporates a safety-grade emergency feedwater system (EFWS) that
is automatically actuated by an emergency feedwater actuation signal (EFAS)
from the ESFAS, or by an AFAS from the APS. There is one EFAS for each SG,
initiated by low SG water level in a 2-out-of-4 logic. The EFWS, in conjunc-
tion with safety-grade atmospheric steam dump valves, provides an independent
means of RHR from the RCS via the secondary system until the RCS pressure and
temperature permit actuation of the SCS. An ESFAS high SG water level
interlock will isolate EFW to preclude SG overfill. The RCS depressurization
rate is manually controlled by the operator from the control room to prevent
overcooling of the reactor vessel, by throttling the EFW or using the pressur-
izer auxiliary sprays or both.

In addition to these features, ABB-CE provides emergency operations guidelines
(E0Gs), as discussed in Chapter 18 of this report, to the owner / operator for
preparing emergency operating procedures (E0Ps) detailing the actions to be
taken by the plant operators in the event of an SBLOCA. See the resolution of j
Issue I.C.1 in Section 20.4 of this chapter, j

ABB-CE has acceptably addressed Issue A-47 and GL 89-19 and, therefore,
Issue A-47 is resolved for the System 80+ design.

Issue A-48: Hydroaen Control Measures and Effects of Hydroaen Burns on Safety
Eauipment

Issue A-48, in NUREG-0933, was to consider additional hydrogen control and
mitigation systems for power reactors with small containment structures.
Although hydrogen control measures in connection with a design-basis LOCA
(DBLOCA) had been required by 10 CFR 50.44 well before the Three Mile Island,
Unit 2 (THI-2) accident, metal-water reactions generated hydrogen during the
accident in excess of the amounts specified in 10 CFR 50.44.

In response to the THI-2 accident, the Commission promulgated regulatory
requirements on hydrogen control in 10 CFR 50.34 and 50.44. 10 CFR 50.34(f)
requires a hydrogen control system based on a 100-percent fuel-cladding metal-
water reaction and a hydrogen concentration limit of 10 percent on uniformly
distributed hydrogen in the containment, or a postaccident atmosphere that
will not support hydrogen combustion. Only those plants whose cps had not
been issued at the time of the TMI-2 accident are covered by this rule.

In CESSAR-DC Table 20.1-1, ABB-CE originally considered that this issue was
,

j applicable to the System 80+ design. In CESSAR-DC Amendment U, upon further .
I review, ABB-CE concluded that Issue A-48 was not applicable because the issues

had been superseded.
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COL Action item 20.2-7 in the DSER identified the requirement for the staff tog
( review relevant plant-specific design features regarding combustible gasV) control for conformance to 10 CFR 50.34(f) when an application is received.

The staff's review of this issue concludes that the System 80+ design meets
the requirements of SECY-90-016 (" Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationship to Current Regulatory Require-
ments," dated January 12, 1990) and 10 CFR 50.34(f) for hydrogen control (see
Sections 19.2.3.3.1 and 19.2.3.6.1 of this report). Therefore, DSER COL
Action Item 20.2-7 is resolved.

Based on this, Issue A-48 is resolved for the System 80+ design. As stated in |
NUREG-0933, this issue was integrated into the resolution of Issue 121. See |
also the discussion of Issue 121 in Section 20.3 of this chapter. j

Issue A-49: Pressurized Thermal Shock

The neutron irradiation of reactor pressure vessel weld and plate materials
decreases the fracture toughness of these materials. The staff's concern is
the possibility of vessel failure due to a severe pressurized overcooling;

event, or thermal shock. This was designated Issue A-49 in NUREG-0933.

As noted in NUREG-0933, this issue was resolved and new requirements were
established in 10 CFR 50.61 and incorporated into RG 1.154, " Format and
Content of Plant-Specific Pressurized Thermal Shock Safety Analysis Reports
for Pressurized Water Reactors." As discussed in Section 5.2.2.3 of this
report, the reactor vessel beltline materials proposed by ABB-CE for the
System 80+ design meet the requirements of 10 CFR 50.61. Compliance with thisg
rule is an acceptable basis for the resolution of this issue and, therefore,V} Issue A-49 is resolved for the System 80+ design.

;

;

Issuc B-5: Ductility of Two-Way Slabs and Shells and Bucklina. Behavior of !
Steel Containments 1

In NUREG-0933, this issue was divided into the following two parts which were
separately evaluated:

Part I - Ductility of Two-Way Slabs and Shells

Part I of Issue B-5 was defined in NUREG-0471, " Generic Task Problem Descrip-
tions," dated June 1978, and addressed the lack of information related to the
behavior of two-way reinforced-concrete slabs loaded dynamically in biaxial
tension, flexure, and shear. The objective was to develop design requirements 1

for concrete two-way slabs to resist loading caused by a LOCA or high-energy |

line break (HELB). An acceptable resolution to this issue is to apply the
two-way reinforced-concrete slab analysis methods to adequately address
dynamic loading in biaxial membrane tension, flexure, and shear due to a LOCA
or HELB.

In CESSAR-DC Section 20.2.71, ABB-CE states that the methods in Appendix C of
American Concrete Institute (ACI) 349-85, " Code Requirements for Nuclear
Safety Related Structures," dated 1985, and Positions 10 and 11 of RG 1.142, j
" Safety-Related Concrete Structures for Nuclear Power Plants (other Than ~

O Reactor Vessel Containments)," (Rev. 1, October 1981), are used to treat the(V impactive and impulsive loads associated with a LOCA or HELB. Also, ABB-CE j
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states that the containment piping analysis uses the LBB methodology to reduce
the number of situations in which these loadings occur. The commitment to
RG 1.142 was in response to staff RAI Q220.54 which is listed in Appendix B of
this report and was also documented in ABB-CE's letter dated February 25,
1992.

The commitment by ABB-CE to the methods in Appendix C of ACI 349-85 and Posi-
tions 10 and 11 of RG 1.142 in the CESSAR-DC is acceptable. Based on this,
Part I of Issue B-5 is resolved for the System 80+ design.

Part II - Buckling Behavior of Steel Containments

Part II of Issue B-5 was also identified in NUREG-0471 and addressed the lack
of a well-defined approach for design evaluation of steel containment vessels
subject to asymmetrical dynamic loadings that may be limited by the insta-
bility of the shell. An acceptable resolution to this issue is to address
adequately the design loads, the asymmetrical vessel configurations associated
with the presence of equipment hatches, and the factor of safety in deter-
mining allowable loadings.

In CESSAR-DC Section 20.2.71, ABB-CE states that this issue is resolved
because the steel containment design satisfies the requirements in ASME Code,
Section III and there is no asymmetric dynamic pressure from the layout and
design of the reactor building. ABB-CE also states that the actual safety
factor for the stability analysis is derived from a three-dimensional large
defler. tion analysis taking into account imperfections and non-linear material
properties.

In Section 3.8.2 of this report, the staff describes in detail its evaluation
of the steel containment design and buckling load analysis. Based on the
staff's conclusions in this section, Part II of Issue B-5 is resolved for the
System 80+ design.

Issue B-17: Criteria for Safety-Related Operator Actions

Issue B-17, in NUREG-0933, involves the development of a time criterion for
safety-related operator actions (SROAs), including a determination of whether
automatic actuation is required. This issue also concerns PWR designs that
require manual operations to accomplish the switchover from the injection mode
to the recirculation mode following a LOCA.

Current plant designs are such that reliance on the operator to take action in
response to certain transients is necessary. Consequently, it becomes
necessary to develop appropriate criteria for SR0As. The criteria would
include a determination of actions that should be automated in lieu of
operator actions and development of a time criterion for SROAs.

The review criteria for this issue are contained in American National Stan-
dards Institute /American Nuclear Society (ANSI /ANS) 58.8-1984, " Time Response
Design Criteria for Nuclear Safety Related Operator Actions," and
ANSI /ANS 52.2-1983, " Nuclear Safety Criteria for the Design of Stationary ;
Boiling Water Reactor Plants." Plants should perform task analysis, simulator I

studies and analysis and evaluation of operational data to assess ESF and :

safety-related control system designs for conformance to the criteria. Where j
!

l
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| nonconformance is identified, modification of the design and hardware may be
required.

In the revised operating experience report (0ER) (CESSAR-DC Amendment Q),
which is discussed in Sections 18.3 and 18.4 of this report, ABB-CE indicates ;

that the requirement for automation of the switch from the injection mode to
the recirculation mode is not applicable because the System 80+ design has an
in-containment refueling water tank. ABB-CE notes that the System 80+ design
has eliminated the switchover function. In CESSAR-DC Section 20.2.72, ABB-CE
states that the System 80+ design does not require operator actions during the
first 30 minutes for all DBEs. See Chapter 15 of this report. The staff
finds the information provided by ABB-CE acceptable and, therefore, this issue
is resolved for the System 80+ design.

In the DSER, the staff stated that this issue would be addressed in this
report and designated the action incorrectly as DSER Action Item 20.1-19. The
correct number was DSER Action Item 20.2-19. On the basis of this evaluation,

DSER Action Item 20.2-19 is resolved.

Issue B-26: Structural Intearity of Containment Penetrations

Issue B-26, in NUREG-0933, addressed the adequacy of specific containment
penetration designs regarding structural integrity, ISI requirements, and new
surveillance or analysis methods applicable to containment penetrations that
are identified as inaccessible. In 1984, after reevaluating this issue, the
staff determined that the increase in occupational radiation exposure from
additional inspections would negate the small potential risk reduction. ,

( associated with the issue. As a result, the staff stated in NUREG-0933 that
\ the issue was resolved and no new requirements were established.

In CESSAR-DC Table 20.1-1, ABB-CE categorizes this issue as not relevant to
the System 80+ design because, based on the staff's evaluation discussed
above, the issue was resolved with no new requirements established. ABB-CE's
disposition of this issue is acceptable and, therefore, Issue B-26 is resolved
for the System 80+ design.

Issue B-36: Develop Desian. Testina. and Maintenance Criteria for Atmosphere
Cleanup System Air Filtration and Adsorotion Units for Enaineered
Safety Features Systems and Normal Ventilation Systems

Issue B-36, in NUREG-0933, was to revise the then-current guidance and staff
technical positions regarding ESF and normal ventilation system air filtration
and adsorption units. This issue was resolved by the issuance of Revision 2
of RG 1.52 for ESF ventilation filter units in March 1978, and Revision 1 of
RG 1.140 for normal ventilation filter units, in October 1979.

,

1
In CESSAR-DC SecUon 20.2.73, ABB-CE states that the ventilation systems meet j

the RGs listed abo e. Sections 6.4, 6.5.1, and 11.3 of this report discuss i

the compliance of the System 80+ design with the guidelines in RGs 1.52 and l
1.140. This issue is resolved by the staff and there are no requirements to l
be resolved by ABB-CE. )

(9 The System 80+ design has the following ventilation systems which filter
V radioactivity under normal and postaccident conditions: control room, fuel

;

i
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building, nuclear annex and rad.,aste building, annulus ventilation, subsphere
building, and containment cooling and ventilation. However, ABB-CE does not
always take credit for these filtration units during accidents. The design of
the atmosphere cleanup part of these systems is in accordance with either |

Revision 2 of RG 1.52 or Revision 1 of RG 1.140. ABB-CE commits to both these I

RGs in CESSAR-DC Table 1.8-1 and Section 20.2.73.

Based on the above, Issue B-36 is resolved for the System 80+ design.

Issue B-53: Load Break Switch |

Issue B-53, in NUREG-0933, relates to the reliability of a load break switch
or a circuit breaker that, in some plant designs, is relied on to isolate the
plant's main generator from the grid following a turbine trip. This is to
allow power to be fed in the reverse direction from the grid through the main
transformer to Class IE buses. This circuit is usually used as an immediate
offsite power source for the Class IE loads. A generator circuit breaker,
when used, has the added requirement to ensure isolation of the generator
during fault conditions for the purpose of providing the immediate offsite
power source to the Class IE buses as is required by GDC 17. In NUREG-0933,
the staff stated that this issue was addressed with the issuance of Appendix A
to SRP Section 8.2 in July 1983.

As discussed in Section 8.2.2 of this report, the immediate offsite power
source for the unit auxiliary loads and Class 1E loads is provided by a
backfeed through the main stepup transformer to the unit auxiliary transformer
by disconnecting the main generator from the transmission network by a
generator breaker. ABB-CE states in CESSAR-DC Section 20.2.74 that the
generator circuit breaker used in the System 80+ design would be qualified in
accordance with the guidance provided in Appendix A to SRP Section 8.2;
therefore, this issue is resolved for the System 80+ design.

Issue B-56: Diesel Reliability

Issue B-56, in NUREG-0933, addressed EDG reliability. This safety issue was
promulgated by a review of LERs that indicated that EDGs at operating plants
were demonstrating an average starting reliability of approximately 0.94 per
demand.

The reliability of EDGs is one of the main factors affecting the risk of core
damage from a SB0 event. Thus, attaining and maintaining high reliability of
EDGs at nuclear power plants is a major contributor to the reduction of the
probability of SB0. In RG 1.155, " Station Blackout," the staff recommends an
EDG reliability program that has the capability to achieve'and maintain the
EDG reliability levels in the range of 0.95 per demand or better to cope with
SB0.

This issue was resolved by the issuance of RG 1.160, " Requirements for
,

Monitoring the Effectiveness of Maintenance at Nuclear Power Plants," and -

RG 1.9, Revision 3, " Selection, Design, Qualification, Testing, and Reliabi-
lity of Diesel Generator Units Used as Onsite Electrical Power Systems at
Nuclear Power Plants." RG 1.160 endorses NUMARC 93-01, " Industry Guidelines
for Monitoring the Effectiveness of Maintenance at Nuclear Power Plants."
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In CESSAR-DC Section 20.2.75, ABB-CE discusses the application of Issue B-56n
i to the System 80+ design. ABB-CE commits to conform to the guidance of

(C RG 1.9, Revision 3, and states that the EDGs will have a maintenance program
in accordance with the Maintenance Rule (10 CFR 50.65) and guidance in

.

RG 1.160 to monitor diesel generatcr performance. This satisfies the require- {
ments of this issue, and ABB-CE's resolution of Issue B-56 for the System 80+ j

design is acceptable.

I The staff stated in the DSER that ABB-CE's proposed technical resolution of |
this issue would be evaluated in this report (DSER Open Item 20.2-20). J

Based on the above review, DSER Open Item 20.2-20 is resolved. i

Issue B-60: Loose-Parts Monitorina Systems

Applicants for cps and operating licenses are required to commit to establish-
ing a loose-parts detection program. The program is established to detect
loose metallic parts in the RCS at an early stage. Early detection can give
the time required to avoid or mitigate damage to, or malfunction of, safety-
related primary system components. The NRC had developed hardware and
operational criteria for loose-parts detection systems. These criteria are in
Revision 1 of RG 1.133, " Loose-Part Detection Program for the Primary System
of Light-Water-Cooled Reactors," which NRC issued in May 1981.

Issue B-60, in NUREG-0933, was to resolve any outstanding issues related to
the implementation of Revision 1 of RG 1.133, including the development of
staff positions and guidance with respect to upgrading loose-parts detection
systems at operating facilities. This issue was resolved without any new j

. b)s1 requirements and, therefore, the guidelines for an acceptable loose-parts
'

\_ monitoring system (LPMS) in Revision 1 of RG 1.133 satisfactorily resolve this

]i
issue.

The resolution of Issue B-60 was incorporated into Item II.7 of SRP Sec- i

tion 4.4, which requires that the design description and proposed procedures
for use of the LPMS be consistent with the guidance in RG 1.133.

3

|
The System 80+ design includes an LPMS to detect the presence of loose parts
in the RCS. The LPMS is described in CESSAR-DC Sections 7.1.2.30 and
7.7.1.6.3.

LPMS sensors are installed at the locations given in CESSAR-DC Table 7.7-4.
These locations correspond to natural collection regions for loose parts in
the primary system and the secondary side of the SG. Two sensors are at each
natural collection region and their associated cabling and amplifiers are
physically separated. Signals from the sensors are routed via high-tempera-
ture, low-noise cable to in-containment charge amplifiers. The charge
amplifier output is transmitted to alarm units within the equipment room. The

,

I alarm unit compares the peak value of the accelerometer output to a predeter- |

| mined threshold and provides an alarm to the control room annunciator and
| plant computer systems. The LPMS is designed to be consistent with the

guidance in RG 1.133 (Rev. 1). The staff has reviewed the LPMS design for the'

System 80+ plant by comparing it with the systems used at other plants, taking
into account pertinent differences. As stated in Section 4.4.3 of this
report, the staff concludes that an acceptable LPMS will be implemented for

|
'
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the System 80+ plants. Therefore, ABB-CE's resolution of this issue for the
System 80+ design is acceptable.

In DSER Confirmatory Item 20.2-2, the staff stated that limiting conditions
for operation (LCOs) and surveillance requirements for the LPMS would be
included in the CESSAR-DC TSs in accordance with RG 1.133. However, to be
consistent with the improved ABB-CE Standard TSs, the LPMS is not included in
the TSs for System 80+, as discussed more fully in Section 4.4.3 of this
report. Therefore, Confirmatory Item 20.2-2 is resolved.

Issue B-61: Allowable ECCS Eauipment Outaae Periods

Issue B-61, in NUREG-0933, was raised to establish surveillance test intervals
and allowable equipment outage periods, using analytically based criteria and
methods for the TSs. The present TS-allowable equipment outage intervals and i

test intervals were determined primarily on the basis of engineering judgment. '

Studies performed by the NRC on operating reactors indicated that from 30 to
80 percent of the ECCS unavailability was due to testing, maintenance, and ;

allowed outage periods. Therefore, by optimizing the allowed outage period
and the test and maintenance interval, the equipment unavailability and public
risk can be reduced.

Because the NRC has not completed its evaluation of this issue, the initial
LCOs for a future plant design may continue to be based on current industry
practice without prejudicing later optimization when the methods and require-
ments have been confirmed. The LC0 surveillance periods and outage times
shall be accounted for in the overall plant PRA as required by 10 CFR Part 52.
Any subsequent proposed changes to the provisions in the LCOs for ECCS
surveillance shall be demonstrated to be within the results of an existing
PRA.

In CESSAR-DC Section 20.2.77, ABB-CE states that the System 80+ design evolved
from the System 80 design with the incorporation of design enhancements to
improve the operation and safety of the plant, and the most significant
advances are in the area of ESFs. These include a four-train system for high-
pressure SI drawing water from an IRWST, which permits long-term recirculation
without a changeover of water sources (also true for the CSS), a dedicated
safety-grade EFWS, and an integrated containment spray and SCS. Also included
are a safety depressurization system (SDS), and an AAC power source to help
cope with loss-of-power events.

The LCOs for the System 80+ design (see CESSAR-DC Chapter 16) are developed
from the System 80 LCOs in the TSs for the Palo Verde Nuclear Generating
Station, taking into account the differences in design and safety improvements,

| alluded to above. The System 80 LCOs were in turn developed from the experi-
I ence with similar systems and components during many years of operation at

previous CE nuchar power plants. Thus, the System 80+ design LCOs for the
surveillance and outage times for safety equipment are consistent with the
same general body of component availability experience that is used as input
to the System 80+ design PRA. (See CESSAR-DC Chapter 19.)

The PRA uses a system fault tree approach to quantify system accident
sequences that result in severe core ~ damage. Data related to ESFs that are
used in the quantification include

,

|
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component failure ratesa

[-m component repair times and maintenance frequenciesi a

component inspection and test times and frequencies ;( =

allowable equipment outage times=

The data are used in accordance with NUREG/CR-2815 (U.S. NRC, "Probabilistic
Safety Analysis Procedures Guide," January 1984). The basic failure rate data
are obtained from the EPRI ALWR Utility Requirements Document (" Advanced Light
Water Reactor Requirements Document - Chapter 1: Overall Requirements,
Appendix A: PRA Key Assumptions and Groundrules," Draft, April 1987) supple-
mented with data from the National Reliability Evaluation Program (NREP)
Generic Data Base (E.G. and G. " Generic Data base for Data and Models Chap-
ter of the National Reliability Evaluation Program (NREP) Guide," EGG-EA-5887,
June 1982) and other nuclear sources. Maintenance and repair times are calcu-
lated as outlined in NUREG/CR-2815. The inspection and test times and
frequencies are as specified in the System 80+ LCOs (see CESSAR-DC Chap-
ter 16).
The PRA demonstrates that the System 80+ design meets the industry goal of

41.0 x 10 CDF/ reactor-year for future reactors and indicates that the initial
LCOs are consistent with this goal. The COL applicant may refine the LCOs to
further reduce risk or increase operational flexibility provided that the
resulting overall risk is shown to be within the above goal.

The staff's evaluat1on of the System 80+ TSs is in Section 16 of this report.
Based on this evaluation and ABB-CE's response to this issue, Issue B-61 is
resolved for the System 80+ design.n

Issue B-63: Isolation of Low-Pressure Systems Connected to the RCPB

Several systems connected to the RCPB have design pressures that are consider-
ably below the RCS operating pressure. The NRC has required that valves
forming the interface between these high- and low-pressure systems have suffi-
cient redundancy to ensure that the low-pressure systems are not subjected to
pressures beyond their design limits.

Recently, there has been discussion about the adequacy of the isolation of
low-pressure systems that are connected to the RCPB. Earlier reviewers have
concentrated on ensuring isolation of the RHR system, which is a low-pressure
system in almost all PWRs and BWRs. Current reviews of license applications
for new plants are based on guidelines in the SRP supplemented by the staff
position, " Leak Testing of Pressure Isolation Valves," in SRP Section 3.9.6
(Rev. 2).

Issue B-63, in NUREG-0933, was to assess the isolation capabilities of low-
pressure systems by reviewing a representative operating plant for each
nuclear steam supply system (NSSS) vendor, including ABB-CE. Each low-
pressure system connected to the RCPB and penetrating the containment would be
examined. In April 1981, an order was issued to licensees for all operating
reactors to comply with the requirements of the resolution for Event V
configurations. All other configurations were addressed by SERs on inservice
testing and were issued as license amendments.

\-

V
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In CESSAR-DC Section 20.2.78, ABB-CE state that because of the importance of
the interface between high-pressure (HP) and low-pressure (LP) safety-related
systems, all pressure-containing components used in the System 80+ design
identified as Safety-Class 1, 2, or 3 (including all HP-to-LP safety-related
system boundary valves, such as SCS isolation valves) are designed, manufac-
tured, and tested in accordance with ASME Code, Section III (see CESSAR-DC
Section 3.2.2). CESSAR-DC Table 3.2-2 provides a cross-reference between
safety class and code class. Furthermore, ABB-CE provides in CESSAR-DC
Section 3.9.6.2.4 a list of RCS pressure isolation valves (PIVs). ABB-CE
states that those PIVs will be leak-rate tested in accordance with CESSAR-DC
Table 3.9-15 and the surveillance requirements specified in the TS 3.4.13.1.
The staff's evaluation of the RCS PIVs leak testing requirements for the
System 80+ has been found to be acceptable as discussed in Section 3.9.6.2.4
of this report.

Based on the above, Issue B-63 is resolved for the System 80+ design.

Issue B-66: Control Room Infiltration Measurements

The control room area ventilation systems and control building layout and
structures are reviewed to ensure that plant operators are adequately pro-
tected against the effects of accidental releases of toxic and radioactive
gases and that the control room can be maintained as the backup center from
which technical personnel can safely operate during an accident. A key
parameter affecting control room habitability is the rate of air infiltration
into the control room. Current estimates of these rates are based on data
relating to buildings that are substantially different from typical control
room buildings in nuclear power plants.

Issue B-66, in NUREG-0933, was to facilitate compliance with the following
staff requirements and guidance on control room habitability: (1) GDC 19 and
(2) SRP Sections 6.4, " Control Room Habitability Systems," and 9.4.1, " Control
Building Ventilation Systems." Additional experimentally measured air
exchange rates of operating reactor control rooms resulted in Revision 2 of
SRP Section 6.4. See also the resolution of Issues 83 and III.D.3.4 for the
System 80+ design in Sections 20.3 and 20.4, respectively, of this chapter. ;

In CESSAR-DC Section 20.2.79, ABB-CE states that the System 80+ control room ;

ventilation system design provides continuous pressurization of the room to |
prevent entry of dust, dirt, smoke, and radioactivity originating from outside !

the room. Filtered outdoor air for pressurization is taken from either of two !

locations so that a source of uncontaminated air is available. Each intake
i

location is monitored for radioactivity, toxic gases, and products of combus-
tion (see CESSAR-DC Section 9.4.1). In the event of an outside air contamina-
tion signal from the control room intake radiation monitors, or upon receiving
a safety injection actuation signal (SIAS), component control logic will i

automatically close the more contaminated intake and divert the control room
intake and recirculation flows via the designated control room filtration
unit. Identification of potential hazardous gas sources and releases at or in
the vicinity of a specific plant site, and analysis of the resulting concen-
tration in the control room, are the responsibility of the COL Applicant.

Outside air will flow through the filter train to the control room to maintain
a positive pressure with respect to the surrounding area. Room air tempera-
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tures are maintained at habitable levels by internal recirculation cooling.m The habitability systems are able to reliably perform their functions during[d emergency conditions due to the design features of the systems (see CESSAR-DC
s

Sections 6.4 and 9.4.1). !

The System 80+ control room infiltration measurements were evaluated by the
staff and found acceptable in accordance with SRP Sections 6.4 and 9.4.1, in !

Sections 6.4 and 9.4.1 of this report. Therefore, Issue B-66 is resolved for
the System 80+ design.

Issue C-1: Assurance of Continuous Lona-Term Capability of Hermetic Seals on
Instrumentation and Electrical Eauipment

Issue C-1, in NUREG-0933, was developed because of concerns regarding the
long-term capability of hermetically sealed instruments and equipment that
must function in postaccident environments. Certain classes of instrumenta- |
tion incorporate these seals. When safety-related components within the '

containment must function during post-LOCA conditions, their operability is
sensitive to the ingress of steam or water.

ABB-CE addressed this issue in CENPD-255-A (Rev. 3), CESSAR-DC Section 20.2.57
for Issue A-24, and CESSAR-DC Section 3.11.

Resolution of open and confirmatory issues in the DSER for CESSAR-DC Sec-
tion 3.11 and staff concerns with Issue A-24 in the DSER were required to
resolve all concerns with Issue C-1. The open and confirmatory issues in the
DSER for CESSAR-DC Section 3.11, and the NRC staff's concerns with Issue A-24

/ have been resolved as discussed above in Issue A-24 in this section. The NRC( ,) staff previously reviewed and approved CENPD-255-A as discussed in Sec-
tion 3.11 of this report.

Therefore, Issue C-1 is resolved for the System 80+ design.
|
'

Issue C-2: Study of Containment Oeoressurization by Inadvertent Sorav Opera-
tion to Determine Adeauacy of Containment External Desian Pressure

Issue C-2, in NUREG-0933, was to develop a code to be used for the analysis of
containment pressure response with and without the effects of vacuum breakers
or control systems for the inadvertent spray event. Inadvertent operation of
containment sprays can result in a rapid depressurization of the containment
building. Where containment external design pressure may be exceeded, plants
have been provided with vacuum breakers or control system interlocks to
prevent this condition. The resolution of this issue was to require licensees
to perform analyses of containment depressurization due to inadvertent spray
operation, and the staff would review these analyses in accordance with SRP
Section 6.2.1.1.

The staff reviewed ABB-CE's analyses of containment depressurization caused by
inadvertent spray operation in accordance with SRP Secticn 6.2.1.1. A

detailed discussion of the staff's review is in Section 6.2.1.1 of this
report.

[ }
Therefore, based on the staff's conclusions in Section 6.2.1.1 of this report,

|

| (/ Issue C-2 is resolved for the System 80+ design.
i
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Issue C-4: .S_tatistical Methods for ECCS Analysis

Issue C-4, in NUREG-0933, addresses the statistical methods used for perfor-
mance evaluation of the ECCS during a LOCA. In accordance with the require-
ments of 10 CFR 50.46 as amended on September 16, 1988, the NRC requires that
the LOCA analyses for license applications use either the 10 CFR Part 50
(Appendix K) evaluation models or the statistical (realistic) models, includ-
ing the uncertainty of calculation in the adverse direction. The realistic
models must be supported by applicable experimental data. Uncertainties in
the realistic models and input must be identified and assessed so that |

uncertainty in the calculated results can be estimated. !

ABB-CE used the approved 10 CFR Part 50 (Appendix K) evaluation models to
perform the LOCA analysir for the System 80+ ECCS design. The LOCA analysis
is discussed in CESSAR-DC Section 6.3.3. The staff reviewed the LOCA analysis
for the System 80+ design and concludes in Section 15.3.7 of this report that
the LOCA analysis is acceptable because the approved Appendix K evaluation
models were used for analysis, and the analytical results complies with the
ECCS performance acceptance criteria specified in 10 CFR 50.46.

Therefore, based on the staff's conclusions in Section 15.3.7 of this report,
Issue C-4 is resolved for the System 80+ design.

Issue C-5: Decay Heat Update

Issue C-5, in NUREG-0933, addressed the specific decay heat models for the
LOCA analysis models. In accordance with the requirements of 10 CFR 50.46 as
amended on September 16, 1988, the LOCA analyses for license applications
should use either the 10 CFR Part 50 (Appendix K) models, or the realistic
models supported by applicable experimental data and including uncertainty of
calculation in the adverse direction. When Appendix K models are used, the
decay heat generation function should be based on ANS 5.0, " Decay Energy
Release Rates Following Shutdown of Uranium-Fueled Thermal Reactors," plus a
20-percent uncertainty factor. When realistic models are used, the decay heat
function in ANS 5.1, " Decay Heat Power in Light Water Reactors," is acceptable
for licensing applications.

In CESSAR-DC Section 6.3.3, ABB-CE analyzes the LOCA for the System 80+
design. The staff reviewed the LOCA analysis and prepared the evaluation in
Section 15.3.7 of this report. The 10 CFR Part 50 (Appendix K) models were
used for the LOCA analysis. The required decay heat function in ANS 5.0 with
inclusion of 20-percent uncertainty factor was used. Therefore, the use of
the decay heat function complies with the requirements of 10 CFR 50.46 and is
acceptable.

Therefore, Issue C-5 is resolved for the Sy:.lem 80+ design. |

Issue C-10: Effective Operation of Containment Sorays in an LOCA l
i

Issue C-10, in NUREG-0933, addressed the effectiveness of various containment |
sprays to remove airborne radioactive material that could be present within I

the containment following a LOCA. This was expanded to include the possible j
damage to equipment located within the containment due to an inadvertent
actuation of the sprays. This issue was resolved by SRP Section 6.5.2,
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" Containment Spray as a Fission Product Cleanup System," which referencesq ANSI /ANS 56.5-1979, "PWR and BWR Containment Spray System Design Criteria."

The staff evaluated the CSS against the requirements in SRP Section 6.5.2, in
Section 6.5 of this report. Based on the staff's conclusions in this section,
Issue C-10 is resolved for the System 80+ design.

Issue C-12: Primary System Vibration Assessment

| Issue C-12, in NUREG-0933, addrused the potential for detrimental effects on
| the primary system from flow-induced vibrations, vibrations that occur from

operation of the primary system pumps, or from other causes. Of concern is
the possibility that excessive vibration could lead to premature failure of
RCS components, causing damage to the internal components of the reactor
vessel and, potentially, interference with the operation of the control rod {
system. The staff has concluded that SRP Section 3.9.2 (" Dynamic Testing and :

|Analysis of Systems, Components, and Equipment") and RGs 1.20 (" Comprehensive
Vibration Assessment Program for Reactor Internals During Preoperational and
Initial Startup Testing") and 1.133 (" Loose-Part Detection Program for the
Primary System of Light-Water-Cooled Reactors") provide sufficient basis for i

'resolution of this issue.

| In CESSAR-DC Section 20.2.85, ABB-CE states that guidance from SRP
Section 3.9.2 and RG 1.133 is incorporated into the system and component
design process. The SRP requirements include acceptance of a vendor's
prototype plant results along with the startup program which satisfies RG 1.20
(Rev. 2). ABB-CE addresses this issue by considering vibration during the

(m) design phase and then by monitoring the vibration during plant startup and
,

V operation. The System 50 plants at Palo Verde are considered the prototype
plants for the System 80+ design and, as such, experience from the startup of;

these plants is included in the System 80+ design. The System 80+ design also'

includes a vibration and leak monitoring system called the NSSS integrity
monitoring system (NIMS), which consists of the following three subsystems:

| (1) internals vibration monitoring system (IVMS), (2) acoustic leak monitoring
system (ALMS), and (3) LPMS. The IVMS and LPMS provide data from which
changes in motion of the reactor vessel's internal components can be detected,
as well as the presence of a loose part within the RCS pressure boundary.

ABB-CE's proposed approach in addressing this issue conforms with SRP Sec-
tion 3.9.2, and RGs 1.20 (Rev. 2) and 1.133. Therefore, the proposed approach
is acceptable and Issue C-12 is resolved for the System 80+ design.

Issue C-17: Interim Acceptance Criteria for Solidification Aaents for

fLqdioactive Solid Wastes

issue C-17, in NUREG-0933, was to develop criteria for acceptability of
radwaste solidification agents to properly implement a process control program
for packaging diverse radioactive plant wastes for shallow land burial. There
are no current criteria for a finding of acceptability of solidification
agents.

As stated in NUREG-0933, the Commission issued 10 CFR Part 61 on licensingO requirements for land disposal of radioactive waste, including Section 61.56
V which addresses acceptable waste characteristics. Also, BTP ETSB 11-3 was
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developed by the staff to be part of SRP Section 11.4, " Solid Waste Management
Systems," and provide design guidance for solid waste management systems
(SWMSs) to be used at LWRs. Therefore, this issue has been resolved for
implementation at nuclear power plants.

The SWMS for the System 80+ design is evaluated in Section 11.4 of this
report, where it is stated that the Part 61 requirements are a COL Action item
(See CESSAR-DC Section 11.4.1.1, Item F) and the COL applicant is responsible
for developing operating procedures to processing the wet solid radwastes to .

ensure that the Part 61 requirements are met. It is recognized that the |
development of a SWMS process control program and procedures is the responsi-
bility of the COL applicant.

The staff concludes in Section 11.4 of this report that the SWMS can comply
with 10 CFR Part 61, but the demonstration of such compliance is within the
scope of the COL applicant. ABB-CE also concludes that is an operational
issue for the COL applicant in CESSAR-DC Table 20.1-1. This is included in
COL Action Item 11.4-1.

Based on the above, Issue C-17 is resolved for the System 80+ design.

20.3 New Generic Issues

Except for Issue 84 in this section, the new generic issues of NUREG-0933,
were evaluated against the System 80+ design in this section:

for the design to comply with 10 CFR 52.47(a)(1)(iv) and 10 CFR 50.34(f)*

in terms of ABB-CE addressing USIs, GSIs, and EMI Action Plan Items;

because ABB-CE states in CESSAR-DC Table 20.1-1 that the issue applied to=

the design

The staff also decided to include a discussion of Issue 84 for the System 80+
design.

Issue 3: Setooint Drift in Instrumentation

Issue 3, in NUREG-0933, addressed the drift in the set points of instrumen-
tation beyond the limits in the TS. Safety-related I&C systems use setpoints
as a means of determining when to initiate a safety function. If the setpoint I

Idrifts, the actual value of the measured parameter at which a particular
action is specified to occur will be altered. This can delay the initiation
of a safety function.

The staff addressed this concern in RG 1.105 (Rev. 2), " Instrument Setpoints
for Safety-Related Systems," which endorses the Instrument Society of America
(ISA) standard ISA-S67.04-1982, "Setpoints for Nuclear Safety-Related Instru-
mentation Used in Nuclear Power Plants."

The acceptance criteria for resolving this issue are that safety-related I&C
systems that use setpoints as a means of initiating their safety functions
shall (1) establish and maintain the setpoints using the guidance in RG 1.105,
(Rev. 2) (with the exception of ISA S67.04-1982), and (2) conform to the
criteria in ISA S67.04-1987. Specifically, a setpoint shall be established so
that its selection shall allow sufficient margin between the setpoint and the '
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TS limit to account for the expected environmental conditions and other
arpropriate inaccuracies.

In CESSAR-DC Section 20.2.1, ABB-CE states that setpoint drift will be
detected by periodic surveillance, through automatic testing of the plant
protection system (PPS) bistable trip functions, and by monitoring the PPS
setpoints by the data processing system (DPS). This is discussed in CESSAR-DC
Sections 7.2.1.19 and 7.7.1.8.2.1. ABB-CE also states that the setpoints used
to initiate plant safety functions are established and maintained following
the requirements in ISA-S67.04-1987 and meet the guidance in RG 1.105
(Rev. 2).

The staff notes that the bistable functions are implemented in software;
consequently, setpoint drift will not occur in the bistable functions.
Instrument drift is detected through the on-line continuous signal validation
with periodic calibration.

Since ABB-CE has committed to conform to ASI-S67.04-1987 and RG 1.105,
Revision 2, Issue 3 is resolved for the System 80+ design.

Issue 14: PWR Pine Cracks

Issue 14, in NUREG-0933, addressed cracking in PWR non-primary (i.e., second-
ary) piping systems as a result of stress corrosion, vibratory and thermal
fatigue, and dynamic loading. Cracking in PWR non-primary system piping could
lead to a decrease of the system functional capability and could possibly
result in such situations as degraded core cooling. This issue deals with

(m) occurrences of MFW line cracking in certain Westinghouse and Combustion
v' Engineering PWRs. In September 1980, the PWR Pipe Study Group completed its

investigation of the issue and published its findings in NUREG-0691, ("Inves-
tigation and Evaluation of Cracking Incidents in Piping of Pressurized Water
Reactors," dated September 1980). This report provides conclusions regarding
systems safety and recommends technical solutions to the issue. The staff
considered augmented inspections and inspection requirements, and concluded
that they had low risk-reduction value. Therefore, this issue was resolved
and no new requirements were established.

ABB-CE states in CESSAR-DC Section 20.2.2 that the high-energy secondary
piping systems will be designed, manufactured, constructed, tested, and
inspected in accordance with accepted industry codes and standards, and will
meet the intent of the relevant guidance in SRP Chapters 3 and 10, and RG 1.26
(Rev. 3), " Quality Group Classifications and Standards for Water , Steam , and
Radioactive-Waste-Containing Components of Nuclear Power Plants."

In the DSER, the staf f requested that ABB-CE also reference SRP Section 6.6,
" Inservice Inspection of Class 2 and 3 Components," in CESSAR-DC Section 6.6
for all ASME Class 2 and Class 3 piping systems. This was designated DSER
Open Item 20.2-1. ABB-CE in Amendment L referenced SRP Section 6.6, in
CESSAR-DC Section 6.6. Therefore, DSER Open Item 20.2-1 is resolved and the
NRC staff concluded that this design approach is adequate in ensuring the
structural integrity of non-primary piping. This is discussed in CESSAR-DC
Appendix 3.9A and Sections 8.12 and 6.6 of this report.p)I

G Based on the above, Issue 14 is resolved for the System 80+ design.
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Issue 15: Radiation Effects on Reactor Vessel Suonorts

Issue 15, in NUREG-0933, addresses the potential for radiation embrittlement
of reactor vessel support structures. Neutron irradiation of structural
materials causes embrittlement that may increase the potential for propagation
of flaws that might exist in the materials. The potential for brittle ,

fracture of these materials is typically measured in terms of the material's {
nil-ductility transition temperature (NDTT). As long as the operating |
environment in which the materials are used has a higher temperature than the i

material's NOTT, failure by brittle fracture is not expected. Many materials,
when subjected to neutron irradiation, experience an upward shift in the NDTT,

Ithat is, they become more susceptible to brittle fracture at the operating
temperatures of interest. This effect has to be accounted for in the design
and fabrication of reactor vessel support structures.

As stated in NUREG-0933, this issue has a high priority ranking and require-
ments have not been issued by NRC.

ABB-CE discusses the resolution of this issue for the System 80+ design in
CESSAR-DC Section 20.2.4. The reactor vessel support system consists of four
vertical columns, which are located under the reactor vessel inlet nozzles.
ABB-CE indicates that the design of the reactor vessel supports addresses
irradiation effects (including low temperature and low neutron flux) and
material embrittlement.

ABB-CE states that the reactor vessel supports are designed to accept normal,
seismic, and branch-line pipe break loads. Irradiation effects are addressed
in the fracture mechanics analysis of the columns which is performed using the
philosophy of ASME Code, Section III, Appendix G to ensure that structural
integrity is maintained. This fracture mechanics analysis addresses potential
embrittlement and accident loads, including the SSE and large-break LOCA.
ABB-CE contends that this analysis demonstrates that the structural integrity
of the columns would be maintained, even if large cracks existed in the
columns and they were subjected to the lowest possible temperatures and the
maximum normal and SSE loadings. ABB-CE states that the sensitivity to
uncertainty in the extent of the embrittlement is also addressed and the
conservatism of this analysis is enhanced by the adoption of the LBB method in
the System 80+ design basis.

Open items for this issue were identified in the discussion on this issue in
the DSER. The resolution of each open item is listed below.

(1) ABB-CE has described in its letter dated December 23, 1992, the materials
selected for the construction of the reactor vessel supports, limits on

! residual elements to minimize susceptibility to irradiation, limits on
initial reference temperature and upper-shelf impact energy, and inspec-
tion requirements of supports during fabrication as follows:

The reactor vessel support columns are made of high-quality SA 508 steel,
with additional restrictions on both its chemical composition and its
postfabrication inspection. The specific chemistry restrictions are
(a) maximum phosphorus, 0.012 percent per heat and 0.018 percent per
product analysis and (b) maximum copper, 0.15 percent per heat and per-
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product analysis. Other chemical composition requirements consistent,

with SA 508 chemistry continue to apply.

for the unirradiated material
The initial reference temperature (RT 1)In actual practice, initial RT.,

1

is specified as 5 *C (40 'F), maximum.
values of -12 to -1 "C (+10 to +30 'F) are typically achieved. The
upper-shelf impact energy is specified to meet the fracture toughness
requirements of ASME Code, Section III, Subsection N8-2300 at 5 *C
(40 'F).

Postfabrication inspection is performed in accordance with ASME Code,
Section III, Subsection NF, and ASME Code, Section II, Specification SA
508. Magnetic particle inspections in accordance with Method SA 275 are
performed after final machining; forgings are ultrasonically inspected in
accordance with Recommended Practice SA 388. These requirements should
provide assurance of satisfactory material performance for a 60-year
life. Based on this information, DSER Open Item 20.2-2 is resolved.

(2) ABB-CE has provided an estimated 60-year neutron fluence level at the
reactor vessel support, which has been expressed in " displacement per
atom (dpa)" to account for the spectrum of the neutron energy as dis-
cussed in NUREG/CR-5320, " Impact of Radiation Embrittlement on Integrity
of Pressure Vessel Supports for Two PWR Plants," January 1989, as
follows:

18
The 60-ypar neutron fluence level is estimated to be 3.0 x 10 neu-
trons/cm (E > 1.0 Mev). This is based on an 80-percent capacity factor,

) that is, after 48 effective full-power years (EFPY). This fluence;V pertains to the surface of the support column facing the reactor, at core
midplane. The actual fluence depends significantly on fuel management
procedures employed over the life of the plant. The 60-year fluence is
based on conservative physics calculations, and could exceed the fluence
realized in actual practice by 30 percent or more. This fluence corre-
sponds to approximately 0.0045 dpa. RT shifts for the reactor vessel
supports can be reliably estimated usin 7g the methodology of RG 1.99,
" Radiation Embrittlement of Reactor Vessel Materials," while including
conservative correction factors to account for the effects of temperature
and active radiation parameters.

This should offer adequate assurance of satisfactory material performance
for a 60-year life. Based on the information provided, DSER Open
Item 20.2-3 is resolved.

(3) ABB-CE has described its procedures in estimating the extent of irradia-
tion embrittlement as follows:

The effective fast fluence is used to calculate the irradiation-induced
shift according to RG 1.99, Revision 2. RT shifts are calculated

RT.,d on fluences at the locations of hypotheticai crack tips within abase
structure. Crack tip fluences are somewhat lower than corresponding
surface fluence values; the function describing the attenuation of
fluence with depth is in RG 1.99, Revision 2, Section C, Part 1.1,

bs Equation 3. For reactor vessel column support analyses, predictions of'v) RT 7 shift are based on SA 508 chemistry for which additional impurity

ABB-CE System 80+ FSER 20-37 June 1994

. _ _ _ _ _ _ - _ _ _ _ _ - _ - _ - . . _ _____ _- _ _ _ . . _ - _ _ _ _ _ _ __



l

I
,

restrictions have also been specified. The operating temperature range
of the reactor vessel column supports at core midplane, well below 204 *C
(400 *F), is then addressed. In RG 1.99, Revision 2, the staff states
that temperatures below 274 *C (525 *F) should be considered to produce
greater embrittlement than that predicted by its methodology and a
correction factor should be used that is justified by reference to actual

The available data indicate that the RT , tally observed RT
shift at temperaturesdata.

below 204 *C (400 *F) is constant. The experimen
shiftsbelow400*F(204*C)exceedthoseat288*C(550*F)byaIa,ctor
of slightly more than 2. Accordingly, a conservative temperature correc-
tion factor of 2.25 is applied to the RT , shift, as predicted by
RG 1.99, Revision 2.

The reactor vessel column supports represent a redundant structure whose
primary loading produces compressive stresses. For the reactor vessel
column support analysis, the surface value for the initially specified

maximum RT ' ion was derived using material with the worst possible speci-
value of 5 *C (40 *F) is predicted to shift 90 *C (171 'F).

ThisprediEt
fied chemical composition exposed over 60 years (48 EFPY) to the 60-year
fluence specified above. This prediction includes the conservative
factor of 2.25 for colder temperatures. Considering that an actual
material's chemistry and mechanical properties would stand up better,
this analysis, with the redundant conservatism, provides reasonable
assurance that the vessel supports will perform adequately for their 60-
year life. Based on the information provided, DSER Open item 20.2-4 is
resolved.

(4) ABB-CE has submitted additional information on its fracture mechanics
analysis, including the following assumptions and acceptance criteria:

The fracture mechanics evaluation of the reactor vessel column supports
considers hypothetical cracks located at the core midplane, one on the
side facing the reactor, and one on the side facing away. The method of
ASME Code, Section XI is used to determine an applied stress intensity
factor (K ) associated with a hypothetical crack tip, using designi
condition static forces and moments in the column at core midplane, plus
dynamic loadings from a SSE. Since the reactor vessel columns are
fabricated from SA 508, Appendix G of ASME Code, Section III, is then
invoked. Figure G-2210-1 in ASME Code, Section III, Appendix G, deter-
mines the minimum acceptable column temperature relative to an irradiated
RT The use of Appendix G has a further conservatism because the
apkied K, associated with any primary membrane or primary bending stress

.

is doubled before using Figure G-2210-1. Figure G-2210-1 then determines|

I the minimum acceptable algebraic difference between the actual reactor ,

vessel column temperature (RVCT), and the end-of-life (E0L) Irradiated |

RT This algebraic temperature difference is then added to an addi-or.
tional margin requirement from 10 CFR Part 50, Appendix G. This is
summarized in an equation as follows:

Iriitial RT., + RT , shif t - Irradiated RT., (I,,nge)

(vnere the RT shift is conservatively predicted with the factor of
2.25 for cold., temperatures);er
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RVCT - I >- Figure G-2210-1 + margin (10 CFR Part 50, Appendix G)n m

{V Since the ASME Code, Section III, Appendix G, requirement ultimately
i

depends upon the dimensions of any hypothetical crack, the inequality
above is then tested against crack dimensions that are increasingly
larger until the inequality can no longer be satisfied; this determines a
limiting crack size. This limiting crack size must be shown to be larger '

than the post-fabrication inspection flaw detection limits. This is an
acceptable result for the reactor vessel column supports because the
undetected flaws do not need to be repaired since there are smaller than
the critical size. Any detected flaw must be repaired prior to certify-
ing the reactor vessel column supports as acceptable. Based on this
information, DSER Open Item 20.2-5 is resolved.

(5) The staff evaluated the application of LBB for the System 80+ design in
Section 3.6.3 of this report. With LBB satisfied for selected piping
systems, the dynamic effects from postulated pipe breaks in these piping
systems are eliminated, therefore, DSER Open Item 20.2-6 is resolved.

The staff has determined that the proposal of ABB-CE is adequate in ensuring
the structural integrity of the reactor vessel support system and, thus, is
acceptable in resolving Issue 15 for the System 80+ design.

The COL applicant should verify that, on the basis of actual plant-specific
values, its application meets the CESSAR-DC assumptions of reactor vessel
support materials properties for the 60-year neutron fluence. This is
included in COL Action Item 5.3.1-1 of Section 5.3.1 of this report.

V' Based on the above, Issue 15 is resolved for the System 80+ design.

Issue 22: Inadvertent Boron Dilution Events

Issue 22, in NUREG-0933, addressed the possibility of core criticality during
cold shutdown conditions from an inadvertent boron dilution event. The
acceptance criterion is that plants shall minimize the consequences of
inadvertent boron dilution events by meeting the intent of SRP Section 15.4.6,
" Chemical and Volume Control System Malfunction that Results in a Decrease in
Boron Concentration in the Reactor Coolant (PWR)." Specifically, the plant
shall respond in such a way that the criteria regarding fuel damage and system
pressure are met and the dilution transient is terminated before the shutdown
margin is eliminated. If operator action is required to terminate the tran-
sient, redundant alarms must be in place and the following minimum time inter-
vals must be available between the time when an alarm announces an unplanned
dilution and the time shutdown margin is lost:

during refueling (Mode 6) - 30 minutes=

during all other operating modes - 15 minutes*

As stated in CESSAR-DC Section 20.2.4, ABB-CE performed a safety analysis for
the System 80+ design which demonstrated that the consequences of an inadver-
tent boron dilution during cold shutdown are minimized. This analysis
considered SRP Section 15.4.6 criteria, including design limits, a single !p)

(V failure in conjunction with moderate frequency events, and the impact of a !
single failure or operator error on fuel integrity and radiological dose
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calculations. The analysis considered the time limits required for an l
operator to terminate an inadvertent boron dilution in cold shutdown. A boron l

dilution event in cold shutdown is indicated to the operator by the baron |

dilution alarm logic in the Nuplex 80+ advanced control complex (ACC), as I

described in CESSAR-DC Section 7.7.1.1.10. This alarm logic is part of the |
control systems in the ACC not required for safety; see Section 7.7 of this )
report.

i

Reliance on the boron dilution alarm logic is taken in the safety analysis as
the annunciator of the event and ensures that the 15-minute and 30-minute
criteria discussed above are met. The alarms are redundant and available to
enable the operator to detect and terminate an inadvertent boron dilution
event within these required time intervals before shutdown margin is lost.
Therefore, the intent of SRP Section 15.4.6 is met, and Issue 22 is resolved
for the System 80+ design.

Issue 23: Reactor Coolant Pumo Seal Failures

Issue 23, in NUREG-0933, addressed the concerns about RCP seal failures that
could cause a SBLOCA. PRA analyses have indicated that the overall probabi-
lity of core damage due to a small break could be dominated by RCP seal fail-
ures. This issue includes improving the reliability of RCP seals by reducing
the probability of seal failure during normal operations and under abnormal
conditions. Specifically, acceptable resolutions to this issue include an RCP
seal design that ensures the RCP seal integrity following SB0 for an extended
period.

In CESSAR-DC Section 20.2.5, ABB-CE states that the RCP seal for the Sys-
tem 80+ design is a ABB-CE KSB-designated seal similar to that used in the
Palo Verde plant. The seal is cooled through two independent and redundant
seal cooling systems: the seal injection system and the component cooling
water system (CCWS). The seal injection system is one part of the CVCS, which
receives power from a non-safety-related bus. The CCWS is a safety-grade
system satisfying the single-failure criterion.

The System 80+ design also includes a control-grade onsite AAC power source to
power the charging pumps that supply seal injection water to cool the RCP seal
during an SB0. In response to staff RAI Q440.120 (listed in Appendix B of
this report) regarding RCP seal integrity during an SB0 for an extended
period, ABB-CE evaluated the tests performed on RCP seal cartridge and loss-
of-seal-cooling events that occurred at the Palo Verde plant. ABB-CE asserted
that the RCP seal test data and plant data support the position that the RCP
seal integrity will be maintained for an extended period. The seal cartridge
tests were performed on Byron Jackson seals; but the System 80+ design uses
ABB-CE KSB seal cartridges. ABB-CE claimed that these two types of seal
cartridges are similar. However, no justification was given to show that the
cartridges would behave identically. Therefore, the staff required that a
supportable test be performed on the specific seal actually being used to
demonstrate adequate RCP seal performance following total loss-of-seal
cooling. Also, the plant data of the loss-of-seal-cooling events at Palo
Verde contain significant uncertainties; therefore, the Palo Verde events
cannot be considered as a definitive and conclusive test for seal integrity.
The staff reviewed the May 14, 1992, submittal of ABB-CE, regarding tests of
RCP seal performance for five different loss-of-cooling-flow conditions.
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Although ABB-CE stated that the RCP seal integrity is maintained for the test

O\
conditions, the staff finds that only case 3 contains test conditions applica-
ble to an SB0, and the Case 3 test was performed for only about a half hour
during SB0 conditions. The staff finds that this is not sufficient time to
justify the seal integrity during an SB0 for an extended period. The staff
required that ABB-CE submit adequate test data to demonstrate the ABB-CE KSB
seal integrity during an SB0 for an extended period, or provide a diverse seal
injection system, which should be independent of the CVCS and associated
support systems to the extent practicable. This is DSER Open Item 20.2-7.

In its response dated July 29, 1993, and in CESSAR-DC Section 20.2.5, ABB-CE
added a dedicated seal injection system (DSIS) as a diverse means of seal
injection to the RCPs if normal means of seal cooling are lost. The DSIS air-
cooled small-capacity positive displacement pump is placed in parallel with
the centrifugal charging pumps in the CVCS and supplies the required
25 L/ minute (6.6 gpm) flow through the normal CVCS seal injection path. As
described in CESSAR-DC Section 9.3.4, the added positive displacement pump and
it associated piping are part of the CVCS and are designed as ASME Code,
Section III, Class 3. The DSIS can be aligned with the EDGs during a LOOP
event, and an AAC power source in the event of an SBO. For a LOOP event, the
EDGs will provide power to 2 of 4 available CCWS pumps to provide RCP seal
injection. The charging pumps can also be powered by the EDGs to provide RCP
seal injection. If CCWS and charging pumps are unavailable, the DSIS will be
aligned to the EDGs to provide seal injection. During an SB0, AAC will be
provided to a charging pump and CCWS pump (both with redundant availability)
to provide seal cooling to the RCPs. If this means of seal cooling is lost,
the DSIS will be aligned to the ACC power source and will be available within

b 10 minutes.
O

In order to ensure that the availability of the DSIS is maintained throughout
the design, implementation, and operation phases, ABB-CE includes the DSIS in
the design reliability assurance program (D-RAP) and the operations reliabili-
ty assurance process (0-RAP). D-RAP and 0-RAP are discussed in Section 17.3
of this report. Equipment included in D-RAP are listed in Table 17.3-4.

ABB-CE also incorporated the use of the DSIS into E0Gs, which are discussed in
Chapter 18 of this report. A requirement to maintain the availability of the
DSIS was added to the instruction for meeting the RCP restartup criteria,
which will be used in the following recovery guidelines: LOCA, SGTR, excess
steam demand, loss of all feedwater, LOOP, and SB0. Step 5 of the LOOP
recovery guidelines was modified to include the DSIS (in addition to CCWS and
charging pumps) as one of the success paths in establishing the RCP seal
cooling. Step 13 of the SB0 recovery guidelines was also changed to ensure
that vital ac power will be supplied to all the means of RCP seal cooling
including the DSIS.

Since ABB-CE submitted a diverse and reliable DSIS design for RCP seal
injection, and includes the DSIS in its D-RAP and 0-RAP to ensure the high
availability of the DSIS, the staff cencludes that the design of DSIS in
combination with the normal means (CCWS and charging pump seal injection) of
RCP seal cooling will provide adequate RCP seal cooling and is acceptable.
Therefore, DSER Open Item 20.2-7 is resolved.

V Based on the above, Issue 23 is resolved for the System 80+ design.
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Issue 24: Automatic ECCS Switchover To Recirculation

Issue 24, in NUREG-0933, addresses the concerns raised by the staff following
a review of operating events that indicated a significant number of ECCS
spurious actuations, particularly the four events that occurred at Davis Besse
during 1980. Switchover from injection to recirculation involves realignment
of several valves and may be achieved by (1) manual realignment, (2) automatic
realignment, or (3) a combination of both. Each option is vulnerable in
varying degrees to human errors, hardware failures, and common cause failures.
In NUREG-0933, this issue was cit.ssified as medium-safety priority but has not
been generically resolved.

The only source of water for ECCS for the System 80+ design is the in-
containment water storage system, or IRWST, discussed in Section 6.8 of this
report. As ABB-CE states in CESSAR-DC Section 20.2.6, there is no injection
phase and recirculation phase for ECCS because water is always drawn, when
needed for ECCS, from the IRWST and, therefore, there is no switchover for the
System 80+ design for long-term cooling. This is discussed in Section 6.3.4
of this report.

Therefore, Issue 24 is resolved for the System 80+ design.

Issue 29: Boltina Dearadation or Failure in Nuclear Power Plants

Issue 29, in NUREG-0933, addressed staff concerns about the number of events
involving the degradation of threaded fasteners (such as bolt cracking,
corrosion, and failure) in operating plants from 1964 to the early 1980s.
Many of the events were related to components of the RCPB and support struc-
tures of major components. This raised questions about the integrity of the
RCPB and the reliability of the component support structures following a LOCA
or a seismic event. Because licensees reported failures involving a variety
of threaded fasteners and other causes, several different failure mechanisms
had to be considered. Most frequent were wastage (corrosion) from boric acid
attack and stress corrosion cracking (SCC). The former occurred more often at
RCPB joints; the latter in structural bolting.

This issue was resolved and no new requirements were established based on
(1) operating experience with bolting in both nuclear and conventional power
plants; (2) actions already taken through bulletins, generic letters, and
information notices since 1982; and (3) industry-proposed recommendations and
actions, which are documented in EPRI Reports NP-5769 (" Degradation and
Failure of Bolting in Nuclear Power Plants," EPRI, April 1988) and NP-5067
(" Good Bolting Practices, A Reference Manual for Nuclear Power Plant Mainte-
nance Personnel," Volume 1: "Large Bolt Manual," 1987 and Volume 2: "Small
Bolts and Threaded Fasteners," EPRI, 1990). The resolution of this issue is
documented in GL 91-17, " Generic Safety Issue 29, ' Bolting Degradation or
Failure in Nuclear Power Plants'," dated October 17, 1991; and NUREG-1339,
" Resolution of Generic Safety Issue 29: ' Bolting Degradation or Failure in
Nuclear Power Plants'," dated June 30, 1990.

ABB-CE indicates in CESSAR Section 20.2.7 that proven bolting designs,
materials, and fabrication techniques will be employed. In addition, RCPB
bolting will meet the requirements of ASME Code, Section III. Also, the
owner / operator will observe established industry practice in developing

i
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maintenance, assembly, and disassembly procedures for RCPB bolting. Further,
l'm) ISI will meet the requirements of ASME Code, Section XI for the RCPB and its
() support bolting.

In the DSER, the staff designated two open items on this issue. These DSER
open items were resolved as follows:

(1) Although ABB-CE does not specifically reference GL 91-17, ABB-CE in
Amendment L modified the CESSAR-DC to reference EPRI reports NP-5769 and
NP-5067, as well as NUREG-1339. These documents, in addition to other
industry-generated information, serve as the technical basis for the
resolution of this issue by both ABB-CE and the owner / operator. There-
fore, DSER Open item 20.2-8 is resolved.

(2) While Issue 29 was being resolved, the staff addressed several specific
issues on threaded fasteners in bulletins, generic letters, and informa-
tion notices (e.g., PWR coolant pressure boundary bolting and component
degradation due to boric acid corrosion; SCC of internal bolting in
certain types of check valves; traceability and material control of
fasteners; and nonconforming, misrepresented, counterfeit, and/or
fraudulent bolting), the details of which are found in NUREG-1339. To
address these, ABB-CE in Amendment L modified the CESSAR-DC to reference
EPRI documents NP-5067 and NP-5769, which provide guidance for " design
and construction" and " operation and maintenance" for fasteners of the
RCPB. Additionally, ABB-CE has amended these references by also refer-
encing NUREG-1339, which serves as the technical basis for the resolution
of this issue by both ABB-CE and the owner / operator. Therefore, DSER
Open Item 20.2-9 is resolved.

ABB-CE's proposal for Issue 29 is adequate in ensuring the structural
integrity of bolting. Therefore, Issue 29 is resolved for the System 80+
design. j

Issue 36: Loss of Service Water ;

1ssue 36, in NUREG-0933, addressed the potential for the loss of both redun-
dant trains of service water caused by the failure of a non-safety-grade
system or component. This issue arose after Calvert Cliffs, Unit 1, experi-
enced a loss of both redundant trains of service water when the station
service water system (SSWS) became air bound as a result of the failure of a
non-safety-related aftercooler in an instrument air compressor.

This issue was resolved with the issuance of SRP Sections 9.2.1 (Rev. 4) and
9.2.2 (Rev. 3). The revisions did not incorporate any new guidelines or
requirements. The staff reviewed the System 80+ design to determine if it met I

'

the intent of these SRP sections. A detailed discussion of the staff's review
is in Sections 9.2.1 and 9.2.2 of this report. Based on these sections, i

'

Issue 36 is resolved for the System 80+ design.
,

Issue 43: Reliability of Air Systems

Issue 43, in NUREG-0933, was initiated in response to an immediate action
memorandum issued by the NRC Office for Analysis and Evaluation of Operation

V Data (AE0D) in September 1981 regarding desiccant contamination of instrument
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air lines. The memorandum was prompted by an incident at Rancho Seco where
.

desiccant particles in the valve operator caused the slow closure of a !

containment isolation valve. Desiccant contamination in the instrument air |
system (IAS) was also found to be a contributing cause of the loss of the salt

'

water cooling system at San Onofre in March 1980; this incident resulted in
Issue 44, " Failure of the Saltwater Cooling System." Since the only new
generic concern found in the evaluation of the San Onofre event was the
common-cause failure of safety-related components due to contamination of the
IAS, Issue 44 was combined with Issue 43.

Issue 43 was broadened to include all causes of air system unavailability
because U.S. LWRs rely upon air systems to actuate or control safety-related
equipment during normal operation even though they are not safety-grade
systems et most operating plants. Safety system design criteria require (and
plant accident analyses assume) that safety-related equipment dependent upon )
air systems will either " fail safe" upon loss of air or perform its intended j

function with the assistance of backup accumulators. The AE0D case study j
highlights 29 failures of safety-related systems that resulted from degraded 1

or malfunctioning air systems. These failures contradict the requirement that
safety-related equipment dependent upon air systems will either " fail safe"
upon loss of air or will perform their intended function with the assistance
of backup accumulators. Some of the systems that may be significantly |

j degraded or failed are DHR, auxiliary feedwater, BWR scram, main steam j
isolation, salt water cooling, EDG, containment isolation, and the fuel pool i

seal system. The end result of degradation or failure of safety or safety- !
related systems is an increase in the expected frequency of core-melt events
and, therefore, an increase in public risk.

This issue was resolved by the issuance of GL 88-14, " Instrument Air Supply
Problems Affecting Safety-Related Equipment," dated August 8, 1988, which 4

required licensees and applicants to review the recommendations of NUREG-1275
("0perating Experience Feedback Report - Air Systems Problems," two volumes,
dated July and December 1987, respectively) and perform a design and opera-
tions vertfication of the IAS. The following is a discussion of how ABB-CE
considereii the recommendations in NUREG-1275, Volume 2, for the System 80+

|
design:

(1) To ensure that air system quality is consistent with equipment specifica-
; tions anc' is periodically monitored and tested.
1

In CESSAR-DC Section 9.3.1.2.1, ABB-CE states that to ensure the air
system quality is consistent with equipment specifications, specifi-
cations meet the manufacturer's air supply requirements for all pneumatic
equipment that is either safety-related or relied upon to perform a
safety function. |

(2) To ensure adequate operator response by formulating and implementing |
anticipated transient and system recovery procedures for loss-of-air i
events.

i

As described in CESSAR-DC Section 13.5.1.1, the COL applicant is respon-
sible for developing and implementing anticipated transient and system
recovery procedures for loss-of-air events.
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fs (3) To improve ttdning to ensure that plant operations and maintenance
per;onnel are sensitized to the importance of air systems to common mode

[U] failures.

As described in CESSAR-DC Section 13.5.1.1, the COL applicant is respon-
sible for developing and implementng plant operating and maintenance
procedures for the IAS.

(4) To confirm the adequacy and reliability of safety-related backup accumu-
lators.

The System 80+ design does not have any safety-related backup accumula-
tors that are used to operate safety-related air-operated valves.
However, safety-related accumulators are used in the diesel generator
engine starting air system (CESSAR-DC Section 9.5.6). In CESSAR-DC
Section 9.5.6.2.2, ABB-CD states that "a multi-stage drying and filtering
unit . . . {is provided] to supply air with a dewpoint at least 10'
[ degrees]F lower than the lowest expected ambient temperature." Addi-
tionally, in Section 9.5.6.4, ABB-CE states that " System components and
piping are tested to pressures designated by appropriate codes. Inspec-
tion and functional testing are perforned prior to initial operation;
thereafter, the system will be tested in accordance with the TS.
Periodic blowdown of the starting air tanks is done to check for mois-
ture. The frequency will be determined based upon operating experience.
Air dryer desiccant is inspected per the manufacturers recommendations
(approximately every six months). The COL applicant will make p.vailable
for NRC review, information on Diesel Generator Engine Starting Air

(gs) System test frequencies." This is COL Action Item 9.5.4.1-2.
v

(5) To verify equipment response to gradual lossas of air to ensure that such
losses do not result in events which fall outside FSAR analysis. )
In CESSAR-DC Section 14.2.12.1.136, ABB-CE states, " Repeat Test A, but !

shut the instrument air system off very slowly to simulate a gradual loss
of pressure." This is also addressed in CESSAR-DC Section 9.3.1.4 where
it is stated that "The instrument air system preoperational testing and
inspection is in accordance with the intent of RG 1.68.3 prior to initial
operation."

i

Also, in CESSAR-DC Sections 9.3.1 and 20.2.9, ABB-CE states that the com-
pressed air systems are not safety related and are, therefore, not needed
during accidents to perform any safe shutdown or accident mitigation |

functions.

Based on the above, Issue 43 is resolved for the System 80+ design. The COL
applicant will provide the information identified as COL Action Item 9.5.4.1-2
in Item (4) above.

Issue 45: Inocerability of Instruments Due to Extreme Cold Weather

Issue 45, in NUREG-0933, addressed the potential for safety-related equipment
instrument lines to become inoperable as a result of freezing or reaching thep) precipitation point of the sensing fluids. Typical safety-related systems(V employ pressure and level sensors that use small-bore instrumentation lines.
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Most operating plants contain safety-related equipment and systems, parts of
which are exposed to ambient temperature conditions. These lines generally
contain liquid (e.g., borated water) that is susceptible to freezing. Where
systems or components and their associated instrumentation are exposed to
subfreezing temperatures, heat tracing or insulation or both is used to
minimize the effects of cold temperatures. These sensing lines are of concern
because, should they freeze, they may prevent a safety-related system or
component from performing its safety function.

To resolve this issue, the staff issued RG 1.151, " Instrument Sensing Lines,"
to supplement the existing guidance and requirements in the SRP, applicable
GDC, and standard ISA-67.02, "Naclear Safety-Related Instrument Sensing Line
Piping and Tubing Standards for Use in Nuclear Power Plants." RG 1.151
addresses the prevention of freezing in safety-related instrument-sensing
lines and includes such design issues as diversity, independence, monitoring,
and alarms.

In CESSAR-DC Section 20.2.10, ABB-CE commits to the above documents and states
that all safety-related systems and components used in the System 80+ design,
including instrument-sensing lines, are located in a temperature-controlled
environment that is maintained above the free;',g (or precipitation) point of
the contained fluid. Each building has a particular set of environmental
control requirements that are maintained by heating, ventilation, and air
conditioning (HVAC) systems designed for that specific task. LCOs for the
ventilation systems that control the environment for the buildings that house
the safety-related systems require that the plant be placed in a safe-shutdown
condition should the temperatures in these buildings exceed specified ranges.
This ensures that the safety-related systems and components are not exposed to
freezing or other adverse conditions.

Locating all sensing lines inside environmentally controlled structures is an
acceptable resolution of this issue. The staff's acceptance of the different
System 80+ HVAC systems is discussed in Section 9.4 of this report.

Based on the above, Isu 45 is resolved for the System 80+ design.

Issue 48: Limitino Conditions for Operation for Class IE Vital Instrument
Buses in Operatino Reactors

Issue 48, in NUREG-0933, addressed the concern that some operating nuclear
power plants did not have TSs or administrative controls governing operational
restrictions for Class IE 120-V ac vital instrument buses and associated
inverters. Without such restrictions, these power sources could be out of
service indefinitely, thereby placing certain safety systems in a situation of
not being able to meet the single-failure criterion.

In CESSAR-DC Section 20.2.11, ABB-CE states that it will identify the LCOs for
onsite power t e.tems, including the Class IE 120-V ac vital instrument buses
and associated inverters in CESSAR-DC Chapter 16 on plant TSs. The plant TSs
will include specific requirements regarding plant operational restrictions as
they apply to the Class IE 120-V ac vital instrument buses and inverters. On
this basis, the staff concludes that it will evaluate this aspect of the
design when the proposed TSs were submitted for the System 80+ design. This
was Open Item 20.2-10 in the DSER.

|
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Subsequently, the staff has reviewed the System 80+ TSs and confirmed that the
O LC0 for Class IE vital instrument buses and associated inverters are included.
\ Chapter 16 of the report discusses the System 80+ TSs. The staff finds

ABB-CE's response to this issue acceptable. Therefore, DSER Open Item 20.2-10
is resolved.

In November 1986, this issue was integrated into Issue 128 on electric power
reliability. The discussion on Issue 128 and the System 80+ design appears
later in this section.

Therefore, Issue 48 is resolved for the System 80+ design.

Issue 49: Interlocks and LCOs for Class IE Tie Breakers
|

Issue 49, in NUREG-0933, addressed the concern that tie breakers which can
connect redundant safety-related buses require administrative controls to lock 4

them open because, when closed, they can compromise the independence of the |
redundant Class IE buses. The licensee's review of the electric power design
of Point Beach Nuclear Plant, Units 1 and 2, identified that the design, under
certain conditions, allowed manual interconnections of redundant electrical
load groups, thereby paralleling their power sources, and it took the plant
operators approximately five weeks to discover that the electrical distribu-
tion system lineup was not in the proper configuration. This also suggested a
generic concern regarding the adequacy of procedural and administrative
controls.

As stated in CESSAR-DC Section 20.2.12, the System 80+ design has no manual or

O, automatic ties between the redundant Class lE power systems. Also, double
breakers maintain independence between the Class IE and the permanent non-
safety 4160 Vac buses. Therefore, the concern of Issue 49 does not exist in
the System 80+ design.

,

In November 1986, this issue was also integrated into Issue 128 on electric
power reliability. The discussion on Issue 128 and the System 80+ design
appears later in this section.

Therefore, Issue 49 is resolved for the System 80+ design.

Issue 51: Improvina the Reliability of Open-Cycle Service Water Systems

Issue 51, in NUREG-0933, addressed fouling of safety-related open-cycle
service water systems by either mud, silt, corrosion products, or aquatic

| bivalves. This problem has led to plant shutdowns, reduced power operation
for repairs and modifications, and degraded modes of operation in nuclear
power plants. This issue was originally to address only aquatic bivalves.
However, the issues on flow blockage in essential equipment caused by
Corbicula (Issue 32) and service water system flow blockage caused by Blue
Mussels (Issue 52) were incorporated into this issue, and Issue 51 was
expanded to consider if the NRC staff should develop new requirements for
improving the reliability of open cycle water systems. New requirements were
issued in GL 89-13, " Service Water System Problems Affecting Safety-Relatedi

I Equipment," dated July 18, 1989, on baseline fouling progrcms for nuclear

Cs
i power plants.

|

ABB-CE System 80+ FSER 20-47 June 1994

. _ _ _ _ . - _ - _ _ _ _____- __ ___________



In CESSAR-DC Section 20.2.13, ALB-CE states that the System 80+ design SSW
and CCWS are described in CESSAR-:1C Sections 9.2.1 and 9.2.2, respectively.
The SSWS is designed to serve one NSSS, and each NSSS on a multi-unit site
will have its own SSWS.

The System 80+ design features an SSWS that cools only the CCWS heat
exchangers. Thus, the number of components and amount of piping that can ;

become fouled is minimized (see CESSAR-DC Section 9.2.1.2). The CCWS is :
utilized as an intermediate system between the SSWS and the safety-related )
systems and components being cooled (see CESSAR-DC Figure 9.2.2-1). The CCWS i

'

is filled with demineralized water and treated with corrosion inhibitors.
Water quality design features applicable to the CCWS are listed in CESSAR-DC
Table 9.2.2-1.

i

The following are SSWS design features and interface requirements to minimize ,

fouling of the CCWS heat exchangers and the SSWS piping, prevent flow block- !
age, and facilitate the maintenance of clean conditions: '

The SSWS pump structures must be equipped with safety-grade traveling*

screens with a screen wash system. The screen mesh size must prevent
flow blockage of the pump inlets, and limit ingestion of biological
fouling organisms and debris (see CESSAR-DC Section 9.2.1.2.1.4).

Strainers are installed at the SSWS pump discharges. The strainers are=

the automatic backwash type, designed to retain particles consistent with
the fouling design limits of the CCWS heat exchangers (see CESSAR-DC
Section 9.2.1.2.1.5).

When required by the site-specific water chemistry and environmental=

regulations, the ultimate heat sink water must be chemically treated to
reduce organic and inorganic fouling, corrosion, and scaling, and to keep
mud and silt in suspension (see CESSAR-DC Section 9.2.5.2).

The station service water intake structure will be visually inspected*

once per refueling cycle for macroscopic biological fculing organisms,
sediment, and corrosion. Inspections should be performed either by scuba
divers or by dewatering the intake structure or by comparable methods.
Any fouling accumulations will be removed (see CESSAR-DC Sec-
tion 9.2.1.4.2).

Also, samples of water and substrate will be collected annually to deter-
mine if biological fouling organisms have populated the water source.
Upon the detection of biological fouling organisms, appropriate correc-
tive action, such as the modification of the chemical treatment program,
should be taken. However, consideration must be given to environmental
regulations (see CESSAR-DC Section 9.2.5.4).

The capability to clean SSWS surfaces is discussed in CESSAR-DC Sec-*

tion 9.2.1.3.

The CCWS heat exchangers are either of the tube and shell or plate and=

frame design, dependent upon site selection (see CESSAR-DC Sec-
tion 9.2.2.2.1.1). SSWS water flows through the tube side of CCWS shell
and tube heat exchangers at a lower pressure than the CCWS shell to
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prevent contamination of the CCWS by in-leakage of SSWS water. In addi- .

!O tion, the nominal flow conditions in CCWS heat exchanger tubes are in
n/ accordance with Heat Exchanger Institute standards for power plant heati

exchangers.

Adequate tube pull space is provided for periodic tube cleaning of the*

straight tube type of CCWS heat exchangers.

The CCWS heat exchangers have a 15-percent thermw performance margin to-

allow for potential fouling between cleaning opt otions (see CESSAR-DC
Section 9.2.2.2.1.1). The thermal performance a. be verified using

temporary instrumentation at test connections ovided on each heat
exchanger (see CESSAR-DC Sections 9.2.1.5 and 9.2.2.5).

Wetted surfaces of the SSWS and CCWS are of materials selected on a site-*

specific basis to be compatible with the respective cooling water chemis-
tries and water treatments. The guidelines used for the selection of
CCWS heat exchanger tuber and tubesheet materials are given in CESSAR-DC
Section 9.2.2.2.1.1.

Sites at which ice could form on the ultimate heat sink are to be-

analyzed to show that the function of the ultimate heat sink will not be
impaired during winter months. Where required, the intake structures
must have a means of de-icing, such as warm-water recirculation, to
prevent flow blockage at the SSWS pump inlets (see CESSAR-DC Sec-
tion 9.2.5.1.3).

O The staff will review site-specific aspects of the resolution of Issue 51 when
() it reviews the site-specific application from the COL applicant. Site-

specific reviews will include maintenance and inspection program (s) and the
determination of whether or not the COL applicant commits to meet all identi-
fled interface requirements of ABB-CE. This is included in COL Action
Item 9.2.1-1.

Therefore, based on the above, the staff has determined that concerns in
GL 89-13 have been adequately addressed and that Issue 51 is resolved for the
System 80+ design.

Issue 57: Effects of Fire-Protection Systems Actuation on Safety-Related
Eautoment

Issue 57, in NUREG-0933, addresses fire-protection system (FPS) actuations
that have caused adverse interactions with safety-related equipment at
operating nuclear power plants. Experience shows that safety-related equip-
ment subjected to water spray, as from the FPS, could be rendered inoperable
and that numerous spurious actuations of the FPS have been initiatad by
operator testing errors or by maintenance activities, steam, or high humidity
in the vicinity of FPS detectors. This issue has not been resolved and is
classified in NUREG-0933 as a medium-safety priority.

As stated in CESSAR-DC Section 20.2.14, the System 80+ plant is designed to
preclude water spray from the FPS onto safety-related equipment. The sprin-n

( j kler systems protecting the safety-related equipment are of the automatic
b/ preaction sprinkler type. Actuation of these sprinkler systems requires

i
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|

opening the fusible link for individual sprinkler heads and detection of by-
products of combustion, or heat, or both. In addition, the operator can
isolate flow from the control room by isolating the subsphere building headers
or, locally, by using manual isolation valves.

In order to prevent flood damage upon actuation of sprinkler systems, floor
drains are provided and equipment is located to preclude the flooding of the
equipment. In addition, in order to further reduce potential damage to
safety-related equipment upon actuation of sprinkler systems, equipment is ;

shielded and conduit ends are sealed where required, based on interaction
reviews during detailed design and as built walkdowns.

The open ends of all vertical conduit, and the open ends of all horizontal
conduit that terminate within 18 inches of a floor, will be sealed to keep
water out.

IIt should not be necessary to shield equipment from the effects of water spray
from overhead sprinkler systems since sprinklers in safety-related areas will
be of the automatic pre-action type. Redundant safety-related equipment is
separated with 3-hour-rated fire barriers that will confine the fire and fire-
fighting operations to a single area. From a safe shutdown standpoint, it is
assumed that the fire will render the equipment in the affected area inoper-
able, and safe shutdown will be accomplished using the redundant division.
Therefore, the wetting of safety-related equipment in the affected area will
be acceptable. All penetration seals in floors and walls up to a height of |
61 cm (24 in.) will be waterproof to prevent water from the affected area from i

migrating to adjacent areas.

Safety-related equipment near fittings in the standpipe and interior fire hose
system will be shielded as necessary to prevent damage from inadvertent !
discharge. Shielding locations will be determined following as-built walk- i
downs.

'

' Inside the containment, where redundant division equipment is located in close
proximity (i.e., within 6 m (20 ft) of each other), such as the motor-operated

' depressurization valves located at the pressurizer, shielding will be
installed as deemed necessary following interaction review during as-built

<

|
walkdowns.

In addition, as described in CESSAR-DC Section 9.5.1.8.3, detrimental effects
' to safety-related equipment due to discharge of fire protection water will be

mitigated through the use of equipment-mounting pedestals, curbs, and floor
drains of the proper size to accommodate the anticipated flow of water from
the FPS.

The staff stated in the DSER that it would evaluate the resolution of this
| issue when it reviewed individual referencing applications. This was desig-
| nated DSER COL Action Item 20.2-3. Based on further review, the staff now

finds that ABB-CE's response to this issue is adequate for the System 80+
design without review of the referencing applications. Therefore, DSER COL
Action Item 20.2-3 is resolved.

In CESSAR-DC Section 20.2.14, ABB-CE indicates that in order to reduce the i

potential damage to safety-related equipment due to actuation of sprinkler

(
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systems, equipment is shielded and conelt ends are sealed where required
(m based on interaction reviews performed during detailed design and as-built !V) wal kdowns . Performance of the interaction reviews during detailed design and I

as-built walkdowns to determine the need for equipment shielding and conduit
sealing are included in the COL Action Item 9.5.1-1 discussed in Section 9.5.1 j
of this report on fire protection. '

On the basis of the above discussion, the staff concludes that ABB-CE has
adequately addressed the safety concerns of Issue 57 in the CESSAR-DC and,
therefore, Issue 57 is resolved for the System 80+ design.

Issue 64: Identification of Protection System Instrument-SensinQ lines

Issue 64, in NUREG-0933, addressed the establishment of guidance for the
identification of the mechanical sensing lines connected to safety-related I&C
systems. Sensing lines are an integral part of safety-related (protection)
systems, and are essential to their reliable operation. Therefore, identifi-
cation of these lines will facilitate the verification that these lines are
appropriately separated and protected.

Industry has deveioped a standard for safety-related instrument-sensing lines
in ISA-S67.02-1980, " Nuclear Safety-Related Instrument Sensing Line Piping and
Tubing Standards for Use in Nuclear Power Plants," which includes identifica-
tion criteria. As part of establishing its guidance for safety-related
instrument-sensing lines, the NRC endorsed ISA-567.02-1980 in RG 1.151.

The acceptance criteria for the resolution of this issue are that sensing
lines that work together with safety-related I&C shall be identified in,

,

L accordance with ISA-S67.02-1980 and shall meet the intent of the guidance in
RG 1.151. Specifically, the instrumentation-sensing lines shall meet Sec-
tion 5.3 of the ISA standard. Section 5.3, in part, states that the instru-
ment-sensing lines related to safety-related instrumentation will be identi-
fied and color coded.

As stated in CESSAR-DC Section 20.2.15, ABB-CE states that the System 80+
design includes safety-related I&C that use mechanical sensing lines. These
sensing lines will be identified and color coded in accordance with RG 1.151,
to distinguish individual safety channels. In addition, the guidance in
RGs 1.151 and 1.75, is imposed as design criteria for the routing of Class 1E
(safety-related) and associated cabling and sensing lines from sensors. The
safety-related I&Cs (including the sensing lines) meet the criteria in ISA-
S67.02-1980, as invoked by the guidance in RG 1.151.

Therefore, Issue 64 is resolved for the System 80+ design.

Issue 66: Steam Generator Reauirements

After the SGTR event at Ginna on January 25, 1982, the staff determined to
develop generic SG requirements which would help mitigate or reduce SG tube
degradations and ruptures. In September 1988, Issues A-3, A-4, and A-5, which
addressed SG tube integrity, were resolved and the staff's findings were pub-
lished in NUREG-0844, "NRC Integrated Program for the Resolution of Unresolved

b%V)
Safety Issues A-3, A-4, A-5 Regarding Steam Generator Tube Integrity," dated
September 1988. The staff concluded that no new or revised requirements were
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needed because NUREG-0844 addressed the sa'ety concerns identified under
issue 66. Before NUREG-0844 was finalizer'., the staff issued its recommenda-
tions on SG tube integrity from NUREG-0844 in GL 85-02. Because the staff
used GL 85-02 to document recommendation;, and not to add new requirements,
this issue was resolved and no new reqvsrements were established.

The resolution of this issue in terr 3 of the implementation of GL 85-02 on the
System 80+ design is also discussea in the resolution of Issue A-4 for the
design in Section 20.2 of this report. The SG tube ISI program is discussed
in the resolution of Issue A-4.

In CESSAR-DC Section 20.2.16, ABB-CE states that the secondary system,
including the SGs and condenser, will be designed, manufactured, tested,
inspected, and operated in accordance with accepted industry codes and
standards. The SGs will meet the requirements of Sections III and XI of the
ASME Code for design, manufacture, test, and inspection. Also, the SG design
will meet the intent of the guidance given in SRP Section 5.4.2.1, " Steam
Generator Materials," for SG materials. The staff evaluated the SGs against
the SRP section in Section 5.4.2 of this report.

Therefore, ABB-CE's statements are adequate in ensuring the structural
integrity of SG tubes and Issue 66 is resolved for the System 80+ design.

Issue 67.3.3: Imoroved Accident Monitorina

Issue 67.3.3, in NUREG-0933, addressed weaknesses in reactor system monitoring
that could inhibit correct operator responses to events similar to the SGTR
event at the Ginna Power Plant on January 25, 1982. During the event, the
following weaknesses in accident monitoring were apparent: (1) non-redundant
monitoring of RCS pressure, (2) failure of the position indication for the SG
relief and safety valves, and (3) limited range of the charging pump flow
indicator. As stated in NUREG-0933 and Supplement I to NUREG-0737, "Clarifi-
cation of TMI Action Plan Requirements," dated November 1980, (Supplement 1,
January 1983), the implementation of the recommendations described in RG 1.97, i

" Instrumentation for Light-Water-Cooled Nuclear Power Plants To Assess Plant |
'and Environs Conditions During and Following an Accident," resolves this

issue.

In the DSER, the staff reviewed the safety-related plant process display
instrumentation information presented in CESSAR-DC Section 7.5 using the

Iguidelines of RG 1.97. Except for Type A variables, as explained in RG 1.97,
the information ABB-CE presented in the initial CESSAR-DC Section 7.5 con-
formed to the guidelines of RG 1.97. Type A variables provide the primary
information required to permit the control room operator to take specific |
manually controlled actions for which no automatic control ir provided and
that are required for safety systems to accomplish their safety functions for
DBEs. The initial discussion of ABB-CE about Type A variables was not
adequate for the staff to conclude that the System 80+ accident monitoring
capabilities were acceptable. Resolution of this issue was designated as DSER
Open Item 7.5.2.1-1.

As discussed in Section 7.5 of this report, ABB-CE stated that all protective
functions in the System 80+ design use automatic or passive responses, such
that operator action is not required to accomplish the protective function.
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!Therefore, no Class lE alarms and no Type A variables are required. The staffg finds acceptable the selection from ABB-CE of indications for monitoring post-V)t accident conditions. The listing of these variables satisfies the require-
ments of 10 CFR 50.34(f)(2)(xvii) (TMI Action Plan Item II.F.1) and 10 CFR
50.34(f)(2)(xix) (THI Action Plan Item II.F.3). Both Issues II.F.1 and II.F.3
are discussed in Section 20.4 of this chapter. This resolves DSER Open
Item 7.5.2.1-1.

Therefore, based on the above, the staff finds that ABB-CE has acceptably
addressed Issue 67.3.3, and it is resolved for the System 80+ design.

Issue 70: PORV and Block Valve Reliability

Power-operated relief valves (PORVs) and block valves were originally designed
as non-safety componentr, in the reactor pressure control system for use only '

when plants are in operation; the block valves were installed because of
expected leakage from the PORVs. Neither valve type was needed to safely shut
down a plant or mitigate the consequences of accidents. In 1983, the staff
determined that PORVs were relied on to mitigate design-basis SGTR accidents
and qrestioned the acceptability of relying on non-safety-grade components to
mitigate DBAs. Issue 70, in NUREG-0933, addressed the assessment of the need
for improving the reliability of PORVs and block valves.

In CESSAR-DC Section 20.2.18, ABB-CE states that the design purpose of PORVs
is to prevent challenges to spring-operated safety valves and to provide rapid
depressurization capability. Older ABB-CE plants had PORVs, but the newer
ABB-CE System 80+ design does not include PORVs and block valves. Instead,m ,

(v) the System 80+ includes a SDS, which is a safety-grade system, providing
venting and rapid depressurization capability for mitigation of beyond-design-
basis accidents. In Section 6.7 of this report, the staff approved the design
of the SDS.

Therefore, Issue 70 is resolved for the System 80+ design.

Issue 75: Generic Implications of ATWS Events at Salem Nuclear Plant

Issue 75, in NUREG-0933, addressed the generic implications of two events at
Salem Unit I where there were failures to scram automatically because of the
failure of both reactor trip breakers to open on receipt of an actuation i

signal . This issue was expanded to include a number of issues raised by the
staff that were closely related to the design and testing of the RPS. The
requirements for this issue were stated in GL 83-28, " Required Actions Based
on Generic Implications of Salem ATWS Event," dated July 8,1983.

The actions covered by GL 83-28 fall into the following four areas:
|

(1) Post-Trip Review - This action addresses the program, procedures, and
data collection capability to ensure that the causes for unscheduled
reactor shutdowns, as well as the response of safety-related equipment,
are fully understood prior to plant restart.

The System 80+ DPS records and displays all system parameters for

(Vn)
subsequent use by plant personnel. The staff evaluated the DPS and found
the DPS to be acceptable. The adequacy of the program and procedures for
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post trip reviews will be determined during the staff's review of the N L
,

applicants' practices. '

(2) Equipment Classification and Vendor Interface - This action addresses the
programs for ensuring that all components necessary for performing
required safety-related functions are properly identified in documents,
procedures, and information-handling systems that are used to control l

safety-related plant activities. In addition, this action addresses the i

establishment and maintenance of a program to ensure that vendor informa- !
tion for safety-related components is complete. I

The adequacy of the equipment classification and vendor interface will be
determined during the staff's review of the COL applicants' practices.

(3) Post-Maintenance Testing - This action addresses post-maintenance
operability testing of safety-related components.

The adequacy of post-maintenance testing will be determined during the
staff's review of the COL applicant's procedures.

(4) RTS Reliability Improvements - This intent of this action is to ensure
that (a) vendor-recommended reactor trip breaker modifications and
associated RPS changes are completed in PWRs, (b) that a comprehensive
program of preventive maintenance and surveillance testing is implemented
for the reactor trip breakers in PWRs, (c) that the shunt trip attachment
activates automatic 0 1y in all PWRs that use circuit breakers in their1

RTS, and (d) to ensure that on-line functional testing of the RTS is
performed on all LWRs.

The adequacy of RTS re N bility improvements will be determined during
staff's review of the COL applicant's procedures. On-line function
testing of the RTS is addressed in the resolution of Issue 120 later in
this section.

The staff finds the RPS design and qualification for the System 80+ design to
be acceptable, as discussed in Section 7.2 of this report.

ABB-CE discussed the System 80+ design in terms of ATWS in CESSAR-DC Sec-
tion 20.2.53. The staff evaluated the System 80+ ATWS system and found it
acceptable as described in the discussion of Issue A-9 in Section 20.2 of this
chapter. The actions covered by GL 83-28 in the above four areas will be
provided by the COL applicant, as part of COL Action Item 13.5-1 which isi

I discussed in Section 13.5 of this report. The staff concludes that the Sys-
| tem 80+ reactor trip design satisfies the criteria of GL 83-28.
,

Therefore, Issue 75 is resolved for the System 80+ design.

Issue 78. M2pitorina of Fatioue Transient limits for Reactor Coolant System

Issue 78, in NUREG-0933, addressed the fact that repeated thermal cycling of
RCS components produces some degree of fatigus degradation of the material
that could lead to failure, thereby increasing the likelihood of a LOCA.,

l There was concern that there are no TS requirements for monitoring the actual
number of transient occurrences for many older operating reactors. Licensees
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of newer op ating reactor are required to keep account of the number ofg
i transient occurrences to ensure that transient limits, based on design
) assumptions, are not exceeded. Additionally, the staff determined that the

fatigue curves used in ASME Code, Section III may not be adequate to account
for environmental effects. Data indicated that the existing code fatigue
curves may have less margin than originally intended when considering the
effects of fatigue induced by the operating environment.

A possible solution to Issue 78 identified in NUREG-0933 was to require
affected plants to monitor transients and to verify that the design life of
all ASME Code, Section III, Class 1 components have not been exceeded. Plants
that have experienced transient events that exceeded design limits would ,

perform fatigue analyses to determine the number of remaining thermal cycles
before fatigue limits are exceeded, including consideration of environmental
effects on the fatigue life. For ASME Code, Class 2 and 3 components that are
subjected to cyclic loading, an appropriate analysis would be required.

In CESSAR-DC Section 20.2.20, ABB-CE states that plant transients that need to
be considered in the design and fatigue analyses for System 80+ components are
described in CESSAR-DC Section 3.9.1. Transients expected over a 60-year
plant life are listed in CESSAR-DC Table 3.9-1. Fatigue monitoring for
Class I components will be performed by the owner / operator in accordance with
Section 5.7.2.9 of the System 80+ TSs as described in CESSAR-DC Sec-
tion 16.15.7. The environmental effects of fatigue are discussed in CESSAR-DC
Section 3.9.1.1. In accordance with CESSAR-DC Section 3.9.3.1.3, Class 2 and
3 components are reviewed for thermal fatigue effects using the ASME Code,
Section III, NC-3219-2 for guidance. For components not meeting NC-3219-2
criteria, fatigue analysis is performed in accordance with NC-3200.

v
The staff's evaluation of the information provided by ABB-CE is in Sec-
tions 3.9.2, 3.12.5.2, 3.12.5.7, and 3.12.5.8 of this report. The staff
concludes that ABB-CE's proposed resolution of this issue is acceptable.

Therefore, Issue 78 is resolved for the System 80+ design.
|

| Issue 79: Unanalyzed Reactor Vessel Thermal Stress Durina Natural Convection
, EDoldown
|

Issue 79, in NUREG-0933, addressed the concern for an unanalyzed reactor
vessel thermal stress during natural convection cooldown (NCC) of PWR reac-
tors. The concern emerged from a preliminary evaluation of the voiding event
that occurred in the upper head of the St. Lucie Unit I reactor on June 11,
1980. On the basis of several conservative assumptions, Babcock and Wilcox
tentatively concluded that during natural convection cooling, axial tempera-
ture gradients could develop in the vessel flange area which could produce
thermal stresses in the flange area or in the studs that might exceed values
allowed by the code when added to the stresses already considered (such as

,

| boltup loads or pressure loads).

This issue was resolved and no new requirements were established because
(1) NCC events that result in the plant being brought to a cold shutdown
condition occur infrequently and (2) the actual severity of a specific NCC
event will determine the need for actions (if any) and the extent of actions'

V) that may be required of any licensee following certair NCC events that may
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place a reactor vessel in an unanalyzed condition or outside its documented
design basis. The resolution of Issue 79 is documented in GL 92-02, "Resolu-
tion of Generic Issue 79, 'Unanalyzed Reactor Vessel (PWR) Thermal Stress ,

During Natural Convection Cooldown'," and NUREG-1374, "An Evaluation of PWR
Reactor Vessel Thermal Stress During Natural Convection Cooldown," dated May
1991. There were no new design requirements in GL 92-02.

ABB-CE states in CESSAR-DC Section 20.2.21 that the design of the reactor
pressure vessel (including the head and studs) will accommodate the thermal
stresses caused by an NCC event. These thermal stresses, when added to
stresses from events that are presently analyzed, will not exceed the stress
limits specified in the ASME Code, Section III.

ABB-CE also states that stress analyses were performed to determine the
effects of a natural circulation cooldown event on both the St. Lucie " class"
reactor vessel and the System 80 " class" reactor vessel. It was concluded
that should natural circulation cooldown of the RCS be required and should
vessel head voiding subsequently occur, the resulting thermal stresses would
not cause any thermal hydraulic, or fatigue damage to the reactor vessel and,

its integral components over their design lifetime.

The System 80+ reactor vessel, which is designed to the ASME Code, Sec-
tion III, is essentially identical to the System 80 reactor vessel. Because
the reactor vessels for both " classes" of plants are virtually the same, and
since the stress analyses consider the materials, dimensions, and geometry of
the vessel, ABB-CE contends that the analyses performed subsequent to the St.
Lucie event also apply to the System 80+ reactor vessel. By DSER Open
Item 20.2-11, the staff requested that ABB-CE submit additional information
regarding the applicability of the St. Lucie and System 80 analyses to
System 80+. ABB-CE responded in that CESSAR-DC Tables 1.3-1, 3.9-17 and
3.9-18, and Figure 3.9-9 provide a detailed comparison of the design, geome-
try, and operational parameters between System 80 and System 80+, and show
that the two reactor vessels were essentially identical.

The staff also requested in the DSE" that ABB-CE verify the number of NCC
events for the lifetime of the System 80+ design. ABB-CE states in CESSAR-DC
Table 3.9-1 that 30 NCC events are included in the design-bases events for
thermal, hydraulic, and fatigue analyses for System 80+. In NUREG-0933, NCC
events are estimated to occur about 0.04 times per year, which would be about
3 times in 60 years, and, thus, the commitment of ABB-CE to include 30 NCC
events in the System 80+ design is acceptable. Therefore, DSER Open Item
20.2-11 is resolved.

t

ABB-CE's proposed resolution of Issue 79 adequately ensures the structural
integrity of the reactor vessel and, therefore, Issue 79 is resolved for the
System 80+ design.

Issue 82: Beyond-Desion-Basis Accidents in Soent Fuel Pools

The risks of beyond-design-basis accidents in the spent fuel storage pool were
examined in WASH-1400, " Reactor Safety Study, An Assessment of Accident Risks
in U.S. Commercial Nuclear Power Plants," dated October 1975, and it was
concluded in the report that these risks were orders of magnitude below those
involving the reactor core. Issue 82 in NUREG-0993 was the reexamination of
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accidents in the spent fuel storage pool. The reasons are two-fold. First,

O spent fuel is being stored instead of reprocessed. This has led to the
(,,/ expansion of onsite fuel storage by means of high-density-storage racks, which

results in a larger inventory of fission products in the pool, a greater heat
load on the pool cooling system, and less distance between adjacent fuel
assemblies. Second, some laboratory studies have offered evidence of the
possibility of fire propagation between assemblies in an air-cooled environ-
ment. These two reasons, in combination, provide the basis for an accident
scenario that was not previously considered.

As stated in NUREG-0933, because of the large inherent safety margins in the
design and construction of spent fuel pools, this issue was resolved and no
new requirements were established.

The spent fuel pool and the storage racks for the System 80+ design are
described in CESSAR-DC Section 9.1.2, the spent fuel pool cooling and cleanup
system is described in Section 9.1.3, and the fuel-handling system (which
includes the equipment for handling heavy loads) is described in Sec-
tion 9.1.4.

In the DSER, the staff stated that pending resolution of the open items and
confirmatory items identified in Sections 9.1.2, 9.1.3, and 9.1.4 of the DSER,
ABB-CE's resolution for Issue 82 was acceptable. All open and confirmatory
items identified in DSER Sections 9.1.2, 9.1.3, and 9.1.4 have been resolved
as described in Section 9.1 of this report.

Therefore, Issue 82 is resolved for the System 80+ design. See also the
b resolution of Issue A-36 in Section 20.2 of this chapter.
Q

Issue 83: Control Room Habitability

Issue 83, in NUREG-0933, addressed the significant discrepancies found during
a survey of existing plant control rooms before 1983. These discrepancies
included the inconsistencies between the design, construction, and operation
of the control room habitability systems and the descriptions in the
licensing-basis documentation. In addition, the staff determined that total
system testing was inadequate and that the control systems were not always
tested in accordance with the plant TS. The following issues are related to
Issue 83: (1) Issue B-36 on criteria for air filtration and adsorption units :
for atmospheric cleanup systems, (2) Issue B-66 on control room infiltration '

measurements, and (3) Issue III.D.3.4 also on control room habitability.
These three issues are discussed elsewhere in Sections 20.2 and 20.4 of this
chapter. 1

The System 80+ design main control room habitability system is described in
CESSAR-DC Sections 6.4 and 9.4.1, and the design bases are given in CESSAR-DC
Section 6.4.1. The staff's evaluation is in Sections 6.4 and 9.4.1 of this
report. Also, the HVAC systems for smoke removal from specific areas as a
means of satisfying the smoke control provisions of Fire Protection Associa-

i

tion (NFPA) Guideline 90A are evaluated in Section 9.5.1 of this report. i

The control room is a structure that is important to safety and, as such, is
;O designed to withstand the effects of natural phenomena (such as earthquakes 1

and hurricanes) and postulated accidents and missiles. The design is,
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!therefore, specifically in accordance with GDC 2 and 4 (see CESSAR-DC Sec-
tions 3.1.2 and 3.1.4). Although the System 80+ design can be used at either
single-unit or multiple-unit sites, ABB-CE stated in CESSAR-DC Section 1.2.1.3
that the independence of safety-related systems and their support systems will
be maintained between (or among) the individual plants.

In Section 6.4 of the DSER, the staff stated that should a multi-unit site be
proposed, the COL applicant has to apply for the evaluation of the units'
compliance with the requirements of GDC 5, " Sharing of Structures, Systems,
and Components," with respect to the capability of shared SSCs to perform
their required safety functions. Upon further review, as discussed in
Section 6.4 of this report, the staff has determined that the design described
in CESSAR-DC does not share SSCs with other nuclear power units. Therefore,
the System 80+ design conforms to the requirements of GDC 5. In addition, the

design of the control room permits safe occupancy during abnormal conditions
and meets the requirements of GDC 19 (see CESSAR-DC Section 3.1.15).

The control room ventilation and air conditioning systems are designed for
uninterrupted safe occupancy of the control room during postaccident shutdown
in accordance with GDC 2, 4, 5, 19, and 60 (see CESSAR-DC Section 9.4.1.1).
The control room is protected from fire by alarm systems and portable fire
extinguishers (see CESSAR-DC Section 6.4.1). The testing requirements for the
habitability system are in CESSAR-DC Sections 6.4.4 and 9.4.1.4.

In the DSER, the staff stated that the COL applicant would ensure that the
control room habitability design meets GDC 4, 5, and 19 and that operators
were protected in accordance with TMI Action Plan Item III.D.3.4. In specific
terms, the COL applicant would verify that the following are consistent with
the licensing-basis documentation

as-built design*

operating, maintenance, and emergency procedures*

training*

performance characteristics of the control room habitability system*

TSs and surveillance procedures.

The COL applicant would also submit adequate verification of system perfor-
mance and integrity. These concerns were identified in the DSER as COL Action
Item 20.2-4. As discussed in Sections 6.4 and 9.4.1 of this report, the staff
has concluded that the control room habitability systems and the control
complex ventilation system comply with GDC 4, 5 and 19 by conforming to the
acceptance criteria of SRP Sections 6.4 and 9.4.1. This adequately addresses
the concerns identified in DSER COL Action Item 20.2-4 and DSER COL Action
Item 20.2-4 is resolved.

On the basis of this discussion, the staff concludes that ABB-CE has adequate-
ly addressed the safety concerns of Issue 83 in the CESSAR-DC. Therefore,
Issue 83 is resolved for the System 80+ design.

O
ABB-CE System 80+ FSER 20-58 June 1994



- _ _ _ - _ _ _

?

Issue 84: ABB-CE PORVs

V Issue 84 of NUREG-0933 addressed concerns about ABB-CE PORVs. The design
purpose of PORVs is to prevent challenges to spring-operated safety valves and
to provide rapid depressurization capability. Older ABB-CE plants had PORVs,
but the newer ABB-CE System 80+ design does not include PORVs.

As specified in SECY-90-016, " Evolutionary Light Water Reactor (LWR) Certifi-
cation Issue: and Their Relationship to Current Regulatory Requirements,"
dated January 13, 1990, the acceptance criterion for this issue is that the
advanced reactor design shall include a safety-grade RCS safety depressuri-
zation and vent system for mitigation of beyond-design-basis events.

ABB-CE states in CESSAR-DC Section 6.7 that the System 80+ design includes the
rapid depressurization system (RDS), which is a safety-grade system, providing
venting and rapid depressurization capability for mitigation of beyond-design- -

basis accidents. In Section 6.7 of this report, the staff approved the design
of the RDS.

Therefore, Issue 84 is resolved for the System 80+ design.

Issue 87: Failure of Hiah-Pressure Coolant In.iection Steamline Without Isola-
119J1

Issue 87, in NUREG-0933, addressed the staff concerns about a postulated break
in the high-pressure coolant injection (HPCI) steam supply line and the
uncertainty regarding the operability of the isolation valves for the HPCI

[ steam supply line under these conditions. For the System 80+ design, thiss

d system is the SIS. The operation of these valves is tested periodically
without steam and, due to flow limitations at the valve manufacturers'
facilities, only the operating characteristics under operating conditions may
be tested. Therefore, the capability of the valves to close when exposed to
the forces created by the flow resulting from a break downstream may not be
demonstrated. This issue was resolved by the issuance of GL 89-10, " Safety-
Related Motor Operated Valve (MOV) Testing and Surveillance," dated June 28,
1989, and its supplements on safety-related MOV testing.

In Section 6.3 of this report, the staff discusses the SIS for the System 80+
design. Steamlines are not used to power the four high-pressure safety-
injection pumps, and there are no low-pressure injection pumps. ABB-CE states
this in CESSAR-DC Section 20.2.24. The lack of HPCI steamlines resolves this
issue for the System 80+ design.

Issue 93: Steam Bindino of Auxiliary Feedwater Pumos

Issue 93, in NUREG-0933, addressed the potential for a common-mode failure of
the auxiliary feedwater or EFWS resulting from steam binding of the EFW pumps
caused by heated MFW leaking back through check valves. The EFWS is used in '

the System 80+ design to supply water to the SGs should the MFW system be
lost, and steam binding of the EFW pumps could result in the loss of the EFWS.

The EFWS may be isolated from the MFW system by a check valve or one or moren isolation valves (depending upon the specific design) to keep hot MFW fromV) entering the EFWS. However, operating experience has shown that check valves
t
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tend to leak, thus, permitting hot MFW to enter the EFWS. This hot feedwater |

can subsequently flash to steam in the EFW pumps and discharge lines causing (
steam binding of the pumps. j

In addition, the EFW piping is sometimes arranged so that each EFW pump is
connected through a single check valve (which is used to prevent nack leakage)
to piping that is common to two or three pumps. This arrangement creates the
potential for common-mode failures as the hot feedwater leaks back through the
check valves into other EFW pump (s).

The staff issued GL 88-03 (" Resolution of Generic Safety Issue 93, Steam
Binding of Auxiliary Feedwater Pumps," dated February 17, 1988) to the
industry as the resolution of this issue. The letter implements monitoring
and corrective procedures to minimize the likelihood of steam binding of the
EFWS pumps. One of the corrective actions to be taken is the monitoring of .

EFW pump discharge piping temperatures to ensure that the fluid temperatures
'

remain at or near ambient temperature.

In CESSAR-DC Section 20.2.25, ABB-CE states that the EFWS in the System 80+
design includes two independent trains, each train aligned to supply its

!

! respective SG.

The System 80+ design is configured as two separate mechanical systems.
Each mechanical system which consists of two subtrains (see CESSAR-DC Sec-
tion 10.4.9 and the staff's evaluation in Section 10.4.9 of this report),
contains (1) one emergency feedwater storage tank (EFWST), (2) a motor-driven
and a steam-driven pump [each with a capacity of 1900 L/ min (500 gpm)], (3) a
cavitating Venturi, and (4) specified instrumentation. Each subtrain contains
(1) one flow control valve, (2) one SG isolation valve, and (3) one pump
discharge check valve.

The main defense against steam binding of the EFW pumps is the system design
for normal plant operation.

Although some plant systems operate with the flow control and the isolation
valves open during normal plant operations, the System 80+ EFWS is designed to
operate with the EFW SG isolation valves closed for both mechanical systems.
The isolation valves close in series with the SG line check valves, thus,
providing redundant isolation between the EFWS and the MFW system. When a low
level occurs in a SG, the EFAS or APS starts the EFW pumps (the motor-driven
and steam-driven pumps), opens these isolation valves, and ensures that the
feedwater flow control valves are open, allowing EFW to flow to each SG.

Each EFW subtrain is separated from the other. Each subtrain has its own
suction line from the EFWST and its own discharge line through the SG isola-
tion valve and check valve; also, the pump crossover lines contain redundant,
locked-closed isolation valves. Thus, the potential for common-mode failure
of steam binding of all EFW pumps does not exist, should one set of SG i

isolation and check valves leak. The EFW pump suction and recirculation lines I
are normally open so that, should a SG isolation and check valve leak, any l
resulting steam can be vented through the EFWST vent.

Associated instrumentation on each train ensures adequate control and monitor-
ing of the EFWS. Temperature indicators (tis) are located between the flow
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control and motor-operated isolation valves. These tis give a direct indica- I

/ tion of the fluid temperature and will alarm in the control room on high fluid |
Q temperature in the EFWS downstream of the EFW pumps. j

!
This alarm warns the operator that the SG isolation valve and check valve are I

Ileaking. Therefore, these sensors provide an indication to the operator of
the potential for steam binding of the EFW pumps.

The temperature sensor located between the EFW flow control valve and the
isolation valve on each subtrain is continuously monitored and audibly alarmed
in the control room.

I
| In the event of loss of control room indication, the sensor will be monitored '

locally. At a minimum, readings shall be recorded at least once a shift, and
before and after each EFW pump run. The site-specific surveillance and j

operating procedures, which are the responsibility of the owner / operator, will !

present the requirements for local monitoring.,

The EFWS is designed to avoid steam binding of the EFW pumps by continuous
system venting through tha EFW storage tanks and by the use of normally closed
isolation valves upstream of where the EFWS joins the MFW system; however, in
the event that steam binding of the EFW pumps does occur, the control room |

| alarm associated with the temperature sensor discussed above will signal the !

l plant operator to vent the EFW pumps. Plant operating procedures developed by
the owner / operator will prescribe this action.

|
The staff stated that it would evaluate the procedures for preventing or '

|[ coping with steam binding of the EFW pumps on a site-specific basis during a
( COL review. This is discussed in Section 10.4.9 of this report and is

designated COL Action Item 10.4.9-3.

On the basis of this discussion, the staff concludes that ABB-CE has ade-
quately addressed the safety concerns of Issue 93 in the CESSAR-DC and
Issue 93 is resolved for the Systerc 80+ design.

Issue 94: Additional 8,:m-Temocrature Overpressure Protection for LWRs

Issue 94, in NUREG-0933, addressed low-pressure overpressurization events
since the resolution of Issue A-26, which is also discussed in this chapter.
Therefore, this issue was to address the additional guidance for RCS low-
temperature overpressure protection (LTOP) to ensure reactor vessel integrity

| beyond the requirements specified for Issue A-26 in SRP Section 5.2.2,
' " Overpressure Protection," and BTP RSB 5-2, " Overpressure Protection of

Pressurized Water Reactors While Operating at Low Temperature." Issue 94 was
resolved with the additional requirements to have the TSs for overpressure
protection consistent with those specified in Enclosure B to GL 90-06,
" Resolution of Generic Issue 70, Power-0perated Relief Valve and Block Valve
Reliability, and Generic Issue 94, Additional Low-Temperature Overpressure
Protection for Light-Water Reactors, Pursuant to 10 CFR 50.54(f)," dated June
25, 1990.

In CESSAR-DC Sections 5.2.2, 5.4.10, 5.4.13, and Appendix 5A, ABB-CE describes,-

O)
/ the LTOP design and its compliance with the requirements of SRP Section 5.2.2

and BTP RSB 5-2. The staff has reviewed and approved, in Section 5.2.2 of
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this report, the LTOP design for the System 80+ plant. The TSs for LTOP are
in CESSAR-DC Sections 16.7.11 and 16A.7-11. The LTOP function is performed by
the relief valves in the SCS. The analysis to support the adequacy of the
LTOP is in CESSAR-DC Section 5.2.2 and is approved as indicated in Sec-
tion 5.2.2 of this report. .

1

In the DSER, ABB-CE was requested by the staff, in accordance with the
requirement of Enclosure B to GL 90-06, to revise the TSs for LTOP by reducing ,

allowable outage time for a single channel from 7 days to 24 hours when the )
plant is operating in Modes 5 or 6. This was designated DSER Open i

Item 20.2-12. In response, ABB-CE revised surveillance requirements specified i

in the TSs in CESSAR-DC Section 16.7.11, to be consistent with the require- |

ments in Enclosure B to GL 90-06. Therefore, DSER Open Item 20.2-12 is
resolved.

ABB-CE has provided an acceptable LTOP design and the associated TSs are
consistent with the requirements of BTP RSB 5-2 and Enclosure B to GL 90-06;
Therefore, Issue 94 is resolved for the System 80+ design.

Issue 99: RCS/RHR Suction Line Valve Interlock on PWRs

Issue 99, in NUREG-0933, addressed the staff's concerns about the inadvertent
closing of the SCS suction valves when the SCS is in use. In existing plants,

the auto-closure interlocks (ACIs) on suction isolation valves of the SCS were
installed to guard against an operator error, namely, failure to isolate the
SCS from the RCS before raising the RCS pressure above the design pressure of
the SCS; however, ACIs have been a frequent cause of loss-of-SCS events. As
the result of a regulatory analysis in NUREG-0933, the staff recommended
removing ACis to improve the reliability of the SCS. Over the past several
years, efforts have increased to improve the reliability of the SCS. In 1988,
the staff broadened the scope of this issue to include risk associated with
midloop operation. In GL 88-17. " Loss of Decay Heat Removal," dated Octo-
ber 17, 1988, the staff asked licensees to address numerous safety concerns
and to improve the operational safety for such plant conditions as reduced RCS
water inventory.

ABB-CE discussed this issue in CESSAR-DC Section 20.2.27. To address the
concerns of this issue regarding the reliability of the SCS, the System 80+
design contains the following instrumentation consistent with the guidelines
in GL 88-17:

two independent level indications for continuous management of RCS level*

two independent channels of core exit thermocouples (CETs) for continuous*

measurement of core exit temperature

indication and alarms in the control room for each of the level anda

temperature measurement instruments given in the preceding two items with
each instrument of an independent pair having its own separate power
supply

additional instrumentation, indication, and alarms for plant parameters*

(such as SCS pump suction pressure and motor current, vortex monitoring
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i

equipment, and SCS flow) enabling operators in the control room tog) continuously monitor the SCS when it is in use for RCS cooling;

L/
no ACI on the SCS suction isolation valve.*

The SCS design is consistent with the guidelines for removal of ACIs.
Additional improvements are discussed in Section 5.4.3.2 of this report.
Also, the guidelines in GL 88-17 cover broader areas, such as instrumentation,
equipment, procedures, analyses, TS, and RCS perturbation for operation at low
RCS water inventory.

Additionally, on a related RHR performance issue, the NRC staff has been
concerned about the safety of operations during low power or periods of
shutdown. The Diablo Canyon event of April 10, 1987, and the loss of ac power
at the Vogtle plant on March 20, 1990, have led the staff to issue NUREG-1410,
" Loss of Vital AC Power and Residual Heat Removal System During Midloop
Operations at Vogtle Unit 1 March 20, 1990," dated June 1990, and to conclude
that (1) non-routine activities and availability of less equipment during
shutdown increases the probability of complex events that challenge operators
in unfamiliar ways and (2) lack of rigorous consideration of accident sequenc-
es during shutdown operations has resulted in potentially incomplete or inade-
quate instrumentation, emergency response procedures, and mitigative equip-
ment. Owing to the safety significance of events during shutdown and low-
power conditions, the staff determined that proper consideration of the topic
would be required before NRC would issue a final design approval on the
System 80+ design.

O) Two primary measures were required to demonstrate adequate treatment of
(_. shutdown risk for the System 80+ design: (1) adequate vendor assessment of

shutdown and low-power risk, identifying design-specific vulnerability and
weakness and (2) documentation showing consideration and incorporation of
design features that minimize shutdown and low-power risk vulnerabilities.

In response to staff RAI Q440-129 through 151, listed in Appendix B of this
report, regarding the shutdown risk concerns, ABB-CE submitted a report on
July 31, 1992. The report was incorporated in CESSAR-DC Section 19.8A and
covered the following topics:

procedures*

TS improvement*

midloop operation*

loss of DHR*

primary / secondary containment capability and source term*

rapid boron dilution| *

fire protectiono

instrumentation*

ECCS recirculation capability*

effect of PWR upper internals*

fuel handling and heavy loads| *

| potential for draining the reactor vessel*

i CESSAR-DC Chapter 15: non-LOCA/LOCA dose consequences-

i CESSAR-DC Chapter 6: LOCAs*

t CESSAR-DC containment analysis*

( PRA-
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In September 1993, the staff published NUREG-1449, " Shutdown and Low-Power
ThisOperation at Commercial Nuclear Power Plants in the United States."

report addresses, among other things, proposed regulatory requirements for
shutdown and low-power operations. Previously, the staff reviewed the
shutdown risk evaluation report from ABB-CE against the guidance in NUREG-1449
(DSER Open Item 20.2-13). This is discussed in Section 19.3.8 of this report.
The staff concludes that the shutdown risk evaluation of ABB-CE is acceptable
and adequately addresses the requirements in NUREG-1449.

Therefore, based on the above, Issue 99 is resolved for the System 80+ design
and DSER Open Item 20.2-13 is resolved. The staff's overall evaluation of the.

'

shutdown risk of the System 80+ design is in Section 19.3 of this report.

Issue 103: Desian for Probable Maximum Precipitation

Issue 103, in NUREG-0933, addressed the acceptable methodology for determining ;

the design flood level for a particular plant site. The use of the most |
recent National Oceanic and Atmospheric Administration (NOAA) procedures for
determining the probable maximum precipitation for a site was questioned after
a licensee disputed the use of two of NOAA's hydrometeorological reports. The ,

issue was resolved with the revisions to SRP Sections 2.4.2 and 2.4.3 in 1989
to incorporate the probable maximum precipitation procedures and criteria
contained in the latest National Weather Service publications. This was
documented in the Federal Reaister Notice 54 FR 31268 on July 27, 1989, and
GL 89-22, " Potential for Increased Roof and Plant Area Flood Runoff Depth at
Licensed Nuclear Power Plants due to Recent Change in Probable Maximum i

Precipitation Criteria Developed by the National Weather Service," dated |

October 19, 1989.

In CESSAR-DC Section 20.2.28, ABB-CE states that site design parameters,
including maximum flood level, are given in CESSAR-DC Table 2.0-1. ABB-CE
also states that the System 80+ plant is designed in accordance with GDC 2 for
the most severe environmental conditions, such as flooding, tornado, and
hurricane, and meets the intent of SRP Sections 2.4.2, " Flood," and 2.4.3,
" Probable Maximum Flood (PMF) on Streams and Rivers." Furthermore, the COL
applicant will review historical site-specific environmental data to ensure
compliance with the enveloping assumptions of CESSAR-DC Table 2.0-1. This is
COL Action Item 2.0-1 of CESSAR-DC Table 1.10-1.

In CESSAR-DC Table 2.0-1, ABB-CE specifies the site-specific maximum flood
level to be 0.3 m (1 ft) below grade. This flood level is acceptable because
the minimum design-basis flood level is specified at 0.3 m (1 ft) below plant
grade for preventing damages to seismic Category I SSCs as discussed in
Sections 2.6 and 3.4 of this report. Any sites with a flood level higher than

| 0.3 m (1 ft) below grade will be excluded from the System 80+ design certifi-
| cation.

The COL applicant must use site-specific environmental data for determining
|

probable maximum precipitation in accordance with the guidance of SRP Sec-
tions 2.4.2 and 2.4.3. This is to ensure the maximum flood level for the
System 80+ desiga specified in CESSAR-DC Table 2.0-1 shall not be exceeded by
the site-specific flood level. This is discussed in Section 2.4 of this
report and is included in COL Action Item 2.4-1.
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- Therefore, based on this information, Issue 103 is resolved for the System 80+ |
design.

v'
Issue 105: Interfacina System LOCA (ISLOCA) at LWRs

Issue 105, in NUREG-0939, was limited to PIVs in BWRs and was resolved by |
'requiring leak-testing of the check valves that isolate low-pressure systems

that are connected at the RCS outside of containment. It is related to ;

Issue 96 which addressed PIVs between the RCS and RHR systems in PWRs. As I

stated in NUREG-0933, the staff issued Information Notice (IN) 92-36, Inter-
system LOCA Outside Containment," dated May 7, 1992, on this subject. The
individual plant examinations required by the staff on operating plants
included analyses of these sequences. This issue was resolved without any new
requirements.

The staff position regarding ISLOCA protection, as stated in SECY-90-016, is
that future ALWR designs should reduce the possibility of a LOCA outside
containment by designing, to the extent practicable, all systems and subsyste-
ms connected to the RCS to an ultimate rupture strength (URS) at least equal
to full RCS pressure. Note that the degree of isolation or number of barriers
(e.g., three isolation valves) is not sufficient justification for using low-
pressure components that can be practically designed to the URS criteria. For
example, piping runs should always be designed to meet the URS criteria, as
should all associated flanges, connectors, and packings, including valve stem
seals, pump seals, heat exchanger tubes, valve bonnets, and RCS drain and vent
lines. The design should attempt to reduce the level of pressure challenge to
all systems and subsystems connected to the RCS.p

For all interfacing systems and components that do not meet the full RCS URS
criteria, ABB-CE needed to justify why it is not practicable to reduce the
pressure challenge any further and to provide compensating isolation capabili-
ty. For example, applicants should demonstrate for each interface that the
degree and quality of isolation or reduced severity of the potential pressure
challenges compensate for and justify the safety of the low-pressure interfac-
ing system or component. The adequacy of pressure relief and the piping of
relief back to primary containment are possible considerations. As identified
in SECY-90-016, er.ch of these high-to-low-pressure interfaces must also
include the following protection measures: (1) the capability for leak
testing of the PIVs, (2) assurance that the valve position operators are
deenergized, and (3) high-pressure alarms to warn control room operators when
rising RCS pressure approaches the design pressure of the attached low-
pressure system and both isolation valves are not closed.

In CESSAR-DC Section 20.2.29, ABB-CE states that CESSAR-DC Appendix SE
addresses design improvements to minimize the possibility of a ISLOCA outside
the containment. ISLOCA events are discussed in Sections 19.1 and 19.2 of
this report.

Responding to staff RAI Q440.45, which is listed in Appendix B of this report,
ABB-CE submitted its evaluation of various interfacing systems (i.e., CVCS,
process sampling system (PSS), seal injection, seal bleedoff, SIS, and SCS).
ABB-CE concluded that the design of systems and subsystems interfacing with

[mV)
the RCS will be in full compliance with the requirements specified in
SECY-90-016, as discussed for ISLOCA protection. However, certain portions of
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these systems do not meet the RCS URS criteria and no technical basis was
offered to justify why it is impractical to further reduce pressure challenge.
Also, ABB-CE's discussion of the ISLOCA protection did not include the
associated flanges, connectors, packings (including valve stem seals), pump
seals, heat exchangers tube, valve bonnets, instrumentation lines, RCS drain,
and vent. The staff required that these two areas be addressed in accordance
with the ISLOCA requirements in SECY-90-016 discussed above. In response,
ABB-CE submitted a report on June 15, 1992 (Report CE NPSD-741-P, " Evaluation
of Design Features Which Minimize Probability of Interfacing LOCAs for
System 80+ Standard Design") on design features that minimize the probability
of an ISLOCA for the System 80+ design. Because the staff did not complete
its evaluation of this ABB-CE report for the DSER (DSER Open Item 20.2-14),
the staff stated in the DSER that it muld provide its evaluation of CE
NPSD-741-P in this report.

In Amendment Q of CESSAR-DC, ABB-CE submitted CESSAR-DC Appendix SE, "Evalua-
tion of the System 80+ Standard Design to Interfacing System LOCA Challenges,"
which superseded CENPSD-741-P. In Appendix SE, ABB-CE evaluates the vulnera-
bility of the System 80+ design to ISLOCAs. All low-pressure systems that are
directly or indirectly connected with the RCS were examined, including the
pressurization pathways that are established by an inadvertent opening of a
valve or valves, a failure of containment isolation, or the postulation that
valves are fully open. The specific components, such as flanges, valves, pump
seals, heat exchangers, vents, and drains were also evaluated. Therefore,
DSER Open Item 20.2-14 is resolved.

The systems directly connected to the RCS during some modes of operation are
the SCS, SIS, CVCS, and PSS. Each of these systems and associated subsystems
was evaluated for compliance with the ISLOCA criteria below.

As a result of the ISLOCA evaluation, ABB-CE made design improvements to the
interfacing low-pressure systems. For those systems not meeting the ISLOCA
criterion, system design modifications were made by either increasing the
design pressure of the low-pressure systems or equipment to a high-pressure
rating of 40 percent of RCS normal operating pressure, that is, 6.31 MPa
(900 psig), or incorporating design features that terminate or limit the scope
of ISLOCA events. Increasing the low-pressure system design pressure to the
high-pressure rating ensures that the URS is at least equal to the RCS
pressure, and therefore, complies with the staff position described in
SECY-90-016. When the high-pressure rating is not designed for, ABB-CE
provided justifications or bases for impracticality to design to such a
pressure, and implemented system modifications, such as relocation of low-
pressure interface, isolation of a low-pressure subsystem in the pressure
pathway from the pressure source, and pressure relief to limit the pressuriza-
tion within the design capabilities of the low-pressure subsystem.

System modifications have been made to relocate certain low-pressure inter-
faces with the SCS and the CSS. For example, the connection from the in-
containment reactor water storage tank (IRWST) through the SCS to the CVCS
makeup system is deleted and replaced with dedicated lines to allow the makeup
system direct access to the IRWST without going through the SCS. This
eliminates the potential for an ISLOCA to the low-pressure makeup system from
the SCS, and separates the boron adjustments to the IRWST from the SCS and CSS
operation. Also, the design pressure of all remaining sections outside the
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containment has been increased to 6.31 MPa (900 psig) for the SCS, CSS, and
O SIS. This high-pressure rating design also applies to the associated elements(h and components, such as gasketed flange connections valves, valve bonnet

seals, pump seals, and heat exchangers tubes. Therefore, they are in compli-
ance with the ISLOCA requirements of SECY-90-016. However, certain portions
in the CVCS and PSS are still not designed for the high-pressure rating.
ABB-CE provided justifications for not designing to the higher pressure rating
and implemented design improvements to reduce pressure challenges. As
discussed below, the staff has concluded that they are acceptable.

In the CVCS, the design pressures for the letdown and charging sides are
17.24 HPa (2485 psig) and 20.97 MPa (3025 psig), respectively. However,
certain portions, that is, the low-pressure sections downstream of the flow
control valve in the letdown line, the outermost section in the RC pump
bleedoff line upstream of the volume control tank (VCT), the section of
charging line upstream of the charging pumps, and the filter vent and drain
lines in the RCP seal injection line upstream of the equipment drain tank
(EDT), are not designed to the high-pressure rating of 6.31 MPa (900 psig).
These low-pressure portions have design pressures comparable to the design
pressure of connected low-pressure tanks and components, such as VCT, EDT,
boric acid batching tank, holdup tank, reactor makeup water tank, and ion
exchangers.

These low-pressure tanks and ion exchangers in the CVCS are used during
various plant operation modes to process water, and have design pressures well
below 6.31 MPa (900 psig). Increasing the design pressure of these tanks and
components to 6.31 MPa (900 psig) could require an increase of wall thicknessg

; by a factor of two to ten. Several large tanks are field fabricated and would
( require new fabrication technology to accommodate the increased plate thick-

ness and support structure. There are also many low-pressure systems inter-
facing with the CVCS, such as hydrogen supply system and radioactive waste
management systems. Increasing the design pressure of the low-pressure
portion of the CVCS does not terminate, mitigate, or even control the scope of
an ISLOCA event, unless the interfacing systems are also designed to a higher
pressure. ABB-CE asserts that increasing the design pressure of the entire
CVCS to 6.31 MPa (900 psig) is impractical because of the increased complexity
of overall system, fabrication technique, and the impact to the low-pressure
systems interfacing with the CVCS. Therefore, alternative design improvements
were made to reduce the ISLOCA challenges. The staff concludes that ABB-CE !
has properly justified not designing the entire CVCS to the high-pressure
rating as long as proper design improvements are implemented to minimize the
ISLOCA challenges.

ABB-CE has made the following design improvements to the CVCS: (1) increase .

the charging pump's suction piping (downstream of the check valves) design I
ipressure to 6.31 MPa (900 psig), (2) reduce RCP seal injection filter vent and

drain line sizes to limit flow to within makeup capacity, (3) add a pressure
sensor-controller to the letdown line located downstream of the flow control
valves, and (4) add a pressure sensor-controller to the charging line in the

|common suction line. These added pressure sensors-controllers give the
operator information that an ISLOCA is occurring, and provide signals for f
automatic closure of the containment isolation valves (CIVs) to terminate the i

h ISLOCA challenges by preventing any further pressure communication on both !

b sidet of the CIVs.
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The impact of using the pressure controllers as an ISLOCA remedy was evaluated
considering (1) spurious actuation of the pressure controller causing the CIVs
to close, and (2) failure of the pressure controllers to isolate the low-
pressure section of the CVCS. The effect of spurious isolation of the letdown
or charging line CIVs, which has a low probability estimated by ABB-CE to be
about 3 x 10 / year, was determined to be insignificant on CVCS operation4

because (1) letdown is not required for normal operation, (2) the plant can
still maintain Mode 1 operation without charging flow or the seal injection
flow if CCW is supplied for the RCPS. The consequence of failure to close the
CIVs to isolate the low-pressure sections is considered acceptable because the
relief valves in the low-pressure section of the letdown and charging lines
serve as backup to these occurrences. ABB-CE states that the setpoint for the
pressure controllers is selected to close the CIVs before the setpoints of the
relief valves on the letdown and charging lines are reached. This prevents
the relief valves from opening when the pressure controllers and CIVs operate

-

properly, thereby avoiding an ISLOCA should the relief valves stay open.

ABB-CE asserts that these design improvements preserve system integrity
because the low-pressure portions of the letdown and charging lines and all
other interfacing low-pressure systems are not pressurized by an ISLOCA event,
and, therefore, do not have their integrity challenged. In addition, both
letdown and charging lines satisfy the requirements of SECY-90-016 by provid-
ing (1) a high-pressure alarm in the control room to warn the operators of the
events, (2) containment isolation valve position indication and control in the
main control room, and (3) periodic leak testing of the containment isolation
valves.

The RCP bleedoff line is discharged to the VCT, which is protected from over-
pressurization by a relief valve discharging to the EDT. There is also a
fixed resistance flow control orifice upstream to limit pressure and limit the
bleedoff flow to 14.76 L/ minute (3.9 gpm), which is within the makeup capabil-
ity and can be collected in the EDT for more than 500 minutes before requiring
operator action. The seal injection filter vent and drain lines are connected
to the equipment drain header and EDT. The design improvement to reduce the
filter vent and drain line size to limit the discharge rate to a fraction of
the makeup capability prevents a rapid fill of the EDT, and allows sufficient
time for an operator to terminate the event. As the low-pressure sections of
the RCP seal injection and bleed lines are designed with pressure relief to
the EDT, they would not be subjected to high-pressure challenges. Further-
more, the liquid level, temperature, and pressure of the VCT and EDT indicate
and alarm in the main control room.

The PSS has direct connections to the RCS hot leg, pressurizer surge line, and
the pressurizer steam space. These connection lines have high-pressure
section with a design pressure of 17.24 MPa (2485 psig), and low-pressure
sections with a design pressure of 1.48 MPa (200 psig) upstream of the VCT.
Each sampling line has a fixed-resistance, flow-restricting orifice and small
line size upstream to limit the flow and pressure, and protect the low-
pressure portion of the sampling system from overpressurization during
operation. Because the process radiation monitor in the sampling system is
designed to withstand pressure no greater than 1.83 MPa (250 psig), designing
the entire sampling system to the higher pressure rating would require a
radiatior monitor design that is not commercially available. As an
alternative, ABB-CE made a design improvement by adding a pressure-relief
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valve upstream of the flow indicator with relief flow directed to the EDT to7. s
/ ') protect the low-pressure portion for the postulated event in which the
(/ discharge valve to the VCT is closed. The relief valve is sized to pass a ,

flow rate equivalent to the sample line flow rate. With this flow rate, the '

flow control orifice upstream of the pressure-relief valve will create a
pressure drop that will limit the pressure to an acceptable value. Further-
more, in conjunction with the indication of containment isolatic valve

i position, the EDT has indication and alarm for liquid level, temperature and
' pressure in the control room to alert the operator, with sufficient time for

operator action to terminate the event. The staff finds this design improve-
ment acceptable.

The staff concludes that the System 80+ design is consistent with the staff
position discussed in SECY-90-016 regarding ISLOCA and, therefore, DSER Open
Item 20.2-14 is resolved. '

By staff RAI Q210.81, listed in Appendix B of this report, and DSER Open
Item 20.2-15, the staff requested that ABB-CE commit to perform preservice and
periodic inservice leak testing of all safety-related RCS PIVs to verify the
leak tight integrity. ABB-CE responded by letter dated February 12, 1992,
committing to comply with the testing requirements specified in RG 1.68 and
the ASME Code, Section XI. In CESSAR-DC Section 3.9.6.2.4, ABB-CE lists RCS
PIVs. ABB-CE also states that those PIVs will be leak-rate tested in accor-
dance with CESSAR-DC Table 3.9-15 and the surveillance requirements specified
in TS 3.4.13.1. The staff concludes that the RCS PIVs leak testing require-
rents for the System 80+ design is acceptable as discussed in Sec-
tien 3.9.6.2.4 of this report. On this basis, Issue 105 is resolved for thepi System 80+ design and DSE~t Open item 20.2-15 is resolved.g

%)
Therefore, luue 105 is resolved for the System 80+ design.

f.tsue 106: Pioina and Use of Hiahly Combustible Gases in Vital Areas

Issue 106, in NUREG-0933, addresses the issue of combustible gases accumulat-
ing in buildings containing safety-related equipment. Except for hydrogen,
most combustible gases are used in limited quantities and for relatively short
periods of time. Hydrogen is stored in high-pressure storage vessels and is
supplied te various systems in the auxiliary systems building through small-
diameter piping. A leak or break in this piping could result in a combustible
or explosive mixture of air and hydrogen, posing a potential 1 css of safety-
related equipment. Issue 106 has not been resolved and was assigned a medium
priority in NUREG-0933.

As stated in CESSAR-DC Section 20.2.30, the System 80+ design incorporates
various compressed-gas systems as described in CESSAR-DC !ection 9.5.10. The
compressed-gas systems provide a variety of gases (e.g., hydrogen and nitro- i

Igen) under pressure, for numerous plant operating applicstions, including
welding equipment, instrumentation, system purging, inerting, and diluting.

The systems typically consist of high-pressure gas cylinders, pressure
regulators, and piping to distribute the gases throughout the plant. These
non-safety-related compressed gas systems are designed to ensure that their[q) failure does not jeopardize the operation of any safety-related system or

() component or both (see CESSAR-DC Section 9.5.10.1). Furthermore, with respect

I
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Ito the compressed-hydrogen system, the system is designed to be isolable and a

leak detection system is included.

ABB-CE states in CESSAR-DC Section 9.5.10 that the requirements of SRP Sec-
tion 9.5.1, " Fire Protection Program," apply to the hydrogen lines located in
safety-related areas. These lines are either designed to seismic Category I
requirements, sleeved so that the outer piping is vented to the outside, or
are designed with excess flow check valves so that, in case of a line break,
the hydrogen concentration in the affected area will not exceed 2 percent.
The update of CESSAR-DC to add the requirements of SRP Section 9.5.1 was
identified as DSER Confirmatory Item 20.2-1. Therefore, DSER Confirmatory
Item 20.2-1 is resolved.

In the DSER, the staff indicated that ABB-CE's response provided an acceptable
interim resolution to the issue and indicated that the COL applicant would
address the final resolution to this issue if determined. This is DSER COL
Action Item 20.2-6. The staff has reviewed ABB-CE's revised response dis-
cussed above and finds that it is now acceptable. Therefore, COL Action

| Item 20.2-6 is resolved.
1

! Based on the above, Issue 106 is resolved for the System 80+ design.

Issue 113: Dynamic Oualification Testina of Laroe-Bore Hydraulic Snubbers

Issue 113, in NUREG-0933, addressed the staff's concerns in 1985 that there
were no requirements for dynamic qualification testing or surveillance testing
of LBHSs (i.e., > 50 kips load rating). The safety concern was the integrity
of the SG lower support structures when subjected to a seismic event; however,
this issue was applicable to all components, structures, and supports that
rely on this type of snubbers for restraint from seismic loads and other
dynamic loads, such as high-energy line breaks and water hammers.

LBHSs are active mechanical devices used to restrain safety-related piping and
equipment during seismic or other dynamic events, yet also allow sufficient
piping component flexibility to accommodate system expansion and contraction
from such thermal transients as normal plant heatups and cooldowns. Dynamic
testing and periodic functional testing are important to verify that the LBHSs
are properly designed and maintained for the life of the plant. Issue 113 was
resolved with no new requirements.

In the response dated January 29, 1992, to staff RAI Q210.89, which is listed
in Appendix B to this report, concerning the dynamic qualification testing of
LBHSs, ABB-CE stated that this issue is superseded by Issue A-13, " Snubber
Operability Assurance." In its resolution to Issue A-13 in CESSAR-DC Sec-
tion 20.2.55, ABB-CE states that it intends to minimize the use of snubbers
using optimization procedures outlined in CESSAR-DC Section 3.9.3.4. ABB-CE
outlined a program intended to ensure snubber operability that includes such
elements as consideration of load cycles and total expected travel for the
life of the snubber, visual inspection and measurement of thermal movements
during startup tests, and a snubber ISI and testing program which includes
periodic maintenance and visual inspection following a faulted event, a
functional testing program with replacement or repair of snubbers failing
inspection, or test criteria.
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In the DSER, the staff did not accept that Issue 113 is superseded by
/b Issue A-13. There was no statement in NUREG-0933 on Issue 113 that this is
( true. Issue 113 specifically addressed the dynamic qualification testing of

LBHSs as opposed to the more general snubber design and operability criteria
proposed by ABB-CE for resolution of Issue A-13. This was identified as Open
Item 20.2-16. See the discussion on Issue A-13 in Section 20.2 of this
chapter.

ABB-CE, in Amendment L to the CESSAR-DC, has proposed dynamic qualification
testing for LBHSs up to test system capability and, for snubbers exceeding
test facility limitations, have their characteristics calcul:ited based upon
dynamic test data of a similar snubber qualified by testing. Therefore, DSER
Open Item 20.2-16 is resolved and Issue 113 is rerolved for the System 80+
design.

Issue 118: Tendon Anchorace Failure

Issue 118, in NUREG-0933, addressed the concerns raised by the staff after
inspections at Farley Unit 2 in 1985, about three lower vertical tendon anchor
heads for the concrete containment structure that were found broken. A tendon
inspection and surveillance program was initiated at both Farley units, and
the licensee evaluated the cracked tendon anchor heads and concluded that the
containment had never been lost its structural integrity. However, the
failure of anchor heads to carry the tendon forces could have jeopardized the
structural integrity of the containment during an accident. RGs 1.35 (Rev. 3)
and 1.35.1 resolved this issue.

[ In CESSAR-DC Sections 3.8, 6.2, tnd 20.2.32, ABB-CE states that the contain-
( ment is a steel structure. RGs 1.35 and 1.35.1 are for concrete containment

structures; therefore, they do not apply to the System 80+ design. Based on
this, Issue 118 is resolved for the System 80+ design because the containment
is a steel structure.

Issue 119.1 Pioino Ruoture Reauirements and Decouplina of Seismic and LOCA

Loads

Issue 119, " Piping Review Committee Recommendations," in NUREG-933, was the
comprehensive review of NRC requirements, requested by the NRC Executive

. Director for Operations (ED0) in 1983, in the area o# plant piping in safety-
| related systems and high energy lines important to safety. The NRC Piping
' Review Committee (PRC) reviewed and evaluated then-existing regulatory

requirements to provide recommendations on additional requirements and
identify areas requiring further action. Issue 119.1 comprised the following
three PRC Category A recommendations in NUREG-1061 (" Report of the U.S.
Nuclear Regulatory Commission Piping Review Committee," Volumes 2 and 3, dated
April 1985 and November 1984, respectively): (1) LBB (A-1), (2) decoupling of
seismic and LOCA Loads (A-5), and (3) complete research on decoupling (A-4).

Decoupling of SSE and LOCA loads has never been adopted by the NRC, and
combination of these two loads is required as indicated in SRP Section 3.9.3,
"ASME Code Class 1, 2, and 3 Components, Component Supports, and Core Support,

Structures." However, the elimination of LOCA dynamic loads from this load'

combination may be achieved through application of LBB. This approach is
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acceptable if certain limitations and requirements as stated in GDC 4 are met )and if acceptance criteria contained in NUREG-1061 (Volume 3) are satisfied.

In CESSAR-DC Section 3.9.3.1 and Tables 3.9-10 through 3.9-14, SSE and pipe
break loads are combined, which is acceptable as indicated in Section 3.9.3 of
this report. In CESSAR-DC Section 3.6.2.1.3, the methodology for application
of LBB to the main coolant loop, surge line, main steamline, SI line, and
shutdown cooling line is described. In addition, bounding analyses for
establishing limits of LBB application for these lines are completed during
the System 80+ design certification phase and will be verified during the
combined license phase (Subpart C to 10 CFR Part 52) by performing the
appropriate ITAAC.

The staff evaluation of LBB application to tho System 80+ design is presented
in Sections 3.6.3 and 3.12.8 of this report. The staff finds that ABB-CE's
position on decoupling of seismic and LOCA loads is acceptable. Therefore, on
this basis, Issue 119.1 is resolved for the System 80+ design.

Issue 119.2: Pipina Damoina Valun

Issue 119.2, in NUREG-0933, addressed the recommendation of the PRC on how the
damping values used in seismic dynamic analysis of nuclear power plant piping
systems should be modified so that the piping reliability and plant safety can
be enhanced by reduction of snubbers, less restraint to thermal expansion, and
less obstruction to ISI of piping welds. In NUREG-1061, Volume 2, dated April
1985, the PRC recommended an interim position of using the PVRC damping (or
the ASME Code Case N-411 damping) as an alternative to the damping values in
RG 1.61, " Damping Values for Seismic Design of Nuclear Power Plants."

In RG 1.84, " Design and Fabrication Code Case Acceptability ASME Section III,
Division 1," NRC endorsed the use of N-411 damping as an alternative to
RG 1.61 damping values with certain limiting conditions.

In CESSAR-DC Section 3.7.1.3 and Appendix 3.9A, damping values to be used in
piping dynamic analysis are presented. The values are in accordance with
RG 1.61. In addition, ABB-CE states that damping values of Code Case N-411
may be used as an alternative when the response spectrum method of analysis is
used and will be subject to conditions given in RG 1.84.

The staff evaluation of System 80+ piping damping values is in Sections 3.7.2
and 3.12.5.4 of this report. On the basis of this evaluation, the staff finds
that the ABB-CE position on damping values is acceptable and Issue 119.2 is
resolved for the System 80+ design.

Issue 119.3: Decouplina the Operatina Basis Earthouake from the SSE

Issue 119.3, in NUREG-0933, addressed the concern of assuring public safety
when the magnitude of the operating basis earthquake (OBE) is established at a
level different from that specified in Section V(a)(2) in Appendix A to 10 CFR
Part 100. The regulation establishes the maximum vibratory ground accelera-
tion of the OBE as at least one-half of the maximum vibratory ground accelera-
tion of the SSE.

O
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In SECY-90-016, the staff requested the Commission's approval to decouple the
level of the OBE ground motion from that of the SSE. The Commission approved

Q the staff's position in its SRM dated June 26, 1990. Subsequently, the staff
requested in SECY-93-087, " Policy, Technical, and Licensing Issues Pertaining
to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs," dated
April 3, 1993, that the Commission approve altogether the elimination of the
OBE from the design of SSCs in ALWRs. The Commission approved the request in
its SRM dated July 21, 1993. The revision to 10 CFR Part 100 (Appendix A)
would allow, as an option, that the OBE be eliminated from design when the OBE
is established at less than or equal to one-third the SSE. Therefore, the
need to decouple the OBE from the SSE is no longer an issue for the System 80+
design because the OBE has been eliminated for the System 80+ design. The
staff's eva' iation of the elimination of the OBE from the System 80+ design is
addressed in Section 3.1 of this report.

Based on the above, Issue 119.3 is resolved for the System 80+ design.

Issue 119.5: Leak Detection Reauirements

Issue 119.5, in NUREG-0933, addresses the NRC PRC regulatory recommendation
A-6 in NUREG-1061 (Volume 1, dated August 1984) to improve leak detection
systems for the RCPB and the effects of the adoption of LBB by NRC for primary
piping on leak detection system design requirements. A review of leak
detection systems and LERs on these systems at then-current operating plants
was reported in NUREG/CR-4813 (" Assessment of Leak Detection Systems for
LWRs," January 1987, Revision 1, October 1988). The staff concluded that
existing RCPB leak detection systems conforming to the guidance of RG 1.45,

O, " Reactor Coolant Pressure Boundary Leakage Detection Systems," and SRP Sec-
tion 5.2.5, " Reactor Coolant Pressure Boundary Leakage Detection," are
adequate for the purposes of LBB in the great majority of situations. The
principal deficiency of these systems is that they provided no information on
the location of a leak, which had to be found visually after plant shutdown. >

Another part of the NRC effort to develop a resolution to this issue was work
performed by Argonne National Laboratory to develop an advanced ALMS. This ,

'work, reported in NUREG/CR-5134 (" Application of Acoustic Leak Detection
Technology for the Detection and Location of Leaks in Light Water Reactors,"
October 1988), indicated that such a system appears capable of locating as
well as quantifying pipe leaks.

As stated in NUREG-0933, the NRC has not developed a resolution to this issue
and is considering revisions of RG 1.45 and SRP Section 5.2.5 to apply the
results of the above investigations to regulatory requirements. Nevertheless,
the NRC staff has determined that an acceptable resolution of Issue 119.5 for
the System 80+ design is compliance with SRP Section 5.2.5 and the guidance of
RG 1.45. ABB-CE states in CESSAR-DC Section 20.2.36 that, for the resolution
of this-issue, the RCPB leak detection systems shall be consistent with SRP
Section 5.2.5 and RG 1.45.

Specifically, identified leakage (i.e., from sources that cannot practically
be made 100-percent leaktight, such as valve stem packing glands) shall be
collected and monitored separately from unidentified leakage. Unidentified

O leakage shall be collected and monitored by at least three out of four
independent methods described in RG 1.45. The methods should have a sensitiv-

I

|
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ity adequate to detect a leak of 3.8 L/ minute (1 gpm) in less than 1 hour.
Indicators and alarms for each leakage detection system shall be provided in
the control room.

The RCPB leakage detection systems of the System 80+ design are described in
CESSAR-DC Section 5.2.5, and are consistent with the recommendations of
RG 1.45. Correlation of the above leakage detection capability for "unidenti-
fied" leakage with LBB analyses for evaluating pipe crack stability is
discussed in CESSAR-DC Section 3.6.3. Collection and measurement of "identi-
fied" leakage is described in CESSAR-DC Section 5.2.5.1.2. The staff con-
cluded that CESSAR-DC Sections 3.6.3 and 5.2.5 are acceptable, as documented
in Sections 3.6.3 and 5.2.5 of this report.

Four independent methods of detecting " unidentified" leakage, including three
of those recommended in RG 1.45, are provided as follows, and are described in
CESSAR-DC Section 5.2.5.1.1:

(1) The reactor coolant inventory method is used to detect large volume
leakage over a period of steady-state operation by continuously monitor-
ing the net makeup flow to the RCS. Since letdown flow and the RCP seal
bleedoff flow are collected by the CVCS and recycled into the RCS, net
makeup flow is trended in the control room by the Nuplex 80+ DPS.

(2) The primary method designed to detect leakage rates as low as
3.8 L/ minute (1 gpm) in less than I hour is by monitoring the rates of
change of the sump water levels in the containment holdup volume and the
reactor vessel cavity, together with the discharge rates and running
times of the sump pumps. The Nuplex 80+ DPS integrates these measure-
ments and calculates the leak rate. Control room alarms are activated if
a leak rate greater that 3.8 L/ minute (I gpm) is calculated and also if a
reactor cavity sump pump starts, since under normal conditions no leakage
is expected into the reactor cavity.

(3) A containment gaseous radi;. tion monitor measures the gamma radioactivity
levels in the containment atmosphere by continuous sampling. Leakage is
detected by this method and, to the extent practicable, quantified, with
a response time dependent on such factors as the fraction of failed fuel,
the fission product inventory in the core, and time of transit from the
origin of the leak to the monitor. The activity is indicated in the
control room by the DPS and averaged hourly.

(4) A containment air particulate monitor measures the containment atmosphere
particulate beta-radioactivity by continuous sampling. The sensitivity
of the air particulate monitor to an increase in reactor coolant leak
rate is dependent on the magnitude of the normal baseline leakage into
the containment, and the reactor coolant activity. The particulate
activity concentration is indicated in the control room by the DPS, and
averaged hourly. High activity activates an alarm. The airborne
particulate monitoring is designed to remain functional during and after
a SSE, as recommended in RG 1.45.

In addition to the methods described above, the System 80+ design has an ALMS |

designed to meet, in part, the guidance of RG 1.45. The function of the ALMS |

is to detect a leak at specific locations or within specific components of the !
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RCS. The ALMS is described in CESSAR-DC Section 7.7.1.6. As described in |

O design is consistent with the guidance of RG 1.45.
Section 5.2.5 of this report, the NRC staff has determined that the System 80+ |

'

Therefore, Issue 119.5 is resolved for the System 80+ design.

Issue 120: On-Line Testability of Protection Systems
i

Issue 120, in NUREG-0933, addressed requirements for at-power testing of j

safety system components without impairing plant operation. These require- |

ments apply to both the RPS and ESFAS. A protection system with two-out-of- '

four (2/4) logic that can operate with one channel in bypass, and the remain-
ing three channels in a two-out-of-three (2/3) logic configuration meets this ,

requirement. |
|

ABB-CE states in CESSAR-DC Section 20.?. 37 that, for the resolution of this j
issue, the System 80+ design has all digital I&C systems, described in ,

Chapter 7 of CESSAR-DC, that allow on-line testing of the systems. The !
'

System 80+ RPS and ESFAS, which are evaluated and approved in Sections 7.4 and
|7.3 of this report, respectively, are 2/4 logic systems that allow one channel

to be placed in bypass for testing and maintenance, while the other three
channels operate as a 2/3 logic system.

Therefore, Issue 120 is resolved for the System 80+ design.

Issue 121: Hydroaen Control for Larae. Dry PWR Containments

O in large, dry PWR containments.
Issue 121, in NUREG-0933, documented the staff's research on hydrogen control

In response to the TMI-2 accident, the
Commission issued regulatory requirements on hydrogen control in 10 CFR 50.34
and 50.44. A hydrogen control system is required by 10 CFR 50.34(f) based on
a 100-percent fuel-cladding metal-water reaction and a hydrogen concentration
limit of 10 percent on uniformly distributed hydrogen in the containment, or a
postaccident atmosphere that will not support hydrogen combustion; however.
only those plants whose cps had not been issued at the time of the TMI-2
accident were covered by 50.34(f).

In SECY-90-016, the staff recommended to the Commission that the hydrogen
control requirements for evolutionary plants be identical to those stated in i

10 CFR 50.34(f). This regulation specifically requires a hydrogen control
system that can safely accommodate an amount of hydrogen equivalent to that ;

generated by the reaction of 100 percent of the fuel-clad metal and that can .

Iensure that uniformly distributed hydrogen gas concentrations in the contain-
ment do not exceed 10 percent by volume. The Commission approved the staff's
recommendation in a Commission SRM dated June 26, 1990. In its letter dated
December 6,1991, EPRI stated that it would modify the URD for evolutionary
plants to comply with the staff position of 100-percent active fuel cladding '

and a maximum concentration of 10 percent of hydrogen in the containment.

ABB-CE states in CESSAR-DC Section 20.2.38 that, for the resolution of this
issue, the System 80+ design includes a hydrogen mitigation system (HMS) for
control of combustible gas concentration in the containment during and

O with the requirements of 10 CFR 50.34(f), is described in CESSAR-DC Sec-
g following a degraded-core accident. The HMS, which is designed in accordance

'
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tions 6.2.5 and 19.11.3.4, and Appendix 19.11K. The HMS was evaluated in
Sections 6.2.5 and 19.2.3.3.1 of this report.

The HMS consists of a system of igniters installed in the containment to allow
adiabatic, controlled burning of hydrogen at low concentration to preclude
buildup to detonable concentration levels. Using a global distribution of
igniters, the system is expected to prevent the average hydrogen concentration
from reaching 10 percent by volume during a degraded-core accident with
100-percent fuel-clad metal-water reaction. The igniters are ac-powered glow
plugs and are divided into two reduniant groups, each group having independent
and separate circuits and circuit breakers. The igniters in each group are
located so as to ensure adequate coverage in the event of a single failure.
If there is a LOOP, the igniters can be powered from the AAC source (combus-
tion turbine) or the EDGs. They can also be powered from the Class IE
emergency batteries through dc-to-ac inverters. The igniters are manually
activated from the control room.

The spherical steel containment (see CESSAR-DC Section 3.8), which hps a3
diameter pf 6)),m (200 ft) and a free volume of approximately 96 x 10

m

(3.4 x 10 ft and its internal structures are designed to promote mixing by
natural circulation and to minimize localized concentrations of hydrogen. The
HMS igniters are positioned near areas in which hydrogen may accumulate most
rapidly.

HMS components in the containment are capable of sustainin normal operational
and seismic loads. The HMS is not required to function in a DBA and is not
safety grade. However, the system is expected to mitigate the effects of a
degraded-core accident and is designed to withstand the appropriate environ-
mental conditions. Equipment essential to mitigate, manage, and monitor the
accident and shut down the plant is identified. A best-estimate determination
of the environment (including the effects of HMS activation) to which this
equipment will be exposed during the accident is then made. Survivability of
the essential equipment is evaluated based on direct comparisons with existing
qualification data or through experience with similar types of equipment.
This process is evaluated by the staff in Section 19.2.3.3.6 of this report.

Preoperational testing and periodic operational testing of the HMS discussed
by ABB-CE in CESSAR-DC Section 6.2.5 and Chapter 16 on plant TSs ensure the
operability of the system.

COL Action Item 20.2-7 in the DSER identified the requirement for the staff to
review relevant plant-specific design features regarding combustible gas

I control for conformance to 10 CFR 50.34(f) when an COL application is re-
ceived. The staff's review of this issue finds that the System 80+ design
meets the requirements of SECY-90-016 and 10 CFR 50.34(f) for hydrogen control
(see Section 19.2.3.3.1 of this report). Therefore, COL Action Item 20.2-7 is
resolved.

Therefore, Issue 121 is resolved for the System 80+ design.

Issue 122.2: Initiatina Feed and Bleed

Issue 122, in NUREG-0933, investigated the findings of the NRC inspection in
1985 of the loss-of-feedwater event at Davis Besse on June 9,1985. The
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Issue 122.2 dealt with the adequacy of emergency procedures, operator train-g ing, and available plant monitoring systems for determining the need toe i
(,/ initiate feed-and-bleed cooling following the loss of the SG heat sink (i.e.,

loss of feedwater). In an analysis of the loss-of-feedwater event, the staff
found that operators were hesitant to initiate feed-and-bleed operations, and
that the control room instrumentation was inadequate to alert operators to the
need to initiate feed and bleed. A loss of feedwater in combination with a
failure to diagnose and take corrective actions (i.e., initiate feed and
bleed) would result in a loss of core cooling. The staff raised Issue 122.2
and requested that applicants of an advanced reactor design provide instrumen-
tation of sufficient reliability to correctly identify a total loss of
feedwater and mitigate its consequence using such strategies as feed and
bleed.

ABB-CE addresses this issue in CESSAR-DC Section 20.2.39. The System 80+
design includes the postaccident monitoring instrumentation (PAMI) for
identifying and mitigating accidents. The PAMI is itemized in CESSAR-DC
Section 7.5.1.1.5 and Table 7.5-3, and includes the parameters monitored, the
number of sensed channels, sensor ranges, and location and equipment qualifi-
cation requirements. The plant parameters monitored to identify a total loss
of feedwater are main and EFW flow, reactor coolant temperature, pressure and
degree of subcooling, and SG pressure and level (wide range).

The SDS design, as described in CESSAR-DC Section 6.7, supplies the feed-and-
bleed function for beyond-design-basis events.

To address Issue 122.2, ABB-CE referred to the resolutions for Issue I.C.1, in

O Section 20.3 of this report; regarding criteria for feed-and-bleed initiation.
In review of these resolutions, the staff found that the current ABB-CE E0Gs
included in CEN-152, " Combustion Engineering Emergency Procedure Guidelines,"
Revision 3, dated May 1987, gave adequate initiation criteria for feed and
bleed in appropriate recovery procedure guidelines (see Section 6.7.1 of this
report for the resolution of DSER Open Item 6.7.1-2), and the information in
CEN-152 is sufficient and clear for the owner / operator to prepare the plant-
specific operating procedures by using feed and bleed to mitigate an accident.
Procedures are discussed in Sections 13.5 and 18.7 of this report.

Also, in response to staff RAI Q440.23 (listed in Appendix B of this report)
regarding acceptability of CEN-152 to the System 80+ design, ABB-CE committed
to add the design enhancements, including the SDS in the updated E0Gs. The
resolutions of ABB-CE are acceptable because (1) ABB-CE provided adequate
guidelines for mitigation of the feed-and-bleed operation in its current E0Gs,
(2) ABB-CE updated E0Gs to include the SDS design for the System 80+ plant,
and (3) the review of the updated E0Gs is covered by Issue I.C.1 in Sec-
tion 20.4 of this report.

Therefore, Issue 122.2 is resolved for the System 80+ design.

Issue 124: Auxiliary Feedwater System Reliability

Following the loss of feedwater event at Davis Besse in 1985, Issue 124, in
NUREG-0933, addressed increasing reliability of the auxiliary or EFW system to,-

( 10"' unavailability / demand. In 1985, operating experience as well as staff
and industry studies indicated that these systems failed at a high rate. A
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function of this system in the majority of current plants is to supply water |
to the secondary side of the SGs during system fill, normal plant heatup, l

normal plant hot standby, and normal plant cold shutdown. The EFW system also
functions following loss of normal feedwater flow, including loss due to
offsite power failure, and supplies EFW following such postulated accidents as
a MFW line break or a MSLB. Therefore, the reliability of this system is
important to plant safety.

The NRC investigation of the Davis Besse event indicated that the potential
inability to remove decay heat from the reactor core was due to the question-
able reliability of the EFWS caused by any or all of the following:

loss of all EFW due to common-mode failure of the pump discharge isola-.

tion valves to open

excessive delay in recovering EFW because of a difficulty in restarting*

the pump steam-driven turbines once they tripped

interruption of EFW flow because of failures in steamline break and*

feedline break accident mitigation features

In addition, the investigation of the event indicated that (1) a two-train
system with a steam turbine-driven EFW pump may not be able to achieve the
desired level of reliability and (2) the provision to automatically isolate
EFW from a SG affected by a main steamline or feedwater-line break may tend to
increase the risk that adequate DHR is not available, rather than to decrease
it.

ABB-CE states in CESSAR-DC Section 20.2.40 that the System 80+ EFW system is
designed to maintain a high level of availability and reliability consistent
with its importance as a safety system. The reliability and design features
are described in CESSAR-DC Section 10.4.9, and include two independent trains
with each train aligned to supply its respective SG. Each train consists of

one emergency feedwater storage tank (Eft.'ST)a

one 100-percent-capacity motor-driven pump subtrain and onee

100-percent-capacity steam-driven pump

flow control valve=

isolation valve=

check valvee

a cavitating venturi*

specified instrumentationa

One design feature of the EFWS system that improves its reliability is its
component and piping separation and diversity. For example, each subtrain is
separated from the other and, therefore, has its own discharge line through
the SG isolation valve and check valve. In addition, the pump crossover lines

ABB-CE System 80+ FSER 20-78 June 1994



_ _ _ _

contain redundant, locked-closed, isolation valves. The subtrain design
reduces the potential for single failure and improves system reliability.

Because of the improved reliability of the EFWS design, the unavailabil,ity for
the system was estimated from PRA studies to be in the range of 1 x 10' to
1 x 10" per demand, as described in CESSAR-DC Section 10.4.9.1.2. Analysis
identified in CESSAR-DC Sections 10.4.9.1.2 and 19.6.3.7, which was developed
using generic data, assesses the system's ability to function en demand and
demonstrates its compliance with the unavailability range given above.
Therefore, the EFWS meets the recommended unavailability goal of 1 x 10'' per
demand identified in SRP Section 10.4.9 (Rev. 2), " Auxiliary Feedwater System
(PWR)."

In the DSER, the staff stated that the resolution of this issue was accept-
able pending final resolution of the open and confirmatory items in DSER
Section 10.4.9. As discussed in Section 10.4.9 of this report, the open and
confirmatory items have been resolved.

Therefore, Issue 124 is resolved for the System 80+ design.
,

I
Issue 125.1.3: Safety Parameter Disolav System Availability )

Issue 125, in NUREG-0933, addressed the long-term actions from NUREG-1154 ,
" Loss of Main and Auxiliary Feedwater Event at the Davis-Besse Plant on
June 9, 1985," dated July 1985, and the EDO memorandum dated August 5, 1985,i

I on the loss-of-feedwater event at Davis Besse on June 9,1985. Issue 125.I.03
addressed whether NRC requirements should be revised regarding the safety

O parameter display system (SPDS) availability and the reliability of the
information it displays. The THI-2 accident demonstrated the need for I

improving how information is relayed to the control room operators. As a
result of Issue I.D.2 of the TMI Action Plan, which is discussed in Sec-
tion 20.4 of this chapter, installation of a SPDS was required to provide ,

,

control room operators continuous information from which the plant safety !
status could be readily and reliably assessed. !

1

ABB-CE addressed the resolution of Issue 125.I.3 in CESSAR-DC Section 20.2.41.
See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is acceptably resolved. In the DSER, the staff stated !

that this issue would be discussed in this report and designated the action as
DSER Open Item 20.2-17. On the basis of this evaluation, DSER Open
Item 20.2-17 is resolved.

l Based on Section 18.3.3.2.5 of this report, Issue 125.I.3_is resolved for the
System 80+ design. In Section 20.4 of this report, the staff concluded that
Issue I.D.2 was resolved for the System 80+ design.

Issue 125.11.7: Reevaluate Provisions To Automatically Isolate Feedwater From
Steam Generator Durina a Line Break

Issue 125, in NUREG-0933, addressed the long-term actions from NUREG-1154 and
the EDO memorandum dated August 5,1985, on the loss-of-feedwater event at
Davis Besse on June 9, 1985. Issue 125.II.7 addressed the need for licensees

O break in the secondary side of the SG.
to reassess the benefits of automatically isolating the EFW system after a

For a typical PWR with automatic
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isolation (A!) of the EFW (Al-EFW), a low-SG-pressure signal causes closure of
main steam i:,olation valves (MSIVs) and isolation of EFW from the faulted SG
during a steamline break. AI-EFW minimizes blowdown from the SG secondary-
side line break and limits primary system overcooling and the potential for
return to criticality owing to positive moderator reactivity feedwater caused
by overcooling of RCS inventory. If the EFW were not isolated, the peak
containment pressure for secondary-side breaks would exceed that caused by a
large-break 1.0CA, the DBE for the containment design.

However, AI-EFW has disadvantages. If both channels of the controlling
isolation logic system were to spontaneously actuate, the availability of EFW
would be lost and the MSIVs would close. For the plants using turbine-driven
MFW pumps, the MFW pumps would be lost following the closure of the MSIVs and
the loss of steam, and this loss would result in the loss of the secondary
side heat sink. The capability to lock out the isolation logic is necessary
to preclude such an event.

The staff determined (as stated in NUREG-0933) that, for a new plant, the
design does not need to include automatic isolation of EFW following a
steamline break or feedwater-line break, provided that the results of the
analyses of the secondary-side line break and the containment analysis meet
the applicable design criteria in the SRP, NUREG-0800, " Standard Review Plan
for the Review of Safety Analysis Reports for Nuclear Power Plants," Revi-
sion 3, dated July 1981.

ABB-CE describes the resolution of Issue 125.11.7 in CESSAR-DC Sec-
tion 20.2.42. The System 80+ design does not include automatic SG isolation
logic. The design has an EFWS, which provides an independent safety-related
means of supplying quality feedwater to the SGs for removal of heat and
prevention of reactor core uncovery during emergency phases of plant opera-
tion. EFW will be provided to both SGs during a depressurization event. The
EFWS is a dedicated safety-related system which has no functions for normal

| plant operation (see CESSAR-DC Section 10.4.9).

The EFWS is designed to be automatically or manually initiated, supplying
feedwater to the SGs for any event that results in the loss of normal feed-
water and requires heat removal through the SGs, including the loss of normal
onsite and normal offsite ac power. Four-channel control logic is provided,
so that a single failure neither spuriously actuates nor prevents EFW supply.
In addition, manually reset variable setpoints are used, to enable cooldown
without actuating the MSIS.

i The analyses to support the adequacy of the EFW design are discussed in
CESSAR-DC Section 6.2 for the containment analysis and in CESSAR-DC Sec-
tions 15.1 through 15.5 for the transient analyses. The EFWS includes a
design requirement that the EFW flow to each SG be restricted by a cavitating

,

venturi to protect the EFW pump from damage from excessive runout flow. The'

EFW storage has a capacity of 1.32 x 10' L (350,000 gallons) from each of the
two safety-related EFW storage tanks to achieve safe cold shutdown.

t

In the analysis, the assumption of the operator action delay time was consis-
tent with the SRP, requiring that the operators not act to terminate the EFW
flow to the faulted SG within 30 minutes of the break in the SG secondary
system. The staff reviewed these analyses and concluded in Section 6.2 and

|
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Chapter 15 of this report that the analyses correctly reflect the design ofO EFW without the feature of automatic isolation logic, and that they demon-
V strate the compliance of the acceptance criteria specified in the related SRP

sections regarding primary system overcooling, SG overfill, and containment
overpressurization.

Operator action is also discussed in Chapters 18 and 19 of this report and in
Issue B-17 of Section 20.2 of this chapter.

In the DSER, the staff concluded that ABB-CE's resolution of Issue 125.11.7
would be acceptable pending the resolution of open and confirmatory items
identified in Section 10.4.9 of the DSER. All of the open and confirmatory
items have been resolved, as discussed in Section 10.4.9 of this report.

Therefore, Issue 125.11.7 is resolved for the System 80+ design.

Issue 128: Electric Power Reliability

Issue 128, in NUREG-0933, addressed the following three issues that were
related to the reliability of onsite Class 1E ac and de power system:
(1) Issue 48, "LC0 [ Limiting Condition for Operation] for Class 1E Vital
Instrument Buses in Operating Reactors"; (2) Issue 49, " Interlocks and LCOs
for Class IE Tie Breakers"; (3) Issue A-30, " Adequacy of Safety Related DC
Power Supplies." To provide a more integrated approach to resolving these
three issues. The staff combined the three issues into Issue 128.

As stated above and by ABB-CE in CESSAR-DC Section 20.2.43, the resolution of

O section and in Section 20.2 in this chapter.
Issue 128 is addressed in the resolutions of Issues 48, 49, and A-30 in this

,
Because these three issues are

concluded to be resolved for the System 80+ design, Issue 128 is resolved for
the System 80+ design.

Issue 130: Engntial Service Water Pumo Failures at Multiolant Sites

Issue 130, in NUREG-0933, addressed the vulnerability of Byron Unit 1 to core-
melt sequences in the absence of the availability of Unit 2 (not yet opera-
tional). While Unit 2 was under construction, it was necessary to make a
third service water pump available to Unit I via a cross-tie with one of the
two Unit 2 ESW pumps. This issue raised concerns relative to multiplant units
that have only two ESW pumps per plant but have cross-tie capabilities. A
limited survey of Westinghouse plants helped to identify the generic applica-
bility of vulnerabilities of multiplant configurations with only two ESW pumps
per plant. In the multiplant configurations identified (approximately
16 plants), all plants can share ESW pumps via a cross-tie between plants.
Efforts to resolve included (1) a survey of Babcock and Wilcox and ABB-CE
plants to determine if similar multiplant configurations with two ESW pumps
per plant and cross-tie capabilities existed in these vendors' designs and (2)
a survey of single-unit plants to determine if similar ESW vulnerabilities
existed.

ABB-CE addresses this issue in CESSAR-DC Section 20.2.44. The System 80+ i

design is a single, independent plant design; that is, all systems and
~T components necessary for the operation of the plant are dedicated to that[V particular plant. Therefore, the SSWS is designed for a single unit and does
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not rely on other systems or components from any other unit. In addition, the

SSWS is an open-cycle system consisting of two redundant trains (four SSWS
pumps) and is, therefore, reliable (see CESSAR-DC Section 9.2.1). The SSWS

has the capability to dissipate the heat loads necessary for a safe reactor
shutdown by rejecting heat delivered from the safety-related CCWS. The CCWS

cools safety-related components, including those required for shutting the
reactor down safely.

Where construction of multiple plants is desirable, separation and indepen-
dence of all systems and components, including the SSWS, are maintained by the
COL applicant and the architect-engineer (see CESSAR-DC Section 1.2.1.3).

In the DSER, the staff stated that it had not developed a final resolution on
this issue. The NRC staff now concludes that the possibility of potential
core damage from an SSWS failure as a result of shared systems and components
is precluded because of the required separation and independence in the
System 80+ design and in the SSWS design. In the DSER, the requirement for a
COL applicant to address the final resolution of this issue, if determined,
was identified as DSER COL Action Item 20.2-8. However, upon further review,
the staff concludes that ABB-CE's response in CESSAR-DC Section 20.2.44 on
this issue is acceptable and DSER COL Action Item 20.2-8 is not required.
Thus, DSER COL Action Item 20.2-8 is resolved.

Therefore, Issue 130 are resolved for the System 80+ design.

Issue 135: Steam Generator and Steamline Overfill

Issue 135, in NUREG-0933, was initiated in 1986 to integrate various SG
programs and related issues, including water hammer and steamline overfill
from a SGTR. Because the staff concluded that SGTR and steamline overfill
events are relatively low risks, this issue was resolved and no new require-
ments were established. The is documented in NUREG-0933 and NUREG/CR-4893,
" Technical Findings Report for Generic Issue 135: Steam Generator and
Steamline Overfill Issues," dated May 1991.

ABB-CE indicates in CESSAR-DC Section 20.2.45 that the design of the SGs will
facilitate eddy current ISI of the tube bundle. The analyses of SGTR events
are consistent with the guidance of SRP Section 15.6.3 as discussed in
Section 15.3.9 of this report. ABB-CE also indicates that other related USIs
and GSIs have been addressed. The plant is designed to minimize the probabil-
ity of overfilling the SGs and main steam system during an SGTR event, and to
mitigate the consequences of overfill should it occur.

A subissue in Issue 135 is the improved eddy current testing of SG tubes. The
staff deferred this subissue to the development of a revision to RG 1.83,
" Inservice Inspection of Pressurized Water Reactor Steam Generator Tubes."
DSER Open Item 20.2-18 in the DSER is censidered resolved as the COL applicant
will be required by the System 80+ TS (Surveillance Requirement) 3.4.4.2 to
develop an ISI program for SG tubes that will be based on eddy current testing
techniques that have been demonstrated to have adequate detection and sizing
capabilities.

The discussion above adequately addresses the SG overfill issue for the System
80+ design and, thus, Issue 135 is resolved for the System 80+ design.
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See Issues A-4 and 66 for additional evaluations of SG issues on the Sys-
tem 80+ design.

Issue 142: Leakaae Throuah Electrical Isolators in Instrumentation Circuits j

IIssue 142, in NUREG-0933, addressed observations in 1987 during SPDS evalua-
tion tests that, for electrical transients below maximum credible levels, a
relatively high level of noise could pass through types of isolation devices
and be transmitted to safety-related circuitry. In some cases, the amount of
energy transmitted through the isolator could damage or seriously degrade the
performance of the Class 1E components; in other cases, the electrically
generated noise on the circuit may cause the isolation device to give a false
output.

In resolving this issua, the staff determined from operating experience that
isolation devices perform satisfactorily in the op2 rating environment and have
not been exposed to failure mechanisms that resulted in signal leakage. This
was based, however, on plants that predominantly use electromechanical
controls and may not be applicable to I&C systems with digital or electronic
components. Therefore, it was recommended that an SRP section be written to
provide review guidance for future plants that use digital systems.

The System 80+ design is a plant that uses digital systems. In CESSAR-DC
Sections 7.1.1.7 and 20.2.46 for this issue, ABB-CE states that the RPS and
ESFs component control system use fiber-optic technology for isolation between
protection system channels, and equipment, cabinets, and operator interface
devices in the main control room. Therefore, electrical isolators are not
used in the System 80+ design; however, this issue raises the question of

d leakage through any isolators used in instrumentation circuits.

As discussed in Sections 7.1 and 7.2 of this report, the staff developed the
acceptance criteria for digital systems using applicable international and
national standards. The staff used the two-part approach given in SECY-92-053
("Use of Design Acceptance Criteria During 10 CFR Part 52 Design Certification
Reviews," dated February 19,1992) to reach its safety finding for System 80+
design certification. In reviewing the I&C systems, the staff performed a
detailed functional review of block diagrams of the I&C architecture to ensure
the implementation of Commission requirements on digital systems including
signal isolation. This review confirmed that the detailed functional require-
ments for the I&C systems were met. In Sections 7.2, 7.3, and 7.4 of this
report, the digital RPS, engineered safety actuation system, and systems
required for safe shutdown, respectively, were evaluated and the staff
concluded that these systems were acceptable including sig'ial isolation.

In Sections 7.7.1.4.1 and 7.7.1.7.2 of CESSAR-DC, on the discrete indication
and alarm system and the DPS, ABB-CE addes that if a communication error
occurs, an appropriate error message is generated and diagnostic tests are
then applied to isolate the cause of the error. This would include errors
caused by the leakage through a fiber-optic isolator.

| Therefore, Issue 142 is resolved for the System 80+ design.
|
|

s
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Issue 143: Availability of Chilled-Water Systems and Room Coolina

Issue 143, in NUREG-0933, addresses problems experienced in recent years at
several nuclear plants, with safety system components and control systems that
have resulted from a partial or total loss of HVAC systems. Many of these
problems exist for two reasons: (1) the desire to provide increased fire
protection and (2) the need to avoid severe temperature changes in equipment
control circuits. Since the Browns Ferry fire, considerable effort has been
expended to improve the fire protection of equipment required for safe
shutdown. Generally, this improvement has been accomplished by enclosing the
affected equipment in small, isolated rooms. However, the result has been a
significant increase in the impact of the loss of room cooling. Another
problem resulting from loss of room cooling is the advancement in control
circuit design. With the introduction of electronic integrated circuits,
plant control and safety have improved; however, these circuits are more
susceptible to damage from severe changes in temperature caused by the loss of
room cooling.

It is believed that failures of air cooling systems for areas housing key
components, such as RHR pumps, switchgear, and diesel generators, could
contribute significantly to core-melt probability in certain plants. Because
corrective measures are often taken at the affected plants once these failures
occur, the Advisory Committee on Reactor Safeguards believed that the impact
of these failures on the proper functioning of air cooling systems has not
been reflected in the final PRAs of plants. Thus, plants with similar,
inherent deficiencies may not be aware of these problems.

Operability of some safety-related components is dependent upon operation of
HVAC and chilled-water systems (CWSs) to remove heat from the rooms containing
the components. If chilled-water and HVAC systems are unavailable to remove
heat, the ability of the safety equipment within the rooms to operate as
intended cannot be assured.

Issue 143 has not been generically resolved and is classified in NUREG-0933 as
a high-safety priority.

A possible solution to this issue would regire a reevaluation of each plant's
room heat load and heatup rate in order to locate areas in which the depen-
dence of equipment operability on HVAC and room cooling may be reduced.
Although the total elimination of this dependence may not be possible at all
plants, this analysis would locate areas in which this dependence is critical.
The critical dependencies and the ability to reduce them could be determined
through the use of a plant-specific PRA. After the critical dependencies are
identified, each plant would implement procedural changes (to provide alter-
nate cooling) to eliminate or reduce the dependencies where possible.
Hardware modifications may be needed for situations in which a procedure
change cannot be implemented to reduce a critical dependency.

ABB-CE outlines the resolution of Issue 143 in CESSAR-DC Section 20.2.47 and
states that System 80+ was designed to separate safety and non-safety equip-
ment into separate systems. CWSs are described in CESSAR-DC Section 9.2.9,
and HVAC systems are described in CESSAR-DC Section 9.4. Operability of these
systems is ensured via the TSs.
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The staff has reviewed the design of the System 80+ CWSs in accordance with |

k'-s SRP Section 9.2.2, " Reactor Auxiliary Cooling Water Systems," as discussed in i

Section 9.2.9 of this report.

The CWSs are designed to provide and distribute a sufficient quantity of
,

chilled water to air handling units (AHUs) in specific areas. The CWS is '

divided into the following two subsystems: an essential CWS (ECWS) that |

serves safety-related HVAC cooling loads, and a normal CWS (NCWS) that serves
non-safety-related HVAC cooling loads. Additionally, in each ECWS division I

'there is a ECWS heat exchanger and heat exchanger pump that allows the NCWS to
supply 100 percent of the normal ECWS loads without directly connecting the
water pathways.

The ECWS consists of two equally sized divisions. Each division can provide
100 percent of the cooling capacity required to meet system demands during
normal and accident conditions. Each division is supplied from independent
Class 1E power sources and the respective CCWS trains. The ECWS supplies
chilled water to the safety-related HVAC cooling loads in the control room,
computer room, electrical rooms, mechanical rooms, subsphere pump rooms, and
penetration rooms.

The ECWS is located in a flood-protected and tornado-missile protected seismic
Category I structure. The ECWS is designed in accordance with the seismic
Category I and Class IE requirements. The ECWS is protected from pipe breaks,
pipe whip, tornado missiles, jet impingement, and severe environmental
conditions.

1 The design of the ECW system complies with GDC 2 and 4 with respect to
j protection against natural phenomena, internally and externally-generated

missiles, and dynamic effects resulting form postulated piping failures. The
design also complies with GDC 5, 44, 45, and 46 with respect to shared
systems, cooling water requirements, and ISI and testing requirements.
Therefore, the staff concludes that the system design meets the applicable
acceptance criteria of SRP Section 9.2.2.

The NCWS consists of two equally sized divisions. Each division can provide
100 percent of the cooling capacity required to meet system demands during
normal conditions. The NCWS is not safety related because it is not required
for ensuring the RCS capability to achieve and maintain safe shutdown, and to
prevent or mitigate offsite radiological exposures during accidents. There-
fore, GDC 44, 45, and 46, identified as acceptance criteria in SRP Sec-
tion 9.2.2 for safety-related portions of cooling water systems, are not
applicable to the NCWS.

The NCWS complies with GDC 2 with respect to protection of its safety-related
portions against natural phenomena and protection of other safety-related
systems against the consequences of failure of the non-seismic portions of the
system, as specified by SRP Section 9.2.2 acceptance criteria. Therefore, the
staff concludes that the NCWS meets the applicable acceptance criteria of SRP
Section 9.2.2.

Therefore, Issue 143 is resolved for the System 80+ design.n
IV)
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Issue 153: Loss of Essential Service Water in W R1 I

Issue 153, in NUREG-0933, addressed the reliability of ESW systems and related
operating problems. In a comprehensive NRC evaluation of operating experience
related to ESW systems (NUREG-1275, Volume 3, " Operating Experience Feedback ;

Report," dated November 1988), a total of 980 operational events involving the
ESW system were identified, of which 12 resulted in complete loss of the ESW
system.

Among the causes of failure and degradation are (1) various fouling mechanisms
(sediment deposition, biofouling, corrosion and erosion, foreign material and
debris intrusion), (2) ice effects, (3) single failures and other design
deficiencies, (4) flooding, (5) multiple equipment failures, and (6) human and
procedural errors.

At each plant, the ESW system supplies cooling water to transfer heat from
various safety-related and non-safety-related systems and equipment to the
ultimate heat sink. The ESW system is needed in every phase of plant opera-
tions and, under accident conditions, supplies adequate cooling water to
systems and components that are important to safe plant shutdown or to
mitigate the consequences of the accident. Under normal operating conditions,
the ESW system provides component and room cooling (mainly via the component
CCWS). During shutdowns, it also ensures that the residual heat is removed
from the reactor core. The ESW system may also supply makeup water to FPS,
cooling towers, and water-treatment systems at a plant.

The design of the ESW system varies substantially from plant to plant and the
ESW system is highly dependent on the NSSS. As a result, generic solutions
(if needed) are likely to be different for PWRs and BWRs. The possible
solutions are (1) installation of a redundant intake structure including a
service water pump, (2) hardware changes to the ESW system, (3) installation
of a dedicated RCP seal cooling system, or (4) changes to TS or operational
procedures.

In the resolution of Issue 130, the staff surveyed seven multiplant sites and
found that loss of the ESW system could be a significant contributor to core-
damage frequency. The generic safety insights gained from this study sup-
ported previous perceptions that ESW system configurations at other multiplant
and single-plant sites may also be significant contributors to plant risk and
should also be evaluated. As a result, this issue was identified to address
all potential causes of ESW system unavailability, except those that had been
resolved by implementation of the requirements in GL 89-13.

In CESSAR-DC Section 20.2.48, ABB-CE states that the System 80+ design
includes a safety-grade SSWS, with redundant and independent trains (CESSAR-D-
C, Section 9.2.1). RCP seal cooling is provided by two systems, which are
backed up by a dedicated seal injection pump as described in the resolution of
Issue 23. TSs for the SSWS are provided in CESSAR-DC, Chapter 16. The staff
has evaluated ABB-CE's response and finds it acceptable because this design
complies with criteria in NUREG-0933 on this issue. The SSWS is approved in ,

Section 9.2.1 of this report.

Therefore, Issue 153 is resolved for the System 80+ design. See the resolu-
tion of Issue 51 on improving SSWS reliability in this section.

1
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Issue 155.1: More Realistic Source Term Assumotions

U Issue 155, in NUREG-0933, concerned the resolution of the seven recommenda-
tions of the TMI-2 Safety Advisory Board. Issue 155.1 is the resolution of
the first recommendation.

During the TMI-2 accident, fission products did not behave as had been
predicted by the analytical methods and assumptions used in the licensing
process at that time. With the completion of a large number of PRAs since the
TMI-2 event, the THI-2 Safety Advisory Board believed that it should be
possible to list accident sequences with chemical conditions similar to THI-2.
Such a listing could serve as a guide as to which accidents might be regarded
as hazardous, or less hazardous, relative to the possible escape of iodine and
could be useful in the future design of safety features. Since some of the
assumptions used for source term considerations at TMI-2 were flawed in this
respect, the board recommended that the source term be restated using current
scientific knowledge.

This issue is being pursued by the staff as part of comprehensive revisions to
10 CFR Parts 50 and 100 to reflect a better understanding of accident source
terms and severe accident insights, as well as evaluate the impact of these
phenomena on plant ESFs.

ABB-CE stated in CESSAR-DC Section 20.2.49 that the new radiological source :
term described in draft NUREG-1465, " Accident Source Terms for Light-Water
Nuclear Power Plants," dated June 1992, has been implemented for the Sys-
tem 80+ design and described in CESSAR-DC Appendix 15A. The corresponding

gO CSS effectiveness analysis is in CESSAR-DC Section 6.5.
environmental qualification is in CESSAR-DC Section 3.11 and the supporting

The staff has evaluated ABB-CE's response to this issue and finds ABB-CE's
implementation of the new source terms acceptable as discussed in Chapter 15,
Appendix 15A, and Section 19.2.3.3.6.1 of this report.

Therefore, Issue 155.1 is resolved for the System 80+ design.

20.4 Three Mile Island Action Plan Items

Except for Issue II.E.2.2, the TMI Action Plan items are evaluated against the
System 80+ design in this section:

,

for the design to comply with 10 CFR 52.47(a)(1)(iv) and 10 CFR 50.34(f) :
*

because ABB-CE stated in CESSAR-DC Table 20.1-1 that the TMI Action Plan*

item applied to System 80+ :

The staff also decided to include a discussion of Issue II.E.2.2 for the
System 80+ design.

Issue I.A.I.4: Lono-Term Uoaradina of Operatino Personnel and Staffino

Issue I.A.I.4, in NUREG-0933, addressed changes to 10 CFR 50.54 concerning
shift staffing and working hours of licensed operators. ABB-CE considers this !

O which is outside the scope of System 80+ design certification.
issue not relevant to the System 80+ design because it is an operational issue

The organiza-
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tional structure of the site operator is discussed in Section 13.1 of this |

report. The COL applicant will be responsible for addressing this issue as !

part of the licensing process. This is acceptable and is included in COL |
Action Item 13.1-1. J

Therefore, Issue I.A.1.4 is resolved for the System 80+ design.
i

Issue I.A.4.1(2): laterim Chances in Trainina Simulators

Issue I.A.4.l(2), in NUREG-0933, addressed the specific training simulator |
weaknesses identified in the short-term study of I.A.4.1(1), NUREG/CR-1482,
" Nuclear Power Plant Simulators: Their Use in Operator Training and Requali-
fication," dated August 1980. ABB-CE considers this issue not relevant to the
System 80+ design because it is outside the scope of System 80+ design
certification. Training materials are discussed in Section 13.2 of this
report. The COL applicant will be responsible for addressing this issue as
part of the COL process. This is acceptable and included in COL Action
Item 13.2-1.

Therefore, this issue is resolved for the System 80+ design.

Issue I.A.4.2: Lona Term Trainina Simulator Voorade

Issue I. A.4.2, in NUREG-0933, addressed the capabilities of training simula-
tors. This issue was resolved by Revision 1 to RG 1.149 (" Nuclear Power Plant
Simulation Facilities for Use in Operator License Examinations"), 10 CFR
55.45(b) on approved or certified simulation facility in licensed operator
operating tests, and NUREG-1258 (" Evaluation Procedure for Simulation Facili-
ties Certified Under 10 CFR 55," dated December 1987).

The staff considers this an operational issue and, therefore, outside the
scope of the System 80+ design. As stated in CESSAR-DC Table 20.1-1 for this
issue, ABB-CE also considers this issue not relevant to the System 80+ design
because it is an operational issue. The COL applicant will be responsible for
providing the site-specific information at the COL phase. This is acceptable
and is part of COL Action Item 13.2-1.

Therefore, Issue I. A.4.2 is resolved for the System 80+ design. For DSER Open
Item 20.3-1, in a footnote to the table in DSER Section 20.3, the staff stated
in part that Issue I.A.4.2 would be evaluated in this report. The preceding
discussion on Issue I.A.4.2 ,esolves this part of the open item.

Issue I.C.1: Guidance for Evaluation and Development of Procedures for Tran-

sients and Accidents

Issue I.C.1, of NUREG-0933, addressed the preparation of emergency operating
procedures (EOPs). For the System 80+ design, ABB-CE designates these EOGs.
The information on E0Gs should provide assurance that operator actions are
technically correct and the procedures are easily understood for normal,
transient, and accident conditions. The overall content, wording, and format
of procedures that affect plant operation, administration, maintenance,
testing, and surveillance must be in compliance with the guidance provided in
NUREG-0737 and its Supplement 1. The E0Gs must be function-oriented proce-
dures to mitigate the consequences of the broad range of mitigating events and
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subsequent multiple failures or operator errors, without the need to diagnoseq specific events.

Addressing the concerns in Issue I.C.1, ABB-CE states in CESSAR-DC Sec-
tion 20.2.88 that the ultimate responsibility of preparing the plant-specific
E0Ps to be consistent with guidance in NUREG-0737 and its Supplement I remains
with the COL applicant or the owner / operator. However, by providing E0Gs,
ABB-CE will assist the owner / operator in preparing the plant-specific E0Ps and
in training plant operators.

The E0Gs in CEN-152 have generic applicability. The guideline structure was
designed to accommodate revisions necessary for plant-specific features to
ensure operational compatibility. In the response to staff RAI Q440.23,
listed in Appendix B to this report, regarding applicability of the existing
EOGs to the System 80+ design, ABB-CE stated that the EOGs in CEN-152 are
applicable to the System 80+ plant; however, modifications will be made to the
EOGs to account for System 80+ design improvements, which include (1) four
(instead of two in the existing applicant's plants) high-pressure safety-
injection pumps, (2) additional EFW pumps, (3) interchangeability of contain-
ment spray and shutdown cooling pumps, (4) IRWST, (5) SDS, (6) cavity flooding
system, and (7) AAC power supply. ABB-CE committed to modify the E0Gs within
the then-current CEN-152 structures to ensure operational compatibility with
the System 80+ design and to include an appropriate analytical basis.

ABB-CE developed the EOGs to satisfy the requirements of Issue I.C.I. The
staff previously reviewed the EOGs in CEN-152 and issued SERs for approval of
Revisions 1 and 2 and Submittals 1 and 2 to Revision 3 of CEN-152 on July 29,p 1983; April 16, and November 7, 1985; and November 5, 1986, respectively. The,

current E0Gs are a revision of Submittal 2 to Revision 3 of CEN-152. They
retain the overall technical content of the existing CE-E0Gs and include
improvements identified through user review and previous staff review comments
in the issued SERs. In the letter dated August 2,1988, the staff allowed
implementation of the current CEN-152 to improve the plant-specific E0Gs.
With the commitment of ABB-CE to modify the current CEN-152 to be compatible
with the System 80+ design, the staff determined that ABB-CE will prepare

'

adequate E0Gs to satisfy guidance in NUREG-0737 and its Supplement 1, pending
staff acceptance of the updated E0Gs that ABB-CE will submit. This was
designated Confirmatory Item 20.2-3 in the DSER.

In response to DSER Confirmatory Item 20.2-3, ABB-CE submitted the System 80+
EOGs, in Attachment 4 to its letter dated January 18, 1993, for staff review. i

These EOGs are a revision of the latest version of CEN-152 and reflect the
design features of the System 80+ design. ABB-CE also submitted a " deviation"
document identifying the procedural difference from CEN-152 with supplemental
information (ABB-CE letter dated April 1,1993) to explain the technical bases
for the deviations. During the review, in a letter dated September 1,1993,
ABB-CE addressed the staff RAI's Q440.223 through Q440.246, and submitted
additional EOG changes to resolve open items identified in the DSER. The
staff has reviewed the E0Gs for the System 80+ design, the deviation document,
the responses to the staff RAls, and E0G changes for closure of open items and
concludes that the E0Gs are adequate for the System 80+ design and acceptable
for the following reasons:

rO
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The System 80+ E0Gs retain the structure and event mitigation strategies .

*

presented in CEN-152 and contain both symptom-oriented and function-based )procedural guidelines. The symptom-oriented procedural guidelines '

include the guidance for standard post trip actions, reactor trip recov- |ery, excess steam demand, LOCA, loss of offsite ac power, total loss of i

feedwater, SGfR, and SB0. The function-based recovery guidelines address
such safety functions as reactivity control, maintenance of vital power
sources, reactor inventory and pressure control, RCS and core heat
removal, containment temperature and pressure control, containment
isolation, and containment combustible gas control.

The System 80+ E0Gs were modified to reflect the System 80+ design,*

including such design features as four SI pumps (instead of two high
pressure and two low-pressure SI pumps in the existing ABB CE plants),
additional EFW pumps, interchangebility of containment spray and shutdown
cooling pumps, IRWSTs, AAC power supply, and SDS.

The System 80+ E0Gs adequately incorporate the procedural guidelines re-*

quired for resolving the open items in the DSER. The E0G changes for the
resolution of open items are:

SI flow rate at the low-pressure range (Sce Section 6.3.1 of this-

report for resolution of DSER Open Item 6.3.1-1).

- Use of the reactor coolant gas vent (RCGV) system for RCS pressure
control (See Section 6.7.1 of this report for resolution of DSER
Open Item 6.7.1-1).

Use of the RDS for the feed-and-bleed operation (See Section 6.7.2-

of this report for resolution of DSER Open Item 6.7.2-4).

Procedure changes reducing challenges to the primary safety valves-

to open during an SGTR event (See Section 15.3.9 of this report for
resolution of DSER Open Item 15.3.8-1).

Avoidance of deboration during an SGTR event (See Section 15.3.9 of-

this report for resolution of DSER Open Item 15.3.8-2).

- Use of a DSIS for RCP seal cooling (See Issue 23 in Section 20.3 of
this chapter for resolution of DSER Open Item 20.2-7).

Since ABB-CE submitted adequate E0Gs for the System 80+ design, the staff
concludes that DSER Confirmatory Item 20.2-3 is closed.

In DSER Open Item 20.2-21, the staff stated that the COL applicant will be
responsible for submitting plant-specific E0Ps to comply with NUREG-0737 and
its Supplement 1. ABB-CE has included the site-specific procedure development
process as a COL action item in CESSAR-DC Section 13.5.1 and states that the
methods and criteria for the development, validation and verification,
implementation, maintenance, and revision of procedures will include consider-
ations of Issue I.C.I. As discussed in Section 13.5 of this report, this is
in COL Action Item 13.5-1. Therefore, DSER Open Item 20.2-21 is resolved.

Therefore, Issue I.C.1 is resolved for the System 80+ design.
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Issue I.C.5: Procedures for Feedback of Operatina Exoerience to Plant Staff

V Issue I.C.5, in NUREG-0933, addressed the quality of procedures for feedback
of experience at operating plants. This issue was clarified in NUREG-0737 and
requirements were issued there. Development of detailed procedures is outside
the scope of System 80+ design cert'.fication and is the responsibility of the
COL applicant. ABB-CE has included the procedure development process as a COL
action item in CESSAR-DC Section 13.5.1, as discussed in Issue I.C.1 above.

i
'The COL applicant will be responsible for the site-specific information at the

COL phase. In CESSAR-DC Section 13.5.1, ABB-CE states that the methods and
criteria for the development, verification and validation, implementation,
maintenance, and revision of procedures will include considerations of
Issue I.C.S. The COL applicant will be responsible for providing the site-
specific information at the COL phase. In Section 13.5 of this report, the
staff designates this as COL Action Item 13.5-1 and concludes it is accept-
abl e.

Therefore, Issue I.C.5 is resolved for the System 80+ design.

Issue I.C.9: Lona-Term Proaram for Vooradina Procedures
'Issue I.C.9, in NUREG-0933, addressed the upgrading of procedures at operating

plants. With the exception of E0Ps, this issue was clarified in Supplement 1
of NUREG-0737 and resolved with Revision 1 of SRP Section 13.5.2. The E0Ps
are handled through the resolution of Issue I.C.1.

I For this issue, the staff determined that development of detailed procedures
( is outside the scope of System 80+ design certification and is the responsi-

bility of the COL applicant. ABB-CE has included the procedure development
process as a COL action item in CESSAR-DC Section 13.5.1. In CESSAR-DC Sec-
tion 13.5.1, ABB-CE states that the methods and criteria for the development,
verification and validation, implementation, maintenance, and revision of
procedures will include considerations of Issue I.C.9.

The COL applicarit will be responsible for providing the site-specific informa-
tion at the COL phase as discussed in Section 13.5 of this report. This is
part of COL Action Item 13.5-1 and is acceptable.

Therefore, Issue I.C.9 is resolved for the System 80+ design. See also the
resolution of Issue HF4.4 in Section 20.5 of this report and of Issues I.C.1
and I.C.5 in this section.

Issue I.D.1: Control Room Desian Reviews

Issue I.D.1, in NUREG-0933, addressed licensees performing a detailed review
of their control room using human factors engineering (HFE) techniques and
guidelines to identify and correct design deficiencies. This issue was
clarified in NUREG-0737 and NUREG-0700, " Guidelines for Control Room Design
Reviews," dated September 1981, and is considered resolved. See also Is-
sue I.D.4 in this section.

ABB-CE states in CESSAR-DC Section 20.2.90 that the discussion on HFE in
\ Chapter 18 of CESSAR-DC summarizes this issue. Chapter 18 of this report
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evaluates the System 80+ HFE, including its application to the control room.
In Section 18.10, the staff concludes that the HFE program is acceptable and
that the program supplies an acceptable framework for developing human factors
interfaces of the control room. The staff reviewed basic design features of
the control room and found them consistent with human factors standards,
guidelines, and principles, and acceptable for use in the control room. All
previously identified DSER issues in Chapter 18 are resolved.

Thererore, Issue I.D.1 is resolved for the System 80+ design.

Issue I.D.2: Plant Safety Parameter Disolav Console

Issue I.D.2, in NUREG-0933, addressed improving the presentation of the
information provided to control room operators. The requirements for this
issue are in Supplement I to NUREG-0737. This issue raised the need for a
SPDS that clearly displays a minimum set of parameters defining the safety
status of the plant. Paragraph (2)(iv) of 10 CFR 50.34(f) requires a plant
SPDS console that will provide such a display to operators, and that is
capable of displaying a full range of important plant parameters and data
trends on demand and indicating when process limits are being approached or
exceeded.

In CESSAR-DC Sections 18.7.1.8.1 and 20.2.91 and the revised OER, ABB-CE
indicates how the System 80+ design complies with the SPDS criteria. The
staff reviewed the centrol room design according to the SPDS criteria in
Supplement I to HUREG-0737 and found it acceptable. This review is described
in greater detail in Sections 18.3.3.2.5 and 18.6.1.3.1.4 of this report. In
these sections, the staff finds that the responses and commitments of ABB-CE
regarding the eight SPDS requirements of Supplement I to NUREG-0737 are
acceptable.

Therefore, Issue I.D.2 is resolved for the System 80+ design.

Issue I.D.3: Safety System Status Monitorina

Issue I.D.3, in NUREG-0933, addressed the need for those licensees and
applicants who have not committed to RG 1.47, " Bypassed and Inoperable Status
Indication for Nuclear Power Plant Safety Systems," to install a bypass and
inoperable status indication system to give operators timely information on
the status of the safety systems.

Resolution of this issue requires adoption of the guidelines in RG 1.47. In
CESSAR-DC Section 20.2.92, ABB-CE commits to this RG. The commitment of
ABB-CE to these guidelines is evaluated in Section 7.1 of this report and the
staff found ABB-CE's method for implementing RG 1.47 acceptable.

Therefore, Issue I.D.3 is resolved for the System 80+ design. ,

1

Issue I.D.4: Control Room Desian Standard

Issue I.D.4, in NUREG-0933, addressed the need for guidance on the design of |
control rooms to incorporate human factors considerations and the desirability |
of endorsing an industry standard for future control room designs.
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Under Issue I.D.1 in this section, the NRC issued NUREG-0700 as guidance for
detailed control room design reviews to conform to accepted human factors

lprinciples. The staff issued SRP Section 18.1, to document the NRC review
process for control room designs, and Appendix B of NUREG-0700, to provide |

iguidance for designing new control rooms.

By letter dated December 18, 1992, and CESSAR-DC Section 20.2.43, ABB-CE
indicates that this issue is resolved because (1) the System 80+ human factors
program is being conducted in accordance with a HFE program plan, which is
based on current HFE program guidance; and (2) the System 80+ human factors
program is governed by the use of HFE standards, gIidel|nes, and bases
documents, which have been approved by the staff. The HFE program plan is
evaluated in Section 18.3 of this report. ABB-CE states that the advanced
control room design will meet the applicable regulations related to appropri-
ate HFE principles through the implementation of the human factors program
plan, including the use of detailed verification and validation methods.

Therefore, Issue I.D.4 is resolved for the System 80+ design. -

Issue I.D.5(1): Control Room Desian - Imoroved Instrumentation Research
Alarms and Disolavs

Issue I.D.5(1), in NUREG-0933, addressed the man-machine interface in the
control room with regard to the use of lights, alarms, and annunciators to
reduce the potential for operator error, information overload, unwanted
distractions, and insufficient information organization.

O ABB-CE determined lighting and illumination levels in the " Human Factors
Engineering Standards, Guidelines, and Bases for System 80+" which is pre-
sented in CESSAR-DC Section 18.6 and evaluated in Section 18.3.3.2.5 of this
report for Issue I.D.5(1). The technical adequacy of the aforementioned
document was found acceptable. The staff evaluated the System 80+ annunciator
and alarm systems during the onsite design features evaluation. The staff
concluded in its letter dated July 15, 1993, which provided the minutes of the
May 13 and 14, 1993, public meeting, that for the most part these systems were
acceptable except for some issues that were raised. The staff indicated in
the public meeting minutes, that issues could be solved by a commitment of
ABB-CE to incorporate the issues into its HFE tracking system. ABB-CE agreed
to address the staff's specific concerns through evaluation and resolution of
specific alarm system issues in the tracking system. As documented in
Attachment 3 to the ABB-CE letter dated January 7, 1994, Issue No. 101, which
provides a commitment for prototype testing and a number of prior items that
provide for tracking of the May meeting issues, has been included in the
tracking system. This resolves Confirmatory Item 20.2-1 which had been
identified in the advanced copy of this report.

Therefore, Issue I.D.5(1) is resolved for the System 80+ design.

In the DSER, the staff stated that Issue I.D.5(1) will be discussed in this i

report and designated this as DSER Open Item 20.2-24. The staff's evaluation
of this issue is given above. Therefore, DSER Open Item 20.2-24 is resolved.

s
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Issue I.D.5(2): Control Room Desian - Imoroved Instrumentation Research -
Plant Status and Postaccident Monitorina

Issue I.D.5(2), in NUREG-0933, addressed the need to improve the operators'
ability to prevent, diagnose, and properly respond to accidents. This issue
was originally raised in 1980, in NUREG-0660, "NRC Action Plan Developed as a
Result of the TMI-2 Accident," dated May 1980, and led to new NRC require-
ments. Guidance for addressing the issue is in RG 1.47, which describes an
acceptable method for implementing the requirements of IEEE 279-1971 ("Crite-
ria for Protection Systems for Nuclear Power Generating Stations") and Appen-
dix B (Criterion XIV) of 10 CFR Part 50, with respect to the bypass or
inoperable status of safety systems; and RG 1.97, which defines an acceptable
method for implementing NRC requirements to provide instrumentation and to
monitor plant variables and systems during and following an accident.

The acceptance criteria for the resolution of this issue are:

For ESF status monitoring, RG 1.47 recommends automatic bypassed or*

inoperable status indication at the system level for plant protection
systems, safety systems actuated or controlled by protection systems, and
their auxiliary and supporting systems. These features should indicate
in the control room and should have manual input capability.

Fcr PAMI, RG 1.97 gives criteria for design and qualification of the*

instrumentation. Three categories (designated 1, 2, and 3) provide a
graded approach to requirements based on the importance to safety of the
variable being monitored. Criteria exist for equipment qualification,
redundancy, power sources, channel availability, QA, display and record-
ing range, equipment identification, interfaces, servicing, testing and
calibration, human factors, and direct measurement. The actual variables
to be monitored are tabulated by type, and the instrumentation design and
qualification requirement (Category 1, 2, or 3) is identified for each
variable.

ABB-CE addresses the resolution of this issue for the System 80+ design in
CESSAR-DC Section 20.2.95. The System 80+ design provides bypassed or
inoperable status indication for the RPS, ESFAS, the systems they control, and
their auxiliary or support systems. The functional design requirements
conform with RGs 1.47 and 1.97 and, therefore, are acceptable. The staff will
address implementation of these functional design requirements during its
review of the ITAACs for software systems implementation, which is discussed
in Section 14.3 of this report.

Therefore, Issue I.D.5(2) is resolved for the System 80+ design.

Issue I.D.5(3): Control Room Desian - On-Line Reacter Surveillance Systems

Issue I.D.5(3), in NUREG-0933, addressed the benefit to plant safety and
operations of continuous on-line automated surveillance systems. Systems that
automatically monitor reactor performance can benefit plant operations and
safety by providing continuous diagnostic information to the control room
operators, to predict anomalous plant behavior. O
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Various methods of on-line reactor surveillance have been used, includingn

( ) neutron noise-monitoring in BWRs to detect vibrations in internal components,
y/ and pressure noise surveillance at TMI-2 to monitor primary loop degasifica-

tion. On-line surveillance data have been used to assess loose thermal ,

shields. !
1

ABB-CE states in CESSAR-DC Section 20.2.96 that continuous on-line surveil-
lance of the NSSS involves the following areas for which acceptance criteria
are separately defined:

vibration monitoring of reactor internals |*

RCPB leakage detection*

loose-parts monitoring*

The acceptance criteria for the resolution of Issue I.D.5(3) for monitoring
vibrations in internal components are in ANSI /ASME OM-5-1981, " Inservice
Monitoring of Core Support Barrel Axial Preload in Pressurized Water Reac-
tors." This standard makes recommendations on the use of ex-core neutron
detector signals for monitoring core barrel axial preload loss. This standard
also documents a program containing baseline, surveillance, and diagnostic
phases and makes recommendations for data acquisition frequency and analysis.

The acceptance criteria for leak monitoring are in RG 1.45 that documents
acceptable methods for channel separation, leakage detection, detection
sensitivity and response time, signal calibration, and seismic qualification
of RCPB leakage detection systems. It defines the regulatory position for an
acceptable design of these systems.n

The acceptance criteria for loose-parts monitoring are in RG 1.133, " Loose-
Part Detection Program for the Primary System of Light-Water-Cooled Reactors."
This RG gives guidelines on such system characteristics as sensitivity,
channel separation, data acquisition, and seismic and environmental conditions
for operability. It also identifies alert levels, data acquisition modes,
safety analysis reports, and TS pertaining to a LPMS.

The System 80+ design incorporates an NIMS that detects deterioration of the
NSSS pressure boundary. The system is described in Section 7.7.1.20 of this
report and consists of the IVMS, ALMS, and LPMS subsystems, that are also dis-
cussed in Issue C-12 of Section 20.2 of this report. In Section 7.7.2 of this
report, the staff concludes that the functional designe, of these control
systems are acceptable. This conclusion applies to all portions of these
systems except for the items that apply to digital systems, as stated in
Section 7.1 of this report.

Therefore, Issue I.D.3(5) is resolved for the System 80+ design.

Issue I.D.5(4): Imoroved Control Room Instrumentation: Process Monitorina
Instrumentation

Issue I.D.5(4), in NUREG-0933, addressed the benefit to plant safety and
operations of improved measurement of certain reactor parameters (e.g.,
reactor vessel water level and relief valve flow), and of parameters when they
are outside their normal operating range.
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The THI-2 accident identified the need to improve process monitoring instru-
mentation. As a result, new and improved monitoring systems, such as inade-
quate core cooling (ICC) instrumentation, extended-range postaccident monitor-
ing of selected reactor parameters, reactor-vessel-level monitoring systems
(RVLMS), and monitoring systems for detecting primary pressure boundary
leakage, were developed.

The acceptance criteria for the resolution of Issue I.D.5(4), improving
process instrumentation, are in NUREG-0660 and NUREG-0737. TMI Action Plan
Item II.F.2 of NUREG-0737 gives requirements for the design of instrumentation
that detects conditions leading to ICC. TMI Action Plan Item II.D.3 of
NUREG-0737 gives requirements on direct indication of relief and safety valve
position.

ABB-CE discusses its resolution of this issue for the System 80+ design in
CESSAR-DC Section 20.2.97. The System 80+ design includes ICC monitoring
instrumentation and the instrumentation is acceptable, as discussed in
Section 7.5 of this report.

The acceptance criteria for the extended-range sensors are in RG 1.97 in a
tabulation of acceptable ranges for the PAMI. The type and range of the Sys-
tem 80+ sensors are acceptable, as discussed in Section 7.5 of this report.

Therefore, Issue I.D.5(4) is resolved for the System 80+ design.

Issue I.F.1: Exnanded Ouality Assurance List

Issue I.F.1, in NUREG-0933, addressed improving the QA program for the design,
construction, and operation of nuclear power plants. The licensees were to
identify those SSCs that were not labeled safety-related but were important to
safety, to prioritize their importance to safety, and to prepare a generic QA
list. In GDC 1, the NRC requires that SSCs important to safety should be
designed, built, and tested commensurate to their importance to safety. In
January 1984, the staff issued GL 84-01, "NRC Use of the Terms, 'Important to
Safety' and ' Safety-Related'," dated January 5, 1984, to clarify the use of
the terms "important to safety" and " safety-related."

ABB-CE states in CESSAR-DC Section 20.2.98 that the classification of SSCs for
the System 80+ design is provided in CESSAR-DC Table 3.2-1. The staff
evaluates this table in Section 3.2 of this report and concludes that it
conforms to GDC 1.

Therefore, Issue I.F.1 is resolved for the System 80+ design.

Issue I.F.2: Develoo More Detailed Ouality Assurance Criteria
.

Issue I.F.2, in NUREG-0933, addressed improvements to the QA program for the
design, construction, and operation at nuclear power plants to provide greater
assurance that these activities are conducted in a mannar commensurate with
their importance to safety. The subissues for Issue I.F.2 that must be
addressed for 10 CFR 52.47(a)(1)(iv) are the following: Item 2, include QA
personnel in review and approval of plant procedures; Item 3, include QA e
personnel in all design, construction, installation, testing, and operation
activities; Item 6, increase the size of the QA staff; and Item 9, clarify

ABB-CE System 80+ FSER 20-96 June 1994



t

organizational reporting levels for the QA organization. The new requirements i
/ were incorporated into the SRP (third edition) on QA. |

Q '

ABB-CE states in CESSAR-DC Section 20.2.99 that the QA program for the Sys-
tem 80+ is described in CESSAR-DC Section 17.1 and approved by the staff. The
staff's approval of this program is discussed in Section 17.1 of this report.

ABB-DC has only addressed the QA program for the design of System 80+. The QA
program for the COL applicant's design, construction, and operation phases are
outside the scope of System 80+ design certification and are designated COL
Action Items 17.1-1 and 17.2-1 in Chapter 17 of this report. The COL appli-
cant will have the responsibility of addressing this inue for the design of
the remaining parts of the plant, and for the modification and operaticn of
the plant.

Therefore, Issue I.F.2 is resolved for the System 80+ design.

Issue I.G.2: Scope of Test Proaram

Issue I.G.2, in NUREG-0933, addressed the need for licensees to develop a more
comprehensive preoperational and low-power test program for their plant to
find any anomalies in the response of the plant to a transient during the
initial test program (ITP). With the revisions to the SRP and the NRC Office
of Inspection and Enforcement Manual (June 1989 revision to NUREG-0933), this
issue was considered resolved.

In CESSAR-DC Section 20.2.100, ABB-CE refers to the startup (or initial) testO program in Chapter 14 of CESSAR-DC. In Section 14.2 of this report, the staff
evaluates the ITP for the System 80+ design. The staff reviewed the scope of
the test program and concludes the test abstracts and acceptance criteria are
acceptable. ABB-CE described the typical licensee's organization and staffing
for this design which the staff found acceptable; the COL applicant is
responsible for developfng the specific organization and staffing levels
appropriate for its facility. ABB-CE also described the methods the COL
applicant can use for preparation and organization appruval of Phr.se I through
Phase IV test procedures in SRP Section 14.2 (" Initial Plant Test Program -
Final System Analysis Report"). The COL applicant has the responsibility for
the preparation and organization approval of these procedures. These are
designated COL Action Items 14.2.3-1 through 14.2.3-4.

In Section 14.2 of this report, the staff concludes that the ITP for the
System 80+ design is acceptable; therefore, Issue I.G.2 is resolved for the
System 80+ design.

Issue II.B.1: Reactor Coolant System Vents

Issue II.B.1, in NUREG-0933, addressed the requirements in 10 CFR Part 50 and
NUREG-0737 to install reactor vessel and RCS high-point vents. These vents
are designed to release non-condensable gases from the RCS to avoid loss of
core cooling during natural circulation. The design of these vents must
conform to the applicable GDC requirements of 10 CFR Part 50 (Appendix A),
which are listed below, and meet the applicable codes and standards for theg RCS pressure boundary.
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ABB-CE states in CESSAR-DC Section 20.2.101 that the System 80+ design
includes a SDS that performs the RCGV function to meet the requirements in
NUREG-0737. The RCGV system is described in CESSAR-DC Section 6.7.1.2.2. The
staff has reviewed the RCGV system design and concludes, in Section 6.7.1 of
this report, that it is acceptable because it meets the following design
criteria: (1) the system must be operable from the control room (GDC 19),
(2) the system must be testable (GDC 36), (3) the system must be capable of
functioning following a LOOP (GDC 17), and (4) the system must be able to
withstand an OBE (RG 1.29).

Therefore, Issue II.B.1 is resolved for the System 80+ design.

Issue II.B.2: S_qigt" Review Consideration - Plant Shieldina To Provide Post-
accident Access to Vital Areas

Issue II.B.2, in NUREG-0933, addressed having licensees perform a radiation
and shielding-design review of the spaces around systems that may, as a result
of an accident, contain highly radioactive materials. The review would locate
vital areas and equipment, such as the control room, radwaste control sta-
tions, emergency power supplies, motor control centers, and instrument areas,
where occupancy may be unduly limited or safety equipment may be unduly
degraded by the radiation fields during postaccident operations of these
systems. The requirements were given in NUREG-0737 and the issue was re-
solved.

ABB-CE states in CESSAR-DC Section 20.2.102 that a radiation and shielding
design will be reviewed during the detailed design phase of the plant and
referred to CESSAR-DC Sections 12.2.3 (post-accident sources), 12.3.1.3 (vital
areas for post-accident access), and 3.11 (environmental qualification of
equipment). These sections are evaluated in Sections 12.2.3, 12.3.1 and
12.3.2, and 3.11 of this report, respectively, and are accepted by the staff.

The COL applicant will be responsible for the detailed shielding design review
of the plant as discussed in Section 12.1.2 of this report. The completion of
this review and the submittal of the review to the staff is included in COL
Action Item 12.1.2-1.

Therefore, Issue II.B.2 is resolved for the System 80+ design.

Issue II.B.3: Postaccident Samplina Capability

Issue II.B.3, in NUREG-0933, addressed upgrading postaccident sampling at
plants. The requirements are in NUREG-0737. The reactor coolant and contain-
ment atmosphere sampling-line systems should permit personnel to take a sample
under accident conditions promptly and safely. The radiological spectrum
analysis facilities should be capable of quantifying certain radionuclides
that are indicators of the degree of core damage promptly. In addition to the
radiological analyses, certain chemical analyses are necessary for monitoring
reactor conditions.

ABB-CE indicates in CESSAR-DC Section 20.2.103 that the System 80+ design
includes a PSS which permits sampling during reactor operation, cooldown, and
postaccident conditions without requiring access to the containment. The
staff's evaluation is in Section 9.3.2 of this report. As discussed in this
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section, the Commission approved exemptions so that the capabilities of the

4 postaccident sampling system fcr the design does not include the determination
% of the hydrogen concentration in the containment atmosphere or chlorides in

the reactor coolant, and has the time limit for analysis of the reactor
coolant boron and radioactivity concentration of 8 and 24 hours, respectively.
The staff concludes that ABB-CE has adequately addressed postaccident sam-
pling.

Therefore, Issue II.B.3 is resolved for the System 80+ design.

Issue II.B.8: Rulemakina Proceedinas on Dearaded Core Accidents Description

Issue II.B.8, in NUREG-0933, addressed degraded core accidents discussed in
safety reviews of the plant. The work on hydrogen control led to the hydrogen
control rule that was approved by the Commission and published in the Federal
ILqgisitt on January 25, 1985. The severe accident portion of the issue was
addressed in April 1983 by a Policy Statement that set forth the Commission's
intentions for rulemakings and other regulatory actions for resolving safety
issues related to reactor accidents more severe than DBA (48 fB 16014).
Certain severe accident technical issues identified under the discussion of
long-term rulemaking were to be dealt with for future and existing plants
through procedures and ongoing severe accident programs identified in the
Policy Statement and described more fully in Chapter IV of NUREG-1070, "NRC
Policy on Future Reactor Designs," dated July 1985. Thus, with the issuance
of the rule on hydrogen control, this item was resolved and new requirements
were established.

O
V) ABB-CE states in CESSAR-DC Section 20.2.104 that the analysis of degraded coret

conditions and the capability of System 80+ to mitigate those conditions is
provided in Section 19.11 of CESSAR-DC. In response to this issue, applicants
were expected to address the feasibility of mitigating features arising from
severe accident considerations, including the conduct of conceptual designs
for filtered and vented containment, core-retention devices, and hydrogen ;

control systems. The requirements for such analyses were subsumed into 10 CFR I

50.34(f)(1) (i) . This section of the regulations specifically requires all )applicants (for a LWR CP or manufacturing license) to perform a plant / site- i
specific PRA, the aim of which is to seek such improvements in the reliability '

of core and containment heat removal systems as are significant and practical '

and do not impact excessively on the plant. 10 CFR 52.47(a)(1)(v) also |
requires that applications for standard design certifications contain a j
design-specific PRA. '

Consistent with the above requirements, ABB-CE has submitted a design-specific |
PRA for the System 80+ design and has used the PRA as the basis for evaluating I

potential design improvements in the reliability of core and containment heat ;

removal systems. The PRA and ABB-CE's evaluation of potential design enhance- 1

ments is documented in CESSAR-DC Chapter 19. The staff's evaluation of the
PRA and potential System 80+ design enhancements is provided in Section 19.1
of this report.

On this basis, Issue II.B.8 is resolved for the System 80+ design.
,/ 7

b
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Issue II.C.4: Reliability Enaineerina

Issue II.C.4, in NUREG-0933, addressed improving system-oriented approaches to
safety reviews, specifically ir. this case reliability engineering or assur-
ance; however, no requirements exist for licensees to have a reliability I

assurance program (RAP). Such programs determine system availabilities,
identify high component failure rates, determine root causes for component
failures, identify possible corrective actions, and perform what is generally
called reliability engineering. This issue was raised to determine what
licensees were doing to implement a RAP. This issue was resolved with no new
requirements.

ABB-CE states in CESSAR-DC Section 20.2.105 that a PRA has been performed for
the System 80+ design and the COL applicant will be required to implement an
operability assurance program to ensure that the PRA remains valid during the
plant operation. This does not fully address Issue II.C.4 for the System 80+
design; however, ABB-CE discusses the RAP for the design phase of System 80+
in Section 17.3 of CESSAR-DC.

The ABB-CE RAP for the design phase of the System 80+ design is evaluated in
Section 17.3 of this report. In that s.ction, there are actions to be
performed by the COL applicant which are designated COL Action Items 17.3.1-1
and 17.3.9-1. The COL applicant's RAP is discussed in Section 17.3.10 of this
report. Based on Section 17.3 of this report, the staff concludes that the
RAP for the design phase of System 80+ is acceptable.

Therefore, Issue II.C.4 is resolved fcr the System 80+ design. See also
Issue 23 in Section 20.3 of this report for additional discussion on the RAP.

Issue II.D.1: Performance Testino of PWR Safety and Relief Valves

Issue II.D.1, in NUREG-0933, addressed the requirements in NUREG-0737 for
qualification testing of RCS safety, relief, and block valves under expected
operating conditions for design-basis transients and accidents, including
ATWS. This issue was resolved by requiring licensees to conduct testing to
qualify reactor coolant relief valves, safety valves, block valves, and
associated discharge piping.

ABB-CE states in CESSAR-DC Section 20.2.106 that the System 80+ design uses
the pressurizer safety valves instead of PORVs to protect the RCS from
overpressurization. PORVs and block valves are not used in the System 80+
design. See Issue 70 in Section 20.3 of this chapter.

| The safety valve test program conforms to the requirements in NUREG-0737 and
I includes adjustments to valve ring setting combinations to provide stable

valve operation using the EPRI safety valve test program findings documented
in CEN-227, " Summary Report on the Operability of Pressurizer Safety Relief
Valves in CE Designed Plants."

Although NUREG-0737 specifies that ATWS is to be considered in developing test'

conditions, ABB-CE maintains that it need not consider ATWS conditions in the
testing program because the design employs an APS that uses an independent and
diverse control-grade reactor trip and turbine trip specifically designed to
address prevention of ATWS events. The staff's evaluation of the APS is in
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Sections 7.7.1.12, 7.2, and 15.3.10 of this report. The APS uses an ARTS off
[m pressurizer pressure for the prevention of an ATWS, instead of relief valves$

(/ for the mitigation of an ATWS. Thus, the reason that ABB-CE did not consider
ATWT in its testing program is acceptable.

Therefore, Issue II.D.1 is resolved for the System 80+ design. See also
Issue A-9 in Section 20.2 of this report.

Issue II.D.3: Coolant System Valves - Valve Position Indication

Issue II.D.3, in NUREG-0933, addressed the requirements in NUREG-0737 for
positive indication in the control room of RCS relief or safety valve posi-
tion. The acceptance criterion for the resolution of this issue is that the
plant design shall include safety and relief valve indication derived from a
reliable valve-position detection device or a reliable indication of flow in
the discharge pipe in accordance with the requirements in NUREG-0737. This
indication shall have the following design features:

Unambiguous safety and relief valve indication shall be provided to the=
,

control room operator.'

Valve position should be indicated within the control room and should be=

al armed.

Valve position indication may be either safety or control grade; if it isa

control grade, it must be powered from a reliable (e.g., battery-backed)
instrument bus (see RG 1.97).

Valve position indication should be seismically qualified consistent with*

the component or system to which it is attached.

Valve position indication shall be qualified for the appropriate opera-*

ting environment which includes the expected normal containment environ-
ment and an OBE.

Valve position indication shall be human-factors engineered.*

ABB-CE states in CESSAR-DC Section 20.2.107 that the System 80+ standard
design incorporates four primary safety valves. The valve discharge is
headered and routed to the IRWST. These valves are monitored by three methods
described in CESSAR-DC Section 5.2.5.1.2.1:

| (1) Positive indication of safety valve position is supplied in the control
; room by the acoustic leakage monitoring system (ALMS).

| (2) Each safety valve is monitored for seat leakage by an in-line resistance
temperature detector (RTO), which is located in the discharge linel

upstream of the discharge header for the safety valves, with an indica-
tion in the control room.

(3) Safety valve leakage is indirectly monitored from the safety-grade
pressurizer pressure and level instrumentation system also located in thep) control room. This instrumentation is discussed in connection with E0Ps.g

\> (See Issue I.C.1 in this section.)
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The ALMS is part of the NIMS and is described in Section 7.7 of this report.
The function of the ALMS is to detect a leak at specific locations or within
specific components in the primary system, including the primary safety
valves. The ALMS offers the control room operator a direct and unambiguous
method of determining the position (open or closed) of the pressurizer safety
valves.

The ALMS is composed of sensors (accelerometers) that are installed on the
pressuriier safety valve discharge lines (one per safety valve). Signals from
the sensors are routed to the control room. Within the alarm instrumentation,
the signsi is compared to a threshold value obtained during startup testing.

Alarms are provided as part of the " human engineered" advanced control and are
included in the plant computer annunciator systems. After passing through the
alarm unit, the amplified accelerometer signals are transmitted to a computer
for further analyses. The computer stores, compares trends, and analyzes the
data to improve the signal characteristics.

In summary, by providing a direct method for monitoring safety valve position,
the ALMS implements the requirements in NUREG-0737 and Issue II.D.3 is
resolved for the System 80+ design.

Issue II.E.1.1: Auxiliary Feedwater System Evaluation

Issue II.E.1.1, in NUREG-0933, addressed improving the reliability of the
auxiliary feedwater, or EFW, system. The issue addressed the following
requirements in NUREG-0737: (1) perform a simplified EFW system reliability
analysis to determine the potential for system failure under various loss-of-
main-feedwater transients, (2) the acceptance criteria in SRP 10.4.9 and BTP
ASB 10-1, and (3) evaluated EFW flow rate design basis and criteria.

ABB-CE states in CESSAR-DC Section 20.2.108 that the System 80+ design has an
EFWS to provide reliable and independent safety-related means of supplying
secondary-side, quality feedwater to the SGs for the removal of heat and
prevention of core uncovery during emergency phases of plant operation,
including accidents. The EFWS is a dedicated safety-related system that is
not used during normal plant operation. The system is described in Sec-
tion 10.4.9 of CESSAR-DC.

On the basis of the staff's evaluation of the EFWS in Section 10.4.9 of this
report, Issue II.E.1.1 is resolved for the System 80+ design.

Issue II.E.1.2: Auxiliary Feedwater System Automatic Initiation and Flow

Indication

Issue II.E.1.2, in NUREG-0933, addressed improving the reliability of the
auxiliary feedwater, or EFW, system. It addressed the requirement in
NUREG-0737 for plants to install a control-grade system for automatic initia-
tion of the EFW system. The acceptance criteria are in NUREG-0737 and in the
design requirements of IEEE 279-1971. Specifically, the system shall incorpo-
rate such design features as automatic system initiation, protection from
single failure, and environmental and seismic equipment qualification.

O
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ABB-CE states in CESSAR-DC Section 20.2.109 that the System 80+ design uses a

(m dedicated EFWS to provide an independent safety-related means of supplying'

secondary-side quality feedwater to the steam generator (s) for removal of heats
during emergency phases of plant operation. The system is described in
CESSAR-DC Section 10.4.9 and evaluated in Section 7.3.9.5 of this report. The
EFWS is not used for normal plant operation.

In addition, the EFWS I&Cs are part of the ESF systems and are subject to the
design bases described in Section 7.3.9 of this report. These design bases
address the applicable GDC identified in 10 CFR Part 50 (Appendix A), includ-
ing GDC 20.

The EFWS is actuated automatically by an EFW actuation signal (EFAS from the
ESFAS or by the APS), which is described in Section 7.7 of this report. In
addition to this automatic feature, the EFWS can be manually initiated.

The EFWS, including its integral I&Cs, fulfills the applicable requirements in
NUREG-0737 and the design criteria in IEEE 279-1971. The system is evaluated
and accepted in Section 10.4.9 of this repurt.

Therefore, Issue II.E.1.2 is resolved for the System 80+ design. See also Is-
sues 93, 124, and 125.11.7 in Section 20.3 of this chapter.

Issue II.E.1.3: L!pdated Standard Review Plan and Development of Reaulatory
Guide

Issue II.E.1.3, in NUREG-0933, addressed improving the reliability of the
hs) auxiliary feedwater, or EFW, system. Section 10.4 of the SRP was to be
v updated, and RG 1.26 was to be revised to include these systems and possibly

endorse certain standards. The SRP section was updated in July 1981; however,
no additional public and occupational risk reduction was identified to support
the need to revise the regulatory guide and it was not revised. This issue is
resolved and the requirements were established in the changes to the SRP.

ABB-CE did not consider this issue relevant to the System 80+ design because
it was an NRC internal issue to update SRP Section 10.4.9. Although the
resolution of this issue was for NRC to update the SRP section, the applica-
tion of the SRP section to a specific plant design is relevant to the Sys-
tem 80+ design because NUREG-0933 stated, for issue II.E.1.3, that the
resolution of the issue resulted in new requirements and the requirements
apply to all PWRs, including the System 80+ design.

In Issues II.E.1.1 and II.E.1.2, ABB-CE discussed the EFW system for the
System 80A design. The staff evaluates the EFWS against SRP Section 10.4.9 in
Section 10.4.9 of this report and accepts the design.

Therefore, Issue II.E.1.3 is resolved for the System 80+ design.

Issue II.E.2.2: Research on Small Break LOCAs and Anomalous Transients

Issue II.E.2.2, in NUREG-0933, addressed the NRC research programs focused on
small breaks LOCAs (ISLOCAs) and reactor transients. The programs included

(n) experimental research in the loss of flow tests (LOFT), semiscale LOFT,
'V Babcock and Wilcox integral system test facilities, systems engineering, and
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materials effects programs, as well as analytical methods development and
assessments in the code-development program.

The programs called for by this issue were completed by the NRC and showed
that ECCSs will provide adequate core cooling for SBLOCAs and anomalous
transients consistent with the single-failure criteria of 10 CFR Part 50
(Appendix K). The application of the experimental data from the research
programs to validate the conservatism of the licensing codes used for SBLOCAs
are addressed in Issue II.K.3(30) in this section. ABB-CE used the Appendix K
criteria and analyses as discussed in CESSAR-DC Section 6.3.3.3 for the
System 80+ design as discussed in Chapter 15 of this report.

Therefore, Issue II.E.2.2 is resolved for the System 80+ design.

Issue II.E.3.1: Pressurizer Heater Power Sucolv

Issue II.E.3.1, in NUREG-0933, addressed requiring that (1) emergency power be
available to a minimum number of pressurizer heaters to ensure that natural
circulation can be maintained in the RCS if offsite power is lost, (s) estab-
lish procedures and training for maintaining the RCS at hot standby conditions
with only onsite power available, (3) the time required to connect the heaters
to the emergency buses shall be consistent with timely initiation of natural
circulation, and (4) pressurizer heater motive and control power shall
interface with emergency buses through qualified devices.

ABB-CE states in CESSAR-DC Section 20.2.110 that although no credit is taken
for pressurizer heaters to maintain natural circulation if offsite power is
lost, the System 80+ design includes two backup pressurizer heater groups,
each rated at 200 kW. These heaters are connected to separate 480-V Class 1E
buses that are energized from separate and independent EDGs upon the LOOP.
Because the heaters are not Class IE, they are connected to the Class IE buses
through two breakers in series. The criteria for this power supply for
pressurizer heaters are consistent with NUREG-0737 requirements and, there-
fore, acceptable.

Therefore, Issue II.E.3.1 is resolved for the System 80+ design, because the
heaters are not needed to maintain natural circulation.

Issue II.E.4.1: Dedicated Hydrocen Penetrations

Issue II.E.4.1, in NUREG-0933, addressed improving the reliability and
capability of containment structures to reduce the radiological consequences
to the public from accidents, including degraded core events. The issue

,

I addressed the need for dedicated containment penetrations for external
'

recombiners and containment purge systems. Plants using external recombiners
or purge systems for postaccident combustible gas control of the containment,

I atmosphere should have containment penetration systems for external recombiner
i or purge systems that are dedicated to that service only, meet the redundancy

and single-failure requirements of GDC 54 and 56, and are of proper size to
satisfy the flow requirpments of the recombiner or purge system. The require-
ments in NUREG-0737 that ar- applicable to the System 80+ design follow:

1

O
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An acceptable alternative to the dedicated penetration is a combined=,,m
design that is single-failure-proof for containment isolation purposes i

V) and single-failure-proof for operation of the recombiner or purge system.
I

|

The dedicated penetration or the combined single-failure-proof alterna-.

tive shall be of proper size to satisfy the flow requirements for the use
of the external recombiner or purge system. The design shall be based on
10 CFR 50.44 requirements. Components furnished to satisfy this require- J
ment shall be safety grade.

ABB-CE states in CESSAR-DC Section 20.2.111 that the System 80+ design
incorporates a containment building that includes dedicated penetrations for
two hydrogen recombiners outside the containment (see CESSAR-DC Section 6.2.5
for the staff evaluation of the containment combustible gas control system).
There are two penetrations for each recombiner, one for the line withdrawing
combustible gas from the containment and one for the line returning the
inerted gas to the containment. These penetrations are designed in accordance
with the requirements of GDC 54 and 56.

Specifically, for GDC 54, the lines penetrating the containment have the
required isolation and testing capabilities. Each line has two containment
isolation valves in series, and test connections allow periodic leak detection
tests to be performed.

In accordance with GDC 56, each hydrogen recombiner line has one automatic
isolation valve inside the containment (MOV in the line leaving the contain-
ment and check valve in the return line) and one motor-operated isolationq valve outside the containment. These valves are normally closed with power(d removed under administrative control (see CESSAR-DC Table 6.2.4-1).

4

In addition, the penetrations are designed and are of the proper size for the
hydrogen recombiner flows as required by 10 CFR 50.44 (see CESSAR-DC Sec-
tion 6.2.5).
In the DSER, the staff stated that ABB-CE's resolution to this issue for the
System 80+ design appeared to be in compliance with 10 CFR 50.34(f). Final
determination was contingent upon resolution of all open and confirmatory
issues identified in Section 6.2.4 of the DSER on the containment isolation
system (CIS). The staff has resolved all open and confirmatory items in Sec-
tion 6.2.4 of this report and accepted the containment combustible gas control
system in Section 6.2.5 of this report; therefore, the staff concludes that
System 80+ design complies with 10 CFR 50.34(f).

Therefore, Issue II.E.4.1 is resolved for the System 80+ design.

Issue II.E.4.2: Containment Isolation Dependability

Issue II.E.4.2, in NUREG-0933, addressed improving the reliability and
capability of containment structures to reduce the radiological consequences
to the public from accidents, including degraded core events. The issue
specifically addressed the need for dependable isolation of containment
penetrations. The requirements for this issue in NUREG-0737 that are applica-

[mi ble to the System 80+ design follow:
LJ
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CIS designs shall have diversity in the parameters sensed for the*

initiation of containment isolation in accordance with SRP Section 6.2.4,
" Containment Isolation System."

All plant personnel shall identify each system determined to be essen-*

tial, identify each system determined to be nonessential, describe the l
basis for selection of each essential system, modify the containment i

isolation designs accordingly, and report the results of the reevaluation l
to the NRC.

All nonessential systems shail be automatically isolated by the contain-*

ment isolation signal.

The design of control systems for automatic containment isolation valves*

shall be such that resetting the isolation signal will not result in the
automatic reopening of containment isolation valves. Reopening of
containment isolation valves shall require deliberate operator action.

The containment setpoint pressure that initiates containment isolation*

for nonessential penetrations must be reduced to the minimum compatible
with normal operating conditions.

Containment purge valves that do not satisfy the operability criteria in*

BTP (CSB) 6-4 of SRP Section 6.2.4 or in the staff interim position of
October 23, 1979, must be sealed closed as defined in SRP Section 6.2.4,
Issue II.3.f, during operational conditions 1, 2, 3, and 4. Furthermore,
these valves must be verified closed at least every 31 days.

Containment purge and vent isolation valves must close on a high radia-*

tion signal.

In addition, NUREG-0737 added the following requirements to the above 7 posi-
tions on the issue:

(1) For postaccident situations, each nonessential penetration (except
instrument lines) is required to have two isolation barriers in series
that meet the requirements of GDC 54, 55, 56, and 57, as clarified by SRP
Section 6.2.4. Isolation must be performed automatically (i.e., no
credit can be given for operator action). Manual valves must be sealed
closed, as defined by SRP Section 6.2.4, to qualify as an isolation
barrier. Each automatic isolation valve in a nonessential penetration
must receive the diverse isolation signals.

(2) Revision 2 to RG 1.141, " Containment Isolation Provisions for Fluid
Systems," contains guidance on the classification of essential versus
nonessential systems.

(3) Administrative provisions to close all isolation valves manually before
resetting the isolation signals is not an acceptable method of meeting
position 4 above.

(4) Ganged reopening of containment isolation valves is not acceptable.
Isolation valves must be reopened on a valve-by-valve basis, or on a

ABB-CE System 80+ FSER 20-106 June 1994



_ _ _ _ _ _ _ .

line-by-line basis, provided that electrical independence and otherm single-failure criteria continue to be satisfied.

(5) The containment pressure history during normal operation should serve as
a basis for arriving at an appropriate minimum pressure setpoint for
initiating containment isolation. The pressure setpoint selected should |

'

be far enough above the maximum observed (or expected) pressure inside
the containment during normal operation so that inadvertent containment
isolation does not occur during normal operation from instrument drift or
fluctuations due to the accuracy of the pressure sensor. A margin
of 6.9 kPa (1 psi) above the maximum expected containment pressure should
be adequate to account for instrument error. Any proposed values greater
than 6.9 kPa (1 psi) will require detailed justification. Applicants for
an operating license should use pressure-history data from similar plants
that have operated more than one year, if possible, to arrive at a
minimum containment setpoint pressure.

(6) Sealed-closed purge isolation valves shall be under administrative
control to ensure that they cannot be inadvertently opened. Adminis-
trative control includes mechanical devices to seal or lock the valve
closed, or to prevent power from being supplied to the valve operator.
Checking the valve position light in the control room is an adequate
method for verifying every 24 hours that the purge valves are closed.

ABB-CE states in CESSAR-DC Section 20.2.112 that the System 80+ standard
| design incorporates a CIS for fluid systems piping and for the containment

purge ventilation system. ABB-CE stated that I&C sensing lines that penetrateO the containment building have containment isolation provisions that meet theb) intent of RG 1.11, except for such lines as the four pressure instrument
sensing lines in the containment building, which are exempt (see CESSAR-DC
Section 6.2.4.1.1).

The CIS is designed to prevent or limit the release of radioactivity to the
environment during and after an accident while ensuring continued operability
of safety-related systems that might be needed to limit or prevent the
consequences of an accident. The CIS is, in fact, not a single system but
comprises various containment penetrations whose isolation valve arrangement
is uniformly designed, fabricated, and tested according to the criteria
specified above. A more detailed description of the CIS for the fluid systems !

piping is in CESSAR-DC Section 6.2.4. In CESSAR-DC Section 9.4.5, ABB-CE
describes that part of the CIS which addresses the containment purge ventila-

| tion system.

It is the position of ABB-CE that the System 80+ standard design meets the
acceptance criteria in the following ways:

The CIS for the fluid systems piping and containment purge ventilation*

system ducting meets the intent of SRP Section 6.2.4 (Rev. 2) and the
supplemental guidance identified in BTP (CSB) 6-4, including the require-

| ments in GDC 1, 2, and 4 (see CESSAR-DC Sections 3.1.1, 3.1.2, and 3.1.4,
l respectively).

h With regard to GDC 16, which addresses maintaining the leak-t ightness of=

b the containment building, the containment building is designed to protect
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the public from the consequences of an accident (i.e., minimize the !
release of radioactivity) and to safely withstand all internal and
external environmental conditions that may be reasonably expected to
occur during the plant's lifetime (see CESSAR-DC Sections 3.1.12 and
6.2.4, respectively).

The CIS conforms to the requirements of ANSI N271-1976 and, thus, meets-

the intent of RG 1.141 and the requirements in GDC 54 through 57, for the
isolation of fluid systems. The system's design basis addresses such
requirements as leak detection, isolation, and leakage containment
capabilities. It also establishes such design features as redundant and
reliable isolation valves, and defines the system's performance require-
ments (see CESSAR-DC Section 6.2.4.2).

In accordance with NUREG-0737, the design of I&C systems for the automat-*

ic containment isolation valves is such that resetting the isolation
signal does not result in the automatic reopening of the valves.
Reopening of containment isolation valves requires deliberate operator
action to open valves on an individual containment penetration basis (see
CESSAR-DC Section 6.2.4.5).

In addition to fluid systems piping, the CIS also includes the contain-*

ment purge ventilation system that must be isolated during a LOCA. This
system is designed to provide a means of purging and venting the contain-
ment building whenever the containment is or will be occupied by plant
personnel, such as for plant refueling and extended maintenance activi-
ties. The system is, therefore, designed to meet the intent of BTP (CSB)
6-4 (which references GDC 54 and 56) with respect to maintaining contain-
ment integrity during and after a LOCA (see CESSAR-DC Section 9.4.6).

In DSER Section 6.2.4, the staff stated that ABB-CE had not provided an
acceptable resolution of Issue II.E.4.2. In order to satisfactorily resolve
this issue, System 80+ had to comply with SRP Section 6.2.4. As discussed in
Section 6.2.4 of this report, ABB-CE resolved the outstanding open and
confirmatory issues identified in Section 6.2.4 of the DSER. As a result, the
requirements in SRP Section 6.2.4 have been met by the System 80+ design.

The staff evaluated and approved the CIS in Section 6.2.4 of this report and,
therefore, Issue II.E.4.2 is resolved for the System 80+ design.

Issue II.E.4.4: Puraina

Issue II.E.4.4, in NUREG-0933, addressed a reevaluation of the acceptability
of purging / venting nuclear power plant containments during the reactor
operating modes of startup, power operation, hot standby, and hot shutdown.
The three applicable subissues are listed below.

Issue II.E.4.4(1): Issue Letter to Licensees Recuestina limited Puraina*

Issue II.E.4.4(1) addressed the letter issued by NRC to all licensees on
November 28, 1978, requiring compliance with specific requests (enclosed
in that letter) about cor.tainment purging, or venting, during reactor
power operation. A number of events had occurred over . span of several
years preceding 1979 were directly related to containment purging during
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normal plant operation. Some of these events raised questions relatingn) to automatic isolation of the purge penetrations that are used during(V power operation. At Millstone Unit 2, intermittently, the containment
was purged with the safety actuation isolation signals to both inboard
and outboard containment isolation valves in the purge system inlet and
outlet lines manually overridden and inoperable. At Salem Unit 1, the
containment was vented through the containment ventilation system valves
to reduce pressure. In certain instances, this venting occurred with the
containment high particulate radiation monitor isolation signal to the
purge and pressure vacuum relief valves overridden.

These events raised concerns relative to potential failures affecting the
purge penetration valves that could lead to a degradation in containment
integrity and, for PWRs, a degradation in ECCS performance because of
insufficient containment back pressure.

In the letter of November 28, 1978, NRC requested all licensees of
operating reactors to respond to generic concerns about containment
purging or venting during normal plant operation. The generic concerns
were twofold:

Events had occurred where licensees overrode or bypassed the safety-

actuation isolation signals to the containment isolation valves.
These events were determined to be abnormal occurrences and reported
to Congress in January 1979.

m Recent licensing reviews have required tests or analyses to show-

[V} that ccntainment purge or vent valves would shut without degrading
contairment integrity during the dynamic loads of a DBLOCA.

In the November 1978 letter, the staff requested that licensees take the
following actions pending completion of the NRC review: (1) prohibit the
override or bypass of any safety actuation signal which would affect
another safety :,ctuation signal and (2) cease purging (or venting) the
containment or limit such activity to an absolute minimum, not to exceed
90 hours per year. Licensees were asked to demonstrate (by test or by
test and analysis) that containment isolation valves would shut under
postulated DBLOCA condition. The NRC positions were amplified by
citation of SRP Section 6.2.4 (Rev. 1) and the associated BTP (CSB) 6-4,
which have effectively classed the purge and vent valves as " active,"
invoking the operability assurance program of SRP Section 3.9.3.

Issue II.E.4.4(2): Issue Letter to licensees Recuestino Information on*

Isolation Valve

Issue II.E.4.4(2) addressed the letter issued by NRC to all licensees on
October 22, 1979, requiring compliance with the staff's interim position
(enclosed in that letter) on isolation valve operability for containment
purging, or venting, during reactor power operation. After issuing the
letter of November 28, 1978, and as a result of site visits, meetings,
and telephone conferences with licensees and valve manufacturers, the NRC
determined that an interim commitment from all licensees of operating

(c) plants was warranted. In the letter of October 22, 1979, the interim NRC
v
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staff position was explained as follows, for containment purge and vent
valve operation pending resolution of isolation valve operability issues:

- Whenever the containment integrity is required, emphasis should be
placed on operating the containment in a passive mode as much as
possible and on limiting all purging and venting times to as low as
achievable. To justify venting or purging, there must be an estab-
lished need to improve working conditions to perform a safety-
related surveillance or safety-related maintenance procedure.
(Examples of improve 5 working conditions include deinerting,1

reducing temperature , reducing humidity,, and reducing airborne
activity sufficiently to permit efficient performance or to signifi-
cantly reduce occupational radiation exposures), and

Maintain the containment purge and vent isolation valves closed-

whenever the reactor is not in the cold-shutdown or refueling mode
until such time as the licensee can show that:

All isolation valves greater than 7.62-cm (3-in.) nominal dia--

meter used for containment purge and venting operations are
operable under the most severe design-basis-accident flow
condition loading and can close within the time limit stated in
the plant TSs, design criteria, or operating procedures. The
operability of butterfly valves may, on an interim basis, be
demonstrated by limiting the valve to be no more than 30
degrees to 50 degrees open (90 degrees being fully open). The
maximum opening shall be determined in consultation with the
valve supplier. The valve opening must be such that the criti-
cal valve parts will not be damaged by DBLOCA loads and that
the valve will tend to close when the fluid dynamic forces are
introduced, and

Modifications, as necessary, have been made to segregate the-

containment ventilation isolation signals to ensure that, as a
minimum, at least one of the automatic SIASs is uninhibited and
operable to initiate valve closure when any other isolation
signal may be blocked, reset, or overridden.

Issue II.E.4.4(3): Issue Letter to Licensees on Valve Operability*

Issue II.E.4.4(3) addressed the letter issued by NRC to all licensees on
November 28, 1978 (i.e., the same letter sent for Issue II.E.4.4(1))
requiring compliance with the staff's position (enclosed in that letter)
against full opening of isolation valves for containment purging, or
venting, during reactor power operation. In the letter of November 28,

1978, the staff asked all licensees of operating reactors to respond to
generic concerns about containment purging and venting during normal
plant operation. By reviewing responses, NRC learned that at least three
valve vendors reported that their valves may not close against ascending
differential pressure and the resulting dynamic loading of the DBLOCA.

i

*0nly where temperature and humidity controls are not in the present
design.
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For plants using valves from these vendors, the staff determined that thep< containment integrity could be sufficiently assured by maintaining the>

V valves in the closed position or by restricting the angular opening of
the valves whenever primary containment integrity is required.

NRR sent a letter to all licensees of operating plants on September 27,
1979, requesting compliance with the specific guidelines enclosed with
that letter. All licensees that used valves identified by the three
manufacturers as having potential closure problems were required to
either maintain the valves closed or to install devices to limit the
opening angle at all times when containment integrity is required, until
such time that full opening was justified to the NRC. The guidelines for
demonstrating operability of purge and vent valves were issued as
follows:

I. Ooerability

In order to establish operability it must be shown that the valve
actuator's torque capability has sufficient margin to overcome or resist
the torques and/or forces (i.e., fluid dynamic, bearing, seating, fric-
tion) that resist closure when stroking from the initial open position
to full seated (bubble tight) in the time limit specified. This should
be predicated on the pressure (s) established in the containment follow-
ing a DBLOCA. Considerations that should be addressed in assuring valve
design adequacy included:

valve closure rate versus time (i.e., constant rate or other)-

'd flow direction through valve; AP across valve-

- single valve closure (inside containment or outside containment
valve) or simultaneous closure (establish worst case)

- containment back-pressure effect on closing torque margins of air
operated valves that vent pilot air inside containment

- adequacy of accumulator (when used) sizing and initial charge for
valve closure requirements

- for valve operators using torque limiting devices whether or not the
settings of the devices are compatible with the torques required to
operate the valve during the design-basis condition

|

|
effect of the piping system (turns, branches) upstream and down--

stream of all valve installations

effect of butterfly valvo disc and shaft orientation to the fluid-

mixture egressing from the containment

II. Demonstration
:

|( Various aspects of operability of purge and vent valves may be demon-
strated by analysis, bench testing, in situ testing, or a combination of

| >

.
C these means.

l l

|

'
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Purge and vent valve structural elements (valve / actuator assembly) must
have sufficient stress margins to withstand loads imposed while valve
closes during a DBA. Torsional shear, shear, bending, tension, and
compression loads / stresses should be considered. Seismic loading should
be addressed.

Once valve closure and structural integrity are assured (by analysis or
testing, or by a suitable combination thereof), the sealing integrity
after closure and long-term exposure to the containment environment
should be evaluated. Emphasis should be directed at the effect of
radiation and of the containment spray chemical solutions on seal
material. Other aspects, such as the effect on sealing from outside
ambient temperatures and debris, should be considered.

III. Bench Testina

The following considerations apply when bench testing was chosen as a
means for demonstrating valve operability:

A. Bench testing can be used to demonstrate suitability of the in-ser-
vice valve by reason of its traceability in design to a test valve.
When qualifying valves through bench testing; consider whether or
not

a valve was qualified by testing of an identical valve assembly-

or by extrapolation of data from a similarly designed valve.

measures were taken to assure that piping upstream and down--

stream and valve orientation are simulated.

- the following load and environmental factors were considered

simulation of LOCA-

seismic loading-

temperature soak-

radiation exposure-

chemical exposure-

debris-

B. Bench testing of installed valves to demonstrate the suitability of
the specific valve to perform its required function during the
postulated DBA is acceptable. The factors listed in Items III.A.2
(above) and III.A.3 should have been considered when taking this
approach.

IV. In Situ Testina

Purge and vent valves may be tested in situ to confirm the suitability
of the valve under actual conditions. When performing such tests, the
conditions (loading, environment) to which the valve (s) will be sub-
jected during the test should simulate the DBA.

O
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Resolution of Subissues II.E.4.4(1), (2), and (3)=p
ABB-CE addresses these Issues II.E.4.4(1), (2), and (3) in CESSAR-DCn
Section 20.2.113. It states that designing of the containment purge
ventilation system in accordance with SRP Section 6.2.4 is sufficient to
resolve these issues.

The containment purge ventilation system in the System 80+ standard plant
is designed to supply clean, fresh air whenever the containment or incore
instrumentation room or both will be occupied. Containment air is
exhausted to the environment through the purge filter trains. The system
is described in CESSAR-DC Section 9.4.6, and consists of two sub-systems:
high-volume purge and low-volume purge.

The containment high-volume purge subsystem is designed to maintain the
average containment air temperature between 16 *C and 32*C (60 'F and
90 'F) during inspection, testing, maintenance, and refueling operations,
and to limit the release of any contamination to the environment. This
subsystem is not used during power operation.

The containment low-volume purge subsystem is designed to provide air
circulation and reduce airborne radioactivity for access during normal
operation or after reactor shutdown. This subsystem will be used only on
an as-neerted basis during power operation.

Each containment penetration for the two subsystems has two isolation
valves, one on each side of the containment pressure boundary. The

(a) containt at purge isolation valves maintain primary containment integrity
U during a postulated LOCA and meet the intent of the requirements in SRP

Section 6.2.4.

The containment low- and high-volume purge subsystems for the System 80+
standard plant are designed to be periodically inspected, tested, and
maintained (see CESSAR-DC Section 9.4.5.4). Furthermore, in order to
ensure system operability during normal and accident conditions, LCOs are !

specified (see CESSAR-DC Chapter 16). The use of these systems during
power operation will also be minimized to reduce the probability of
radiatien releases to the public environment.

In the DSER, the staff r.tated that the resolution of Issues II.E.4.- I
4(1), II.E.4.4(2), and II.E.4.4(3) was acceptable subject to the
following conditions:

Tests or analyses to show that containment purge or vent valves-

would shut without degrading containment integrity during the
dynamic loads of a DBLOCA (Item II.E.4.4(1)) (DSER Open
Item 220.2-25). Subsequently, the staff reviewed Amendment U i

of the CESSAR-DC Section 6.2.4.3 and determined that the
commit. rent of ABB-CE to demonstrate, by tests and analyses, !
that the valves will isolate without degrading containment

,

integrity during the dynamic loads associated with the DBLOCA
is acceptable. This resolves DSER Open Item 20.2-25.'

'
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- Analysis is required to show that valve operability is assured
against ascending differential pressure and resulting dynamic
loading of the D3LOCA within the guidance provided above
(Item II.E.4.4(2)) (CSER Open Item 20.2-26). Subsequently, the
staff reviewed Amendment U of the CESSAR-DC Section 6.2.4.3 and
determined that the commitment of ABB-CE to analyze the valves
to ensure that they will close against ascending differential
pressure and the dynamic loading associated with a DBLOCA is
acceptable. This resolves DSER Open Item 20.2-26.

- Resolution of the open items in Sections 6.2.3 and 6.2.4 of the
DSER. Subsequently, ABB-CE submitted the information needed to
resolve the open and confirmatory items in Sections 6.2.3 and
6.2.4 of the DSER. See Sections 6.2.3 and 6.2.4 of this
report.

As a result of the resolution of the open and confirmatory items
discussed here, the staff concludes that the System 80+ design
adequately resolves the issues identified in Issue II.E.4.4.

Therefore, Issue II.E.4.4 is resolved for the System 80+ design.

Issue II.E.6.1: In Situ Testina of Valves

Issue II.E.6.1, in NUREG-0933, addressed the adequacy of the requirements for
safety-related valve testing. Valve performance is critical to the successful
functioning of a large number of plant safety systems. This issue was divided
into the following four parts:

testing of PIVs under Issue 105 (discussed in Section 20.3 of thisa

chapter)
check valve operability*

compliance with the thermal-overload protection provisions for MOVs in*

RG 1.106, " Thermal Overload Protection for Electric Motors on Motor-
Operated Valves"
operability verification for MOVs in accordance with GL 89-10=

ABB-CE addresses this issue in CESSAR-DC Section 20.2.114 and states the valve
testing program for the System 80+ design is discussed in CESSAR-DC Sec-
tion 3.9.6. ABB-CE addresses the concerns of the item I in the resolution of
Issue 105 in Section 20.3 of this chapter, and items 2 and 4 above in CESSAR-

| -DC Sections 3.9.6.2.3 (for check valves) and 3.9.6.2.1 (for MOVs).

In the staff's evaluation of the design, qualification, pre-operational and
inservice testing of check valves and MOVs, the staff finds that the commit-
ments of ABB-CE provido a reasonable assurance for verifying the operabilities
for check valves and MOVs and, therefore, are acceptable. The details of the
staff's evaluations are in Sections 3.9.6.2.1 and 3.9.6.2.3 of this report.
Moreover, as indicated in CESSAR-DC Table 1.8-1 for item 3 above, the Sys-
tem 80+ design will comply with the guidance uf RG 1.106 regarding the
application of thermal overload protection devices that are integral with the
motor starter for electric motors on MOVs.

Therefore, Issue II.E.6.1 is resolved for the System 80+ design.
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Issue II.F.1: Additional Accident Monitorina Instrumentationg

(V Issue II.F.1, in NUREG-0933, addressed providing instrumentation to monitor
!

plant variables and systems during and following an accident. The issue
addressed the need for plants to include instrumentation to measure, record,
and read out in the control room the following containment parameters:

pressurea

water level-

hydrogen concentration*

high range radiation*

noble gas effluentsa

The staff clarified Issue II.F.1 in NUREG-0737 and requirements were issued.
The radiation and noble gas effluent instrumentation is required to provide
for continuous sampling of radioactive iodine and particulates at all poten-
tial accident release points, and for onsite capability to analyze and measure
these samples. The acceptance criterion is the guidance in RG 1.97.

ABB-CE addressed this issue in CESSAR-DC Sections 7.5.2.5 and 20.2.115, on the
PAMI. The staff's acceptance of this design is discussed in Section 7.5.3 of
this report, j

Therefore, Issue II.F.1 is resolved for the System 80+ design. See also Is-
sue I.D.5(4) in this section.

Issue II.F.2: Identification of and Recovery From Conditions leadina to

Inadeauate Core Coolina

Issue II.F.2, in NUREG-0933, addressed the need for plants to install improved
accident-monitoring instrumentation for detecting the conditions leading to
ICC, such as primary coolant saturation, reactor vessel level, and reactor
coolant temperature. The acceptance criterion for the resolution of this
issue is that a plant shall have accident-monitoring instrumentation that
meets the intent of NUREG-0737. In addition, this instrumentation shall
conform to the requirements of GDC 13, 19, and 64, and shall implement the
guidance in RG 1.97 (Rev. 3) as related to the detection of and recovery from
the conditions leading to ICC and provide unambiguous indication of these
conditions.

Specifically, the accident-monitoring instrumentation shall be designed so
that the operator will get sufficient information during accident situations
to take planned manual actions, and to determine whether safety systems are
operating properly. In sddition, the instrumentation will also provide
sufficient data for the operator to be able to evaluate the potential for core
uncovery and gross breach of protective barriers, including the resultant
release of radioactivity to the environment.

ABB-CE states in CESSAR-DC Section 20.2.116 that the System 80+ design
utilizes the Nuplex 80+ control room, which employs an integrated information
display hierarchy to present both safety-related and non-safety-related plant
data for monitoring and control by the operator. All information is integrat-e

| ed (in accordance with RG 1.97) so that the same instrumentation used for
( accident monitoring is also used for normal plant operation. If an accident
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scenario develops, this integration allows the operators to diagnose and
monitor the event using instruments with which they are the most familiar.
The Nuplex 80+ information systems also include automatic signal validation,
through cross-channel data comparison to ensure that the process information
displayed to the operator is correct. Multiple diverse systems are utilized
to process and display the data to ensure that information processing errors
are detected and alarmed. This integrated information display hierarchy
comprises the following major elements: discrete indication and alarm system
(DIAS), DPS, the component control system (CCS), and operator displays.

The ICC monitoring instrumentation is part of the Nuplex 80+ control room and
is designed to meet the intent of the guidance in NUREG-0737. The ICC 1

instrumentation and displays give sufficient information to permit the
operator to evaluate the potential for core uncovery and gross breach of
protective barriers, including the resultant release of radioactivity to the
environment. The ICC instrumentation consists of RTDs, pressurizer pressure
sensors, and a RVLMS employing heated junction thermocouples (HJTCs) and CETs.
The staff's acceptance of this design is discussed in Section 7.5.2.7 of this
report. The staff has accepted the use of HJTCs for level measurements in
existing ABB-CE plants. ABB-CE also addressed instrumentation to detect
conditions leading to ICC in Section 2.4 of CESSAR-DC Appendix 17.8A, "Sys-
tem 80+ Shutdown Risk Report."

The Nuplex 80+ control room displays both safety-related and non-safety
related plant information and includes data used for detecting ICC conditions.
The Nuplex 80+ control room is designed in accordance with RG 1.97 (Rev. 3)
and NUREG-0737, as previously described. The staff evaluated System 80+
information systems important to safety and ICC monitoring instrumentation in
Sections 7.5 and 7.5.2.7, respectively, of this report. The staff concludes
that ICC indications satisfy Issue II.F.2.

Therefore, Issue II.F.2 is resolved for the System 80+ design is acceptable.

Issue II.F.3: Instrumentation for Monitorina Accident Conditions

Issue II.F.3, in NUREG-0933, addressed the adequacy and availability of
instrumentation that monitors plant variables and systems during and following
an accident that includes core damage. Before the TMI-2 accident, nuclear
power generating stations were equipped with accident-monitoring instrumenta-
tion using the guidance identified in RG 1.97 (Rev. 1) and ANSI /ANS
Standard 4.5, " Criteria for Accident Monitoring Functions in Light Water
Cooled React 6rs."

The acceptance criterion for the resolution of this issue is that there shall
be instrumentation of sufficient quantity, range, availability, and reliabi-
lity to permit adequate monitoring of plant variables and systems during and
after an accident. Specifically, the instrumentation shall conform to the
guidance in RG 1.97 (Rev. 3) and ANSI /ANS Standard 4.5 and should provide
sufficient information to the operator for (1) taking planned manual actions
to shut the plant down safely; (2) determining whether the reactor' trip,

|engineered-safety-feature systems, and manually initiated safety-related '

systems are performing their intended safety functions (i.e., reactivity I
control, core cooling, and maintaining RCS and containment integrity); and 1

(3) determining the potential for causing a gross breach of the barriers to I
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radioactivity release (i.e., fuel cladding, RCPB, and containment) and
determining if a gross breach has occurred.

ABB-CE states in CESSAR-DC Section 20.2.117 that the System 80+ design
incorporates the Nuplex 80+ ACC, which includes the PAMI. The PAMI is
designed in accordance with the intent of the guidance in RG 1.97 (Rev. 3) and
ANSI /ANS Standard 4.5. In Section 7.5.1.1.5 of CESSAR-DC, ABB-CE describes
the parameters monitored, the number of sensed channels, sensor ranges,
indicated range, location, and associated RG 1.97 category. Examples of plant
parameters monitored are RCS pressure, primary safety valve position, primary
coolant temperature, containment pressure, and site radiation. The staff has
accepted the safety-related process display instrumentation and the ESF system
parameter, as described in Section 7.5.2.1, of this report. The staff also
reviewed the list of process parameters and their corresponding ranges, as
described in Section 7.5.2.5 of this report using the parameters from Table 3
of RG 1.97 as the guideline. The staff finds that the list conforms to the,

RG 1.97 parameters.
.

Therefore, Issue II.F.3 is resolved for the System 80+ design.

Issue II.G.1: Power Sunolies for Pressurizer Relief Valves. Block Valves,

and level Indicators
,

l

Issue II.G.1, in NUREG-0933, addressed upgrading the emergency power for the
pressurizer relief and block valves, and pressurizer level indicators. In
accordance with the requirements in NUREG-0737, the pressurizer equipment must
be supplied from an emergency source of power in the event of LOOP.

V ABB-CE states in CESSAR-DC Section 20.2.118 that the System 80+ design does
not have pressurizer relief and block valves. The safety-grade SDS performs a
rapid depressurization of the RCS to enable the operator to feed and bleed the
RCS during beyond-design-basis events. Since this system is designated
Class IE, the systems and components, including the pressurizer level indica-
tion and SDS valves, are powered from Class IE power sources. Accordingly, if
the facility lost offsite power, an emergency power source would power the SDS
valves and the pressurizer level indicators. These indicators are in the
Nuplex 80+ ACC. This arrangement is acceptable because it conforms to the
intent of NUREG-0737. The use of SDS is further discussed in Section 6.7,
7.5, and 19.11 of this report.

Therefore, Issue I.G.1 is resolved for the System 80+ design.

Issue II.J.3.1: Oraanization and Staffino to Oversee Desian and Construction

Issue II.J.3.1, in NUREG-0933, addressed requiring " license applicants and
licensees to improve the oversight of design, construction, and modification
activities so that they will gain the critical expertise necessary for the
safe operation of the plant." )

In CESSAR-DC Section 20.2.119, ABB-CE states that this issue is addressed in
CESSAR-DC Section 17.1 on QA activities.

.
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The construction of the reactor plant design is a function of the COL appli-
cant; however, the design of the plant is a function of both ABB-CE and the
COL applicant. Therefore, the resolution of this issue for the design of the

,

System 80+ has to be addressed.

The construction organization is not addressed in this report. The organiza-
tional structure of the site operator, including staffing, is addressed in
Section 13.1 of this report.

The QA program and RAP for the design, procurement, and fabrication of the
System 80+ plant are evaluated in Sections 17.1, 17.2, and 17.3 of this
report. The staff's conclusion is that the fundamental requirements for an
acceptable design-QA program are in place.

The organization for the plant beyond the System 80+ design, the construction
of the plant, and the modification of the plant are outside the scope of
design certification for the System 80+ design. A part of these concerns
involve the organization of the owner / operator which is discussed in Sec-
tion 13.1 of this report; however, the concerns involving design of the plant
outside of the System 80+ design and construction do not involve the organiza-
tion of the site operation. Therefore, the COL applicant will have the
responsibility for addressing these concerns as part of the COL licensing
process. This is included in COL Action Item 13.1-1, 17.1-1, and 17.2-1.

Therefore, Issue II.J.3.1 is resolved for the System 80+ design.

Issue II.J.4.1: Revise Deficiency Reoortina Reouirements

Issue II.J.4.1, in NUREG-0933, addressed assuring that all reportable items
are reported promptly to NRC and that the information submitted is complete.
The issue was resolved when new requirements were issued by NRC in 10 CFR
Part 21 and 10 CFR 50.55(e), on July 31, 1991 (56 EB 36091).

In Section 13.5 of this report, the staff evaluated CESSAR-DC Section 13.5 on
plant procedures and the resolution of Issues I.C.1, "Short-term Accident and
Procedure Review"; I.C.5, " Feedback of Operating Experience"; and I.C.9, "Long
Term Plan for Upgrading Procedures." They are resolved for this design in
this section.

The plant procedures for adequately reporting in accordance with 10 CFR
Part 21 and 10 CFR 50.55(e) are outside the scope of System 80+ design
certification. The COL applicant will have the responsibility for having the
proper reporting procedures and addressing this issue as part of the licensing
process. This is considered a part of the plant procedures development by the
COL applicant discussed in Section 13.5 of this report. This is included in
COL Action Item 13.5-2.

In CESSAR-DC Table 20.1-1, ABB-CE stated that Issue II.J.4.1 is not relevant
to the System 80+ design because it is an operational issue (i.e., the
responsibility of the COL applicant) and not applicable to the design of the
reactor plant.

'

Therefore, Issue II.J.4.1 is resolved for the System 80+ design.
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Issue II.K.1(3): Review Ooeratina Procedures for Recoanizina. Preventina. and
Mitiaatina Void Formation in Transients and Accidents

v
Issue II.K.1(3), in NUREG-0933, addressed requesting that licensees prepare
operating procedures for recognizing, preventing, and mitigating void forma-
tion in transients and accidents to avoid loss of the core-cooling capability

'

during natural circulation. The staff determined, as stated in NUREG-0933,
that this issue was covered by Issue I.C.I.

ABB-CE addressed this issue in CESSAR-DC Section 20.2.120 by referring to
Issue I.C.1 which requires that the guidance for the evaluation and develop-
ment of procedures for transients and accidents be provided. In the review of
the resolution of Issue I.C.1 for the System 80+ design in this section, the
staff found that the E0Gs in CEN-152 contain adequate instructions to address
" void formation" during transient and accidents. In the E0Gs, operators are
instructed to continuously monitor for the presence of voids. Any of the
following indications is used to identify void existence:

letdown flow greater than charging flow.

pressurizer level increases significantly more than expected while the*

pressurizer spray is in operation

the reactor-vessel-level-monitoring system (RVLMS), which indicates thata

voiding is present in the reactor vessel,

the temperature of the unheated thermocouple in the heated-Junction-*

O thermocouple system, which indicates saturated conditions in the reactorO vessel head

The instructions for void elimination are:

Locate letdown or verify letdown is isolated to minimize further inven--

tory loss.

Stop depressurization to prevent further growth of this void.*

Pressurize and depressurize the RCS within the temperature-pressure*

limits to condense the void and monitor pressurizer level and the RVLMS
for tending of RCS inventory.

If indications of unacceptable RCS voiding continue, and voiding is.
,

suspected to exist in the SG tubes, cool the SG by steaming (or blowdown
and feeding) and monitor pressurizer level for tending RCS inventory.

If indications of unacceptable RCS voiding continue, operate reactor=

vessel head vent to clear trapped noncondensable gases and monitor for
tending of RCS inventory.

,

The guidelines for treating void formation are in the procedures for dealing
with the LOCA, SGTR, excess-steam-demand event, and core and RCS heat-removal
control of functional recovery guidelines. The instructions for treating void
formation are clear and the information is sufficient for the plant-specific
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E0PS. This meets Issue I.C.1 of NUREG-0737 as discussed in Issue I.C.1 in
this section and Section 13.5 in this report.

Therefore, Issue II.K.1(3) is resolved for the System 80+ design.

Issue II.K.1(4d): Review Operatina Procedures and Trainina To Ensure That
Operators Are Instructed Not To Relv on Level Alone in

Evaluatina Plant Conditions

Issue II.K.1(4d), in NUREG-0933, addressed asking licensees to prepare
operating procedures to ensure that operators shall not rely on level indica-
tion alone in evaluating plant conditions. As stated in NUREG-0933, the staff
determined that this issue was covered by Issues I.A.3.1, I.C.1, and II.F.2;
however, ABB-CE addressed this issue in CESSAR-DC Section 20.2.120 by refer-
ring only to Issue II.F.2.

Issue I.A.3.1, " Revise Scope and Criteria for Licensing Examinations," was
implemented by NRC by a rule change to 10 CFR Part 55, " Operator's Licenses,"
to require simulator examinations as part of the reactor operator licensing
examinations. The staff will impose the requirements of 10 CFR 55.45 on
simulators on the COL applicant referencing the system 80+ design; therefore,
ABB-CE and the staff does not have to address Issue I. A.3.1 for compliance
with 10 CFR 52.47(a)(1)(iv).

The resolution of Issue I.C.1, and the acceptance of the E0Gs, for the System
80+ design is discussed in this section.

The resolution of Issue II.F.2 for the System 80+ design is also discussed in
this section. The staff finds that multiple indications, including pressuriz-
er water and reactor-vessel water-level indications, are used in the E0Gs
(ABB-CE's report CEN-152) for event diagnosis and accident mitigation. The
E0Gs are structured to permit integration with the SPDS and the PAMI. The
safety function checks in both optimal and functional recovery guidelines in
CEN-152 require operators to check safety function criteria against control
board parameters to assess the adequacy of core cooling and the effectiveness
of mitigation measure. The features chosen for comparison of these safety
function status checks were selected from the list of features identified for
inclusion on the SPDS. This permits the machine processing of considerably
more plant data in assessing the safety function. The capability of multiple
indications is included in CEN-152 for event identification and accident
mitigation.

Therefore, Issue II.K.1(4d) is resolved for the System 80+ design.

Issue II.K.1(5): Safety-Related Valve Position Description

Issue II.K.1.5, in NUREG-0933, addressed direct position indicaticn of relief
and safety valve position in the control room so that the alarming and
indication valve status should be clear and unambiguous and should be eval-
uated for HFE design considerations. Implementation of a well-engineered
bypass and an inoperable status indicating system would provide the operator
with timely information on the status of the plant safety systems. This ,

operator aid would help eliminate such operator errors as those resulting f:vm
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valve misalignment due to maintenance or testing errors. The staff deter-n mined, in NUREG-0933, that this issue was covered by Issues I.C.2 and I.C.6.

The requirements of Issues I.C.2 and I.C.6 have been implemented the staff's
'

reviews of reactor plant designs and, therefore, ABB-CE and the staff does not |
have to address them for comp;iance with 10 CFR 52.47(a)(1)(iv). i

In CESSAR-DC Section 20.2.120, ABB-CE states that Issue II.K.1(5) was resolved
for the System 80+ design by the ABB-CE E0Gs in CEN-152. The staff accepted
the EOGs in the resolution of Issue I.C.1 in this section.

In CESSAR-DC Section 20.2.92 on Issue I.D.3, ABB-CE indicates that the
System 80+ control room has dedicated alarms to inform the operators when a
valve has opened, providing unambiguous, direct indication of an open or
partially open safety or relief valve. This information is acceptable, as
discussed in the resolution of Issue I.D.3 in this section.

Therefore, Issue II.K.l.5 is resolved for the System 80+ design.

Issue II.K.1(6): Review Containment Isolation Initiation Desian and Proce-
dures

Issue II.K.1(6), in NUREG-0933, addressed ensuring that all lines that do not
degrade safety features or core cooling capability are isolated upon automatic t

initiation of SI. The staff determined, in NUREG-0933, and ABB-CE states, in .

'

CESSAR-DC Section 20.2.120, that this issue is covered by Issue II.E.4.2.
.

The resolution of Issue II.E.4.2 for the System 80+ design is discussed in
this section and is acceptable.

Therefore, Issue II.K.l(6) is resolved for the System 80+ design. *

Issue II.K.1(9): Review Procedures To Assure That Radioactive Liauids and i

Gases Are Not Transferred Out of the Containment

Issue II.K.l(9), in NUREG-0933, addressed requiring all operating plant .

'licensees to review their procedures to ensure that radioactive fluids are not
transferred out of the containment inadvertently, especially upon ESF reset.
Ali applicable systems and interlocks were required to be listed. The staff
determined, in NUREG-0933, that this issue is covered by Issue II.E.4.2, which ;

'ABB-CE addresses in CESSAR-DC Section 20.2.112 and Issue I.C.6, which was not
addressed by ABB-CE.

,

ABB-CE states, in CESSAR-DC Section 20.2.120, that this issue is only covered
*by Issue II.E.4.2.

Issue'I.C.6 has been implemented in staff's revicws of reactor plant designs,
as documented in NUREG-0933, and it does not have to be addressed by ABB-CE
and the staff for compliance with 10 CFR 52.47(a)(1)(iv). The resolution of
Issue II.E.4.2 for the System 80+ design is discussed in this section and is
acceptable.

Therefore, Issue II.K.l(9) is resolved for the System 80+ design.
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Issue II.K.l(10): Review and Modify Procedures for Removina Safety-Related
Systems From Service

Issue II.K.1(10), in NUREG-0933, addressed the need to improve procedures for
removing and restoring safety-related system to service and knowing the
operability status of the system. This issue requires compliance with the
requirements of the NRC bulletins related to operability determination and
criteria needed to be met before removing safety-related equipment from
service.

The staff determined, in NUREG-0933, that Issue II.K.1(10) was covered by
Issues I.C.2 and I.C.6; however, both Issues I.C.2 and I.C.6 have been
implemented in staff reviews of reactor plant designs and do not have to be
addressed for compliance with 10 CFR 52.47(a)(1)(iv).

In CESSAR-DC Section 20.2.120, ABB-CE states that this issue was implemented
in the System 80+ design during the development of LCOs and surveillance
requirements in the TSs. The staff evaluated the System 80+ TSs in Chapter 16
of this report to ensure that the TSs will preserve the validity of design as
described in CESSAR-DC and require that equipment essential to prevent
accidents are operable. The staff concludes that the TSs are acceptable.

Procedure development is discussed in Section 13.5 of this report. This is
considered outside the scope of the System 80+ design certification and is
designated COL Action Item 13.5-1.

Therefore, Issue II.K.l(10) is resolved for the System 80+ design.

Issue II.K.1(13): Propose Technical Specification Chanaes Reflectina Imole-

mentation of All Bulletin Items

Issue II.K.1(13), in NUREG-0933, addressed assuring that operating plants had
TSs reflecting the requirements in the bulletins issued by the Commission for
the TMI Action Plan. ABB-CE states, in CESSAR-DC Section 20.2.120, that this
issue was implemented in the System 80+ TSs.

The System 80+ TSs are evaluated in Chapter 16 of this report. The staff
reviewed the TSs against the improved ABB-CE standard TSs which incorporated
all the requirements of the bulletins for the TMI Action Plan. Therefore, the
approved System 80+ TSs incorporate all the appropriate bulletin requirements
from the THI Action Plan. The incorporation of operating experience in
bulletins in the System 80+ design is discussed in Section 20.7 of this
report.

Therefore, Issue II.K.1(13) is resolved for the System 80+ design.

! Issue II.K.l(14): Review Qpar_Atina Modes and_ Proc _qdELLT_9_0_e_al_.With Sionif_L-
g3nt Amounts of Hydrogen

| Issue II.K.1(14), in NUREG-0933, addressed requirements in NUREG-0660 on
| dealing with significant amounts of hydrogen in containment. The staff
i determined in NUREG-0933 that this issue was covered by Issues II.B.4, II.B.7,
'

II.E.4.1, and II.F.1.

|
'
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Issues II.B.4 and II.B.7 have been implemented, as documented in NUREG-033, in
[m staff reviews of reactor plant designs and do not have to be addressed by'

\ ABB-CE and the staff for compliance with 10 CFR 52.47(a)(1)(iv). The resolu-
tion of the remaining Issues II.E.4.1 and II.F.1 are addressed in the discus-
sions on these issues in this section and are considered resolved for the
System 80+ design. In CESSAR-DC Section 20.2.120 on Issue II.K.1(14), ABB-CE
also states that the latter two issues cover Issue II.K.1(14).

Therefore, Issue II.K.1(14) is resolved for the System 80+ design.

Issue II.K.1(15): For Facilities with Non-Automatic Auxiliary Feedwater

Initiation. Provide Dedicated Goerator in Continuous Commu-
nication with the Control Room to Ooerate AFW

Issue II.K.1(15), in NUREG-0933, addressed ensuring that the operating plants
had reliable communications to the control room to operate the auxiliary
feedwater system. The staff determined in NUREG-0933 and ABB-CE states in
CESSAR-DC Section 20.2.12 that this issue was covered by Issue II.E.1.2.

The resolution of Issue II.E.1.2 for the System 80+ design is discussed in
this section and is acceptable.

Therefore, Issue II.K.1.(14), is resolved for the System 80+ design.

Issue II.K.1(16): Imolemented Procedures That Identify Pressurizer PORV
"Open" Indications and That Direct Operator To Close Valve
Manually at " Reset" Setooint

Issue II.K.1(16), in NUREG-0933, addressed requiring procedures that identify
pressurizer PORV "open" indications and direct operators to close the valve
manually at the " reset" setpoint. The staff determined in NUREG-0933 and ABB-
CE states in CESSAR-DC Section 20.2.120 that this issue was covered by Issues
I.C.1 and II.D.3.

The resolutions of Issues I.C 1 and II.D.3 for the System 80+ design are
discussed in this section and are acceptable.

The System 80+ design does not include the pressurizer PORVs, as discussed in
Issue 70 in Section 20.2 of this chapter. To provide functions equivalent to
those of PORVs (releasing noncondensable gaser and mitigating consequences of
a beyond-design-basis event), ABB-CE includes in CESSAR-DC Section 6.7 a
design of the SDS, which is a manually operated, safety-grade system of
pressurizer safety valves. The staff evaluated the SDS in Section 6.7 of this
report, and required the SDS to be included in the E0Gs for the severe
mitigating accident before the staff approved the final design.

The review of updated E0Gs, including operation of the SDS, is covered by Is-
sue I.C.1 in this section. The ALMS for safety valve indication is discussed
in Issue II.D.3 in this section and Section 7.7 of this report. The ALMS
provides the control room operator with direct and unambiguous indication of
the position of the pressurizer safety valves.

Therefore, Issue II.K.1(16) is resolved for the System 80+ design.
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Issue II.K.l(24): Perform LOCA Analyses for a Ranae of Small-Break Sizes and

a Ranae of Time Laoses Between Reactor Trio and RCP Trio.

Issue II.K.l(24), of NUREG-0933, addressed requiring PWR licensees to perform
a LOCA analysis for a range of small-break sizes and a range of time lapses
between reactor trip and RCP trip. The staff determined in NUREG-0933 and
ABB-CE states in CESSAR-DC Section 20.2.120 that this issue was covered by
Issue I.C.1.

In reviewing the resolution of Issue I.C.1 in this section, the staff finds
that the analyses to characterize the effect of RCP operation on SBLOCAs and
non-LOCA transients were included in CEN-114, " Review of Small Break Tran-
sients in Combustion Engineering Nuclear Steam Supply Systems," and in
CEN-115, " Response to NRC IE BL 79-06C, Items 2 and 3, for Combustion Engi-
neering Nuclear Steam Supply Systems." Two analytical models were used in the
analyses: a staff-approved ECCS evaluation model was used for analyses under
Appendix K requirements to determine compliance with 10 CFR 50.46 acceptance
criteria and a best-estimate ECCS model was used to assess the system re-
sponse.

The analyses primarily addressed the effects of (1) the number of operating
RCPs, (2) worst-break location, (3) worst-break size, and (4) high-pressure SI
flow rate. These analyses showed that for SBLOCAs, it is beneficial to trip
all RCPs in the interest of minimizing the loss of coolant from the primary
system. The worst SBLOCA in this regard is a break in the hot leg. ABB-CE
used the results of the analyses to support its RCP operating strategy, as
discussed in CEN-268, " Justification of Trip Two/ Leave Two Reactor Coolant
Pump Trip Strategy During Transients." Because CEN-268 is approved by the
staff (See the discussion on CEN-128 in Issue II.K.3(5) later in this section)
for the adequacy of the RCP operating strategy, the analyses to identify the
effect of RCP trip and the trip delay time on SBLOCAs are acceptable.

Therefore, Issue II.K.1(24) is resolved for the System 80+ design. The
Issue I.C.1 is discussed in this section and is resolved for the System 80+
design.

Issue II.K.1(25): Develoo Ooerator Action Guidelines PositW and Resolution

Issue II.K.1(25), in NUREG-0933, addressed requiring PWR licensees to develop
operator action guidelines based on the analyses performed in response to
Issue II.K.l(24), which is discussed above. The staff determined in
NUREG-0933 and ABB-CE states in CESSAR-DC Section 20.2.120 that this issue was
covered by Issue I.C.1.

The resolution of Issue I.C.1 for the System 80+ design is in this section and
is acceptable. Therefore, Issue II.K.l(25) is also resolved for the design.

Issue II.K.l(26): Revise Emeraen:v Procedures aid. Train Jeactor Ooerators
(R0s) and Senior Reactor Ooerttors (SkO:)

Issue II.K.l(26), in NUREG-0933, addressed requiring all operating PWRs to
revise their E0Ps and to train the R0s and SR0s for the plant. The staff
determined in NUREG-0933 that this issue is covered by Issues I.A.3.1, I.C.1,
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and I.G.1; however, ABB-CE states in CESSAR-DC Section 20.2.120 that thisO is.,,e was covered by only Issue I.C.I.
b The resolution of Issue I.C.1 for the System 80+ design is in this section and

is acceptable.

As stated in NUREG-0933, both Issues I. A.3.1 and I.G.1 have been implemented
in the staff review of reactor plant designs and do not have to be addressed
by ABB-CE for compliance with 10 CFR 52.47(a)(1)(iv).

Issue I.A.3.1 was to revise the scope of examinations and criteria for
licensing examinations and Issue I.G.1 was new training requirements for
operators. They are the responsibility of the COL applicant and not the
responsibility of ABB-CE in the System 80+ design certification. Is-
sue I.A.3.1 is covered by the discussion of training in Section 13.2 of this
report and the responsibility of the COL applicant is part of COL Action
Item 13.2-1. Issue I.G 1 is discussed in Section 13.2.4 of the FSER and the
responsibility of the COL applicant is also part of COL Action Item 13.2-1.

Therefore, Issue II.K.1(26) is resolved for the System 80+ design.

Issue II.K.1(27): Provide Analysis and Develoo Guidelines and Procedures for
Inadeauate Core Coolina

Issue II.K.1(27), in NUREG-0933, addressed requiring PWR licensees to provide
analy.ces and develop guidelines and procedures for an ICC condition. The
staff determined in NUREG-0933 and ABB-CE states in CESSAR-DC Section 20.2.120p) that this issue was covered by Issues I.C.1 and II.F.2.g

v
To satisfy the requirements of Issue II.F.2, ABB-CE describes the ICC instru-
mentation as consisting of RTDs, pressurizer pressure sensors, CETs, and RVLMS
in CESSAR-DC Section 7.5.1.1.7. The signals from the RTDs, pressurizer
pressure sensors, and the RVLMS are combined to indicate the subcooling of the
reactor coolant. The RVLMS also supplies information to the operator on
changes of the liquid inventory in the reactor vessel (RV) regions above or
below the fuel alignment plate, and on existence of voiding in the reactor
core. The CETs monitor the change of steam temperatures associated with ICC.
The resolution of Issue II.F.2 is in this section.

With the ICC system satisfying the Issue II.F.2 requirements, ABB-CE addresses
Issue II.K.1(27) by referring to the resolution of Issue I.C.I. In reviewing
the resolution to Issue I.C.1, the staff found that the ICC instrumentation is
included in CEN-152. These E0Gs contain criteria for ECCS termination to
ensure RCS inventory conservation without causing overpressurization, and
criteria for the RCP restartup to ensure the optimum operating strategy for
RCS heat removal and RC inventory control. The guidelines will alert opera-
tors to activities that are ineffective or inappropriate for avoiding an ICC
situation. The ICC portion of the E0Gs clearly describe performance and
indicating characteristics of ICC instrumentation, and information regarding
the ICC procedures guidelines is sufficient to permit plant-specific operating
procedures to be written. The resolution of Issue I.C.1 is in this section.

[m Therefore, Issue II.K.1(27) is resolved for the System 80+ design.
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Issue II.K.l(28): Provide Desian That Will Assure Automatic RCP Trio for
All Circumstances Where Reauired

Issue II.K.1(28), in NUREG-0933, addressed the required design that will
ensure automatic RCP trip for all circumstances where required. The staff
determined in NUREG-0933 and ABB-CE states in CESSAR-DC Section 20.2.120 that
this issue was covered by Issue II.K'.3(5).

The resolution of Issue II.K.3(5) for the System 80+ design is later in this
section and is acceptable. Therefore, Issue II.K.1(28) is resolved for the
System 80+ design.

Issue II.K.3(2): Report on Overall Safety Effect of PORV Isolation System

Issue II.K.3(2), in NUREG-0933, addressed requiring applicants to document the
action to be taken to decrease the probability of a SBLOCA caused by a stuck-
open PORV. The design purpose nf PORVs is to prevent RCS overpressure and to
reduce challenges to the safety valves for DBE. The requirements were issued
in NUREG-0737.

ABB-CE states in CESSAR-DC Section 20.2.121 that the System 80+ design does
not include PORVs and, therefore, this issue is not applicable to the Sys-
tem 80+ design. However, to satisfy the staff requirements in SECY-90-016
regarding rapid depressurization for mitigation of beyond-design-basis events,
ABB-CE includes the SDS for the System 80+ design.

The SDS is a safety grade system and is manually operated to mitigate beyond-
design-basis events. The SDS has two trains, each with two MOVs in series.
These valves are manually operated from the control room and the opening of
one train would result in a medium LOCA with the plant response being the same
as for any other medium LOCA. In Section 6.7 of this report, the staff
approved the SDS.

The general ways in which an SDS LOCA might occur is the mechanical failure of
the series valves or the inadvertent opening of the valves. As discussed
under Issue II.D.3 in this section and Section 7.7 of this report, there is
position indication for these valves, so the opening of an SDS train would be
indicated to the control room operators. The probability that an SDS valve
train will fail open and a medium LOCA will occur is discussed in Sec-
tion 19.3.3.1 of CESSAR-DC and the staff concluded that the ABB-CE evaluation
was acceptable.

Therefore, Issue II.K.3(2) is resolved for the System 80+ design.
l
' For DSER Open Item 20.3-1, in a footnote to the table in DSER Section 20.3,

the staff stated that Issue II.K.3(2) would be evaluated in this report. The
above discussion addresses this issue and this part of DSER Open Item 20.3-1

| is resolved.

' Issue II.K.3(5): Automatic Trio of Reactor Coolant Pumps Durina loss-of-

Coolant Accident |

Issue II.K.3(5), in NUREG-0933, addressed requiring PWR licensees to study the
need for an automatic trip of the RCPs, and to modify procedures or the
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design, as appropriate. Licensees should know how to operate the RCP in order
n\ to mitigate transients and accidents. Preservation of the maximum RCS/
b inventory should be considered in the SBLOCA mitigation; the most effective

strategy for DHR should be considered in the other transients' mitigation.

ABB-CE proposes CESSAR-DC Section ?0.2.121 that the RCP operating strategy
described in report CEN-268 be applled to the System 80+ design. In CEN-268,
ABB-CE justifies the use of the trip two/ leave two manual RCP trip strategy ,

during transients at ABB-CE plants. The RCP operating strategy is to trip all '

RCPs in the event of a LOCA and to maintain two RCPs operating during non-LOCA
depressurization. The report was approved in GL 86-06, " Implementation of THI
Action Plan Item II.K.3.5, Automatic Trip of reactor Coolant Pumps," dated May
29, 1986.

The Combustion Engineering Owners' Group (CE0G) submitted Revision 1 of CEN-
268, and of its Supplement 1, in a letter dated May 21, 1987. Based on its
review of Revision 1, the staff concludes that the revisions to CEN-268 do not
have any major impact, as far as reactor safety is concerned, on the methodol-
ogy in CEN-268. Therefore, the staff also concludes that CEN-268 Revision 1,
and CEN-268 Supplement 1 Revision 1, are acceptable for implementation of the
RCP trip strategy into CEN-152 for E0Gs.

Therefore, Issue II.K.3(5) is resolved for the System 80+ design.

Issue II.K.3(6): Instrumentation To Verify Natural Circulation

Issue II.K.3(6), in NUREC-0933, addressed requiring licensees to provide

(Vn)
instrumentation to verify natural circulation during transient conditions.
The staff determined, in NUREG-0933, that this issue was covered by Issues
I.C.1, II.F.2, and II.F.3; however, ABB-CE states in CESSAR-DC Sec-
tion 20.2.121 that Issue II.K.3(6) was covered by only Issues I.C.1 and
II.F.2.

The resolutions of Issues I.C.1, II.F.2, and II.F.3 are in this section and
accepted for the System 80+ design.

In reviewing the resolution of Issue I.C.1, the staff finds that the E0Gs for
natural circulation verification were given in CEN-152 as follows:

If no RCPs are operating, then the operators verify natural circulation flow
in All of the following

loop AT (T -T,) less than normal full power AT*
h

hot-leg and cold-leg temperatures constant or decreasing* ,.

i

RCS subcooling at least 11 *C (20 *F) based on average CET j*

temperature

no abnormal difference (greater than 6 *C (10 *F)) between T MDse 3
and CET temperature.

If these criteria are not met, the operators are required to control the plant
conditions to prevent violation of a safety function by following the guide-N
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lines for RCS pressure and inventory control. These guidelines were included
in recovery guidelines for events of LOCA, excess steam demand, SGTR, and RCS
and core-heat removal control of functional recovery guidelines in CEN-152.
The guidelines are clear, and multiple indications are used for natural
circulation verification.
In addition, the staff determines in the review of the resolutions to
Issues II.F.2 and II.F.3 that adequate instrumentation (including the RTD and
CET) is provided for detecting and mitigating ICC conditions.

Therefore, Issue II.K.3(6) is resolved for the System 80+ design.

Issue II.K.3(8): Further Staff Consideration of Need for Diverse Decay Heat
Removal Method Independent of SGs

Issue II.K.3(8), in NUREG-0933, addressed further staff consideration of the
need for diverse DHR methods independent of SGs. The staff determined in
NUREG-0933 that this issue was covered by Issues II.C.1 (" Interim Reliability

| Evi.luation Program") and II.E.3.3 (" Coordinated Study of Shutdown Heat Removal
Requirements"); however, ABB-CE states in CESSAR-DC Section 20.2.121 thatI

Issue II.K.3(8) was covered by Issue A-45.

As stated in NUREG-0933, Issues II.C.1 and II.E.3.3 have been implemented in
the staff review of reactor plant designs and do not have to be addressed for
compliance with 10 CFR 52.47(a)(1)(iv). In NUREG-0933, the staff also stated
that Issue II.E.3.3 was addressed in Issue A-45.

The resolution of Issue A-45 for the System 80+ design is in Section 20.2 of
this chapter and is acceptable.

Therefore, Issue II.K.3(8) is resolved for the System 80+ design.

Issue II.K.3(25): Effect of loss of AC Power on Pumo Seal

Issue II.K.3(25) in NUREG-0933, addressed requiring that BWR licensees deter-
mine, on a plant-specific basis, by analysis or experiment, the consequences
of a loss of cooling water to the RCP seal coolers. Adequacy of the seal
design to withstand a LOOP should be demonstrated. This position should
prevent excessive loss of RCS inventory following an anticipated operational
occurrence.

ABB-CE states CESSAR-DC Section 20.2.121 that the RCP seals are normally
cooled by redundant systems: seal injection from the CVCS and CCWS. In the
event of LOOP, seal injection can be restored by manually aligning Class lE
power to the normal charging pump and CCWS pump, or by using the positive dis-
placement dedicated seal injection pump. Two of the four CCWS pumps can be
powered from the EDGS to cool the RCP seals.

During a complete loss of ac power (i.e., loss of both offsite power and the
diesel generators), power can be supplied to the dedicated seal injection
purcp, one charging pump, and one CCWS pump from the onsite ac power source
described in CESSAR-DC Section 8.3.1.1.5. ABB-CE states that the use of
redLndant, diverse seal cooling systems with multiple electrical power sources

| significantly reduces the probability of losing seal cooling for the RCPs.

|
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The requirements for this issue in NUREG-0737 are that the consequences of a
loss of cooling water to the pump seal coolers is determined and the pump

b seals should be designed to withstand a complete LOOP for at least 2 hours.
If seal failure is the consequence of loss of cooling water for 2 hours, an
acceptable solution would be providing emergency power to the CCWS pump.

Resolution of this issue also includes the resolution of Issue 23, " Reactor
Coolant Pump Seal Failures." The staff reviewed the resolution of Issue 23 in
Section 20.2 of this chapter and considers this issue resolved for the
System 80+ design.

Therefore, Issue II.K.3(25) is resolved for the System 80+ design.

Issue II.K.3(30): Revise SBLOCA Methods To Show Comoliance With 10 CFR
Part 50. Accendix K

i

Issue II.K.3(30), in NUREG-0933, addressed requiring licensees to revise and
submit the analytical methods for small-break analysis for compliance with
Appendix K to 10 CFR Part 50 for NRC review and approval. The revision should

,

account for comparisons with experimental data, including data from LOFT test
'

and semi:,t.le test facilities. Alternatively, licensees should provide .

additional Astification of the acceptability of present SBLOCA models with
LOFT and semiscale test data.

ABB-CE states in CESSAR-DC Section 20.2.121 that report CEN-203, " Response to
,

NRC Action Item II.K.3(30) - Justification of Small-Break LOCA Methods," was j

| developed to demonstrate the continued acceptability of the staff-approved |
ABB-CE SBLOCA models.

The staff approved CEN-203 in the following NRC letters:

Dated June 20, 1985, from C. Thomas (NRC) to R. Wells (CE0G),*
,

transmitting " Conditional Acceptance for Referencing of Licensing '

Topical Report CEN-203 (P), Rev.1"

Dated February 11, 1987, from D. Crutchfield (NRC) to J.K. Gasper*

(CEOG), transmitting " Acceptance for Referencing of Licensing
Topical Report" )

i

The staff concluded that the currently approved SBLOCA evaluation models are
conservative compared with the LOFT and semiscale test data and that they are

Iacceptable for continued use in licensing applications.
.

Therefore, Issue II.K.3(30) is resolved for the System 80+ design.

Issue II.K.3(31): P_lant-Soecific Calculations To Show Comoliance With
10 CFR 50.46

Issue II.K.3(31), in NUREG-0933, addressed requiring licensees to submit the
,

| plant-specific SBLOCA analyses, using the NRC-approved method as described in
the preceding Issue II.K.3(30), to show compliance with 10 CFR 50.46.'

t ABB-CE states in CESSAR-DC Section 20.2.121 that the SBLOCA analysis for the |
' '

System 80+ design is discussed in CESSAR-DC Section 6.3."1. Report CEN-203, as i
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The staff reviewed the SBLOCA analysis and determined, in Section 15.3.7 of
this report, that the analysis is acceptable. The staff finds the analysis -

acceptable because ABB-CE used the NRC-approved evaluation models as described
in Issue II.K.3(30) to analyze small breaks and demonstrated that the ana-
lytical results comply with the LOCA performance criteria of 10 CFR 50.46,
which require that the peak cladding temperature is less than 1204 *C
(2200 'F), the maximum local cladding oxidation of 17 percent, and the maximum
core-wide oxidation of 1.0 percent of the total amount of the metal in the
core.

Therefore, Issue II.K.3(31) is resolved for the System 80+ design.

Issue II.K.3(55): Operator Monitorina of Control Board

Issue II.K.3(55), in NUREG-0933, addressed operator monitoring in the control
room for all Westinghouse and Combustion-Engineering plants; however, no
requirements were issued in NUREG-0737. The staff determined in NUREG-0933
that this issue was addressed by Issues I.C.1, I.D.2, and I.D.3; however,
ABB-CE states in CESSAR-DC Section 20.2.122 that Issue II.K.3(55) is only
covered by Issue I.C.1 and I.D.3.

The resolutions of Issues I.C.1, I.D.2, and I.D.3 for the System 80+ design
are in this section and are acceptable; therefore, Issue II.K.3(55) is
resolved for the System 80+ design.

Issue III.A.I.2: Voorade Licensee Emeraency Sucoort Facilities

Issue III.A.I.2, in NUREG-0933, addressed requiring licensees to upgrade their
emergency support facilities by establishing a technical support center (TSC),
an operational support center (OSC), and a nearsite emergency operations
facility (EOF) for command and control, support, and coordination of onsite
and offsite functions during reactor accident situations.

ABB-CE discusses only the TSC in CESSAR-DC Section 20.2.122 in addressing
Issue II.A.1.2; however, as discussed in Section 13.3 of this report, the
System 80+ design provides for a TSC and an OSC. The staff considers that the

| nearsite E0F is outside the scope of the System 80+ design certification and
j will be addressed by the COL applicant, This is COL Action Item 13.3-2.

Therefore, Issue III.A.I.2 is resolved for the System 80+ design.

Issue III.A.3.3: Install Direct Dedicated Teleohone Lines and Obtain Dedi-
cated Short-Ranae Radio Communication Systems

Issue III.A.3.3, in NUREG-0933, addressed upgrading the communications
|

|
capability at the emergency support facilities at the plant listed in Issue
III.A.1.2. This capability is outside the scope of the System 80+ design'

i certification and will be addressed by the COL applicant. This is briefly
I discussed in Sections 9.5.2 and 13.3 of this report. The responsibility of

the COL applicant is part of COL Action Item 9.5.2-1.
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Therefore, Issue III.A.3.3 is resolved for the System 80+ design.

Issue III.D.1.1: Primary Coolant Sources Outside the Containment Structure

Issue III.D.1.1, in NUREG-0933, addressed identifying design features to
reduce the potential for exposure to workers at plants and to offsite popula-
tions from the release of primary coolant following an accident. This issue
has three subissues:

III.D.I.1(1), " Review Information Submitted by Licensees Pertaining to*
'

Reducing Leakage From Operating Plants"
111.D.1.1(2), " Review Information on Provisions for leak Detection"=

III.D.1.l(3), " Develop Proposed System Acceptance Criteria"*

The requirements for the first subissue are in NUREG-0737. The other two were
concluded to be resolved in NUREG-0933 and were then dropped from further
consideration. .

The staff determined that the safety concerns raised in Subissue III.D.I.l(2)
were addressed in other issues, including Issues 66 and 119.5 which are ad-
dressed, and accepted, for the System 80+ design in Section 20.3 in this
chapter. The need for requiring leak-detection systems and the development of
new acceptance criteria for these systems in Subissue III.D.I.l(3) were
pursued by the staff in other issues, as Subissue III.D.I.1(2). Therefore,
work on Subissue III.D.1.1(3) did not provide any data for staff consideration
and this issue was dropped from further consideration.

O relevant to the System 80+ design.
In CESSAR-DC Section 20.2.125, ABB-CE considered only Subissue II.D.I.1(2) as

It stated that the subissue was resolved
by the monitoring provisions summarized in Section 11.5, the ALARA evaluation
in Section 12.1, and the radiation protection design features in Section 12.3,
of CESSAR-DC. These sections are discussed below.

.

In NUREG-0737, Subissue III.D.1.1(1) required licensees to implement a program
to reduce leakage from systems outside the containment that would or could
contain highly radioactive fluids during a serious transient, or following an
accident, to as-low-as-practical levels. System 80+ design features are
discussed in Sections 12.1 and 12.3 on radiation protection and ALARA (as low
as is reasonably achievable), Section 5.2.5.1 on the RCPB leakage detection
methods, Section 11.2 on the liquid radwaste management system, and Sec-
tion 11.5 on process and effluent monitors, of the CESSAR-DC.

For Subissue III.D.1.l(2), the staff also stated in NUREG-0933 Uat Is-
sue II.F.1 addressed accident monitoring instrumentation and that the RCPB
leak detection capability must be equivalent to that specified in RG 1.G. 1

ABB-CE discusses RCPB leakage detection systems in CESSAR-DC Section 5.2.5.1.
The staff evaluated these systems in Section 5.2.2 of this report ar.d found ,

Ithem acceptable with respect to RG 1.45. Also, Issue II.F.1 is addressed and
resolved for the System 80+ design in this section.

Therefore, Issue III.D.I.1 is resolved for the System 80+ design.

For DSER Open Item 20.3-1, in a footnote to the table in DSER Section 20.3,
\ the staff stated in part that Issue III.D.1.1 would be evaluated in this
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report. The above discussion addresses this issue and this part of DSER Open I
'Item 20.3-1 is resolved.

Issue III.D.3.3: In-Plant Radiation Monitorina ;

Issue III.D.3.3, in NUREG-0933, addressed improving radiation protection for
nuclear power plant workers. This issue required licensees to improve in-
plant radiciodine instrumentation under accident conditions. This issue has
the following four subissues:

III.D.3.3(1), " Issue Letter Requiring Improved Radiation Sampling*

Instrumentation"
III.D.3.3(2), " Set Criteria Requiring Licensees to Evaluate Need for*

Additional Survey Equipment"
III.D.3.3(3), " Issue Rule Change Providing Acceptable Methods for*

Calibration of Radiation Monitoring Instruments"
III.D.3.3(4), " Issue a Regulatory Guide."*

For Subissue III.D.3.3(1), the staff stated in NUREG-0737 that licensees shall
provide equipment, and associated training and procedures for accurately
determining airborne radioiodine concentrations in areas where plant personnel
may be during an accident.

For Subissue III.D.3.3(2), the staff stated in NUREG-0933 that the subissue
was resolved with the requirements for high-range area and portable monitors
being incorporated into Revision 2 of RG 1.97 and SRP Sections 12.3 and 12.5
being revised in July 1981, to incorporate new requirements for in-plant
radiation monitoring.

For Subissues III.D.3.3(3) and (4), the staff stated in NUREG-0933 that
(1) the revision to 10 CFR 20.501(c) on acceptable methods to calibrate
radiation monitoring instruments and (2) RG 8.25, " Air Sampling in the
Workplace," being issued in August 1980, resolved these sub-issues, respec-

|
tively.

i
1

ABB-CE states in CESSAR-DC Section 20.2.126 that the permanently installed
radiation monitoring system (RMS) of the System 80+ design is described in
CESSAR-DC Section 11.5 (with monitor types, sensitivities, ranges, and other
data in CESSAR-DC Tables 11.5-1 through -5) and airborne radiation monitors

,

are described in CESSAR-DC Section 11.5.1.2.4. '

These monitors include portable units that can be moved to areas where work or
surveillance activities are at an unusual risk of airborne exposure. All
equipment is assembled on a mobile cart, and the design allows for transfer of

,Isample filters or cartridges to the station counting room for further analy-
sis. The equipment for continuous sampling during and after an accident of l

plant gaseous effluent for noble gas, radiciodine, and particulates and for
radiation monitoring of areas requiring post-accident access is described in
the following sections of CESSAR-DC: 11.5.1.2.1, 11.5.1.2.3, 11.5.1.2.4, ;11.5.1.2.5, and 11.5.1.2.6. 1

|

The staff discusses the area radiation and airborne radioactivity monitoring
instrumentation in Section 12.3.4 of this report. In this section, the staff
states that the System 80+ design will have portable airborne monitors
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available to provide accurate determination of airborne radiciodine concentra-

O monitors will meet the equipment requirements discussed above for this issue.
tions in areas that would not be covered by fixed instrumentation. These

The COL applicant will provide the additional information concerning the
specific equipment to be used, and the training and procedures that will be
followed. This is COL Action Item 12.3.4-2.

!Therefore, Issue III.D.3.3 is resolved for the System 80+ design.

Issue III.D.3.4: Control Room Habitability i

Issue III.D.3.4, in NUREG-0933, addressed upgrading the habitability of the
control room for the operators. The requirements were given in NUREG-0737.

ABB-CE states in CESSAR-DC Section 20.2.127 that the System 80+ control room
habitability design is discussed in CESSAR-DC Section 6.4. The staff accepts
the design in Section 6.4 of this report and states that the COL applicant
will have to demonstrate that control room operators are adequately protected ,

against the effects of the release of toxic substances, either on or off the
site, and that the plant can be safely operated or shutdown under conditions
created by any DBA. This is outside the scope of the System 80+ design
certification and is designated COL Action Item 6.2-4. See also Issue 83 in
Section 20.3 of this chapter.

Therefore, Issue III.D.3.4 is resolved for the System 80+ design.

20.5 Human Factors Issues I

O The resolution of the human factors issues, in NUREG-0933, for the System 80+
,

design are discussed in detail in Section 18.3.3.2.5 of this report and are
mentioned briefly below. These human factors issues were taken from NUREG-09-
85, "U.S. Nuclear Regulatory Commission Human Factors Program Plan," (Revi-
sion 2) dated April 1986. In Chapter 18 of this report, the staff presents >

its evaluation of the HFE for the System 80+ design.

In the DSER, the staff stated that the human factors issues discussed below
,

would be addressed in this report and designated the action as DSER Action
Item 20.2-29. On the basis of the evaluations below, DSER Action Item 20.2-29
is resolved. !

fIssue HF1.1: Shift Staffina

This issue addressed ensuring that the numbers and capabilities of the staff
at nuclear power plants are adequate to operate the plant safely. This issue
was to determine the minimum appropriate shift crew staffing composition. To ,

meet this goal, consideration was given to |

the number and functions of the staff needed to safely perform all I=

required plant operations, maintenance, and technical support for each
operational mode;

O
+ the minimum qualifications of plant personnel in terms of education,

skill, knowledge, training exoerience, and fitness for duty; and
l

l
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appropriate limits and conditions for shift work including overtime,.

shift duration, and shift rotation.

The review criteria for this issue are contained in the 10 CFR 50.54, SRP
Sections 13.1.2 through 13.1.3, and RG 1.114, " Guidance to Operators at the
Controls and to Senior Operators in the Control Room of a Nuclear Power Unit."

ABB-CE states in CESSAR-DC Section Table 20.1-1 that this issue is not
relevant to the System 80+ design because NRC had identified this as an
operational issue, which is the responsibility of the COL applicant.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design. The resolution
involves a responsibility for the COL applicant to adhere to RG 1.114, which
is part of COL Action Item 13.1-1.

Issue HF4.4: Guidelines for Vooradina Other Procedures

This issue addressed ensuring that plant procedures are adequate and could be
used effectively, and to guide operators in maintaining plants in a safe state
under all operating conditions, including the ability to control upset
conditions without first having to diagnose the specific initiating event.
This objective is to be met by: (1) developing guidelines for preparing, and
criteria for evaluating, E0Ps, normal operating procedures, and other proce-
dures that affect plant safety; and (2) upgrading the procedures, training the
operators in their use, and implementing the upgraded procedures.

The review criteria for this issue are in SRP Sections 13.5.1 and 13.5.2, and
in IN 86-64, " Deficiencies in Upgrade Programs for Plant Emergency Operating
Procedures."

ABB-CE states in CESSAR-DC Section Table 20.1-1 that this issue is not
relevant to the System 80+ design because NRC had identified this as an
operational issue, which is the responsibility of the COL applicant.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design. The resolution of
the issue is through procedure development which is discussed in Section 13.5
of this report, and is outside the scope of the System 80+ design certifica-
tion and the responsibility of the COL applicant (COL Action Item 13.5-1).

Issue HF4.5: Apolication of Automation and Artificial Intelliaence (AI)

This issue concerned the level of automation possible in power plants within |

the nuclear industry. The level of automation spans a range of possibilities !

from the fully manual, with locally-operated valves, to the fully-automated, l
employee artificial intelligence. Reducing the menial level of workload of j

operators could provide better low-level control and fewer operator errors. i

Such automation can also free operators to concentrate on the cognitive level |
of operations. Automation and AI affects the following: control room design, i

operating procedures, and other operator aids, staffing, and training.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design.
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Issue HF5.1: Man-Machine Interface - Local Control Stations

V This issue addressed ensuring that the man-machine interface is adequate for
the safe operation and maintenance of a nuclear power plant. The concerns
associated with this issue include the assurance that indications and controls
made available to operators at local control stations outside of the control
room or remote shutdown room are sufficient and appropriate for their intended
use.

| The regulatory guidance has been limited to the control room and the remote
| shutdown panel. Control room crew activities should be analyzed to establish
| and describe communication and control links between the control room and the

auxiliary control stations. Additionally, the potential impact of auxiliary
personnel on plant safety should be analyzed.

ABB-CE states in CESSAR-DC Section 20.2.86 that the design philosophy of the -

local control stations in Nuplex 80+ are described in CESSAR-DC Sec-
tion 18.7.1.6.2. Communications between the local stations and the main
control room are discussed in CESSAR-DC Section 9.5.2.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design.

Issue HF5.2: Review Criteria for Human Factors AsDects of Advance Controls
and Instrumentation

This issue concerned the use of advanced I&Cs, in particular with respect tom
T plant annunciators.

ABB-CE states in CESSAR-DC Section 20.2.87 that the design of the annunciator
system is in CESSAR-DC Sections 18.7.1.1.4 and 18.7.1.5. Of major importance
is the reduction in the stimulus overload to the operators which can occur in
during major transients. They are functionally grouped and prioritized.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design.

Issue HF5.3: Man-Machine Interface - Evaluation of Ooerational Aids

This issue concerned the development and implementation of additional operator
aids into control rooms. The goal is to improve operator performance through
the implementation of effective techniques for display of information. The
issue encompasses areas such as alarm system enhancements and potential use of
advanced computer support techniques such as Al and expert systems.

ABB-CE states in CESSAR-DC Section Table 20.1-1 that this issue is not
relevant to the System 80+ design because NRC had identified this as an
operational issue, which is the responsibility of the COL applicant.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design; however, the staff
does not consider that there is any action needed to be taken by the COLc

( applicant.
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I

Issue HF5.4: Man-Machine Interface - Comouters and Comouter Disolavs

This issue concerned the integration of computers and computer-driven displays )
'

into new control room designs.

ABB-CE states in CESSAR-DC Section Table 20.1-1 that this issue is not
relevant to the System 80+ design because NRC had identified this as an
operational issue, which is the responsibility of the COL applicant.

See Section 18.3.3.2.5 of this report for the staff's evaluation and conclu-
sion that this issue is resolved for the System 80+ design; however, the staff
does not consider that there is any action needed to be taken by the COL
applicant.

20.6 Additional Three Mile Island Action Plan Reouirements

Pursuant to 10 CFR 52.47(a)(ii), an applicant for design certification must
demonstrate compliance with any technically relevant TMI Action Plan items
addressed in 10 CFR 50.34(f). The relevant TMI Action Plan items and the
section where they are addressed are listed in Table 20.2 of this report.

The DSER COL Action Item 20.3-1, a footnote to Table 20.2 in the DSER, stated
that Issue III.J.3.1 would be addressed by the applicant for COL (i.e., the
COL applicant). Issue II.J.3.1 is now addressed in Section 20.3 of this
report and it references COL Action Items 13.1-1, 17.1-1, and 17.2-1. There-
fore, COL Action Item 20.3-1 is not needed and is closed out.

20.7 Incorooration of Operatina Experience

glackaround

The NRC staff issues generic communications (bulletins, generic letters, and
information notices) to transmit operational experience information to
industry. A bulletin or generic letter is typically issued when the NRC staff
determines that licensees should be required to inform the NRC what actions
have been or will be taken to address an event, condition, or circumstance
that is both potentially safety significant and generic. An information
notice is typically issued when the NRC staff determines that licensees should
be informed of an event, condition, or circumstance that may be both poten-
tially safety significant and generic, but the event, condition, or circum-
stance is not sufficiently significant to warrant requiring licensees to
confirm in writing that actions have been or will be taken. Potential safety
issues highlighted in NRC generic communications have resulted in the estab-
lishment of a USI or GSI, and have also been incorporated into formal regula-
tory requirements.

Acolication Content Review

ABB-CE states that it considered operational experience information in the
design of the System 80+. In CESSAR-DC Section 1.8, ABB-CE presents the
findings of its review of bulletins and generic letters. ABB-CE determined
the applicability of the generic letters and bulletins to the System 80+
design, and gave the basis for this determination in CESSAR-DC Tables 1.8-2
and 1.8-3, respectively. As shown in these tables, ABB-CE reviewed the

ABB-CE System 80+ FSER 20-136 June 1994

- _ _ _ ._-__-__ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _



-

generic letters and bulletins that were issued on or after January 1980. This

[- is acceptable to the NRC staff as discussed later in this section, under the
\ heading, " Regulatory Review." These tables resolve DSER Confirmatory

Item 20.4-1.

ABB-CE also states in CESSAR-DC Section 1.2 that information about operational ,

experience obtained from sources other than bulletins and generic letters was
incorporated into the System 80+ design. In CESSAR-DC Table 1.2-1, ABB-CE
describes the incorporation'into the System 80+ design of collective industry -

experience as promulgated through the EPRI Utility Requirements Document, as
well as designer-specific experience. This table resolves DSER Confirmatory
Item 20.4-2.

Reaulatory Review

The SRP (NUREG-0800) guides the NRC staff for its review of a reactor facility
design. This document states requirements, acceptance criteria (some of which
are based on operating reactor experience), and findings that the staff must
make. This document was last revised in April 1982. Significant issues
raised before January 1981 were incorporated into the April 1982 revision.
Accordingly, the staff concludes that it is appropriate to focus its review on
issues of operating experience identified by NRC since January 1981. However,
ABB-CE have reviewed and reported on the bulletins and generic letters issued
by the NRC on and after January 1980, as to their applicability to the
System 80+ design.

As stated above, the bulletins and generic letters address the issues that are

O NRC of the actions they have taken or will take, whereas information notices
of sufficient safety significance to warrant requiring licensees to inform the

do not require a response. Accordingly, the NRC staff concluded that it is
appropriate to focus its review on bulletins and generic letters.

The staff reviewed the bulletins and generic letters issued since 1980 for
incorporation into the staff's review of the System 80+ design. Upon initial
review, certain bulletins and generic letters were excluded from the review
because they were not relevant to the design of the System 80+ plant, or
because they were associated with TMI Action Plan items, USIs or GSIs, or
existing rules and regulations and, thus, were already an integral part of the
staff's System 80+ design review process. See the resolution of the techni-
cally relevant generic issues in NUREG-0933 (i.e., TMI Action Plan items,
USIs, and GSIs) for the System 80+ design in Sections 20.2 through 20.4 of
this chapter. As examples, BL 80-01, " Operability of ADS Valve Pneumatic
Supply," applies only to BWRs; GL 86-14, " Operator Licensing Examinations,"
relates to operator licensing exam schedules which are the responsible of the
owner / operator; GL 86-10. " Implementation of Fire Protection Requirements," is :

associated with 10 CFR 50.48 and 10 CFR Part 50, Appendix R; GL 89-06, " Task
Action Item I.D.2 - Safety Parameter Display System," is associated with a THI
Action Plan item; and GL 84-15, " Proposed Staff Actions To Improve and
Maintain Diesel Generator Reliability," is associated wi?.h a USI/GSI. There ,

'

are additional generic letters which transmitted previously issued bulletins
and, therefore, were considered duplicates of the bulletins.

O- The remaining 75 bulletins and generic letters were reviewed to assure that |
the issues identified had, if appropriate, been incorporated into the staff's ;
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System 80+ design review. Where necessary, additional information was sought
from ABB-CE. The identified issues were categorized as: (1) not applicable
to the System 80+; (2) applicability to the System 80+ still being determined;
(3) not a design issue; or (4) applicable to the System 80+ and addressed in
CESSAR-DC, in this report, or in both. The resolution of the issues identi-
fied in the 75 bulletins and generic letters is summarized in Tables 20.3 and
20.4, respectively, which follows.

Of the 75 bulletins and generic letters, 27 issues are being resolved during
the ongoing preparation of TS (see Chapter 16 of this report); 9 issues were
determined not applicable to the System 80+, and 39 issues were either not
design issues or were already appropriately considered in the System 80+
design.

The staff stated in the DSER that it was still evaluating BL 80-03, " Loss of
Charcoal From Standard Type II, 2-inch, Tray Absorber Cells," BL 80-10,
" Contamination of Nonradioactive System and Resulting Potential for Unmoni-
tored, Uncontrolled Release to Environment"; BL 80-24, " Prevention of Damage
Due to Water Leakage Inside Containment (October 17, 1980 Indian Point

| Event)"; and GL 81-38, " Storage of Low Level Radioactive Wastes at Power
: Reactor Sites." Resolution of these issues was identified as DSER Open

Item 20.4-1. The staff has completed its review of these bulletins and
generic letters and the results are in Tables 20.3 and 20.4, respectively.
The staff concluded that the System 80+ design adequately addressed the
concerns. Therefore, DSER Open Item 20.4-1 is resolved.

Conclusion

Of the bulletins and generic letters issued on or after January 1980, 75 were
identified for possible incorporation into the staff's System 80+ design
review. On the basis of its review of these 75 bulletins and generic letters,
the NRC staff concludes that operational experience information has been
adequately incorporated into the System 80+ design.

|
|

1

l

i

!

!

| A
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Table 20.1 USIs/GSIs in NUREG-0933 (Supplement 15) relevant to the
System 80+ Design

v

Issue Title of Issue and Section of this Chapter Relevancy

Section 20.1, Task Action Plan Items

A-1 Water Hammer 52.47/CE
A-2 Asymmetric Blowdown Loads on Reactor Primary Cool- 52.47/CE

ant Systems
A-4 ABB-CE Steam Generator Tube Integrity 52.47/CE
A-9 Anticipated Transient Without Scram (ATWSs) 52.47/CE
A-12 Fracture Toughness of Steam Generator and Reactor 52.47/CE

Coolant Supports
A-13 Snubber Operability Assurance 52.47/CE
A-17 Systems Interactions in Nuclear Power Plants 52.47/CE
A-24 Qualification of Class IE Safety-Related Equipment 52.47/CE
A-25 Non-Safety Loads on Class lE Safety-Related Equip- 52.47/CE

ment
A-26 Reactor Vessel Pressure Transient Protection 52.47/CE
A-29 Nuclear Power Plant Design for Reduction of Vulner- 52.47/CE

ability to Sabotage
A-30 Adequacy of Safety-related DC Power Supplies CE

A-31 RHR Shutdown Requirements 52.47/CE
A-35 Adequacy of Offsite Power Systems 52.47/CE
A-36 Control of Heavy Loads Hear Spent Fuel 52.47/CE

C A-40 Seismic Design Criteria Short-term Program 52.47/CE ,

A-43 Containment Emergency Sump Performance 52.47/CE
A-44 Station Blackout 52.47/CE
A-45 Shutdown Decay Heat Removal Requirements CE

A-47 Safety Implications of Control Systems 52.47/CE
A-48 Hydrogen Control Measures and Effects of Hydrogen Staff

Burns on Safety Equipment
A-49 Pressurized Thermal Shock 52.47/CE
B-5 Ductibility of Two-Way Slabs and Shells, and Buck- 52.47/CE

ling Behavior of Steel Containments
B-17 Criteria for Safety-Related Operator Actions 52.47/CE
B-26 Structural Integrity of Containment Penetrations Staff
B-36 Develop Design, Testing, and Maintenance Criteria 52.47/CE

for Atmosphere Cleanup System Air Filtration and
Adsorption Units for ESF Systems and Normal Venti-
lation Systems

B-53 Load Break Switch CE

B-56 Diesel Reliability 52.47/CE
B-60 Loose-Parts Monitoring Systems CE

B-61 Allowable ECCS Equipment Outage Periods 52.47/CE
B-63 Isolation of Low-Pressure Systems Connected to the 52.47/CE

Reactor Coolant Pressure Boundary
B-66 Control Room Infiltration Measurements 52.47/CE

O
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Issue Title of Issue and Section of Chapter Relevancy

Section 20.1, Task Action Plan Items

C-1 Assurance of Continuous Long-Term Capability of 52.47/CE
Hermetic Seals on Instrumentation and Electrical
Equipment

C-2 Study of Containment Depressurization by Inadver- CE

tent Spray Operation to Determine Adequacy of
Containment External Design Pressure

C-4 Statistical Methods for ECCS Analysis CE

C-5 Decay Heat Update CE

C-10 Effective Operation of Containment Sprays in a 52.47/CE
LOCA

C-12 Primary System Vibration Assessment CE

C-17 Interim Acceptance Criteria for Solidification 52.47
Agents for Radioactive Solid Wastes

Section 20.3, New Generic Issues

3 Setpoint Drift in Instrumentation CE

14 PWR Pipe Cracks CE

15 Radiation Effects on Reactor Vessel Supports 52.47/CE
22 Inadvertent Baron Dilution Events CE

23 Reactor Coolant Pump Seal Failures 52.47/CE
24 Automatic ECCS Switchover to Recirculation 52.47/CE
29 Bolting Degradation or Failure in Nuclear Power 52.47/CE

Plants
36 Loss of Service Water CE

43 Reliability of Air Systems CE
45 Inoperability of' Instrumentation Due to Extreme 52.47/CE

Cold Weather
48 LCO [ Limiting Condition for Operation] for Class CE

1E Vital Instrument Buses in Operating Reactors
49 Interlocks and LCOs for Class IE Tie Breakers CE

51 Improving the Reliability of Open-Cycle Service 52.47/CE
Water Systems

57 Effects of Fire Protection Systems Actuation on 52.47/CE
Safety-Related Equipment

64 Identification of Protection System Instrument- CE

Sensing Lines
66 Steam Generator Requirements CE

67.3.3 Improved Accident Monitoring 52.47/CE
70 PORV and Block Valve Reliability 52.47/CE
75 Generic Implications of ATWS Events at Salem Nu- 52.47/CE

clear Plant
78 Monitoring Fatigue Transient Limits for the Reac- 52.47/CE

tor Coolant System
79 Unanalyzed Reactor Vessel Thermal Stress During CE

Natural Circulation Cooldown
82 Beyond-Design-Basis Accidents in Spent Fuel Pools 52.47/CE
83 Control Room Habitability 52.47/CE ,

84 ABB-CE PORV 52.47 ;

i
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O Issue Title of Issue and Section of this Chapter Relevancy

I Section 20.3, New Generic Issues

87 Failure of HPCI Steam Line Without Isolation 52.47/CE
93 Steam Binding of Auxiliary Feedwater Pumps 52.47/CE
94 Additional Low-Temperature Overpressure Protection 52.47/CE

for Light-Water Reactors
99 RCS/RHR Suction Line Valve Interlock on PWRs 52.47/CE
103 Design for Probable Maximum Precipitation 52.47/CE
105 Interfacing System LOCA at LWRs CE

106 Piping and Use of Combustible Gases in Vital Areas 52.47/CE
113 Dynamic Qualification Testing of Large-Bore Hy- 52.47/CE

draulic Snubbers
118 Tendon Anchorage Failure 52.47/CE
119.1 Piping Rupture Requirements and Decoupling of CE

Seismic and LOCA Loads
119.2 Piping Damping Values CE

119.3 Decoupling the OBE from the SSE CE

119.5 Leak Detection Requirements CE

120 On-Line Testability of Protection Systems 52.47/CE
121 Hydrogen Control for Large, Dry PWR Containments 52.47/CE
122.2 Initiating Feed and Bleed CE

124 Auxiliary Feedwater System Reliability 52.47/CE
125.I.3 Safety Parameter Display System Availability CE

125.11.7 Reevaluate Provisions To Automatically Isolate CE
Feedwater from Steam Generator During a Line Break

O 128 Electric Power Reliability 52.47/CE
130 Essential Service Water Pump Failures at Multi- 52.47/CE

plant Sites
135 Steam Generator and Steamline Overfill 52.47/CE
142 Leakage Through Electrical Isolators in Instrumen- 52.47/CE

tation Circuits
143 Availability of Chilled Water Systems and Room 52.47/CE

Cooling
153 Loss of Essential Service Water in LWRs 52.47/CE
155.1 More Realistic Source-Term Assumptions 52.47/CE

Section 20.4, Three Mile Island Action Plan items

I.A.1.4 Long-Term Upgrade of Operating Personnel and 52.47 ;

Staffing
I.A.4.l(2) Interim Changes in Training Simulators 52.47
I.A.4.2 Long-Term Training Simulator Upgrade 52.47
I.C.1 Guidance for Evaluation and Development of Proce- CE

dures for Transients and Accidents
I.C.5 Procedures for Feedback of Operating Experience to Staff

Plant Staff ;

I.C.9 Long-Term Program for Upgrading Procedures 52.47/CE
I.D.1 Control Room Design Reviews 52.47/CE
I.D.2 Plant Safety Parameter Display Console 52.47/CE

v
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Issue Title and Section of this Chapter Relevancy ]
'

Section 20.4, Three Mile Island Action Plan items

I.D.3 Safety System Status Monitoring 52.47/CE
I.D.4 Control Room Design Standard CE i

I.D.5(1) Control Room Design: Improved Instrumentation CE
Research - Alarms and Displays

I.D.5(2) Control Room Design: Improved Instrumentation 52.47/CE
Research - Plant Status and Postaccident Monitor-
ing

1.D.5(3) Control Room Design: On-Line Reactor Surveillance 52.47/CE
Systems

I.D.5(4) Improved Control Room Instrumentation: Process CE

Monitoring Instrumentation
I.F.1 Expanded Quality Assurance 52.47/CE
I.F.2 Development of More Detailed QA Criteria 52.47/CE
I.G.2 Scope of Test Program 52.47/CE
II.B.1 Reactor Coolant System Vents 52.47/CE
II.B.2 Plant Shielding to Provide Postaccident Access to 52.47/CE

Vital Areas
II.B.3 Postaccident Sampling Capability 52.47/CE
II.B.8 Rulemaking Proceedings on Degraded Core Accidents 52.47/CE

Description
II.C.4 Reliability Engineering CE

II.D.1 Performance Testing of PWR Safety and Relief 52.47/CE
Valves

II.D.3 Coolant System Valves: Valve Position Indication 52.47/CE
II.E.1.1 Auxiliary Feedwater System Evaluation 52.47/CE
II.E.1.2 Auxiliary Feedwater System Automatic Initiation 52.47/CE

and Flow Indication
II.E.1.3 Updated Standard Review Plan and Development of 52.47

Regulatory Guides
II.E.2.2 Research on Small LOCAs and Anomalous Transients Staff
II.E.3.1 Pressurizer Heater Power Supply 52.47/CE
II.E.4.1 Dedicated Hydrogen Penetrations 52.47/CE
II.E.4.2 Containment Isolation Dependability 52.47/CE
II.E.4.4 Purging 52.47/CE
II.E.6.1 In Situ Valve Testing 52.47/CE
II.F.1 Additional Accident Monitoring Instrumentation 52.47/CE
II.F.2 Identification of and Recovery from Conditions 52.47/CE

Leading to Inadequate Core Cooling
II.F.3 Instrumentation for Monitoring Accident Conditions 52.47/CE
II.G.1 Power Supplies for Pressurizer Relief Valves, 52.47/CE

Block Valves, and Level Indicators
II.J.3.1 Organization and Staffing to Oversee Design and 52.47/CE

Construction
II.J.4.1 Revise Deficiency reporting requirements 52.47
II.K.1(3) Review Operating Procedures for Recognizing, Pre- CE

venting, and Mitigating Void Formation In Tran-
sients and Accidents

! O
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[3 Issue Title and Section of this Chapter Relevancy

Section 20.4, Three Mile Island Action Plan items

II.K.l(4d) Review Operating Procedures and Training To Ensure CE |
That Operators Are Instructed Not to Rely on Level i
Alone in Evaluating Plant Conditions |

II.K.1(5) Safety-Related Valve Position Dercription 52.47/CE |

II.K.l(6) Review Containment Isolation Initiation Design and CE l

Procedures
II.K.l(9) Review Procedures To Ensure That Radioactive Liq- CE

uids and Gases Are Not Transferred Out of Contain-
ment

II.K.1(10) Review anJ Modify Procedures for Removing Safety- 52.47/CE
Related Systems from Service

II.K.1(13) Propose Technical Specification Changes Reflecting 52.47
Implementing of All Bulletin Items

II.K.1(14) Review Operating Modes and Procedures To Deal With CE

Significant Amounts of Hydrogen
II.K.l(15) For Facilities With Non-Automatic AFW Initiation, CE

Provide Dedicated Operator in Continuous Communi-
cation With the Control Room To Operate AFW

II.K.1(16) Implemented Procedures That Identify Pressurizer CE

PORV "Open" Indications and That Direct Operator
to Close Valve Manually at " Reset" Setpoint

II.K.l(24) Perform LOCA Analyses for a Range of Small-Break 52.47/CE
Sizes and a Range of Time Lapses Between Reactorp) Trip and RCP Trip-,

V II.K.l(25) Develop Operator Action Guidelines Position and 52.47/CE
Resolution

II.K.1(26) Revise Emergency Procedures and Train Reactor 52.47/CE
Operators and Senior Reactor Operators

II.K.1(27) Provide Analysis and Develop Guidelines and Proce- 52.47/CE
dures for Inadequate Core Cooling

II.K.1(28) Provide Design That Will Assure Automatic RCP Trip 52.47/CE
for All Circumstances Where Required

II.K.3(2) Report on Overall Safety Effect of PORV Isolation 52.47/CE
System

II.K.3(5) Automatic Trip of Reactor Coolant Pumps During CE

Loss-of-Coolant Accident
II.K.3(6) Instruments To Verify Natural Circulation CE

II.K.3(8) Further Staff Consideration of Need for Diverse CE

Decay Heat Removal Method Independent of SGs
II.K.3(25) Effect of Loss of AC Power on Pump Seals CE

II.K.3(30) Revise Small-Break LOCA Methods To Show Compliance CE

With 10 CFR Part 50, Appendix K )
II.K.3(31) Plant-Specific Calculations To Show Compliance CE

,

With 10 CFR 50.46 l

II.K.3(55) Operator Monitoring of Control Board CE l
III.A.l.2 Upgrade Licensee Emergency Support Facilities 52.47/CE

r~N

,

|
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Issue Title and Section of this Chapter Relevancy j

Section 20.4, Three Mile Island Action Plan items f

III.A.3.3 Install Direct Dedicated Telephone Lines and Ob- 52.47
III.D.1.1 tain Dedicated Short-Range Communication Systems 52.47/CE

Primary Coolant Sources outside the Containment
III.D.3.3 In-Plant Radiation Monitoring 52.47/CE
III.D.3.4 Control Room Habitability 52.47/CE 1

1

Section 20.5, Human Factors Issues
'

i

HF1.1 Shift Staffing 52.47 i

HF4.4 Guidelines for Upgrading Other Procedures 52.47 1
IHF5.1 Local Control Station

HF5.2 Review Criteria for Human Factors Aspects of Ad- 52.47/CE !

vance Controls and Instrumentation 52.47/CE I

NOTES:

* 52.47: The resolution of the issue is required by 10 CFR 52.47(a)(1)(ii)
and (iv).

CE: Although not required by 52.47, ABB-CE submitted an evaluation in
CESSAR-DC Chapter.

Staff: The staff provided a resolution for the issue although ABB-CE
did not provide an evaluation in CESSAR-DC Chapter 20. ,

|

O
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Table 20.2 52.47(a)(1)(ii) TMI Action Plan Items

G
TMI REQUIREMENT 50.34(f) FSER CHAPTER FSER SECTION

II.B.8 19, 20 19.1, 19.2, 19.4, 20.4

II.E.1.1 10, 19, 20 10.4.9, 19.1, 20.4

II.K.3(2) 20 20.4

I.A.4.2 20 20.4

I.C.9 20 20.4

I.D.1 18, 20 All, 20.4

1.D.2 18, 20 18.7, 20.4

I.D.3 20 20.4

II.B.1 20 20.4

II.B.2 12, 20 12.2.3, 12.3.1, 20.4

II.B.3 20 20.4

II.D.1 20 20.4

II.D.3 20 20.4

II.E.1.2 20 20.4

O II.E.3.1 8, 20 8.4, 20.4

II.E.4.2 20 20.4

II.E.4.4 20 20.4

II.F.1 7, 20 7.5, 12.3.4, 20.4

II.F.2 20 20.4

II.F.3 20 20.4

II.G.1 20 8.4, 20.4

III.A.1.2 13, 20 13.3, 20.4

III.D.1.1 20 20.4

III.D.3.3 12, 20 12.3.4, 20.4

I.F.1 17, 20 17.1, 20.4

1.F.2 17, 20 17.1, 20.4

II.E.4.1 20 20.4
,

II.J.3.1 20 20.4

III.D.3.4 6, 20 6.4, 20.4
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Table 20.3 Resolution of bulletins (BLs) issued since 1980
and their applicability to the System 80+ design

Bulletin No. and Staff Resolution
Title

BL-80-03, This issue is resolved for the System 80+ design and is
Loss of charcoal addressed in Section 6.4 of this report. The charcoal
from Standard tray and screen of the control room emergency zone of
Type II, 2-inch, the control complex system is made of all-welded con-
tray absorber struction to preclude the potential loss from the
cells adsorber cells. All ducts and equipment housings are

all welded construction and flanged connections will be
pressure tight and periodically visually examined and
tested. This concern is resolved by the air filtration
systems being designed to the criteria in RGs 1.52 and
1.140, as discussed for the System 80+ design in
CESSAR-DC Tables 9.4.5 and 9.4.6, and found acceptable
by the staff in Section 9.4 of this report.

BL-80-04, This issue is resolved for the System 80+ design and is
Analysis of a addressed in Sections 6.2 and 15.3.1 of this report.
pressurized- The resolution of Issue 125.11.7 in Section 20.2 of this
water reactor chapter is related to this issue.

(PWR) main
steamline break
with continued
feedwater addi-
tion
BL-80-05, This issue is resolved for the System 80+ design and is
Vacuum condition addressed in Section 11.2 of this report.
resulting in
damage to chemi-
cal volume con-
trol system
(CVCS) holdup
tanks

BL-80-06, This issue is resolved for the System 80+ design because
Engineered the desi5n does not utilize an automatic ESF reset and,
safety feature following initiation, each ESF system must be manually
(ESF) reset con- reset,

trols

BL-80-08, This issue is no longer a concern. Since the BL issu-
Examination of ance, ultrasonic (UT) examination techniques have been
containment substantially improved and the original concern in the
liner penetra- BL that UT examination is not as good as radiography is
tion welds no longer valid.

O
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Bulletin No. and Staff Resolution"

\ Title

BL-80-10, This issue is resolved for the System 80+ design. The
Contamination of staff reviewed CESSAR-DC Sections 9.4, 11.2, 11.3, 11.5,
nonrr,dioactive and 12.3, and concluded that these sections satisfacto-
system and re- rily address the concerns raised in this BL. The Sys-
sulting poten- tem 80+ design features are adequate to (1) detect the
tial for contamination of non-radioactive systems and (2) prevent
unmonitored, unmonitored and uncontrolled release of radioactive
uncontrolled material to the environment. See Sections 11.2, 11.3,
release to envi- and 11.5 of this report.

ronment

BL-80-11, This issue is resolved for the System 80+ design because
Masonry wall seismic Category I masonry walls are not used in the
design design, as stated in CESSAR-DC Appendix 3.8A, Sec-

tion 6.2.1.1.
BL-80-15, This issue is resolved for the System 80+ design.
Possible loss of GL-91-14 referred to BL-80-15 and asked licensees to
emergency noti- guarantee power to equipment in accordance with BL-80-15
fication system requirements. ABB-CE stated that GL-91-14 included no
with loss of design requirements for the System 80+ design (Ref.
offsite power ABB-CE's letter of February 18, 1992, listed in Appen-

dix A of this report). See the resolution of Issue
III.A.3.3 in Section 20.3 of this chapter.

O BL-80-18, This issue is resolved for the System 80+ design. As
Maintenance of discussed in Section 9.3.4 of this report, the CVCS
adequate minimum (including charging pumps) is not a safety system in the
flow through System 80+ design and no credit is taken for the CVCS in
centrifugal the safety analyses. However, the CVCS does affect
charging pumps reactor coolant pump (RCP) seal cooling which is ad-
following sec- dressed in Issue 23 in Section 20.2 of this chapter.,

ondary-side, ,

high-energy-line
rupture :

BL-80-19, This issue is re.;olved for the System 80+ design because t

Failures of the design uses digital-based instead of relay-based ,

Imercury-wetted logic in the RPS.
matrix relays in
reactor protec-
tive systems |
(RPSs) of
operating nucle-
ar plants
designed by
ABB-CE. ,

|

I

O |
l
1
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Bulletin No. and Staff Resolution
Title

BL-80-20, This issue is resolved for the System 80+ design because
Failures of the selection of switch types is not a design issue.
Westinghouse
Type W-2 spring
return to
neutral control
switches

BL-80-24, This issue is resolved for the System 80+ design. The
Prevention of System 80+ design has no open-cycle cooling water sys-
damage due to tems inside containment and the reactor coolant pressure
water leakage boundary leakage detection systems, evaluated in Sec-
inside contain- tien 5.2.5 of this report, have diverse means of moni-
ment toring both identified and unidentified leakage inside

primary containment. The systems also function to
isolate primary containment on certain indications of
gross leakage. Procedures and personnel training
related to the operation and maintenance of these sys-
tems are provided by the COL applicant, and not by
ABB-CE, because they are beyond the scope of the design
review.

BL-81-01, This issue was resolved by ABB-CE's commitment to ASME
Surveillance of Code, Section XI in CESSAR-DC Section 1.8 and
mechanical snub- Table 1.8-6. Section XI, Article IWF 5300 references
bers ASME/ ANSI OM-1987, Part 4 for inservice testing require-

ments for snubbers. OH-Part 4 was endorsed by the staff
via 10 CFR 50.55a(b)(2)(viii).

BL-81-02, This issue is resolved for the System 80+ design. It is

failure of gate- addressed during the staff review of GL-89-10 and dis-
type valves to cussed in Section 3.9.6 of this report.
close against
differential
pressure

BL-82-02, This issue of the use of molybdenum disulfide lubricant
Degradation of is resolved for the System 80+ design. As stated in
threaded fasten- Sections 5.2.3 and 5.3.1 of this report, the use of
ers in the reac- lubricants within the reactor coolant pressure boundary
tor coolant is limited to small amounts for bolting on the reactor
pressure bound- and reactor coolant pump internals and as lubrication
ary of PWR for closure studs. These lubricants are either graphite
plants or nickel or both in either an alcohol, silicon, or

petroleum oil base with tightly controlled limits on
halooen and sulfur. In Section 5.2.3, the staff further
states that molybdenum disulfide lubricants are not used
within the reactor coolant pressure boundary. (Refs.
CESSAR-DC Sections 5.2.3 and 5.3.1).

O
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O Bulletin No. and Staff Resolution
(f Title

BL-83-03, This issue is resolved for the System 80+ design and is
Check valve addressed in Section 3.9.6 of this report.

failures in raw
water cooling
systems of
diesel genera-
tors

BL-86-01, This issue is resolved for the System 80+ design because
Minimum flow minimum flow lines are always available and there are no
logic problems isolation valves. BL-86-01 addresses the loss of RHR
that could pumps due to single failure of the isolation valve in
disable residual the mini-flow line. CESSAR-DC Figure 6.3.2-1A shows one
heat removal isolation valve in each of the shutdown cooling system
(RHR) pumps (SCS) mini-flow line. FSER Section 5.4.3.1 states that

"two separate trains for each unit provide redundancy in
the SCS." . . . No single active failure to the SCS can
prevent at least one complete train of the SCS from
being brought on line from control room during normal
plant cooldown, a transient or accident, and adequately
addressed the concern of the bulletin.

BL-86-03, This issue is resolved for the System 80+ design and
Potential fail- addressed in Section 5.4.3 of this report.

[, ure of multiple
emergency core
cooling system
(ECCS) pumps due
to single
failure of air-
operated valve
in minimum-flow
recirculation
line

BL-88-04, This issue is resolved for the System 80+ design and
Potential addressed in Sections 5.4.3 and 6.3.3 of this report,
safety-related
pump loss

BL-88-08, This issue is resolved for the System 80+ design and
Thermal stresses addressed in Sections 3.9.3.1 and 3.12.5.9 of this
in piping con- report,
nected to
reactor cooling
systems

BL-88-11, This issue is resolved for the System 80+ design and
Pressurizer addressed in Sections 3.9.3.1 and 3.12.5.10 of this
surge line ther- report.

O mal stratifica-
tion
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Bulletin No. and Staff Resolution
Title

BL-89-03, This issue is resolved for the System 80+ design. It is

Potential loss related to refueling operations and is not a design
of required issue.
shutdown margin
during refueling
operations

BL-90-01, This issue is resolved for the System 80+ design, which
Loss of fill-oil has on-line monitoring capability. This is an effective
in transmitters method to address the loss of fill-oil in the Rosemuunt
manufactured by transmitter issue.
Rosemount

BL-92-01, This issue is resolved for the System 80+ design. As
Failure of stated in Section 9.5.1.2.2 of this report, on passive
Thermo-Lag 330 fire-protection features, there will be 3-hour rated
fire-barrier fire barriers designed to the acceptance criteria of
system to main- American Society for Testing and Materials (ASTM) E-119,
tain cabling in " Fire Tests of Building and Construction Materials."
wide cable trays
and small con-
duits free from
fire damage

BL-92-01, See the resolution for BL-92-01 above.
Supplement 1,
Failure of
Thermo-Lag fire
barrier system
to perform its
specified fire
endurance func-
tion
BL-93-02, This issue is resolved for the System 80+ design. See

Debris plugging the resolution of Issue A-43 on sump suction strainers
of emergency in Section 20.1 of this chapter.
core cooling
suction strain-
er';

BL-93-02, See the resolution for BL-93-02 above.
Supplement 1,
Debris plugging
of emergency 1

core cooling !
suction strain- |

|ers
1

O
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Table 20.4 Resolution of generic letters (GLs) issued since 1980
h and their applicability to the System 80+ design
(

Generic Letter
No. and Title Staff Disposition

GL-80-001, This is resolved for the System 80+ design. Clad swell-
Report on ECCS ing models (as described in NUREG-0630) have been incor-
cladding models porated into ABB-CE's evaluation models (Topical Report

CEN-132) used to evaluate the System 80+ design. These
models have been reviewed and found acceptable by the
staff.

GL-80-019, This is resolved for the System 80+ design. Fission gas
Resolution of release models are based on ABB-CE's Topical Report
enhanced fission CEN-161(b), and have been reviewed and found acceptable
gas release con- by the staff.
cern

GL-80-030, By adoption of the improved ABB-CE Standard TSs (STS),
Clarification of ABB-CE has adequately addressed the TS issues in this
the term " opera- GL. The ABB-CE TS for the System 80+ design are in
ble" as it CESSAR-DC Chapter 16 and discussed in Chapter 16 of this
applies to report.
single-failure
criterion for

b) safety systems
V required by TS

GL-80-035, This issue is resolved for the System 80+ design and
Effect of a de addressed in Sections 8.3.2 and 15.3.6 of this report.
power supply
failure on ECCS
performances

GL-80-099, By adoption of the improved ABB-CE STS, ABB-CE has
TS revisions for adequately addressed the TS issues in this GL. The
snubber surveil- ABB-CE TS for the System 80+ design are in CESSAR-DC
lance Chapter 16 and discussed in Chapter 16 of this report.

GL-80-106, See the resolution for GL-80-001 above.
Report on ECCS
cladding models,
NUREG-0630

GL-80-109, This is resolved for the System 80+ design. Concerns
Guidelines for from this GL have been incorporated into SRP Sec-
SEP soil- tion 3.7.2 which was used for the soil interaction
structure inter- review. This is discussed in Section 3.7.2 of this
action reviews repcrt.

ABB-CE System 80+ FSER 20-151 June 1994



l

Generic Letter
No. and Title Staff Disposition

GL-81-38, This issue is resolved for the System 80+ design. In
Storage of low- Section 11.4 cf this report the staff concluded that the
level onsite storage provided in the System 80+ design was
radioactive acceptable; however, the staff recognizes in GL-81-38
wastes at power that there may be a need for additional storage onsite
reactor sites storage for low-level radioactive wastes beyond what has

been provided for any reactor plant design, including
the System 80+ design. This is a site-specific issue
because it will depend upon available offsite storage
space for low-level radioactive waste from the plant.
This will be identified by the COL applicant if it
proposes an onsite low-level radioactive waste storage
facility to the NRC. The NRC would then evaluate the
proposed facility against the criteria in GL-81-38.

GL-82-17, By adoption of the improved ABB-CE STS, ABB-CE has
Inconsistency of adequately addressed the TS issues in this GL. The
requirements ABB-CE TS for the System 80+ design are in CESSAR-DC
between 10 CFR Chapter 16 and discussed in Chapter 16 of this report.
50.54(t) and
50.15

GL-82-23, By adoption of the improved ABB-CE STS, ABB-CE has
Inconsistency adequately addressed the TS issues in this GL. The
between require- ABB-CE TS for the System 80+ design are in CESSAR-DC
ments of 10 CFR Chapter 16 and discussed in Chapter 16 of this report.
73.40(d) and

i Standard Techni-
cal Specifica-
tions (STS) for
performing
audits of Safe-
guards Contin-
gency Plans

GL-82-39, This issue is resolved for the System 80+ design. It is

Problems with not a design issue. As stated in Section 13.6 of this
submittals of report, site security is within the scope of the COL
10 CFR 73.21 applicant. This will include the reporting of safe-
safeguards guards information for licensing reviews. ,

iinformation for
licensing i
reviews j

GL-83-07, This issue is resolved for the System 80+ design. It is

The Nuclear not a design issue. Tre Nuclear Waste Policy Act of
Waste Policy Act 1982 requires licensees to have a (.ontract with the
of 1982 Department of Energy (COE) before receiving a license i

and is within the scope of the COL applicant. I

O
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O Generic Letter
Q No. and Title Staff Disposition

GL-83-09, This issue is resolved for the System 80+ design.
Review of ABB-CE submitted emergency operating procedures guide-
Combustion lines that were reviewed and approved by the staff. I

Engineering They are discussed in Section 18.7 of this report. The |

Owners Group COL applicant will use these guidelines to prepare
Emergency Proce- plant-specific emergency operating procedures. See the ,

dures Guideline resolution of Issue I.C.1 in Section 20.3 of this chap- -

Program ter.
'

GL-83-13, By adoption of the improved ABB-CE STS, ABB-CE has
Clarification of adequately addressed the TS issues in this GL. The
surveillance ABB-CE TS for the System 80+ design are in CESSAR-DC ,

requirements for Chapter 16 and discussed in Chapter 16 of this report.
and charc9a1
adsorber units
in STS on ESF
cleanup s: ams

GL-83-26, By adoption of the improved ABB-CE STS, ABB-CE has
Clarification of adequately addressed the TS issues in this GL. The
surveillance ABB-CE TS for the System 80+ design are in CESSAR-DC
requirements for Chapter 16 and discussed in Chapter 16 of this report.
diesel fuel
impurity level
tests

GL-83-27, By adoption of the improved ABB-CE STS, ABB-CE has
Surveillance adequately addressed the TS issues in this GL. The

'

intervals in STS ABB-CE TS for the System 80+ design are in CESSAR-DC
Chapter 16 and discussed in Chapter 16 of this report.

GL-83-30 By adoption of the improved ABB-CE STS, ABB-CE has ,

Deletion c' ST$ adequately addressed the TS issues in this GL. The

Surveillance ABB-CE TS for the System 80+ design are in CESSAR-DC
Requirement Chapter 16 and discussed in Chapter 16 of this report.
4.8.1.1.2.D.6
for diesel gen-
erator testing

GL-84-12, By adoption of the improved ABB-CE STS, ABB-CE has
Compliance with adequately addressed the TS issues in this GL. The
10 CFP b rt 61 ABB-CE TS for the System 80+ design are in CESSAR-DC !

and imp unenta- Chapter 16 and discussed in Chapter 16 of this report.
tion of radio-
logical effluent
TS, attendant-
process control
program

O
,
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Generic Letter
No. and Title Staff Disposition

GL-84-13, By adoption of the improved ABB-CE STS, ABB-CE has
Technical speci- adequately addressed the TS issues in this GL. The

fications for ABB-CE TS for the System 80+ design are in CESSAR-DC
snubbers Chapter 16 and discussed in Chapter 16 of this report.

GL-84-21, This issue is resolved for the System 80+ design. This
Long-term, low- issue is an operational issue and within the scope of
power operation the COL applicant. It is not a design issue.
in PWRs

GL-85-16, This issue is resolved for the System 80+ design. It is

High boron con- applicable to Westinghouse-designed plants that use a
centrations boron injection tank (BIT); however, it is not applica-

ble to the System 80+ design.

GL-85-19, By adoption of the improved ABB-CE STS, ABB-CE has
Reporting adequately addressed the TS issues in this GL. The
requirements on ABB-CE TS for the System 80+ design are in CESSAR-DC
primary coolant Chapter 16 and discussed in Chapter 16 of this report.
iodine spikes

GL-86-07, By adoption of the improved ABB-CE STS, ABB-CE has
Transmittal of adequately addressed the TS issues in this GL. The
NUREG-1190 re- ABB-CE TS for the System 80+ design are in CESSAR-DC
garding the San Chapter 16 and discussed in Chapter 16 of this report.
Onofre Unit I
loss-of-power
and water-hammer
event

GL-86-13, By adoption of the improved ABB-CE STS, ABB-CE has
Potential incon- adequately addressed the TS issues in this GL. The
sistency between ABB-CE TS for the System 80+ design are in CESSAR-DC
plant safety Chapter 16 and discussed in Chapter 16 of this report.
analyses and TS

GL-87-09, By adoption of the improved ABB-CE STS, ABB-CE has
Sections 3.0 and adequately addressed the TS issues in this GL. The
4.0 of STS on ABB-CE TS for the System 80+ design are in CESSAR-DC
limiting condi- Chapter 16 and discussed in Chapter 16 of this report.
tions for
operation and
surveillance
requirements

GL-88-02, This issue is resolved for the System 80+ design. Risk
Integrated insights are already an integral part of the staff's
Safety Assess- ongoing System 80+ design review process. See the

,

ment Program II discussion on severe accidents and PRA for the design in
(ISAP II) Chapter 19 of this report.

O.
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/ Generic Letter( No. and Title Staff Disposition

GL-88-05, This issue is resolved for the System 80+ design. This
Boric acid cor- is a maintenance issue and within the scope of the COL
rosion of carbon applicant. It is not a design issue.
steel reactor
pressure bound-
ary in PWR plant
components

GL-88-12, By adoption of the improved ABB-CE STS, ABB-CE has
Removal of fire- adequately addressed the TS issues in this GL. The
protection re- ABB-CE TS for the System 80+ design are in CESSAR-DC
quirements from Chapter 16 and discussed in Chapter 16 of this report.
TS

GL-88-15, This issue is resolved for the System 80+ design.
Electric power ABB-CE has committed to a number of studies and analyses
systems - inade- of the electric power systems. The staff indicated that
quate control it would pursue confirmation of the adequacy of these
over design pro- actions as part of ITAACs (DSER Open Item 20.4-2). The
cess adequacy and acceptability of the ABB-CE System 80+

design descriptions in ITAACs are evaluated in Chap-
ter 14 of this report. On the basis of this evaluation,
DSER Open item 20.4-2 is resolved.

( GL-88-16, By adoption of the improved ABB-CE STS, ABB-CE has
Removal of adequately addressed the TS issues in this GL. The4

cycle-specific ABB-CE TS for the System 80+ design are in CESSAR-DC
parameter limits Chapter 16 and discussed in Chapter 16 of this report.
from plant TS

GL-88-18, This issue is rev lved for the System 80+ design. This
Plant record issue is not a design issue. The use of optical disks
storage on opti- for storage of records is optional and within the scope
cal disks of the COL applicant. If this method is selected, it

should be addressed in the applicable quality assurance
program.

GL-88-20, This issue is resolved for the System 80+ design. Risk
Individual plant insights are already an integral part of the staff's
examination for ongoing System 80+ design review process as discussed in
severe-accident Chapter 19 of this report on severe accidents and PRA
vulnerabilities for the System 80+ design.

GL-89-01, By adoption of the improved ABB-CE STS, ABB-CE has
Implementation adequately addressed the TS issues in this GL. The
of programmatic ABB-CE TS for the System 80+ design are in CESSAR-DC
and procedural Chapter 16 and discussed in Chapter 16 of this report.
controls for
radiological
effluent TS

a
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Generic Letter
No. and Title Staff Disposition

GL-89-02, This issue is resolved for the System 80+ design. This
Actions to GL is not applicable to the System 80+ design because it
improve the de- involves the procurement of vendor products which is
tection of coun- within the scope of the COL applicant. It is not a

terfeit and design issue.
fraudulently
marketed prod-
ucts

GL-89-07, This issue is resolved for the System 80+ design. This
Power reactor issue is addressed in Appendix 13A of CESSAR-DC. Indus-
safeguards con- trial security and sabotage protection for the
tingency plan- System 80+ design is discussed in Section 13.6 of this
ning for surface report and in the resolution of Issue A-29 in
vehicle bombs Section 20.1 of this chapter.

GL-89-14, By adopt. ion of the improved ABB-CE STS, ABB-CE has
Line-item adequately addressed the TS issues in this GL. The
improvements in ABG-CE TS for the System 80+ design are in CESSAR-DC

l technical speci- Chapter 16 and discussed in Chapter 16 of this report.
f fications -

| removal of 3.25
I limit on extend-

ing surveillance
intervals

GL-90-02, By adoption of the improved ABB-CE STS, ABB-CE has
Alternative adequately addressed the TS issues in this GL. The
requirements for ABB-CE TS for the System 80+ design are in CESSAR-DC
fuel assemblies Chapter 16 and discussed in Chapter 16 of this report.
in the design
features section
of TS

GL-90-09, By adoption of the improved ABB-CE STS, ABB-CE has
Alternative adequately addressed the TS issues in this GL, The
requirements for ABB-CE TS for the System 80+ design are in CESSAR-DC
snubber visual Chapter 16 and discussed in Chapter 16 of this report,
inspection in-

i tervals and cor-
I rective actions

GL-91-01, By adoption of the improved ABB-CE STS, ABB-CE has
Removal of the adequately addressed the TS issues in this GL. The i

schedule for the ABB-CE TS for the System 80+ design are in CESSAR-DC fwithdrawal of Chapter 16 and discussed in Chapter 16 of this report.
reactor vessel
material speci-
mens from TS

O
|
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O Generic letter
V No. and Title Staff Disposition

GL-91-04, By adoption of the improved ABB-CE STS, ABB-CE has
Changes in TS adequately addressed the TS issues in this GL. The
surveillance ABB-CE TS for the System 80+ design are in CESSAR-DC
intervals to Chapter 16 and discussed in Chapter 16 of this report.
accommodate a
24-month fuel
cycle

GL-91-08, By adoption of the improved ABB-CE STS, ABB-CE has
Removal of com- adequately addressed the TS issues in this GL. The
ponent lists ABB-CE TS for the System 80+ design are in CESSAR-DC
from TS Chapter 16 and discussed in Chapter 16 of this report.

GL-91-09, By adoption of the improved ABB-CE STS, ABB-CE has
Modification of adequately addressed the TS issues in this GL. The
surveillance ABB-CE TS for the System 80+ design are in CESSAR-DC
interval, elec- Chapter 16 and discussed in Chapter 16 of this report,
trical protec-
tion assemblies
in power
supplies, reac-
tor protection
system

GL-91-15, This issue is resolved for the System 80+ design. See

( Operating expe- the resolution of Issue I.C.5 in Section 20.3 of this
' rience feedback chapter. This issue is also discussed in

report, Section 3.9.3.2 of this report.

solenoid-
operated valve
problems at U.S.
reactors

GL-92-01, This issue is resolved for the System 80+ design.
Revision 1, ABB-CE has met 10 CFR Part 50, Appendices G and H, with
Reactor vessel substantial margins which ensures reactor vessel struc-
structural tural integrity. See Section 5.3.3 of this report.
integrity

GL-92-08, This is discussed for BL-92-01 in Table 20.3 of this
Thermo-Lag 330-1 report.
fire barriers

GL-93-05, By adoption of the improved ABB-CE STS, ABB-CE has
Line-item TS adequately addressed the TS issues in this GL. The
improvements to ABB-CE TS for the System 80+ design are in CESSAR-DC
reduce surveil- Chapter 16 and discussed in Chapter 16 of this report.
lance require-
ments for test-
ing during power

O operation
V
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Generic Letter
No. and Title Staff Disposition

GL-93-07, This issue is resolved for the System 80+ design. This
Modification of is an operational issue and not a design issue. These
the TS adminis- plans are discussed in Sections 13.3 and 13.6, respec-
trative control tively, of this report and are the responsibility of the
requirements for COL applicant.
emergency and
security plans

GL-93-08, By adoption of the improved ABB-CE STS, ABB-CE has
Relocation of TS adequately addressed the TS issues in this GL. The
tables of ABB-CE TS for the System 80+ design are in CESSAR-DC
instrument Chapter 16 and discussed in Chapter 16 of this report.
response time
limits

e
i

1

0\
|
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21 REVIEW BY THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

The Subcommittee of the Advisory Committee on Reactor Safeguards (ACRS) for
ABB-CE standard designs conducted reviews of issues related to the ABB-CE
System 80+ design from April 3, 1990, to May 7, 1994 (see attachment to
Appendix E). At the 409th meeting of the full ACRS on May 5, 1994, the
Committee considered the ABB-CE application for design certification and
issued a letter dated May 11, 1994, to the Chairman of the NRC. This letter
is included as Appendix E to this report. No response is required from the
applicant or the staff.

O

,
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22 CONCLUSIONS

The staff performed its review of the CESSAR-DC, certified design material,
and technical specifications in accordance with the standards for review of
design certification applications set forth in 10 CFR 52.48 that are applica-
ble and technically relevant to the System 80+ standard design, including the
exemptions and staff-proposed applicable regulations identified in Section 1.6
of this report. On the basis of its evaluation and independent analyses as
discussed in this report, the staff concludes that ABB-CE's application for
design certification meets those portions of 10 CFR 52.47 that are applicable
and technically relevant to the System 80+ standard design. A copy of the
report by the Advisory Committee on Reactor Safeguards required by 10 CFR
52.53 is provided in Appendix E of this report.

,

The staff also concludes that issuance of a final design approval, in accor-
dance with Appendix 0 to 10 CFR Part 52, will not be inimical to the common
defense and security or to the health and safety of the public. The financial
qualifications of the applicable utility and the indemnity requirements of
10 CFR Part 140 will be addressed during the plant-specific licensing process '

for an application that references the System 80+ standard design.

O

|

|

1

O
|
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APPENDIX A

CHRON0 LOGY OF CORRESPONDENCE

This appendix contains a chronological listing of routine licensing
correspondence between the U.S. Nuclear Regulatory Commission (NRC) staff and
ABB-CE regarding the review of the System 80+ design under Project 675 and
Docket Number 52-002.

April 2, 1987 J.J. Raleigh, NRC, meeting summary of March 24, 1987,
meeting with CE, DOE and EPRI in Bethesda, Maryland
regarding certification aspects of CESSAR-DC modified to
represent next generation design for future
referenceability.
FICHE: 40466 025
acn: 8704090118

April 23, 1987 A.E. Scherer, CE, letter providing formal description of CE
efforts to advance System 80R PWR design and advises that
System 80 design including consideration of EPRI advanced

(~N LWR design requirements document revised.
) FICHE: 40699 177(d acn: 8704280387

June 16, 1987 G.S. Vissing, NRC, meeting summary of June 1,1987, meeting
with CE in Bethesda, Maryland regarding plans for
developing PRA for advanced CESSAR-DC design.
FICHE: 41416 325
acn: 8706220437

July 1, 1987 Text-safety report - draf t " System 80R Design Certification
Licensing Basis Agreement."
FICHE: 41599 031
acn: 8707070319

July 2, 1987 A.E. Scherer, CE, letter forwarding draf t ". . . Licensing
F Basis Agreement," for review and comment.

FICHE: 41599 029
acn: 8707070191

August 11, 1987 G.S. Vissing, NRC, meeting summary of August 3, 1987,
meeting with DOE, IT Corp and CE regarding approach to
resolve severe accident issues for advanced LWR program. !
FICHE: 42169 060

|acn: 8708140224

(v]/
[ August 19, 1987 G.S. Vissing, NRC, meeting summary of August 12, 1987,

meeting with CE in Bethesda, Maryland regarding severe

|ABB-CE System 80+ FSER A-1 June 1994
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accident issues for System 80+ design.
FICHE: 42397 180 -

acn: 8708280311

September 9, 1987 Text-safety report " Amendment 12 to CESSAR-F."
FICHE: 43570 117
acn: 8712070248

September 11, 1987 Text-safety report " Amendment 12 to CESSAR FSAR."
FICHE: 42817 057
acn: 8709290410

September 18, 1987 A.E. Scherer, CE, letter forwarding Amendment 12 to CESSAR
FSAR modifying System 80R design.
FICHE: 42817 055
acn: 8709290409

September 18, 1987 A.E. Scherer, CE, letter requesting NRC adoption of
proposed docketing process for forthcoming revisions to CE
std SAR.
FICHE: 42808 143
acn: 8709290234

September 25, 1987 G.S. Vissing, NRC, meeting summary with CE in Bethesda,
Maryland regarding USIs & generic issues for System 80+
design.
FICHE: 42877 319
acn: 8710010418

October 13, 1987 L.S. Rubenstein, NRC, letter responding to September 18,
1987, letter regarding creation of new docket for
CESSAR-DC.
FICHE: 43155 241
acn: 8710230061

October 29, 1987 CE, draft " System 80+ TM Design Certification Licensing ;

Review Bases.
i

FICHE: 43342 029 |
acn: 8711100213 |

lNovember 10, 1987 G.S. Vissing, NRC, meeting summary of October 29, 1987, i

meeting with CE in Bethesda, Maryland regarding executive
overview of CESSAR-DC System 80+ design certification
program.
FICHE: 43416 129 ;

acn: 8711230034
'

November 24, 1987 A.E. Scherer, CE, letter forwarding proposed advanced
reactor severe accident program resolutions for four
remaining NRC-IDCOR severe accident issues.
FICHE: 43476 058
acn: 8712010165 |

November 24, 1987 G.S. Vissing, NRC, meeting summary of November 19, 1987,

ABB-CE System 80+ FSER A-2 June 1994
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O meeting with CE in Bethesda, Maryland regarding specialV features of System 80+ design for design certification.
FICHE: 43636 130
acn: 8712090049

A.E. Scherer, CE, letter forwarding proposed amendment toNovember 30, 1987
CESSAR FSAR describing System 80+ design.
FICHE: 43570 115
acn: 8712070222

G.S. Vissing, NRC, letter requesting that enclosureDecember 3, 1987 material regarding System 80 should be added to file for
docket.
FICHE: 43589 298
acn: 8712080316

G.S. Vissing, NRC, forwarding comments to aid in redraftingDecember 7, 1987
licensing review bases for System 80+ design for design
certification, provided during October 29, 1987, meeting.
FICHE: 43661 130
acn: 8712100387

G.S. Vissing, NRC, letter forwarding request for additionalDecember 8, 1987
information regarding Chapter 1, Amendment 12 of System 80+
CESSAR-DC
FICHE: 43703 310p acn: 8712140235

g

G.S. Vissing, NRC, letter discusses November 19, 1987,%
December 8, 1987

CESSAR-DC review kickoff meeting regarding safeguards "

considerations for System 80+ design.
FICHE: 43690 351
acn: 8712140305

G.S. Vissing, NRC, letter forwarding Reactor SafeguardsDecember 17, 1987
Branch comments and request for additional information
regarding Chapter 1, " Safeguards," Amendment 12 to
System 80+, CESSAR-DC.
FICHE: 43786 058
acn: 8712230071

G.S. Vissing, NRC, letter forwarding request for additionalDecember 17, 1987
information regarding Chapter 1, Amendment 12 to System 80+
CESSAR-DC.
FICHE: 43785 224
acn: 8712230136

G.S. Vissing, NRC, letter forwarding NUREG-0852,January 11, 1988
Supplement 3, SER regarding final design of NSSS for CESSAR
System 80.
FICHE: 44066 253
acn: 8801190214

January 13, 1988 G.S. Vissing, NRC, notification of January 26, 1988,

June 1994
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!

meeting with CE in Bethesda, Maryland to discuss base-line '

r

PRA for System 80 design CESSAR-DC.
FICHE: 44119 172
acn: 880125072

C.J. Holloway, NRC, letter advises that whether System 80+January 13, 1988
considered extension to FDA-2 or approved s separate FDA
for design certification, system subject to full cost
recovery payable in 20 percent increments no later than 10
years from certification issuance date.
FICHE: 44055 171
acn: 8801190233

January 15, 1988 G.S. Vissing, NRC, meeting summary of December 16, 1987,
meeting with Intl. Technology Corp. in Bethesda, Maryland
regarding DOE advanced reactor severe accident program.
F'CHE: 44180 129
acn: 8801290161

January 18, 1988 Text-safety report - draft "CE System 80 Tm std Design."
FICHE: 44110 003
acn: 8801250377

January 19, 1988 A.E. Scherer, CE, letter forwarding input to licensing
review bases document being developed for CESSAR-DC
originally transmitted on July 2, 1987.
FICHE: 44110 001
acn: 8801250367

January 22, 1988 A.E. Scherer, CE, letter forwarding proprietary " Base Line
Level 1," for System 80R NSSS Design.
FICHE: 44152 319
acn: 8801280263

January 25, 1988 L.S. Rubenstein, NRC, letter forwarding request for
additional information regarding design goals addressing
severe accidents, based on review of advanced LWR
application.
FICHE: 44296 030
acn: 8802090426

January 31, 1988 Text-safety report " Nonproprietary 'Br.:.e Line level l'
PRA for System 80R NSSS Design."
FICHE: 44508 314
acn: 8802260246

February 16, 1988 A.E. Scherer, CE, letter forwarding proprietary and
nonproprietary ' Base Line Level l' PRA for System 80R NSSS
Design,' per NRC request.
FICHE: 8802260187
acn: 44508 312

February 18, 1988 G.S. Vissing, NRC, meeting summary of January 26, 1988,
meeting with CE in Bethesda, Maryland regarding base line

ABB-CE System 80+ FSER A-4 June 1994
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/ PRA for System 80 design.

FICHE: 44499 210
acn: 8802250150

February 25, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding vendor November 30, 1987, submittal
of Amendment 12, Chapter 10 of System 80+ CESSAR-DC.
FICHE: 44540 356
an: 8803010289

February 26, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Topical Report CENPD-210A,
Revision 4, "QA Program" Chapter 17 of CESSAR-DC.
FICHE: 44553 356
acn: 8803030095

March 11, 1988 G.S. Vissing, NRC, letter approves January 22, 1988,
request to withhold base line level 1 PRA for System 80
NSSS design from public disclosure.
FICHE: 44689 295
acn: 8803150040

March 11, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Amendment 12, Chapters 1 and 10 of
System 80+ CESSAR-DC, transmitted by November 30, 1987,,

letter.
FICHE: 44725 320
acn: 8803170224

March 15, 1988 G.S. Vissing, NRC, letter requesting for additional '

information regarding Chapter 10 of Plant System Branch
CESSAR-DC. .

FICHE: 44746 357
acn: 8803210450

March 15, 1988 L.S. Rubenstein, NRC, letter informs of relocation of NRR
to stated address in Rockville, Maryland.
FICHE: 44760 138
acn: 8803210550

March 18, 1988 A.E. Scherer, CE, letter forwarding additional information
regarding chemical and volume control system for System 80
TM std design per December 17, 1987, request.
FICHE: 44912 152
acn: 8803280316

March 22, 1988 A.E. Scherer, CE, letter forwarding response to NRC
December 8,1987, request for additional information
regarding regulatory guides that appear in CESSAR-DC QA.
FICHE: 44912 029 ,

!
acn: 8803280228

g April 11, 1988 Text-safety report " CESSAR-DC Submittal Group B -
( Revisions to Chapters 1, 4, 5 and 9."
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FICHE: 45180 149
acn: 8804200542

A.E. Scherer, CE, letter forwarding draft revisions to CEApril 11, 1988 Chapters 1, 4, 5 and 9 to CE standard SAR.
FICHE: 45180 131
acn: 8804200529

G.S. Vissing, NRC, letter forwarding request for additionalApril 13, 1988 information regarding Amendment 12, Chapter 1 of System 80+
CESSAR-DC transmitted by September 11, 1987, letter.
FICHE: 45200 235
acn: 8804210448

L.S. Rubenstein, NRC, letter forwarding comments on vendorApril 14, 1988 January 19 and March 2, 1988, submittals regarding
CESS?,R-DC System 80+ design.
FICHE: 45264 049
acn: 8804280275

G,S. Vissing, NRC, notification of June 1, 1988, meetingMay 12, 1988 with CE in Rockville, Maryland to discuss proposed changes
to CESSAR-DC System 80 QA Program.
FICHE: 45585 176
acn: 8805200336

A.E. Scherer, CE, letter providing additional informationMay 25, 1988 on CESSAR-DC Chapter 10 regarding secondary water chemistry
per NRC February 25, 1988, request.
FICHE: 45733 075
acn: 8806010034

,

A.E. Scherer, CE, letter forwarding response to NRCMay 25, 1988 February 26, 1988, request for additional information on
Chapter 17 to Revision 4 to topical report CENPD-210A, "QA
Program," including revisions to CE November 30, 1987 and
April 11, 1988 responses.
FICHE: 45718 340
acn: 8806010249

Text-Safety report - Nonproprietary " Functional DesignMay 31, 1988 Requirements for Control Element Assembly Calculator."
FICHE: 60058 227
acn: 9112190178

Text-Safety report " Functional Design Requirements for
May 31, 1988

Core Protection Calculator."
FICHE: 60058 307
acn: 9112190179

G.S. Vissing, NRC, letter forwarding request for additionalJune 1, 1988 information regarding Chapters 1 an 5 of Amendment B of
System 80+ CESSAR-DC.
FICHE: 45796 186

June 1994
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( acn: 8806130263
v

June 2, 1988 G.S. Vissing, NRC, notification of June 28, 1988, meeting
with CE in Rockville, Maryland tu discuss proposed changes
to CESSAR-DC System 80 QA program.
FICHE: 45744 211
acn: 8806070400

June 6, 1988 A.E. Scherer, CE, letter providing proposed resolutions for
four o) six issues which make up topic paper set 2
including iri-vessel hydrogen generation core melt
progression and vessel failure and hydrogen ignition and
burning.
FICHE: 45840 237
acn: 8806160126

June 6, 1988 A.E. !cherer, CE, letter forwarding adai;ional information
regarding Chapters 1 and 10 to CESSAR-DC per NRC March 11,
1988, request.
FICHE: 45835 334
acn: 8806150430

June 17, 1988 A.E. Scherer, CE, letter providing proposed resolutions to
remaining two issues committed in June 6, 1988, letter
regarding direct containment heating and debris
coolability.

A) FICHE: 45962 142 "

( acn: 8806290214v
June 20, 1988 G.S. Vissing, NRC, meeting summary of May 19, 1988, meeting

with CE in Rockville, Maryland regarding human factors
program in control room design for CESSAR-DC System 80.
FICHE: 46113 179
acn: 8807120374

June 28, 1988 G.S. Vissing, NRC, letter requesting additional information
regarding Amendment B of Chapters 5 and 9 of CESSAR-DC,
System 80+.
FICHE: 46113 356
acn: 8807120720

June 28, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Amendment B of Chapters 4 and 5 of
CESSAR-DC System 80.
FICHE: 46120 200
acn: 8807120716

June 30, 1988 A.E. Scherer, CE, letter forwarding response to itRC
March 15, 1988 request for additional information regarding
CESSAR-DC Chapter 10, " Plant System Branch."
FICHE: 46185 043
acn: 8807140271

b) June 30, 1988 Text-safety report " Amendment C to CESSAR-DC."

ABB-CE System 80+ FSER A-7 June 1994
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FICHE: 46157 207
acn: 8807120199

June 30, 1988 A.E. Scherer, CE, letter forwarding Amendment C to
CESSAR-DC Chapters 5, 6 and 10.
FICHE: 46157 196
acn: 8807120188

July 1, 1988 Text-safety report " Flow Distribution and Tube Vibration:
Evaluation of System 80 Steam Generator Tube Lane-
Economizer Corner Region."
FICHE: 46182 094
acn: 8807180001

July 1, 1988 G.S. Vissing, NRC, meeting summary of June 28, 1988,
meeting with CE in Rockville, Maryland regarding QA program
plan for CESSAR-DC System 80+, request for additional
information regarding review of Chapter 17 of Amendment 12
and engineering plans for revising QA program plan.
FICHE: 46184 063
acn: 8807140097

July 1, 1988 A.E. Scherer, CE, letter forwarding " Flow Distribution and
Tube Vibration: Evaluation of System 80 Steam Generator
Tube Lane-Economizer Corner Region," in support of CE
September 18 1987 request that steam generator tube
vibration issue be closed.
FICHE: 46182 092
acn: 8807150268

July 15, 1988 A.E. Scherer, CE, letter forwarding revised " Design
Certification Licensing Review Basis."
FICHE: 46314 249
acn: 8807280126

July 15, 1988 Text-safety report " Design Certification Licensing Review
Bases."
FICHE: 46314 250
acn: 8807280140

July 28, 1988 G.S. Vissing, NRC, meeting summary of June 21, 1988,
meeting with CE and Intl. Technology Corp. in Rockville,
Maryland regarding ARSAP topic papers sets 1 and 2.
FICHE: 46452 201
acn: 8808080208

July 29, 1988 A.E. Scherer, CE, letter forwarding DOE advanced reactor
severe accident program proposed resolutions for severe
accident issues topic set 3.
FICHE: 46560 226
acn: 8808110042

August 1, 1988 A.E. Scherer, CE, letter forwarding response to request for
additional information regarding CESSAR-DC Chapters 1 and 5
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,CT
'Q regardirg sabotage protection per June 1, 1988, letter.

FICHE: 46485 246
acn: 880810C308

August 2, 1988 A.E. Scherer, CE, letter informing of finalizing review of
QA program description of Revision 5 to CESSAR topical
report CENPD-210 and anticipates transmitting review to NRC
by third quarter 1988.
FICHE: 46792 183
acn: 8809080061

August 2, 1988 G.S. Vissing, NRC, letter discussing QA for CESSAR-DC .

System 80 and significant points made listed.
FICHE: 46525 333
acn: 8808120030

August 2, 1988 A.E. Scherer, CE, letter informing that vendor finoiizing
review and anticipates that Revision 5 to CENPD-210 will be
transmitted by September 1988.
FICHE: 46555 317
acn: 8808110311

August 3, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Chapter 9. " Auxiliary Systems" and
Chapter 5, "RCS" CESSAR-DC System 80 in order to continue
review of Amendment Bg
FICHE: 46469 018>

( acn: 8808080184
|

September 9, 1988 A.E. Scherer, CE, letter forwarding additional information
regarding CESSAR-DC Chapter 4 in response to NRC June 28,
1988 request.
FICHE: 46908 355
acn: 8809190298

September 9, 1988 A.E. Scherer, CE, letter providing proposed resolution for
single issue of advanced reactor severe accident program
topic paper set 4, " Essential Equipment Performance.
FICHE: 46982 130
acn: 8809290307

September 12, 1988 L.W. Zech, NRC, letter responding to comments and questions '

regarding regulatory trends in U.S. an Republic of Korea.
FICHE: 46943 008
acn: 8809230196

September 12, 1988 K.J. Shik, Korea, letter submitting questions from South
Korean engineers regarding value of design certification
program for CE System 80 and System 80+ designs.
FICHE: 46943 010
acn: 8809230199

/

( September 14, 1988 A.E. Scherer, CE, letter forwarding summary of sabotage
protection considerations and draft requirements forN

ABB-CE System 80+ FSER A-9 June 1994



sabotage design from EPRI advanced LWR requirements
- document per NRC December 8, 1987, letter.

FICHE: 46920 112
acn: 8809210116

A.E. Scherer, CE, letter responding to NRC request forSeptember 20, 1988 additional information regarding Chapters 5 and 9 of
CESSAR-DC regarding steam generator secondary water
chemistry, reactor coolant water chemistry, fire protection
system, letdown purification line, and hydrogen ignition.
FICHE: 46983 249
acn: 8809290014

A.E. Scherer, CE, letter forwarding Amendment D to CESSARSeptember 30, 1988 FSAR including revisions to Chapters 2 through 7 and 18.
FICHE: 47090 001
acn: 8810110320

September 30, 1988 Text-Safety report " Amendment D to FSAR for CESSAR."
FICHE: 47090 006
acn: 8810110356

G.S. Vissing, NRC, letter requesting additional informationOctober 11, 1988
consisting of " Nuclear Fission Product Aerosol Transport
and Deposition," to review ARSAP topic paper Set 1.
FICHE: 47146 270
acn: 8810140083

G.S. Vissing, NRC, letter requesting additional informationOctober 20, 1988
regarding Chapter 10, " Auxiliary Systems," of CESSAR-DC
System 80+.
FICHE: 47342 292
acn: 8810280075

October 21, 1988 A.E. Scherer, CE, letter responding to NRC request for
additional information on Chapter 17 of CESSAR-DC.
FICHE: 47411 289
acn: 8811020103

October 26, 1988 6.S. Vissing, NRC, letter forwarding request for additional
information regarding September 30, 1988, submittal of
Amendment D to Chapters 4, 5, 6 and 10 of CESSAR-DC
System 80.
FICHE: 47412 042
acn: 8811020247

G.S. Vissing, NRC, letter forwarding request for additionalOctober 28, 1988
information regarding Chapter 5 Amendment C to CESSAR-DC
System 80 on steam generators.
FICHE: 47439 355
acn: 8811040166

November 1, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Amendment C of Chapters 5, 6 and 10

June 1994
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O of CESSAR-DC System 80.
FICHE: 47440 108
acn: 8811040272

November 2, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Amendment D af Chapter 7 of
CESSAR-DC, System 80 transmitted with CE September 30,
1988, letter, including physical separation, trip function
calculation and remote shutdown panel contmls.
FICHE: 47494 277
acn: 8811080163

November 3, 1988
G.S. Vissing, NRC, meeting summary of September 28, 1988,
meeting with CE and IT Corp in Rockville, Maryland
regarding ARSAP topic papers set 3.
FICHE: 47513 145 .

!acn: 8811090364

November 4, 1988
A.E. Scherer, CE, letter forwarding QA program in response '

|

to NRC request for additional information regarding
Chapter 17 CESSAR-DC QA.
FICHE: 47569 129 |
acn: 8811160402 1

November 11, 1988 A.E. Scherer, CE, letter forwarding advanced reactor severe
accident program topic paper set 6, " Development of Severee

( Accident Management Program," for review.
FICHE: 47680 222 |\
acn: 8811300491 j

1

November 21, 1988
A.E. Scherer, CE, letter submitting guidance regarding
scope of design and scope of staff review of CESSAR-DC,System 80+.
FICHE: 47649 265
acn: 8811290064

November 28, 1988
G.S. Vissing, NRC, notification of December 20, 1988,
meeting with CE in Rockville, Marylard to discuss seismic
issues involved in containment design for CESSAR-DC

iSystem 80E regarding soil-structure interaction phase. '

FICHE: 47732 300
acn: 8812050189

December 7, 1988 A.E. Scherer, CE, letter forwarding additional information
regarding CESSAR-DC Chapters 5 and 9 per G.S. VissingAugust 3, 1988 request.
FICHE: 47802 329
acn: 8812150015

December 15, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding ARSAP topic paper 3 including i

Item 3.1. " External Events," Item 3.2, " Success Criteria {{ and Mission Time" and Item 3.3, " Accident Sequence
'

Selection." |
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FICHE: 47900 220
acn: 8812220242

December 16, 1988 G.S. Vissing, NRC, letter forwarding requests for
additional information regarding Amendment D to Chapters 3,
4, 5 and 6 of CESSAR-DC System 80.
FICHE: 47900 209
acn: 8812220286

December 23, 1988 A.E. Scherer, CE, letter forwarding Amendment E to CESSAR
FSAR including revisions to Chapters 1, 3, 6, 7, 9, 12, 13,
14,17 and 18, regarding design certification summary of
revisions.
FICHE: 47939 132
acn: 8812280055

December 23, 1988 A.E. Scherer, CE, letter forwarding resolutions for items
in topic paper set 5 ' Advanced Reactor Severe Accident
Program,' consisting of implementation of NRC safety goal
policy uncertainties in plant risk and acceptability of
MAAP-D0E code.
FICHE: 48027 323
acn: 8901040017

December 23, 1988 G.S. Vissing, NRC, letter requesting additional information
on September 30, 1988, Chapters 4 and 6 of Amendment D to
CESSAR-DC regarding functional design of reactivity control
system and ECCS design, respectively.
FICHE: 48106 318
acn: 8901090336

December 23, 1988 G.S. Vissing, NRC, letter forwarding request for additional
information regarding Amendment D, Chapters 2 through 7 and,

18 of CESSAR-DC, System 80+.
FICHE: 48137 140
acn: 8901110218

December 30, 1988 Text-safety report " Amendment E to CESSAR-F standard SAR
Design Certification."
FICHE: 47939 136
acn: 8812280061

December 31, 1988 Text-safety report " Volume VIII to ' Resolution of
Outstanding Nuclear Fission Product Aerosol Transport and
Deposition issues WBS 3.4.2.'"
FICHE: 49058 099
acn: 8903270045

January 1, 1989 Text-safety report " System 80 Function and Task Analysis
Final Report."
FICHE: 61781 175
acn: 9205210192

January 19, 1989 G.S. Vissing, NRC, letter forwarding request for additional

ABB-CE System 80+ FSER A-12 June 1994
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i

(n) information regarding Amendment D of Chapters 2, 3, 5 and 6V of CESSAR-DC FSAR in respond to Septemberapplication. 30, 1989,
FICHE: 48313 060
acn: 8901310387

February 28, 1989
D.G. Harrison, TENERA, " Advanced Reactor Severe Accident
Program, CE interim external events Integration WBS10.4.4."
FICHE: 50547 183
acn: 8907170102

March 15, 1989
A.E. Scherer, CE, letter forwarding Amendment E to CE
stan :rd SAR Group E2 regarding design certification.FICHL; 49040 238
acn: 8903240108

March 19, 1989

CESSAR-DC baseline PRA submitted by JanuaryT.J. Kenyon, NRC, letter forwarding comments regardingletter. 22, 1988,
FICHE: 48983 188
acn: 8903210414

March 27,1989
T.J. Kenyon, NRC, meeting summary of February 7,1989,
meeting in Rockville, Maryland regarding licensing issues
for future advanced LWRs.
FICHE: 69679 067p
acn: 8903100342

March 30, 1989
Text-safety report - Appendix 3.118, " Identification and

Components," to CESSAR System 80 standard design. Location of Mechanical and Electrical Safety-Related System
FICHE: 49252 150
acn: 8904110188

March 30, 1989
Text-safety report - Appendix 3.llA, " Environmental
Qualification for Structures and Components," to CESSAR
System 80 standard design.
FICHE: 49252 128
acn: 8904110181

March 30, 1989 Text-safety re
Engineering," port - Chapter 18, " Human Factors

to CESSAR System 80 standard design.FICHE: 49263 041
acn: 8904050008

March 30, 1989
Text-safety report - Chapter 17, "QA Program," to CESSAR
System 80 standard design.
FICHE: 49263 037
acn: 8904040465

March 30. 1989
Text-safety report - Chapter 16, " Tech Specs," to CESSAR
System 80 standard design.A
FICHE: 49262 076t a'w)
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acn: 8904040464

March 30, 1989
Text-safety report - Appendix 150, " Steam Generator Tube
Rupture with Loss of Offsite Power and Single Failure," to i

CESSAR System 80 standard design. i
FIC4E: 49262 022

!

acn: 8904070072

March 30, 1989
Text-safety report - Appendix 15C," Analysis Methods for
Steamline Breaks, to CESSAR System 80 standard design.FICHE: 49262 002
acn: 8904040462

March 30, 1989
Text-safety report - Appendix ISB, " Methods for Analysis of
Loss of Feedwater Inventory Events," to CESSAR System 80standard design.
FICHE: 49261 291
acn: 8904040460

March 30, 1989
Text-safety report - Appendix 15A, " Loss of Primary Coolant
Flow Methodology Description," to CESSAR System 80 standarddesign.
FICHE: 49261 271
acn: 8904040457

March 30, 1989
Text-safety report - Chapter 8, " Electrical Power," to
CESSAR System 80 standard design.
FICHE: 49257 208
acn: 8904040437

March 30, 1989
Text-safety report - Chapter 15, " Accident Analyses," to
CESSAR System 80 standard design.
FICHE: 49260 034
acn: 8904040456

March 30, 1989
Text-safety report - Chapter 7, " Instrumentation and
Controls," to CESSAR System 80 standard design.
FICHE: 49256 107
acn: 8904040434

March 30, 1989 Text-safety report - Chapter 14 " Initial Test Program," to
CESSAR System 80 standard design.
FICHE: 49259 238
acn: 8904040452

March 30, 1989
Text-safety report - Appendix 13A, " Sabotage Protection,"
to CESSAR System 80 standard design.
FICHE: 49259 215
date: 890330

March 30, 1989
Text-safety report - Chapter 6, "ESFS," to CESSAR System 80
standard design. With one oversize enclosure.
FICHE: 49254 089
acn: 8904040375

ABB-CE System 80+ FSER
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I Text-safety report - Chapter 13, " Conduct of Operators," toMarch 30, 1989
CESSAR System 80 standard design.
FICHE: 49259 191
acn: 8904040450

Text-safety report - Chapter 12, " Radiation Protection," toMarch 30, 1989
CESSAR System 80 standard design.
FICHE: 49259 163
acn: 8904040449

Text-safety report - Appendix 11A, " Core Residence Times,"March 30, 1989
to CESSAR System 80 standard design.
FICHE: 49259 157
acn: 8904040445

Text-safety report - Appendix SC, " Structural Evaluation ofMarch 30, 1989
ieedvater Line Break for Steam Generator Internals," to
CESSAR System 80 standard design.
FICHE: 49254 079
acn: 8904040360

March 30, 1989 Text-safety report - Chaptor 11, "Radwaste Management," to
CESSAR System 80 standard design.
Fiche: 49259 088
acn: 8904040443

Text-safety report - Appendix 58, " Structural Evaluation ofO March 30, 1989
Steamline Break for Steam Generator Internals," to CESSAR
System 80 standard design.
FICHE: 49254 070
acn: 8904040358

March 30, 1989 Text-safety report - Appendix 5A, " Overpressure Protection
for CE System 80 PWRS," to CESSAR System 80 standard ;

|design. '

FICHE: 49254 054
acn: 8904040347

,

Text-safety report - Appendix 10A, " Emergency FeedwaterMarch 30, 1989
System Reliability Analysis," to CESSAR System 80 standard ;

design.
FICHE: 49259 033 ,

acn: 8904070042
>

March 30, 1989 Text-safety report - Chapter 5, "RCS and Connected System," |
'

to CESSAR System 80 standard design. With 2 oversize-
enclosures.
FICHE: 49253 198
acn: 8904040345

March 30, 1939 Text-safety report - Appendix 48, " Hot LOOP Flow Testing of
System 80 Fuel and Control Element Assembly Components," to
CESSAR 80 standard design.
FICHE: 49253 186

AB8-CE System 80+ FSER A-15 June 1994
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acn: 8904040335

Text-safety report - Appendix 4A, " System 80 Reactor FlowMarch 30, 1989 Model Test Program," to CESSAR System 80 standard design.
FICHE: 49253 168
acn: 8904040334

Text-safety report - Chapter 10, " Steam and PowerMarch 30, 1989 Conversion System," to CESSAR System 80 standard design.
With 1 oversize enclosure.
FICHE: 49258 251
acn: 8904040441

Text-safety report - Chapter 4, " Reactor," to CESSARMarch 30, 1989
System 80 standard design.
FICHE: 49252 175
acn: 8904040332

Text-safety report - Chapter 9, " Auxiliary System," toMarch 30, 1989
CESSAR System 80 standard design.
FICHE: 49257 302
date: 890330

Text-safety report - Chapter 3, " Design of StructuresMarch 30, 1989
Components Equipment and System," to CESSAR System 80
standard design.
FICHE: 49251 148
acn: 8904040304

Text-safety report - Chapter 2, " Site EnvelopeMarch 30, 1989 Characteristics," to CESSAR System 80 standard design.
FICHE: 49251 134
acn: 8904040291

Text-safety report - Chapter 1, " Introduction and GeneralMarch 30, 1989
Plant Description," to CESSAR System 80 standard design.
With 1 oversize enclosure.
FICHE: 49251 009
acn: 8904040288

lext-safety report - Volumes 1 through 17 consisting ofMarch 30, 1989
Chapters 1 through 18 to "CESSAR Design Certification"
through Amendment E.
FICHE: 49251 004
acn: 8904040284

A.E. Scherer, forwarding Volumes 1 through 17 consisting ofMarch 30, 1989
Chapters 1 through 18 to "CESSAR Design Certification" for
approval per 10 CFR Part 52.
FICHE: 49251 001
acn: 8904040261

A.E. Scherer, CE, letter forwarding " Design CertificationMarch 30, 1989
Licensing Review Basis," for review and concurrence.
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FICHE: 49294 278 ,

:acn: 8904130024

March 31, 1989 CE, " Design Certification Licensing Review Basis." |
:FICHE: 49294 280

acn: 8904130025
;
,

May 1, 1989 A.E. Scherer, CE, letter forwarding response to request for
tadditional information regarding CESSAR-DC, Chapter 5.

FICHE: 49899 044
acn: 8905230116

- '

June 26, 1989 T.J. Kenyon, NRC, letter forwarding request for additional !<

information regarding CESSAR-DC, System 80+ including |

emergency preparedness, plant system, reactor system,
chemistry, radiation protection and reactor safeguards.
FICHE: 50530 231
acn: 8907130132

June 30, 1989 C.D. Gentillon, forwards draft " Component Failure Data ,

Handbook" technical report.
FICHE: 70031 002 >

1
acn: 8910250036
acn: 9201290130

t
'

July 6, 1989 T.J. Kenyon, NRC, meeting summary of June 6 and 7, 1989, '
meeting with BNL and CE regarding concerns resulting from
NRC and BNL review of System 80+ baseline PRA. |

'

FICHE: 50541 343-
acn: 89707140157 ;

July 7, 1989 A.E. Scherer, CE, letter forwarding response to NRC |

December 15, 1988, request for additional information
regarding advanced reactor severe accident program topic
paper set 3 involving PRA methodology.
FICHE: 50547 171 '

.

acn: 8907170039

July 21, 1989 A.E. Scherer, CE, letter forwarding response to November 1, 3
'

1988, request for additional information regarding
CESSAR-DC, Chapter 10, " Chemical Engineering."
FICHE: 50676 212

.;

acn: 8907260023 3
,

August 7, 1989 T.E. Murley, NRC, provides clarification' and further j
'

guidance regarding containment design to assure that
containment conditional failure probability less than 1 in ,

10 when weighted over credible core damage sequences. Goal ;
'

of 0.1 possible. j
FICHE: 50916 133
acn: 8908140099

August 7, 1989 A.E. Scherer, CE, letter forwarding "CE System 80+ standard
Design, Design Certification Licensing Review Basis."
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FICHE: 50927 337
acn: 8908160261

A.E. Scherer, CE, letter confirms that CE application forAugust 21, 1989
design certification for System 80+ standard design
considered submitted per 10 CFR 52.45.
FICHE: 51074 232
acn: 8908250282

A.E. Scherer, CE, letter confirming that CE application forAugust 21, 1989
design certification for System 80+ standard design
considered submitted per 10 CFR 52.45.
FICHE: 51074 232
acn: 8908250282

August 31, 1989 CE, "CE System 80+ Standard Design, Design Certification
Licensing Review Basis."
FICHE: 50927 388
acn: 8908160264

September 28, 1989 A.E. Scherer, CE, letter forwarding additional information
regarding CESSAR-DC Chapter 7.
FICHE: 51372 251
acn: 8910030174

October 4, 1989 A.E. Scherer, CE, letter responding to NRC request for
additional information regarding CESSAR-DC certification,
Chapters 4 and 5.
FICHE: 51520 183
acn: 8910160015

October 30, 1989 A.E. Scherer, CE, letter forwarding response to request for
additional information regarding CE QA program and
CESSAR-DC, Chapter 17, proposed revision to CESSAR-DC and
Revision 5 to CENPD 120.
FICHE: 51739 067
acn: 8911080004

November 15, 1989 R.N. Singh, NRC, meeting summary of October 20, 1989,
meeting with CE in Windsor, Connecticut regarding System
80+ design certification.
FICHE: 51856 266
acn: 8911280103

November 21, 1989 CE, letter requesting that NRC provide consent with respect
to ref. licenses on or before December 13, 1989, proposed
date for consummation of transaction with CE will become
wholly owned subsidiary of ABB-CE.
FICHE: 5654 075
acn: 9101300116

CE, letter requesting NRC consent regarding Topical Report |November 21, 1989
FDA-2 in connection with proposed transaction which CE wil

;

become wholly owned subsidiary of ABB-CE. |
1
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O) FICHE: 56554 087(v acn: 9101300179

December 22, 1989 A.E. Scherer, CE, letter forwarding Amendment F to CE
standard SAR - Design Certification.
FICHE: 52112 039
acn: 8912270353

December 31, 1989 Text-safety report "Nuplex 80 Revision 2 to Verification
Analysis Report."
FICHE: 61783 012
acn: 9205210194

January 5, 1990 R.H. Burt, CE, letter requesting that consolidated
financial statements submitted to NRC by November 21, 1989,
letter regarding indirect transfer of CE licenses be
treated as confidential, per 10 CFR 2.790.
FICHE: 52490 294
acn: 9001300096

January 22, 1990 A.E. Scherer, CE, letter forwarding suggested revision to
"Dasign Certification Licensing Review Basis Document," per
January 4, 1990, meeting.
FICHE: 70612 005
acn: 9012130040

,

p January 24, 1990 R. Singh, NRC, letter forwarding request for additional ;
I information to complete review of System 80+ design |*

V certification for CESSAR-DC, including fire protection
analysis, fuel assembly storage capacity, storage densities
for spent fuel pool and spent fuel pool storage racks. l
FICHE: 52523 055 l
acn: 9002010306 |

|

January 25, 1990 A.E. Scherer, CE, letter forwarding response to
December 16, 1988, request for additional information
regarding CESSAR-DC, Chapters 3, 4, 5 and 6 regarding !

turbine missiles, control element drive structural i

materials, cleaning and contamination protection procedures I

and reactor internals materials. .
FICHE: 52599 194
acn: 9002090070

January 31, 1990 CE, " Design Certification Licensing Review Basis Document." )
FICHE: 70612 006 I

acn: 9012130044

April 26, 1990 E.H. Kennedy, CE, letter forwarding Amendment F to
CESSAR-DC and affidavit, per 10 CFR 50.4(b) and 50.30(b).
FICHE: 53636 264
acn: 9004300116 |

( April 26, 1990 CE, Amendment F to CESSAR-DC.

( FICHE: 5636 266
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9004300126acn:

Text-safety report - Amendment F to CESSAR-DC.April 26, 1990
Fiche: 53636 266
acn: 9004300126

E.H. Kennedy, letter forwarding Amendment F to CESSAR-DCApril 26, 1990 and affidavit per 10 CFR 50.4(B) and 50.30(B).
FICHE: 53636 264
acn: 9004300116

E.H. Kennedy, NRC, letter advising that licensee will
May 18, 1990 submit application for final design approval and design

certification of process inherent ultimate safety reactor
in FY92 and that safe integral reactor anticipated FY93, in
addition to System 80+ under review.
tICHE: 54372 002
acn: 9006290201

R.H. Singh, NRC, meeting summary of Hay 20 and 21, 1990,June 29, 1990 meetings with CE in Windsor, Connecticut to discuss
instrumentation and control for System 80+.
FICHE: 54500 289
acn: 9007120091

E.H. Kennedy, CE, letter forwarding additional copies ofJuly 12, 1990
Amendment G to CESSAR-DC.
FICHE: 54714 169 ,

acn: 9007260010

E.H. Kennedy, letter forwarding additional copies ofJuly 12, 1990
Amendment G to CESSAR-DC.
FICHE: 54714 169
acn: 9007260010

August 31, 1990 CE, Amendment H to "CESSAR-DC."
FICHE: 55432 244 & 55719 131

9010120206 & 9011070054acn:

Text-safety report - Amendment H to "CESSAR - DesignAugust 31, 1990
Certification."
FICHE: 55719 131

9011070054acn:
E.H. Kennedy, CE, letter forwarding proposed changes to
System 80+ licensing review basis document, per January 22,August 28, 1990

1990, letter.

FICHE: 55251 020
| acn: 9009190208

{ E.H. Kennedy, CE, letter forwarding Amendment H toOctober 3, 1990
( "CESSAR-DC."

FICHE: 55432 241
9010120205acn:

I June 1994A-20
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p October 29, 1990
E.H. Kennedy, CE, letter forwarding Amendment H tot j

V "CESSAR-DC."
FICHE: 55719 129
acn: 9011070047 '

October 29, 1990
E.H. Kennedy, letter forwarding Amendment H to "CESSAR -Design Certification."
FICHE: 55719 129
acn: 9011070047

November 6, 1990
C.L. Miller, NRC, letter requesting description in specific
detail for items listed in Appendix A to licensing review
basis document regarding System 80+.
FICHE: 55808 229
9011150215

November 13, 1990
T.V. Wambach, NRC, meeting summary of October 3,1990,
meeting with CE regarding CE System 80+ seismic and
containment design, structural model development and
soil-structure interaction.
FICHE: 70603 048
acn: 9012050161

November 23, 1990
T.V. Wambach, HRC, meeting summary of October 15 through
17, 1990, meeting with CE in Windsor, Conn. regarding
Chapter 18 of CESSAR-DC System 80+.
FICHE: 70588 320p acn: 9011300217

December 3, 1990
C. Michelson, ACRS, meeting summary of ACRS 367th meeting

,

on November 8 through 10, 1990, regarding SECY-90-353,
licensing review basis document for CE, System 80+
evolutionary LWR (report dated November 14, 1990) and
NUREG-1150, " Severe Accident Rists: Assesr, ment of Five US
Nuclear Power Plants."
FICHE: 56362 286
acn: 9101080113

December 12, 1990
0.M. Crutchfield, NRC, letter forwarding partial request '

for additional information regarding CESSAR-DC, System 80+.
FICHE: 56244 326
acn: 9101020260

December 20, 1990
0.M. Crutchfield, NRC, letter forwarding partial request
for additional information regarding CESSAR-DC, System 80+.
FICHE: 56244 326
acn: 9101020260

December 21, 1990 CE, Amendment I to "CESSAR - Design Certification
CESSAR-DC)."
FICHE: 57013 031
acn: 9103130321 '

December 94, 1990
T.V. Wambach, NRC, letter forwarding request for additional

|
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information on DC application for CE System 80 design
Project 675.
FICHE: 56251 049
acn: 9101020300

January 2, 1991 J.C. Hoyle, ACRS, letter forwarding reports and background
papers of ACRS for placement in Advisory Committee
depository.
FICHE: 56362 283
acn: 9101080064

January 30, 1991 E.H. Kennedy, CE, letter forwarding summary of Amendment I
to standard for design certification for information and
planning purposes.
FICHE: 57411 356
acn: 9104160004

January 31, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information on CESSAR-DC, System 80+.
FICHE: 56767 296
acn: 9102210124

January 31, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information on CESSAR-DC, System 80 based on NRC review of
Section 15.4 regarding reactivity accidents.
FICHE: 56717 146
acn: 9102150134

February 15, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information regarding Chapter 5 and 6 of CESSAR-DC,
System 80+ design, based on NRC review.
FICHE: 56802 269
acn: 9102250363

February 21, 1991 D.M. Crutchfield, NRC, letter notifies applicants for
standard plant design certification of requirement to
inform NRC of plans to consider severe accident mitigation
design alternatives for proposed designs.
FICHE: 56825 269
acn: 9102280139

February 21, 1991 D. Crutchfield, NRC, letter discussing severe accident
mitigation design alternatives for certified standard
designs. Licensees to inform NRC regarding plans to
consider severe accident mitigation design alternatives for
proposed designs.
Fiche: 56857 178
acn: 9102280120

March 1, 1991 T.V. Wambach, NRC, meeting summary of February 7, 1991,
meeting with CE in Rockville, Maryland regarding
demonstration of use of proven technology or need for
prototype testing of advanced control complex (Nuplex 80+).
FICHE: 57036 343
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acn: 9103140237

E.H. Kennedy, CE, letter responding to NRC December 23,March 4, 1991
1988, request for additional information regarding
CESSAR-DC.

'

i

FICHE: 56983 035
|acn: 9103120463

E.H. Kennedy, CE, letter forwarding Amendment I to
.

March 4, 1991
"CESSAR - Design Certification (CESSAR-DC)."
FICHE: 57013 001 ,

acn: 9103130320 ,

E.H. Kennedy, CE, letter forwarding response to NRC
,

19, 1989, request for additional information to |March 15, 1991
January :
enable NRC to continue review of CESSAR - design
certification.
FICHE: 57128 267
acn: 9103220375

i

E.H. Kennedy, CE, letter forwarding response to NRCMarch 15, 1991 request for additional information regardingJune 26, 1989,
CE std SAR - design certification, including revision to
CESSAR-DC. |
FICHE: 57138 118
acn: 9103250292 :

!

E.H. Kennedy, CE, letter forwarding response to NRC request
{March 26, 1991 for additional information regarding design certification,
t

CESSAR-DC, per January 24, 1990, letter.
FICHE: 57190 176 ,

acn: 9104010154 ;

Text-safety report - Appendix 3A " Discussion of Finite ,

March 30, 1991 *

Difference Analysis fc Analysis of Pipe Whip" to CESSAR
.

System 80 standard design. i
FICHE: 49251 302
acn: 8904100310 ;

R.W. Borchardt, NRC, meeting summary of April 2, 1991,April 2,1991 |meeting with NUMARC regarding implementation of 10 CFR
|,Part 52.

FICHE: 57316 057
acn: 9104090251

!

April 12, 1991 E.H. Kennedy, CE, letter forwarding response to NRC
December 21, 1990, request for additional information i

!

regarding SSAR for design certification (CESSAR-DC).
.

FICHE: 57437 001 |
acn: 9104190057 i

E.H. Kennedy, letter forwarding response to NRC request for :

April 26, 1991 additional inf ormation regarding CESSAR design |

June 1994
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certification.
FICHE: 57645 053
acn: 9105080052

C.D. Gentillon, forwards text - procurement and contractsApril 30, 1991 " Component Failure Data Handbook" technical evaluation
report.
FICHE: 60515 007
acn: 9202110028

C.L. Miller, forwarding notice of receipt of ApplicationMay 1, 1991 for Design Certification for System 80+ Standardized
Nuclear Power Plant Design.
FICHE: 58893 051
acn: 9105090143

D. Crutchfield, NRC, letter forwarding FR notice of receiptMay 1, 1991 of CE March 30, August il,1989, April 26, July 12,
and March 4, 1991 applications for CP andOctober 29, 1990

OL regarding System B0 standardization nuclear power plant
design. (Correction May 15, 1991)
FICHE: 58893 047
acn: 9105090039

E.H. Kennedy, letter forwarding response to NRC January 31,May 6, 1991 1991, request for additional information regarding CE
standard SAR - design certification.
FICHE: 57832 021
acn: 9105230164

T.V. Wambach, NRC, letter forwarding request for additionalMay 13, 1991 information on CESSAR-DC System 80+ Chapter 15 within
90 days.
FICHE: 57826 349
acn: 9105170260

A.E. Scherer, letter proposing series of meetings with NRCMay 13, 1991 to identify critical path issues and explore areas for
schedule improvements.
FICHE: 57897 283
acn: 9105300069

E.H. Kennedy, letter responding to NRC April 12, 1991,May 13, 1991 request for list of documentation regarding System 80+
design certification application.
FICHE: 57891 177
acn: 9105290234

| C.L. Miller, correction to notice of receipt of applicationHay 15, 1991'

for design certification.
FICHE: 57881 153
acn: 9105220272

T.V. Wambach, NRC, letter forwarding correction to NoticeMay 15, 1991

June 1994
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of Receipt of Application for Design Certification.
;

FICHE: 57881 152
|

acn: 9105220266

E.H. Kennedy, letter responding to NRC request for
IMay 16, 1991 additional information regarding review of CESSAR. '

FICHE: 57871 001 |
acn: 9105300020

T.J. Kenyon, NRC, meeting summary of May 14, 1991 meeting
,

iMay 22, 1991 with NUMARC, EPRI, GE, CF, and Westinghouse regarding
schedules for review of future LWR projects. -,

FICHE: 57917 279
acn: 9106040123

Text-safety report " Description of Nuclear QA Program."
r

June 13, 1991
FICHE: 58237 009
acn: 9106260402 ,

E.H. Kennedy, letter forwarding Revision 6 to topical
i

|June 13, 1991
report CENPD-210 " Description of Nuclear QA Program."

,

FICHE: 58237 001
acn: 9106260398

E.H. Kennedy, letter advising that " System 80+ Standard
Design Probabilistic Risk Assessment" to be made available

June 26, 1991 -

i

to NRC. !

FICHE: 58279 316
acn: 9107020329

!
T.V. Wambach, NRC, letter notifying of July 16, 1991,
presentation in Rockville, Maryland to discuss overview ofJuly 2, 1991

CE System 80 design and new features.
,

FICHE: 58456 213'
acn: 9107180028 ,

!D. Crutchfield, NRC, letter requesting list of assumptions i
used to develop estimated. schedule for certification ofJuly 22, 1991

1

System 80+ reactor design by November 4, 1991. |
FICHE: 58549 027
acn: 9107240322

T.V. Wambach, NRC, letter forwarding request for additional
information based on Electrical System Branch of Chapter 8July 29,1991
of CESSAR-DC System 80+ standard design documents.

.

FICHE: 58637 320
'

acn: 9108010176

C.L. Miller, NRC, letter requesting submittal of Revision 0August 2, 1991 to DCTR-RS-02 " System 80+ Standard Design PRA" for
evaluation in support of application of design
certification for System 80+.
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Oi:
FICHE: 58723 076 !

acn: 9108090123

August 3, 1991 T.V. Wambach, NRC, letter requesting additional information
.

on CESSAR-DC System 80+ based on review by Radiation 1

Protection Branch of Chapters 9, 11 12, and 15.
FICHE: 58708 212
acn: 9108080049

August 5, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information based on review by Reactor Safeguards Branch of
CESSAR-DC. Response requested within 90 days of letter
receipt.
FICHE: 58717 289
acn: 9108080083

August 6, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information based on review by Performance and Quality
Evaluation Branch of CESSAR-DC. Response needed within
90 days of receipt of request.
FICHE: 58722 265
acn: 9108090200

August 8, 1991 T.V. Wambach, NRC, letter forwarding request for additional
information based on review by Materials and Chemical
Engineering Branch of CESSAR-DC. Response needed within
90 days of receipt of request.
FICHE: 58774 102
acn: 9108140086

August 9, 1991 E.H. Kennedy, CE, letter advising that Revision 0 to
DCTR-RS-02 " System 80+ Standard Design PRA Documentation"
need not be protected from public disclosure. Report
submitted for NRC information only.
FICHE: 58822 321
acn: 9108190013

August 9, 1991 E.H. Kennedy, CE, letter advising that licensee will not be
able to respond to request for additional information by
requested date and assessing schedule for completion.
FICHE: 58805 195
acn: 9108160067

|

August 14, 1991 Text-safety report - Volumes 1 through 3 of " System 80+
Standard Design PRA."
FICHE: 58809 121
acn: 9108150250

August 14, 1991 E.H. Kennedy, letter forwarding Volumes 1 and 2 of
" System 80 Standard Design PRA."
FICHE: 58809 120
acn: 9108150248

August 14, 1991 T.V. Wambach, NRC, meeting summary of June 20 and 21,1991,
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with BNL and DC in Windsor, Connecticut to provide
introduction to NRC reviewers for System 80 PRA. List of

Jattendees and viewgraphs enclosed.
)

FICHE: 58897 161 )
acn: 9108260044

T.V. Wambach, NRC, letter forwarding request for additional ;

August 21, 1991 '

information on DC application for ABB-CE System 30 design
CESSAR-DC.
FICHE: 58898 037 *

acn: 9108270128
,

Transcript of ACRS Subcommittee on Advanced PWRS
,

September 4, 1991 '

Proceedings on September 4, 1991 in Bethesda, Maryland to !

receive presentation from ABB-CE regarding System 80 Nuplex
Advanced Instrumentation and Control Systems and PRA ,

applied to design. PP 1-272. Viewgraphs enclosed. I,

FICHE: 59075 001 7

acn: 9109100095 |
,

i
September 16, 1991 D. Crutchfield, NRC, letter requesting response to :

outstanding CESSAR-DC submittals regarding design i
certification of System 80+ within 120 days of August 9,
1991, letter. Listed areas included: interface

|requirements and fire hazards analysis.
FICHE: 59186 335 |

.

acn: 9109230044

T.V. Wambach, NRC, letter forwarding request for additionalSeptember 19, 1991 <

information on CESSAR-DC System 80+. Requests response
within 90 days of receipt of September 19, 1991 letter. i

i
FICHE: 59288 038
acn: 9110030280

T.V. Wambach, NRC, letter requesting additional information |
September 25, 1991

regarding CESSAR-DC System 80+ based on audits by NRC.
.

FICHE: 59288 158 |
acn: 9110030179

September 26, 1991 T.V. Wambach, NRC, letter forwarding request for additional
;

information regarding CESSAR-DC System 80+.
FICHE: 59294 110
acn: 9110040245'

T.V. Wambach, NRC, letter forwarding request for additional ;
October 9, 1991

information based on review of CESSAR-DC regarding |
.

emergency planning.
FICHE: 59408 189
acn: 9110180136

T.V. Wambach, NRC, letter forwarding request for additionalOctober 10, 1991
information based on review by Plant Systems Branch of
Chapters 3, 5, 6, 9, 11, and Chapter 20.
FICHE: 59479 293
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acn: 9110300084

T.V. Wambach, NRC, letter forwarding request for additional
information on CESSAR-DC System 80+ in reference to GenericOctober 10, 1991

Safety Issue II.C.4, " Reliability Engineering," to enable
continuation of review of subject generic issue.
FICHE: 59437 222
acn: 9110230078

T.V. Wambach, NRC, letter forwarding request for additionalOctober 10, 1991 information based on review of CESSAR-DC Chapter 14.2
regarding review evaluation and approval of Phases I
through IV test results.
FICHE: 59408 050
acn: 9110180137

T.V. Wambach, NRC, letter forwarding request for additionalOctober 16, 1991 information based on review by TSS Branch of Chapts.' 16 of
, CESSAR-DC System 80+. Requests response be provided within
l

f 90 days.
FICHE: 59433 023
acn: 9110210196

D. Crutchfield, HRC, forwards '.etter revised agenda for NRCOctober 23, 1991 advanced conference to be held in Washington, DC on
November 4 and 5,1991. Agenda based on comments received
from NUMARC on preliminary agenda in FR. List of technical
issues for CE System 80+ enclosed.
FICHE: 59491 306
acn: 9110310124

T.V. Wambach, NRC, meeting summary of August 12, 1991,1
' October 24, 1991

meeting with licensee in Rockville, Maryland regarding
licensee April 12, 1991, response to NRC request for
additional information regarding human factors engineering

( for CE System 80 dated December 21, 1990.
'

FICHE: 59488 153
acn: 9110310083

T.V. Wambach, NRC, forwarding letter submitting request forOctober 30, 1991 additional information regarding review by probabilistic
risk assessment branch of Appendix B. Response request

within 90 days.

FICHE: 59897 162
| acn: 9112040040
'

0. Crutchfield, NRC, forwards draft safety evaluationNovember 5, 1991
regarding review of application certification of advanced
BWR design.
FICHE: 60519 178
acn: 9202100117

D. Crutchfield, NRC, forwards letter providing commentsNovember 14, 1991
regarding E.H. Kennedy October 22, 1991, letter to D.M.
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) Crutchfield concerning NRC request for schedule for
outstanding submittals. Encourages licensee to meet or/

beat dates indicated with high quality submittals regarding
<'

review of CE System 80+.
FICHE: 59880 031
acn: 9112040036

November 21, 1991 t

0. Crutchfield, NRC, forwarding letter requesting submittal !

of design certification to assess severe accident 1

I
mitigation design alternatives and impact on safety of alldesigns.

i

FICHE: 59912 283 )
acn: 9112060216 .

'

November 27, 1991
E.H. Kennedy, CE, forwarding letter response to NRC May 13
and August 21, 1991, requests for additional information to
enable NRC to continue review of CESSAR for design

,

i

certification.
single failure and sequence of events. Topics discussed include definition of
FICHE: 59979 017
acn: 9112110118

November 27, 1991
E.H. Kennedy, CE, forwarding letter nonproprietary and

L

proprietary System 80+ seismic response spectra for soil
Case 84 and System 80+ SSE Analysis Zero period
accelerations. With 11 oversize drawings.FICHE: 60307 113

,

;
acn: 9201070320

$

November 27, 1991
E.H. Kennedy, CE, forwarding letter response to NRC
August 8,1991, request for additional information. onCESSAR design certification.
FICHE: 59957 193 ,

acn: 9112100107

November 27, 1991
E.H. Kennedy, CE, forwarding letter response to NRC
August 3, 1991, request for additional information to
enable NRC to continue review of engineering standard SAR. for design certification.
FICHE: 59957 238 ;

acn: 9112100045

November 30, 1991 Text-safety report - Nonpro
Zero Period Accelerations" prietary " System 80 SSE Analysis !including technical information jon stability (Non-Buckling) calculation. With 11 oversize ;drawings.
FICHE: 60307 123 .i
acn: 9201070336 1

November 30, 1991 :

Text-safety report - Nonproprietary " System 80 Seismic
Response Spectra for Soil Case B4." 4

FICHE: 60307 120
'

acn: 9201070332 .

i
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November 30, 1991 CE, Proprietary " System 80+ Seismic Response Spectra for
Soil Case B4."
FICHE: 98214 265
acn: 9201070341

November 30, 1991 CE, Proprietary " System 80+ SSE analysis, Zero Period
Accelerations.
FICHE: 98214 268
acn: 9201070345

December 2, 1991 E.H. Kennedy, CE, forwarding letter response to NRC
July 22, 1991, request that vendor provide information on
basis for System 80+ review schedule. Schedules discussed
in May 1991 no longer considered realistic. Listed
projected dates discussed during advanced LWR Conference on
November 4 and 5, 1991.
FICHE: 59979 002
acn: 9112110013

December 9, 1991 E.H. Kennedy, CE, forwarding letter nonproprietary and
proprietary reports regarding functional design requirement
for CEA calculator and functional design requirement for
core protection calculator respectively. Proprietary
reports withheld (Ref 10 CFR 2.790).
FICHE: 60058 220
acn: 9112190175

December 13, 1991 E.H. Kennedy, CE, forwarding letter response to request for
additional information regarding standard SAR design
certification.
FICHE: 60102 302
acn: 9112260251

December 17, 1991 E.H. Kennedy, CE, forwarding letter response to NRC
August 5, 1991, request for additional information on
CESSAR design certification.
FICHE: 60139 057
acn: 9112260243

December 20, 1991 T.V. Wambach, NRC, meeting summary of November 20, 1991,
meeting with CE utility and EPRI in Rockville, Maryland
regarding electrical distribution system modifications.
FICHE: 60138 226

| acn: 9112300312

December 20, 1991 E.H. Kennedy, CE, letter forwarding response to NRC
July 29, 1991, request for additional information regarding
Engineering SSAR - design certification covering IEEE
Standards Offsite Power System Control Room indication of
emergency diesel generator, operational status, and de
power system.
FICHE: 60240 279

; acn: 9201080036
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December 21, 1991 Text-safety report - Amendment I to "CESSAR - Design
Certification (CESSAR-DC)." ;FICHE: 57013 031
acn: 9103130321

December 23, 1991 E.H. Kennedy, CE, letter responding to NRC November 21, ;
;

1991, letter which summarized basis for considering severe |
accident mitigation design alternatives a part of design !

certification reviews. Alternative cost benefit analysis
will be submitted by May 1992.
FICHE: 60213 073
acn: 9201060010.

December 23, 1991 T.V. Wambach, NRC, meeting summary of November 22, 1991
meeting with CE in Rockville, Maryland regarding use of
design acceptance criteria for instrumentation and ainrol
ard human factors. 1

FICHE: 60163 310 '
; acn: 9112310222

i

December 24, 1991 E.H. Kennedy, CE, letter responsing to NRC August 3, 1991,
request for additional information regarding SSAR design '

certification. "

FICHE: 60238 272
acn: 9201070296

,

!
December 24, 1991 E.H. Kennedy, CE, letter responding to NRC requests for

additional information for review of CESSAR - design ,

icertification report. Proposed revisions to SSAR enclosed. +

FICHE: 60238 140
acn: 9201070251

.

January 1,1992 E.H. Kennedy, CE, letter forwarding response to NRC
requests for additional information from Reactor Systems, ,

Plant Systems, and Risk Assessment Branches regarding
shutdown risk.
FICHE: 60471 034
acn: 9202030204

'

January 6, 1992 R.C. Pierson, NRC, forwarding Generic Letter 82-39
" Problems with Submittals for 10 CFR 73.21." Requests that
all future submittals containing safeguards information
adhere to guidance contained in generic letter.

-

FICHE: 60250 267 !

acn: 9201100038 ;

January 8, 1992 T.V. Wambach, NRC, letter forwarding draft NUREG-1449, "NRC
Staff Evaluation of Shutdown and Low Power Operation."

i

Final version of NUREG scheduled to be issued to Commission i

by early February 1992.
FICHE: 60384 157 '

acn: 9201270311

:January 9, 1992 T.V. Wambach, NRC, memorandum notifying January 21, 1992,
|
t
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|

meeting with CE in Windsor, Connecticut to discuss status
of System 80 and identification of significant issues in

<

need of prioritization. Meeting will be extended through
iJanuary 22, 1992, if necessary. '

FICHE: 60321 104 !

acn: 9201160163

January 12, 1992 E.H. Kennedy, CE, letter discussing E.H. Kennedy,
January 10, 1992, response to NRC questions on 80
electrical distribution system. Supports EPRI effort to
reach agreement with NRC on cost-effective design that
meets needs of utility and NRC requirements.
FICHE: 61666 341
acn: 9205110189

January 14, 1992 E.H. Vennedy, CE, letter forwarding response to NRC
July 29, 1991, request for additional information for NRC
review of CESSAR design certification.
FICHE: 60339 202
acn: 9201210255

E.H. Kennedy, CE, letter discussing January 10, 1992,January 21, 1992
response to NRC questions on System 80+ electrical
distribution system.

FICHE: 61666 341
acn: 9205110189

January 23, 1992 E.H. Kennedy, CE, letter forwarding response to NRC
October 30, 1991, request for additional information
regarding CE standard SAR - design certification (CESSAR-
DC). Responses to remaining questions will be provided by
separate correspondence.
FICHE: 60418 108
acn: 9201290113

January 24, 1992 E.H. Kennedy, CE, letter forwarding response to NRC request
on October 10, 1992, for staff review of combustion
engineering standard safety analysis report and
corresponding revisions to CESSAR-DC. With 26 oversize
drawings.
FICHE: 60522 001
acn: 9201310151

E.H. Kennedy, CE, letter forwarding response to MaterialsJanuary 24, 1992 and Chemical Engineering Branch August 8,1992, Structural
and Geosciences Branch September 26, 1992, and Plant
Systems Branch October 10, 1991, requests for additional
information regarding SSAR - design certification.
FICHE: 60419 056
acn: 9201300093

E.H. Kennedy, CE, letter informing of revision toJanuary 28, 1992
System 80+ general arrangements to reflect design

|
improvements. With 13 oversize general arrangement,
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drawings, 8 oversize fire barrier drawings, and 16 oversize
O radiation zone drawings.

FICilf- 60449 317
acn: 9202030041

January 29, 1992 E.H. Kennedy, CE, letter forwarding responses to NRC
requests for additional information regarding CE Standard
SAR - design certification (CESSAR-DC) and marked-up
proposed revisions to subject report.
FICHE: 60471 127
acn: 9202040200

January 30, 1992 T.V. Wambach, NRC, letter informing that November 27, 1992,
submittal of documents " System 80+ SSE Analysis Zero Period
Accelerations" and " System 80 Seismic Response Spectra for
Soil Case B4" will be withheld from public disclosure
r:ferencing 10 CFR 2.790.
FICHE: 60494 241
acn: 9202060176

January 31, 1992 E.H. Kennedy, CE, forwards letter "LOCA Aspects of CE
Advanced LWR - System 80+" in response to NRC request for
additional information.
FICHE: 60570 019
acn: 9202110334

January 31, 1992 Text-specifications and test reports - draft Revision 0 to
(Q " Reliability Assurance Program Plan for System 80+ Nuclear

Power Plant."'

*

FICHE: 60584 015
acn: 9202110169

January 31, 1992 E.H. Kennedy, CE, letter forwarding draft Revision 80+ to
" Reliability Assurance Program Plan for System 80 Nuclear
Power P1 ant."
FICHE: 60584 011
acn: 9202110166

hruary 3, 1992 T.V. Wambach, NRC, meeting summary of December 4, 1991,
meeting with licensee in Rockville, Maryland regarding
facility human factors issues.
FICHE: 60540 089
acn: 9202110513

February 6, 1992 T.V. Wambach, NRC, letter advising that Revisions 02-P to
CEN-304-P " Functional Design Requirement for Control
Element Assembly Calculator" and CEN-305-P " Functional
Design Requirnents for Core Protection Calculator" '

withheld (Ref. 10 CFR 2.790).
FICHE: 60538 254
acn: 9202110410

l

p February 7, 1992 R.L. Nease, NRC, forwards meeting summaries-internal (non- ,

transcript) summary of January 23, 1992, meeting with GE in !
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Bethesda, Maryland to discuss closure of severe accident
issues for Advanced BWR.
FICHE: 60581 242
acn: 9202140363

February 11, 1992 S. Rosen, forwards text-safety report "LOCA Aspects of CE
Advanced LWR - System 80."
FICHE: 60570 022
acn: 9202110335

February 12, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
October 10, 1991, letter regarding additional information
for NRC staff review of CESSAR design certification.
FICHE: 60750 055
acn: 9202260038

February 12, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
September 26, 1992, letter regarding additional information
for review of CE standard SAR. With 2 oversize figure-drawings.
FICHE: 60773 128
acn: 9202250239

February 14, 1992 C.B. Brinkman, CE, letter responding to request for
additional infcrmation regarding CE standard SAR designcertification.
FICHE: 60751 033
acn: 9202260092

February 18, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
August 6 and October 10, 1991, requests for additional
information in reference to review of CESSAR design
certification including corresponding revisions.
FICHE: 60775 001
acn: 9202260175

February 18, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
October 30, 1991, request for additional information in
reference to CESSAR design certification including
corresponding revisions. With 2 oversize drawings.
FICHE: 60774 180
acn: 9202260161

February 18, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
request for additional information electrical distribution
system design in reference to NRC review of CESSAR.
FICHE: 60750 183
acn: 9202260148

February 18, 1992 C.B. Brinkman, CE, letter forwarding NRC October 19, 1991,
letter regarding additional information for NRC staff
review of CESSAR design certification.
FICHE: 60752 289
acn: 9202260141
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CI february 19, 1992 C.B. Brinkman, CE, letter forwarding nonproprietary andt

d proprietary responses to request for additional information
including listing of MAAP parameter file for System 80+
design. Proprietary response and listing of MAAP parameter
file for System 80 design withheld.
FICHE: 60751 328
acn: 9202260154

February 21, 1992 C.B. Brinkman, CE, letter forwarding " Description of Human
Factors Program for the System 80+ (TM) Standard Plant
Design" per commitmeni. in December 4,1991, meeting with
NRC.
FICHE: 60392 305
acn: 9203060317

February 25, 1992 C.B. Brinkman, CE, letter forwarding revised responses per
December 4,1991, meeting with NRC staff on human
engineering factors on RAls 620.5, 620.13, 620.16, 620.24,
and 620.25. Other responses to be provided.
FICHE: 60867 147
acn: 9203060293

February 25, 1992 C.B. Brinkman, CE, letter forwarding response to NRC
September 26, 1992, request for additional information to
enable NRC to continue review of SSAR - design
certification (CESSAR-DC). Information covers damping

Q values and groundwater condition.
t FICHE: 60858 074

acn: 9203060343

February 26, 1992 N.T. Saltos, letter discussing partial list of responses to
request for additional information regarding plant.
Without enclosure.
FICHE: 60772 024
acn: 9203020274

February 28, 1992 C.B. Brinkman, CE, letter providing revised responses to
NRC requests for additional information regarding human
factors engineering per April 12, 1992, letter.
FICHE: 60883 008
acn: 9203090118

February 28, 1992 C.B. Brinkman, CE, letter forwarding summary of interface
requirements for System 80+ standard design and
corresponding revisions to CESSAR - design certification.
FICHE: 60883 076 1

acn: 9203090104 )
February 29, 1992 Text-specifications and test reports " Description of

Human Factors Program Plan for System 80 (TM) Standard
Plant Design" for plant certification.
FICHE: 60392 307 :
acn: 9203060327

'
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March 2, 1992 C.M. Thompson, letter forwarding trip report of November 4
through 6, 1991, visit to plant to identify areas where
changes could be made to reduce radiation exposure and to
incorporate changes into design review of advanced CESSAR
System 80+ design.
FICHE: 60907 297
acn: 9203120343

March 4, 1992 D. Crutchfield, NRC, letter requesting completion of
responses to requests for additional information and
submittal of remaining portions of application.
FICHE: 60839 110
acn: 9203060134

March 4, 1992 T.V. Wambach, NRC, meeting summary of January 21, 1992,
meeting with CE regarding CE goals and objectives with
regard to System 80, overview of System 80, and major
issues that require manpower resources to complete NRC
evaluation.
FICHE: 60912 172
acn: 9203130049

March 11, 1992 Text-safety report - general external technical reports,
Section 17.3 regarding responses to resolution issues
related to reliability assurance program.
FICHE: 60898 284
acn: 9203110138

March 12, 1992 Text-safety report - markup copy of "QA Program Topical
Report."
FICHE: 60993 203
acn: 9203190036

March 12, 1992 Text-safety report "QA Program Topical Report."
FICHE: 60993 160
acn: 9203190033

March 12, 1992 C.B. Brinkman, CE, letter forwarding Revision 7 to
CENPD-210, "QA Program Topical Report" and marked-up copy
of Revision 6 to CENPD-210A, "QA Program Topical Report."
FICHE: 60993 159
acn: 9203190031

March 13, 1992 Text-safety report - Revision 0 to " System 80 Design,

Certification Fire Hazards Assessment."
'

FICHE: 61222 217
acn: 9204010227

March 16, 1992 T.V. Wambach, NRC, meeting summary of March 2, 1992, with
CE in Windsor, Connecticut regarding System 80 design
certification for instrumentation and control. Meeting
agenda and list of attendees enclosed.
FICHE: 60997 319
acn: 9203200177

i
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March 18, 1992 T.V. Wambach, NRC, meeting summary of February 26, 1992,b) public meeting with CE in Rockville, Maryland regarding
piping ductwork and cable trays concerning level of detail ,

and CE distribution system guide as design acceptance |criteria. i
FICHE: 61121 020 I
acn: 9203270296 ,

!
March 19, 1992 General external technical reports - draft " interim Human

Factors Review Criteria for Design Process of Advanced
Nuclear Power Reactor."

.

'

FICHE: 61713 049
'

acn: 9205140246
i

March 25, 1992 C.B. Brinkman, CE, letter forwarding acknowledge receipt of i

March 4,1992, letter regarding CESSAR-DC completeness of ,

submittal s. Agrees that licensee must continue to provide ;

timely high quality submittals. Submittal target dates for ,

shutdown risk information advanced from April 30 through
'

May 31, 1992.
FICHE: 61297 185 .

acn: 9204080186 -

1

March 26, 1992 C.B. Brinkman, CE, letter forwarding Revision 0 to
" System 80+ Design Certification Fire Hazards Assessment." !
Assessment covered all areas containing equipment required

,

for safe shutdown following fire.
FICHE: 61222 216 ;

acn: 9204010224 :
,

March 26, 1992 C.B. Brinkman, CE, letter discussing applicability of leak-
3

before-break methodology in System 80+ design process per
February 26, 1992, meeting with NRC. Walls of every i

System 80+ subcompartment sufficiently thick to witustand :

pressure effects from postulated guillotine rupture. !

FICHE: 61210 358 .

acn: 9204010016 i

March 26, 1992 C.B. Brinkman, CE, forwards letter response to remaining '

outstanding request for additional information (RAI) 230.1
1'and revisions to responses for RAls 220.6 and 220.7

providing Figure 3.7-2, and expanding description of how .

'average power spectral density calculated respectively.
FICHE: 61231 298
acn: 9204020043 .

,

March 27, 1992 C.B. Brinkman, CE, letter submitting listing of deviations .

between acceptance criteria of NRC standard review plan and 4

System 80+ design certification application, and submits
standard review plan comments. t

FICHE: 61238 134
acn: 9204020200

April 3, 1992 D.M. Crutchfield, NRC, letter advising that NRC unable to |
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confirm what CE proposing to certify under 10 CFR Part 52
for design of control room.
FICHE: 71246 322
acn: 9204090057

April 7, 1992 C.B. Brinkman, CE, letter forwarding general ar rangement
fire barrier and radiation zone drawings in fulfillment of
commitments of Items 1 and 2 of March 25, 1992, letter
regarding CESSAR-DC System 80. With 37 drawings.
FICHE: 61352 324
acn: 9204150084

April 8, 1992 N.T. Saltos, letter forwarding document entitled " Fire
Hazard Assessment" regarding CE System 80+ review. CE will
prepare and submit PRA that will analyze potential of core
damage from fires. Without enclosure.
FICHE: 61378 294
acn: 9204210273

April 9, 1992 T.V. Wambach, NRC, letter forwarding request for additional
information and description of SER regarding severe
accident and design features for prevention and mitigation.
Requests information in time frame to enable staff to meet
schedule for draft SER.
FICHE: 61378 129
acn: 9204210363

April 9, 1992 T.V. Wambach, NRC, letter forwarding request for
information and description for SER to assist in closure o
severe accident design features issues.
FICHE: 71486 108
acn: 9209180094

April 15, 1992 C.B. Brinkman, CE, letter transmitting CESSAR-DC flow
diagram matrix for auxiliary system. Enclosed tables
specify CESSAR-DC figure correspondence to each drawing and
whether each figure is new or replacement. FICHE:61425
280
acn: 9204210238

April 15, 1992 C.B. Brinkman, CE, letter submitting Section 6.2.5 of
design certification discussing layout of hydrogen

! mitigation system igniter locations.
FICHE: 61422 315
acn: 9204210237

April 15, 1992 Text-safety report " Selection of Control Motion for ABB-
CE System 80 Standard Design."
FICHE: 61424 197
acn: 9204210234

April 15, 1992 C.B. Brinkman, CE, forwards letter, " Selection of Control
Motion for ABB-CE System 80 Standard Design." Report
identifies and discussed hypothetical rock outcrop spectru
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and control motions.
s FICHE: 61424 195

acn: 9204210232

April 15, 1992 T.V. Wambach, NRC, meeting summary of March 17, 1992,
meeting with CE in Rockville, Maryland regarding Chapter 15
of plant accident analyses.
FICHE: 61416 166
acn: 9204220142

|
April 21, 1992 J. O'Hara contracted report draft, " Interim Human Factors

P,eview Criteria for Design Process of Advanced Nuclear
Power Reactor."
FICHE: 61822 287
acn: 9205280258

April 22, 1992 T.V. Wambach, NRC, memorandum notification of April 27 to
3v, 1992, meetings with CE in Bethesda, Maryland to discuss
geoscience and structural design audit, and potential open
issues for draft SER. Agenda enclosed.
FICHE: 61462 049
acn: 9204270246

April 22, 1992 T.V. Wambach, NRC, memorandum notification of April 24,
1992, meeting with CE in Rockville, Maryland to discuss

| System 80 (control room human factors) review status.
FICHE: 61462 069O acn: 9204270233

April 23, 1992 T.G. Hiltz, NRC, meeting summary of April 16 and 17,1992,
with CE regarding propose audit of System 80 control room
design content of draf t inspection test analysis,
attendance criteria and CE responses to NRC request fori

' additional information regarding Chapter 18 of CESSAR-DC.
List of attendees enclosed.
FICHE: 61471 058

'

acn: 9204280331

April 23,1992 T.V. Wambach, NRC, memorandum notification of April 30,
1992, meeting with CE in Bethesda, Maryland to present
revised proposal for offsite power distribution design.
FICHE: 61471 055
acn: 9204280317

April 24, 1992 C.B. Brinkman, CE, letter forwarding Revision 0 to " Design
Alternatives for System 80 Nuclear Power Plant" per
commitment in March 25, 1992, letter.
FICHE: 61552 001
acn: 9205010195

April 30, 1992 R.A. Matzie, CE, letter forwarding definition of Nuplex 80+
design to enable NRC to complete review of human factors
for System 80+ and DCRDR audit per April 9,1992, meeting.
Table listing docketed documents enclosed.
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FICHE: 61650 291
acn: 9205110177

April 30, 1992 C.B. Brinkman, CE, letter forwarding nonproprietary and i
proprietary slides presented at March 19, 1992, meeting ;

with NRC regarding System 80 reactor coolant pump seal '

design and performance as supplement to RAI responses in
reference to March 25, 1992, letter. Proprietary slides
withheld (Ref. 10 CFR 2.790).
FICHE: 61633 012
acn: 9205070134

April 30, 1992 Text-safety report - draft " System 80+ Shutdown Risk
Evaluation Report" Part 1.
FICHE: 61591 168
acn: 9205070106

April 30, 1992 C.B. Brinkman, CE, letter forwarding draft " System 80
Shutdown Risk Evaluation Report" Part 1 in fulfillment of
commitment of Item 5 of March 25, 1992, letter. Part 2 of
draft and final version will be provided later this summer.
FICHE: 61591 167
acn: 9205070104

April 30, 1992 T.V. Wambach, NRC, meeting summary of April 9,1992 in
Rockville, Maryland to discuss scope of design
certification for Nuplex 80 and control room for System 80.
List of attendees enclosed.
FICHE: 61602 294
acn: 9205070073

April 30, 1992 C.B. Brinkman, CE, letter forwarding draft Section 7 of
distribution system design guide discussed at Mechanical
and Piping System audit meeting on April 22 and 23, 1992,
in Charlotte, North Carolina per commitment in vendor
March 25, 1992 letter.
FICHE: 61619 001
acn: 9205070039

April 30, 1992 C.B. Brinkman, CE, letter forwarding information to
. supplement March 25, 1992, responses to NRC request for
| additional information regarding analysis of ruptured
; reactor coolant pump, seal cooler tube, and single failure
I assumptions for analysis of moderate-energy-line break.
! FICHE: 61600 141
| acn: 9205070024
:

| April 30, 1992 C.B. Brinkman, CE, letter forwarding draft System 80+
Tier 1 descriptions, inspection tests analyses, and
acceptance criteria for System 80+ standard design.
FICHE: 61631 165
acn: 9205070020

April 30, 1992 C.B. Brinkman, CE, letter forwarding changes to Revision 7
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to Topical Report CENPD-210 initially submitted to NRC via
March 12, 1992, letter. Changes cover QA program, QA
policy and responsibilities of QA organization.
FICHE: 61550 115
acn: 9205040204

April 30, 1992 Text-safety report - Revision 0 to " Design Alternatives for |System 80 Nuclear Power Plant."
!FICHE: 61552 002

acn: 9205010196

!May 1, 1992 T.V. Wambach, NRC, meeting summary of March 19, 1992, with '

CE, Inc., in Rockville, Maryland regarding integrity of RCP -
,seals upon loss of coolant and intersystem LOCA
|considerations. List of attendees enclosed. !FICHE: 61592 261
!acn: 9205070244
PMay 6, 1992 R.L. Palla, NRC, letter submitting response from CE I

regarding System 80 PRA. Information provided for review iunder Task Order 2 to FIN L-2412. iFICHE: 62166 107
acn: 9206300160 |'

iMay 6, 1992 T.V. Wambach, NRC, letter forwarding discussion paper to
form basis for telcon or meeting to discuss open issues in

.

istaff review of reliability assurance program plan for
g System 80. Requests to be informed of when applicant will ibe able to support telcon.

iFICHE: 61718 171
acn: 9205190283 |!

,

-!
May 7, 1992 L. Greimann, AMES LAB, letter forwarding input to draft SER lfor System 80+.

FICHE: 71295 348
facn: 9205150031 !,

May 8, 1992 C.B. Brinkman, NRC, letter forwarding information to
;

supplement previous RAI responses regarding System 80+.
Enclosures include information regarding size and type of
modeling elements used in analysis of containment structure

!

.

and commitment to use more conservative radiological
!dispersion factors. '

FICHE: 61741 032 I

acn: 9205190154 !

May 8, 1992 C.B. Brinkman, CE, letter forwarding proprietary Revision 1 !

to NPX80-IC-SD790-02 " System Description for Critical ;

iFunction and Success Path Monitoring in Nuplex 80+" and >

" System Description for Control Complex information for '

Nuplex 80+." Reports withheld.
FICHE: 61717 306

iacn: 9205180324
|C
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May 8,1992 Text-safety report "Nuplex 80 Human Factors Design
Process Summary." |FICHE: 61781 098

|acn: 9205220008

May 8, 1992 C.B. Brinkman, CE, letter forwarding " System 80+ Function
and Task Analysis Final Report" and "Nuplex 80+ Revision 2
to Verification Analysis Report." ,

'

FICHE: 61781 001
acn: 9205210189

May 14, 1992 Text-specifications and test reports - Revision 0 to
" System 80 Reactor Coolant Pump Seal Loss of Seal Cooling
Test Data Report."
FICHE: 61780 241
acn: 9205220144

May 14, 1992 C.B. Brinkman, CE, letter forwarding Revision 0 to DCTR 12,
" System 80+ Reactor Coolant Pump Seal Loss of Seal Cooling
Test Data Report" to fulfill commitment made at April 22
and 23, 1992, piping and mechanical design review meeting
FICHE: 61780 239
acn: 9205220133

May 17, 1992 C.B. Brinkman, CE, letter notifying of staff plans to
incorporate all information docketed by CE by May 8, 1992,
in draft SER for System 80+.
FIntE: 71270 253
acn: 9204300398

May 18, 1992 C.B. Brinkman, CE, letter responding to issue of diversity
for digital instrumentation and control system for
System 80+ delineated in NRC April 30, 1992, letter. Best
estimate analysis underway in order to make realistic
assessment of plant performance given computer failure.
FICHE: 61884 189
acn: 9205280060

May 19, 1992 T.H. Boyce, NRC, memorandum notification of May 20, 1992,
meeting with CE for System 80 in Rockville, Maryland to
discuss initial comments on CE pilot ITAAC submittal.
FICHE: 61756 349
acn: 9205210314

May 21, 1992 R.C. Pierson, NRC, letter forwarding initial comments on
pilot Tier 1 design information, inspection tests analyses,
and acceptance criteria (ITAAC) submittal for System 80+
per April 30, 1992, submittal. NRC should be advised of
schedule for complete Tier 1 and ITAAC submittal.
FICHE: 61822 063
acn: 9206010196

May 22. 1992 C.B. Brinkman, CE, letter forwarding report NPLEX-IC-DR-
791-02 " Human Factors Engineering Standards Guidelines and
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Bases for Nuplex 80." Report provides information to
supplement previous RAI responses on human factors :

engineering of control room in-fulfillment of April 17, |1992, commitments. '

FICHE: 61904 028
acn: 9206020175

May 22, 1992 C.B. Brinkman, CE, letter discussing System 80+ human
factors engineering review criteria per May 19, 1992,
meeting. Text of draft SER should clearly state that work :

continuing with ABB-CE through public meetings to converge i
on set of criteria for review of Nuplex 80+. j

FICHE: 61922 266 |
acn: 9206020003 '

May 26, 1992 R.A. Matzie, CE, letter requesting mailing lists for !System 80 project be revised as indicated on enclosure. :

E.H. Kennedy should be replaced with C.B. Brinkman.
FICHE: 61922 258
acn: 9206020006

May 28, 1992 T.V. Wambach, NRC, meeting summary of April 22 and 23,
'

1992, public meetings with ABB-CE and Duke Energy and
Services in Charlotte, North Carolina regarding mechanical
design criteria for CE System 80. List of attendees, 4

agenda and viewgraphs enclosed.
FICHE: 61906 243- :
acn: 9206040214

,

May 28, 1992 T.V. Wambach, NRC, meeting summary of April 30, 1992, a
public meeting with ABB-CE regarding modification to
System 80 electrical distribution system. List of
attendees and presentation material enclosed. i

FICHE: 61921 287 1

acn: 9206020302
,

|

May 29, 1992 D. Gallagher, SAIC, letter forwarding draft " Technical
i

Evaluation Report for Containment System of CESSAR I

System 80+ "
FICHE: 71367 247 i
acn: 9206250239 i

May 29, 1992 D.M. Crutchfield, NRC, letter forwarding announcement and
invitation for fourth annual NRC regulatory information
conference to' discuss status of CE System 80+ licensing
effort since November 1991 ALWR conference.
FICHE: 61882 197
acn: 9206030360

May 29, 1992 C.B. Brinkman, CE, letter forwarding description of human i

reliability analysis methodology used in probabilistic risk |
assessment. |
FICHE: 61997 243 |

acn: 9206110109 ]
;

1
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Text-safety report " Human Factors Engineering Standards
May 31, 1992 Guidelines and Bases for Nuplex 80+ "

FICHE: 61904 033
9206020177acn:

T.V. Wambach, NRC, meeting summary (non-transcript) ofpublic meeting in Bethesda, MarylandJune 3, 1992
April 27 to 30, 1992,
regarding seismic and structural design issues ofList of attendees, agenda, and material
System 80.
presented each day enclosed.
FICHE: 62035 198
acn: 9206160259

28, 1992,
T.V. Wambach, NRC, meeting summary of April
meeting with ABB-CE in Windsor, Connecticut to discuss PRAJune 3, 1992

update and ABB-CE answers to RAls.
FICHE: 62021 064

9206120315acn:
24, 1992,

T.V. Wambach, NRC, meeting summary of April
meeting with ABB-CE regarding status and direction of NRCJune 3, 1992
Human Factors engineering review of Nuplex 80 Control Room
for CE System 80. List of Attendees enclosed.
FICHE: 62021 001

9206120300acn:

C.B. Brinkman, CE, letter forwarding marked-up draft
" Defense Against Common Mode Failures in DigitalJune 3, 1992

Instrumentation and Control System" per June 1, 1992,
meeting with NRC.
FICHE: 62040 001

9206120219acn:

T.V. Wambach, NRC, meeting summaries-internalmeeting with
(non-transcript) summary of April 24, 1992June 3, 1992
ABB-CE regarding status and direction of NRC Human Factors
Engineering Review of Nuplex 80 Control Room for CE

List of attendees enclosed.System 80+,
FICHE: 62021 001

9206120300acn:
19, 1992, meeting

R.C. Pierson, NRC, meeting summary of Maywith licensee in Windsor, Connecticut regarding Chapter 18June 4, 1992

of CESSAR-DC (Human Factors).
FICHE: 62032 228

9206150445acn:

C.B. Brinkman, CE, letter advising that Tier 1 design
information, inspections, tests, analyses, and acceptanceJune 5, 1992
criteria submittal for System 80 will be provided by
October 16, 1992.
FICHE: 62155 029

9206290010 0acn:

June 1994
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| June 10, 1992 T.V. Wambach, NRC, meeting summary of June 1, 1992, public
(,) meeting regarding draft staff position on diversity of

instrumentation and controls for CE System 80 nuclear plant
and forwards list of attendees and other discussed material
FICHE: 62036 333
acn: 9206160162

June 15, 1992 C.B. Brinkman, CE, letter forwarding proprietary special
report CE NPSD-741-P " Evaluation of Design Features Which
Minimize Probability of Interfacing System LOCAS for
System 80 Standard Design." With 8 oversize drawings.
Report and drawings withheld.
FICHE: 62223 070
acn: 9206290152

June 15, 1992 C.B. Brinkman, CE, letter submitting supplemental
information for previous System 80 RAls including response
to TM1 Item II.E.3.1 which confirms that backup pressurizer
heaters are not relied upon or required for natural
circulation in RCS.
FICHE: 62110 237
acn: 9206240349

June 15, 1992 Text-safety report " System 80 Shutdown Risk Evaluation
Report."
FICHE: 62220 002

p acn: 9206260099

June 16, 1992 C.B. Brinkman, CE, letter forwarding draft DCTR 10
" System 80+ Shutdown Risk Evaluation Report," in
fulfillment of commitment from March 25, 1992, letter.
Final version of shutdown risk report will be provided by
July 31, 1992. With 8 oversize drawings.
FICHE: 62220 001
acn: 9206260094

June 25, 1992 T.V. Wambach, NRC, letter informing that April 30, 1992,
submittal containing proprietary information will be
withheld from public disclosure per 10 CFR 2.790.
FICHE: 62204 213
acn: 9207060051

July 7, 1992 C.B. Brinkman, CE, letter forwarding " Criteria for Design
of Main Control Room and Other Operating Stations for
System 80+" in fulfillment of May 22, 1992, commitment.
FICHE: 62450 215
acn: 9207200021

July 8, 1992 T.V. Wambach, NRC, letter informing that proprietary
attachments to February 19, 1992, submittal will be
withheld from public disclosure (Ref.10 CFR 2.790) per
February 20, 1992, affidavit.

A FICHE: 62338 002
acn: 9207130179
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July 25, 1992 Text-safety report - draft " System 80 Design Certification
Distribution System Design Guide."
FICHE: 62708 002
acn: 9208070100

July 28, 1992 S. Dembek, NRC, meeting summary of July 9,1992, public
meeting in Windsor, Connecticut regarding Human Factors
Engineering design issues. List of meeting attendees and
ABB-CE presentations enclosed.
FICHE: 62645 329
acn: 9208050091

July 31,1992 C.B. Brinkman, CE, letter forwarding System 80+ Human
Factors Engineering Team description and markup of Part 11
of Human Factors Criteria document submitted by July 7,
1992, letter per July 9, 1992, meeting with NRC.
FICHE: 62717 295
acn: 9208100117

July 31, 1992 C.B. Brinkman, CE, letter forwarding draft " System 80+
Design Certification Distribution System Design Guide" per
March 25, 1992, commitment. Proposes to meet with NRC
after corresponding analyses completed in August.
FICHE: 62708 001
acn: 9208070098

July 31, 1992 Text-safety report - general external technical reports
final " System 80 Shutdown Risk Evaluation Report."
acn: 9208070093

July 31, 1992 C.B. Brinkman, CE, letter forwarding final DCTR 10
" System 80 Shutdown Risk Evaluation Report," as described
in March 25, 1992, letter regarding submittal schedule
update. With three oversize drawings.
FICHE: 62578 001
acn: 9208070087

July 31,1992 Text-specifications and test reports " System 80
Probabilistic Risk Assessment Program Plan."
FICHE: 62706 337
acn: 9208070043

July 31, 1992 C.B. Brinkman, CE, letter forwarding " System 80+
Probabilistic Risk Assessment Program Plan" for revised PRA
per March 25, 1992, commitment.
FICHE: 62706 336
acn: 9208070036

July 31, 1992 Text-safety report " Criteria for Design of Main Control
Room and Other Operating Stations for System 80."
FICHE: 62450 216
acn: 9207200024

f August 10, 1992 C.B. Brinkman, CE, letter forwarding draft revision of
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pilot ITAAC for System 80+ standard design in response to
NRC May 21, 1992, comments on April 30, 1992, submittal,
FICHE: 62828 143 t

acn: 9208180181

August 19, 1992
C.B. Brinkman, CE, letter forwarding Amendment J to
"CESSAR - Design Certification." Amendment includes
revisions proposed in previous letter; editorial changes
and revisions previously transmitted informally. ;Applicant
for review of CESSAR - Design Certification also enclosed.
FICHE: 63010 001
acn: 9209030241

<

August 28, 1992
C.B. Brinkman, CE, letter forwarding responses to April 8,
1992, request for additional information, re
System 80+ severe accident design features. garding
FICHE: 63149 001

'

am: 9209140134 .

"

August 31, 1992
C.B. Brinkman, CE, forwarding engineering report detailing
design of System 80+ distribution system (piping, HVAC duct
work and electrical cable trays) and draft " System 80+
Design Certification Piping Analysis Specification "
FICHE: 63211 001
acn: 9209160316

September 2, 1992
C.B. Brinkman, CE, letter forwarding reports on approach to
assessment of flood and fire protection in System 80+ PRA,} including "PRA Flood Protection Assessment" and " Fire <

Hazards Risk Assessment (Phase I)."Fiche: 63152 168 t

acn: 9209140176

September 16, 1992
C.B. Brinkman, CE, letter forwarding structural models for

.

System 80+ seismic analysis for nuclear island and nuclear
annex, per April 1992, audit meeting in Bethesda, Maryland.FICHE: 63334 125
acn: 9209300024 ,

September 16, 1992 ,

C.B. Brinkman, CE, letter advises that vendor in process of
developing Tier 1 design descriptions and accompanyingITAAC for System 80+.
FICHE: 63418 359
acn: 9210050007 ,

September 23, 1992
C.B. Brinkman, CE, letter forwarding Revision 0 to
NPX80-IC-DP-790-01, "Nuplex 80+ Advanced Control Complex
Design Bases," to support human factors engineering reviewof System 80+ control room.
FICHE: 63478 161 >

acn: 9210130368
|September 24, 1992 0..

Tang, NRC, provides review comments on draft Ames Lab
( report, " System 80+ Containment - Structural Design ,

!
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Review."
FICHE: 71511 039
acn: 92]oojoj77

September 29, 1992 C.B. Brinkman, CE, letter forwarding ALWR-IC-DCTR-31,
" Evaluation of Defense-in-Depth and Diversity in ABB-CE
Nuplex 80+ Advanced Control Complex for System 80+ Standard
Design," in response to NRC request during March 2, 1992
meeting.
FICHE: 63481 233
acn: 9210130177

October 1, 1992 R. Pierson, NRC, letter forwarding draft SER of staff
review of CESSAR for design certification of System 80+
(NUREG-1462).
FICHE: 63501 001
acn: 9210160224

October 16, 1992 C.B. Brinkman, CE, describes change in QA/QC alignment of
ABB-CE Nuclear Fuel
FICHE: 63684 280
acn: 9210260305

October 16, 1992 C.B. Brinkman, CE, letter forwarding Level 1 PRA revision
of " System 80+ Std Design PRA," including Chapter 1 through
6, 9 and 10.

FICHE: 63848 001
acn: 9211060162

October 16, 1992 C.B. Brinkman, CE, letter forwarding seismic analysis
structural model details for System 80+, requested by NRC
September 23, and October 17, 1992, telcons, consisting of
schematic of nuclear island and nuclear annex structures
and table listing soil layers and properties.
FICHE: 63947 310
acn: 9211180032

October 19, 1992 R. Pierson, NRC, discusses staff position on use of revised
source term for CE System 80+. Proposed application of
revised reactor accident source term to evolutionary LWR
would be conducted on case-by-case basis.
FICHE: 63638 157
acn: 9210230307

October 19, 1992 R. Pierson, NRC, letter forwarding detailed comments on
revised pilot inspections, tests, analyses, and acceptance
criteria submittal for System 80+ per vendor August 10,1992, submittal.
FICHE: 63649 297
acn: 9210270230

November 18, 1992 C.B. Brinkman, CE, letter forwarding response to 56 issues
identified in draft SER for System 80+, sorted by review
branch and including Amendment K to CESSAR design
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certification. 4

FICHE: 64060 015
acn: 9211250142

November 19, 1992
D. Crutchfield, NRC, discusses November 6, 1992, meeting
w/ABB-Combustion Engineering, regarding human factors
review of Nuplex 80+ CR design.

'

FICHE: 64005 249
acn: 9211250226 .

,

''

Nove.rber 24, 1992 t

C.B. Brinkman, CE, letter forwarding responses to
359 issues identified in DSER for System 80+.
FICHE: 64242 001 ;

acn: 9212160080 *

December 1, 1992
C.B. Brinkman, CE, letter forwarding draft material
intended to provide specific examples of Tier 1 material
and related information as basis to discuss ITAAC at :
December 9, 1992, with NRC. !

FICHE: 64089 324 1
acn: 9212040042 !

December 15, 1992 :

C.B. Brinkman, CE, letter forwarding proprietary oversize {

Systems 80+ drawings,
electronic diskette with pro 0200-9, 11 and 13, Revision 1 and

;
'

data for MAAP computer code.prietary design and operations !
FICHE: 64606 222 !

acn: 9212280076 i
I
;-December IB, 1992

C.B. Brinkman, CE letter advising that report, " Design
-Review of Inter-System LOCA," transmitted by June 15, 1992,

letter is not proprietary and report number that appears in i

upper-right hand corner of each page should be crossed-out.
1

FICHE: 64444 271 >

acn: 9212290164
,

,

December 18, 1992
C.B. Brinkman, CE, letter forwarding responses to 154 of i

issues identified in DSER for System 80+.
FICHE: 64436 001
acn: 9212300112

t

December 21, 1992
C.B. Brinkman, CE, letter forwarding Amendment K to
"CESSAR - Design Certification." i
FICHE: 64469 001 & 64482 029
acn: 9212290220 & 9301060018 )

1

December 22, 1992
T.V. Wambach, NRC, letter forwarding LLNL December 3, 1992, i

ireport entitled, " Review of CE System 80+ FMEA and D&DID
Analysis," to be discussed at January 6, 1993, public ;
meeting.
FICHE: 64435 254 ;

acn: 9212310010
'

December 23, 1992
C.B. Brinkman, CE, letter forwarding Section 17.3, " Design

;

p
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i

Reliability Assurance Program Plan for System 80+ Standar .

Design," Revision 1 and responses to 79 issues identified
in DSER for System 80+.
FICHE: 64463 059
acn: 9212300096

December 23, 1992 M.X. Franovich, NRC, letter forwarding request for
additional information on CESSAR-DC, System 80+ shutdown
risk evaluation report.
F I r''' 64439 329
1. 9301040133

January 7, 1993 R.C. Jones, NRC, letter forwarding requests additional
information on Topical Report CENPD-382-P, " Methodology for
Core Designs Containing Erbium Burnable Adsorbers."
FICHE: 71599 206
acn: 9301130''7

January 14, 1993 R. Pichumani, :etter forwa, sing diskottes containing
CARES source program and CE System 80+ model and
documentation of model contained in diskette, per
January 13, 1993, telecon.
FICHE: 71615 360
acn: 9302010122

January 14, 1993 C.B. Brinkman, CE, letter forwarding response to NRC
October 19, '' ' , request for additional information
regarding re ] radiological source term for System 80+
FICHE: 64757 .u9
acn: 9302020402

January 15, 1993 R.W. Borchardt, NRC, discusses level of design detail for
System 80+ structures and lists expected level of
completion.
FICHE: 64639 312
acn: 9301250091

January 18, 1993 C.B. Brinkman, CE, letter forwarding responses to 54 issues
identified in draft SER for System 80+.
FICHE: 64712 036
acn: 9301280195

January 20, 1993 C.B. Brinkman, CE, letter forwarding responses to
232 issues identified in draft SER for System 80+.
FICHE: 64715 001
acn: 9301280171

January 26, 1993 C.B. Brinkman, CE, letter forwarding responses to 23 issues
identified in draft SER for System 80+.
FICHE: 64761 001
acn: 9302030009

January 28, 1993 C.B. Brinkman, CE, letter forwarding draft System 80+
certified design description and associated ITAAC.
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>O FICHE: 64842 199V acn: 9302120222

January 29, 1993 H.E. Waterman, NRC, letter forwarding Amendment K to
System 80+ ALWR CESSAR-DC.
FICHE: 74417 087
acn: 9303310202

February 1,1993 C.B. Brinkman, CE, letter forwarding additional certified
design descriptions and ITAAC for System 80+.
FICHE: 64807 054
acn: 9302100207

February 2, 1993 C.B. Brinkman, CE, letter forwarding responses to
22 issues, regarding closure of System 80+ draft SER
issues.
FICHE: 64825 143
acn: 9302110165

February 9, 1993 C.B. Brinkman, CE, submits summary of CESSAR-DC safety
analyses reanalyzed to reflect resolution of DSER open
items.
FICHE: 64926 175
acn: 9302190293

February 10, 1993 D. Crutchfield, NRC, discusses ITAAC submittal for ABB-CE
iSystem 80+ and provides proposed schedule for review. '

5 Fiche: 64816 008
acn: 9302120153

February 16, 1993 C.B. Brinkman, CE, letter forwarding " System 80+ Advanced
LWR, PRA-Based Seismic Margin Evaluation" and draft UCRL-
CR-ll478, " Basis for Seismic Provisions of UCRL-15910," per
January 4, 1993, meeting with NRC.
FICHE: 74007 233
acn: 9302240271

February 24, 1993 C.B. Brinkman, CE, letter forwarding Volumes 1, 2 and 3 of
Revision 1 to DCTR-RS-02, " System 80+ Std Design PRA.
FICHE: 74164 001
acn: 9303040310

March 1, 1993 J.N. Wilson, NRC, forwards SECY-93-041, " Advanced BWR
Review Schedule."
FICHE: 74098 320
acn: 9303050113

March 2, 1993 C.B. Brinkman, CE, requests that NRC provide brief
assessment of present System 80+ review status, as followup
to NRC September 28, 1992, issuance of NUREG-1462 (draft
SER for System 80+).
FICHE: 74296 353
acn: 9303150198

1
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March 3, 1993 C.B. Brinkman, CE, letter forwarding figures showing
translational acceleration response spectra in three
directions at 91.75 ft elevation of containment interior
structure per January 5, 1993, meeting request.
FICHE: 74260 356
acn: 9303150005

March 3, 1993 C.B. Brinkman, CE, letter forwarding responses to questions
on shutdown risk delineated in NRC December 23, 1992,
letter and corresponding revisions to shutdown risk report
submitted in vendor July 31, 1992, letter.
FICHE: 74259 001
acn: 9303150178

March 4, 1993 C.M. Trammell, NRC, expresses appreciation for opportunity
to visit plant on February 9 and 10, 1993, to interview
operators regarding operating experience with CE System 80+
design that would be pertinent to NRC review of CE
System 80+ advanced control room design.
FICHE: 74149 102
acn: 9303100128

March 4, 1993 C.B. Brinkman, CE, letter forwarding Revision 0 to
NPX8010-RR790-02, " Human factors Evaluation and Allocation
of System 80+ Functions."
FICHE: 74286 134
acn: 9303150103

March 5, 1993 C.B. Brinkman, CE, letter forwarding information requested
by NRC to supply information on System 80+ design
description already on docket.
FICHE: 74276 213
acn: 9303160019

March 5, 1993 C.B. Brinkman, CE, letter forwarding 11 prototype system
design descriptions and associated ITAAC for review and
approval.
FICHE: 74298 250
acn: 9303160051

March 5, 1993 C.B. Brinkman, CE, transmits Amendment L to "CESSAR-Design
Certification."
FICHE: 74441 001
acn: 9303180124

March 5, 1993 S. A. Toelle, letter forwarding "Small Break LOCA Realistic
Evaluation Model" Topical Report, CEN 420-P, Volume 1,
Part 1, describing calculation models.
FICHE: 74559 255
acn: 9304120127

March 10, 1993 C.B. Brinkman, CE, letter forwarding "ABB-CE System 80+
Progress Report on Structural Analysis of Nuclear Island
and Nuclear Annex Structures," to support March 17 and 18,
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1993, meeting in Charlotte, North Carolina consistieg of )std structural design criteria draft spec.
FICHE: 74278 080
acn: 9303160101

March 10, 1993 C.B. Brinkman, CE, letter forwarding report on protection
against common mode failure of digital instrumentation and
control system as agreed at January 21, 1993, meeting with
NRC.

FICHE: 74279 153
acn: 9303160121

March 17, 1993 T.E. Murley, NRC, responds to March 4,1993, letter,
regarding SECY-93-041, "ABWR Review Schedule."
FICHE: 74309 225
acn: 9303190207

March 17, 1993 C.B. Brinkman, CE, letter forwarding summary of how design '

and operating ex
design process. perience incorporated into System 80+
FICHE: 74378 309
acn: 9303250153

March 17, 1993 C.B. Brinkman, CE, letter forwarding response to
supplementary questions from Sun of Reactor Systems Branch. j

| FICHE: 74378 287
|| acn: 9303250156
{'

March 17, 1993 C.B. Brinkman, CE, letter forwarding summary of inservice '

i testing requirements and listings of pumps and valves to l'e
l- tested.

FICHE: 74401 228
| acn: 9303260154
,

| March 23, 1993 C.B. Brinkman, CE, letter forwarding minor revisions to
! draft SER responses requested by NRC reviewer on

Systems 80+ QA program, including revision of Table .L2-1
to show graded quality classifications for Systems 80+

| structures, systems and components.
| FICHE: 74422 193

acn: 9303290284

March 23, 1993 C.B. Brinkman, CE, letter forwarding design description and
ITAAC for System 80+ nuclear island structure.,

!

FICHE: 74418 292
acn: 9303290287

March 23, 1993 C.B. Brinkman, CE, letter forwarding " System 80+ Severe
Accident Phenomenology and Containment Performance" report.
FICHE: 74421 001
acn: 9303300241

March 26, 1993 C.B. Brinkman, CE, letter forwarding revised safety
analysis being submitted in response to draft issues, NRC
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staff questions and comments provided at December 1992 and
January 1993 meetings.
FICHE: 74468 001
acn: 9304020218

C.B. Brinkman, CE, letter forwarding Revision 1 to NPX80-March 26, 1993
IC-RR790-02, " Human Factors Evaluation and Allocation of
System 80+ Functions."
FICHE: 74456 056
acn: 9304020223

C.B. Brinkman, CE, letter forwarding Amendment M toMarch 26, 1993
Volumes 19 through 26 of " System 80+ Standard Design CESSAR
Design Certification (DC)."
FICHE: 74508 001
acn: 9304070207

March 29, 1993 C.B. Brinkman, CE, letter forwarding revisions to
Chapters 2 and 3 of CESSAR-DC " System 80+ SAR -
Seismic / Structural Changes."
FICHE: 74459 001
acn: 9304050068

April 2, 1993 C.B. Brinkman, CE, letter forwarding results of levels 2
and 3 of System 80+ PRA and revised response to Open
Item 19.1.2.1.1.8-1.
FICHE: 74543 001
acn: 9304120090

April 2, 1993 C.B. Brinkman, CE, letter forwarding requested information
regarding System 80+ fire protection and revised DSER
responses.
FICHE: 74568 001
acn: 9304120268

C.B. Brinkman, CE, letter forwarding listing of agreementsApril 5, 1993
and open issues compiled during four day review session and
confirmed and modified in three hour wrap-up session with
Russell.
FICHE: 74601 001
acn: 9304130392

April 6, 1993 T.E. Murley, NRC, letter discusses review status of ABB-CE
System 80+ design. Staff considers DSER for System 80+
equivalent to DFSER for General Electric Co. ABWR design.
FICHE: 74557 358
acn: 9304120293

April 15, 1993 C.B. Brinkman, CE, letter confirms that full-size P&lDs of
CESSAR-DC figures listed in inservice testing program,

( transmitted via darch 17, 1993, letter to BNL to support
NRC review of program.
FICHE: 74746 351
acn: 9304260226
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(mV) April 15, 1993 C.B. Brinkman, CE, letter forwarding markups to CESSAR-
Design Certification for closure of corresponding DSER,
including revisions to I&C system descriptions in Chapter 7
and revisions to fire protection system description in
Section 9.5.1.
FICHE: 74757 001 <

acn: 9304260289

April 15, 1993 C.B. Brinkman, CE, letter forwarding Amendment N to
"CESSAR - Design Certification."
FICHE: 74780 001
acn: 9304280111

April 16, 1993 R.W. Borchardt, NRC, discusses review of Human Factors
Program Plan and operating experience review for System 80+
Design and request mfg address unresolved issues identified
in plans within 60 days.
FILHE: 74737 253
acn: 9304230053

April 20, 1993 C.B. Brinkman, CE, letter forwarding revised bases for
System 80+ TS.
FICHE: 74755 001
acn: 9304260290

April 21, 1993 C.B. Brinkman, CE, letter forwarding markups of CESSAR-DC
for closure of DSER issues, including minor technicalO revisions to seven DSER issues being resolved by Plant
System Branch as result of increase in core power level.
FICHE: 74761 104
acn: 9304270356

April 29, 1993 I. Selin, letter responding to April 6, 1993, letter
commenting on importance of completing reviews of both ABWR
and System 80+ designs as quickly as possible.
FICHE: 74835 084
acn: 9305060342

April 30, 1993 C.B. Brinkman, CE, letter forwarding supplemental
information on System 80+ design descriptions, covering
classification of structures, system and components,
compartment pressurization and temperature analysis outside
containment and station service water system structure.
FICHE: 75884 135
acn: 9305110202 i

!

April 30, 1993 C.B. Brinkman, CE, letter forwarding Supplement 1 of
System 80+ design descriptions and ITAAC (inspections,
tests, analyses, and acceptance criteria).
FICHE: 74880 271 i

acn: 9305110222

/~' May 3, 1993 C.B. Brinkman, CE, letter forwarding additional System 80+

(N/ Submittal 1 design descriptions and ITAAC covering station
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service water system and component cooling water system. j
FICHE: 74884 312 i

acn: 9305110197

May 3, 1993 C.B. Brinkmcn, CE, letter forwarding information requested
by NRC to s'applement information on System 80+ design
description; covering station service water and component
cooling water system.
FICHE: 748t'5 001
acn: 9305110221

May 10, 1993 A.M. Dibiasio, reviews CE System 80+ Inservice Testing Plan
for FIN E-2024, Task 5.
FICHE: 71706 340
acn: 9306030033

May 13, 1993 M.X. Franovich, NRC, provides summary of April 6, 1993,
telcon conducted among representatives of NRC, BNL and ABB-
CE.
FICHE: 74997 230
acn: 9305240248

May 14, 1993 C.B. Brinkman, CE, letter forwarding Amendment 0 to
" System 80+ CESSAR for Design Certification."
FICHE: 74972 032
acn: 9305200369

May 14, 1993 C.B. Brinki.an. CE, letter forwarding markups of CESSAR-DC
for closure of Chapters 2 and 3 draft SER issues and
structural design detail results.
FICHE: 74989 001
acn: 9305240118

May 19, 1993 C.B. Brinkman, CE, letter forwarding " Common Mode Failure
Evaluation for Limiting Fault Events," to closecut common
mode failure issue for System 80+ RF5 AND ESF
instrumentation.
FICHE: 75145 001
acn: 9306040125

May 26, 1993 J.R. Egan, provides ABB-CE proposed System 80+ Tier 1
definition for " Channel."
FICHE: 75613 359
acn: 9307080238

May 27, 1993 R. A. Matzie, letter discussing review of SECY-93-087,
" Policy, Technical and Licensing Issues Pertaining to

! Evolutionary & ALWR Designs," dated April 2,1993.
I FICHE: 75412 293
| acn: 9306210122
|

| May 28, 1993 C.B. Brinkman, CE, letter forwarding Submittal 2 of
| System 80+ design descriptions and associated ITAAC

(inspections, tests, analyses, and acceptance criteria).
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FICHE: 75276 108
- acn: 9306080218

May 28, 1993 C.B. Brinkman, CE, letter forwarding System 80+ supplement
information on design descriptions.
FICHE: 75276 001
acn: 9306080245

June 4, 1993 C.B. Brinkman, CE, letter forwarding information requested
to supplement information on System 80+ design descriptions
and ITAAC.
FICHE: 75368 234
acn: 9306150180

June 4, 1993 C.B. Brinkman, CE, letter forwarding additional information
on System 80+ design descriptions and associated ITAAC, per
May 28, 1993.
FICHE: 75366 334
acn: 9306150187

June 11, 1993 C.B. Brinkman, CE, letter forwarding material to close
follow-on questions to DSER responses, including revised
response to Open Item 5.2.3-3, markups to Section 6.2.5,
45 responses to Plant Systems Branch issues including fire
protection and revised DSER responses.

,

FICHE: 75475 001

@O
acn: 9306250018

June 15, 1993 C.B. Brinkman, CE, letter forwarding " Evaluation of
System 80+ Standard Design Interfacing System LOCA
Challenges," special report improvements identified to
System 80+ design as result of evaluation listed.
FICHE: 75508 269
acn: 9306230181

June 15, 1993 C.B. Brinkman, CE, letter forwarding Amendment P to
" System 80+ CESSAR - Design Certification."
FICHE: 75480 001
acn: 9306240083

June 16, 1993 D. Crutchfield, NRC, letter responding to May 27, 1993,
letter providing preliminary comments on SECY-93-087,
" Policy, Technical and Licensing Issues Pertaining to '

Evolutionary and ALWR Designs."
FICHE: 75412 289
acn: 9306210116

June 16, 1993 D. Crutchfield, NRC, letter forwarding two technical
reports requested by CE technical staff during recent
meetings with NRC technical staff members.
FICHE: 75412 289
acn: 9306210116

\
June 18, 1993 C.B. Brinkman, CE, letter forwarding Revision 1 to " Design

ABB-CE System 80+ FSER A-57 June 1994 )
i



Alternatives to System 80+ Nuclear Power Plant," covering
cost / benefit based on recently revised PRA.
FICHE: 75509 077
acn: 9306280248

June 18, 1993 C.B. Brinkman, CE, letter forwarding response to NRC
request for additional information to supplement
information on System 80+ design descriptions.
FICHE: 75569 279
acn: 9307020299

June 18, 1993 C.B. Brinkman, CE, letter forwarding submittal 3 of
System 80+ design descriptions and associated ITAAC for
review and approval.
FICHE: 75584 180
acn: 9307020344

June 24, 1993 C.B. Brinkman, CE, letter requests summary assessment of
NRC present position on licensibility status of Nuplex 80+
design.
FICHE: 75714 318
acn: 9307200339

June 25, 1993 C.B. Brinkman, CE, letter forwarding material to close
follow-on questions to DSER responses.
FICHE: 75595 241
acn: 9307060210,

|
June 29, 1993 C.B. Brinkman, CE, letter forwarding supplementalr

! information on System 80+ design description.
FICHE: 75625 334
acn: 9307090277

June 29, 1993 C.B. Brinkman, CE, letter forwarding submittal 4 of
System 80+ design descriptions and associated ITAAC, in

. conjunction with June 29, 1993, letter.
| FICHE: 75627 186
| acn: 9307090280

June 29, 1993 C.B. Brinkman, CE, letter forwarding set of design
descriptions and inspections tests, analyses, and
acceptance criteria for ITAAC System 80 for initial test
program.
FICHE: 75712 326
acn: 9307160174

1

July 14, 1993 C.B. Brinkman, CE, letter forwarding proprietary System 80+
drawings on structures and equipment arrangements.
FICHE: 75952 241
acn: 9307220206

July 15, 1993 S.L. Magruder, NRC, letter forwarding two technical reports
requested by CE technical staff during recent meetings with
NRC technical staff members.
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I FICHE: 75979 001

|
acn: 9308040086

|
C.B. Brinkman, CE, letter forwarding Amendment Q toJuly 16, 1993 "CESSAR - Design Certification (DC)," incorporating
revisions previously transmitted as draft mark-up pages of
CESSAR-DC and other material discussed with NRC at recent
meetings.
FICHE: 75775 001
acn: 9307210285

C.B. Brinkman, CE, letter forwarding responses to fiveJuly 16, 1993 draft SER follow-on questions on PRA, information on piping
analysis spectra, additional information to close items
from June 21 through 25 piping audit and information for
waterhammer benchmark analysis for closure of questions to
draft SER.
FICHE: 76310 154
acn: 9309010139

C.B. Brinkman, CE, letter forwarding Revision 1 to Volume 1July 22, 1993
of " System 80+ Design Certification Fire Hazards Assessment
(FHA)," per March 26, 1993, submittal and April 26 through
30, 1993, meeting.
FICHE: 75806 262
acn: 9307270091

,q
July 23, 1993 C.B. Brinkna.n, CE, letter forwarding material to close

follow-on questions to DSER responses.,

FICHE: 75988 001
.

'

acn: 9308030004

C.B. Brinkman, CE, letter forwarding response to NRC May 17July 23, 1993 and June 8,1993, RAls on CESSAR Design Certification.
FICHE: 75991 096
acn: 9308040154

D. Crutchfield, NRC, letter responding to June 24, 1993,July 23, 1993
request for status of NRC review and general assessment of
Nuplex 80+ advanced control complex design for System 80+.
FICHE: 76064 344
acn: 9308110337

July 26, 1993 C.B. Brinkman, CE, letter forwarding SG Parameters
requested by A. Thadani at July 15, 1993, senior management
meeting in Windsor, Connecticut.
FICHE: 76570 295
acn: 9309270027

July 29, 1993 C.B. Brinkman, CE, letter forwarding information for
closure of System 80+ draft SER open issues, in response to
June 14 and 15, and July 7 and 8, 1993, meetings with NRC
and response to RAI 440.230.

( FICHE: 76073 001V
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T.V. Wambach, NRC, letter forwarding preliminary commentsJuly 30, 1993 on technical specifications System 80+ (Chapter 16
CESSAR-DC) submitted in Appendix K.
FICHE: 76151 251
acn: 9308190043

C.K. Tang, letter forwarding ABWR STS 3.1.7, " StandbyAugust 11, 1993
Liquid Control Systems."
FICHE: 76154 312
acn: 9308180046

0. Crutchfield, NRC, letter requesting that ABB-CEAugust 12, 1993 comprehensively and systematically evaluate potential
design alternatives proposed to reduce probability of SGTR
containment bypass accident sequences.
Fiche: 76220 239
acn: 9308270065

C.B. Brinkman, CE, letter submitting assessment ofAugust 13, 1993 potential for changes to Tier 1 design descriptions and
inspections, tests, analysis and acceptance criteria30, 1993.
(00/ITAAC), submitted from April 30 through June
FICHE: 76206 319
acn: 9308230173

C.B. Brinkman, CE, letter forwarding CESSAR-designAugust 25, 1993 certification Amendment Q overview, per July 16, 1993,
submittal.
FICHE: 76341 154
acn: 9309020217

0. Crutchfield, NRC, letter responding to informalAugust 26, 1993 inquiries from design certification applicants reqarding
form and content of design control document.
FICHE: 76396 347
acn: 9309100241

C.B. Brinkman, CE, letter forwarding overview ofAugust 31, 1993 Amendment R to " Standard SAR - Design Certification" and
affidavit per 10 CFR 50.4(b) and 50.30(b).
FICHE: 76394 342
acn: 9309080190

C.B. Brinkman, CE, letter forwarding formally printedAugust 31, 1993 Amendment R to " Standard SAR - Design Certification
(CESSAR-DC)," with two oversized figures.
FICHE: 76375 001
acn: 9309080313

C.B. Brinkman, CE, letter forwarding Appendix 3.7C,Sert. amber 1, 1993 describing soil structure interaction analysis, information
for Reactor System Branch and editorial changes regarding
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Systems 80+ information for issue closure.
FICHE: 76453 001
acn: 9309150359

September 2, 1993 R.W. Borchardt, NRC, forwards NRC comments on CE System 80+
Tier 1 submittals dated April 30, May 3 through 8, June 4,
June 18, and June 29, 1993.
FICHE: 76461 024
acn: 9309160235

September 23, 1993 C.B. Brinkman, CE, letter forwarding Attachments 2 through-
4 and 9 through 14, providing material to close follow-on
questions to DSER responses regarding System 80+ TM
information for issue closure.
FICHE: 76627 001
acn: 9310010036

September 24, 1993 C.B. Brinkman, CE, letter forwarding information on Human
Factors Engineering verification and validation, including
CESSAR-DC markups for main control room procedures
validation.
FICHE: 76633 129
acn: 9310010219

September 28, 1993 W.H. Rasin, letter forwarding revision 2 to
NPX80-IC-DP790-01, " Human Factors Program Plan for
System 80+ (TM) Std Plant Design," " Plant Designers
Operational Support Information Plan. . ." and Revision 2
to " Design Alternatives for System 80+ Nuclear Power Plant.
FICHE: 71886;002-71886:026
acn: 93100703564

September 28, 1993 W.H. Rasin, letter providing comments on draft guidance on
form and content of design control document.
FICHE: 71886 002
acn: 9310070374

September 28, 1993 T.V. Wambach, NRC, requests response to enclosure comments
to continue review of technical specifications for
System 80+. Informs that deviation from STS (NUREG-1432).
FICHE: 76705 221
acn: 9310070097

September 28, 1993 H.X. Fnnovich, NRC, forwards preliminary draft version of
i NUREN.R-6105, " Human Factors Engineering Guidelines for
i Review of Advanced Alarm Systems" and draft of
| NUREG-CR-5908, " Advanced Human System Interface Design
| Review Guideline."

FICHE: 76708 001
| acn: 9310070253

September 30, 1993 C.B. Brinkman, CE, letter forwarding Revision 2 to
NPX80-IC-DP790-01, " Human Factors Program Plan for
System 80+ (TM) Standard Plant Design," " Plant Designers

ABB-CE System 80+ FSER A-61 June 1994

!
- - - - _ - - - - - - - - - - - - - - - - - - -- -- u



Operational Support Information Plan. . .," and Revision 2
to " Design Alternatives for System 80+ Nuclear Power
Plant."
FICHE: 76718 001
acn: 9310070357

October 1, 1993
T.V. Wambach, NRC, letter forwarding comments regarding
ABB-CE sof tware program manual for System 80+.
FICHE: 71886 203
acn: 9310070196

October 6, 1993 C.B. Brinkman, CE, letter forwarding " Evaluation of
System 80+ Standard Design for SG Tube Rupture Events."
FICHE: 76781 001
acn: 9310140185

October 11, 1993
C.B. Brinkman, CE, letter forwarding TS markups identifying
differences form STS (NUREG-1432) and basis fordifferences.
FICHE: 77017 001
acn: 9310280008

October 14, 1993 T.V. Wambach, NRC, letter forwarding "LLNL Comments on
ABB-CE System 80+ I&C Technical Specifications."
FICHE: 76821 239
acn: 9310190260

October 18, 1993 C.B. Brinkman, CE, letter forwarding human factors
engineering issues regarding response to cross-branch
Chapter 1B question and design process requirements A-3.6availability verification.
FICHE: 77107 340
acn: 9311040383

October 20, 1993 C.B. Brinkman, CE, letter forwarding markups of System 80+
Design Descriptions, associated ITAAC and CESSAR-DC pages

.form meetings with NRC staff on October 4,1993.
!FICHE: 76920 072

acn: 9310260242

October 27, 1993
C.B. Brinkman, CE, letter forwarding draft Appendix 19.llK,
" Assessment of System 80+ Hydrogen Mitigation System for
Application in Severe Accident Environmental" and other
material to close follow-on questions to draft SEP
responses.
FICHE: 77104 002
acn: 9310040313

October 29, 1993 C.B. Brinkman, CE, letter forwarding Amendment S to |

CESSAR - Design Certification, per 10 CFR 50.4(b) and
10 CFR 50.30(b).
FICHE: 77063 001
acn: 9311040120
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November 3, 1993 C.B. Brinkman, CE, letter forwarding material closing

follow-up questions to DSER responses regarding System 80+
information.
FICHE: 77160 001
acn: 9311100097

November 4, 1993 C.B. Brinkman, CE, letter forwarding Systems 80+
information for closure of follow-on questions to draft SER
responses.
FICHE: 77216 001
acn: 9311150079

November 4, 1993 D. Crutchfield, NRC, provides update on status of review of
Nuplex 80+ control complex for System 80+ design
certification.
FICHE: 77168 001
acn: 9311120014

November 5, 1993 C.B. Brinkman, CE, letter forwarding material to close
'

follow-on questions to DSER responses and CESSAR-DC
*revisions from ITAAC revisions to IST program, information

on seismic I tanks ar.d remaining four emergency guidelines !

for standard recevery actions.
FICHE: 77184 001
acn: 9311150099

November 12, 1993 C.B. Brinkman, CE, letter forwarding marked-up changes to .

System 80+ DD/ITAAC and ITAAC-related change pages
reflecting forthcoming CESSAR-DC Amendment T.
FICHE: 77303 001 1
acn: 9312020137

November 12, 1993 C.B. Brinkman, CE, letter forwarding Revision 1 to
NPX80-SQP-0101.0, " Software Program Manual for Nuplex 80+" ;

and draft revision to System 80+ Emergency Operations
Guidelines, " Functional Recovery Guideline" to close
follow-up question to DSER responses.
FICHE: 77321 143
acn: 9312020409

November 15, 1993 C.B. Brinkman, CE, letter forwarding corrected pages for
Chapter 19. .

FICHE: 77314 321
acn: 9312020229

"

November 16, 1993 T.V. Wambach, NRC, letter forwarding comments on technical
specifications for System 80+; requests responses no later
than two weeks from letter receipt to maintain review
schedules.
FICHE: 77287 187

'acn: 9311300097

November 19, 1993 C.B. Brinkman, CE, lecter forwarding text portion for ,

CESSAR-DC Section 143, addressing basis for selecting i
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Tier 1 design certification material and associate ITAAC
for comment.
FICHE: 77310 304
acn: 9312020185

November 23, 1993 S.M. Long, NRC, letter forwarding comments that address
operator actions during SGTR sequences, both with success
and failure of S1 function for review.
FICHE: 71963 019
acn: 9312080118

November 24, 1993 B.A. Boger, NRC, commends outstanding work of J. O'Hara on
System 80+ advanced reactor human factors review project.
FICHE: 71943 203
acn: 9312090127

November 29, 1993 C.B. Brinkman, CE, letter forwarding Amendment T to "CE
Standard SAR - Design Certification" and affidavit requ; red
by 10 CFR 50.4(b) and 30(b).
FICHE: 77389 001
acn: 9312070257

December 3, 1993 T.H. Boyce, NRC, letter forwarding initial staff comments
on ABB-CE System 80+ Tier 1 October 20, 1993, and
November 12, 1993, submittal s.
FICHE: 77490 244
acn: 9312160233

December 7, 1993 T.V. Wambach, NRC, letter forwarding staff comments on
markup copy of affected technical specifications and
requests that responses to comments be provided no later
than two weeks from receipt of letter.
FICHE: 77493 001
acn: 9312160300

December 14, 1993 C.B. Brinkman, CE, letter responding to request of NRC
staff and forwards five copies of selected CESSAR-DC
parameters and assumptions addressed in certified design
material for System 80+ standard plant design.
FICHE: 77565 186
acn: 9312200315

December 17, 1993 C.B. Brinkman, CE, letter providing material to close
follow-on to DSER responses regarding System 80+
information for issue closure.
FICHE: 77677 274
acn: 9312300221

December 31, 1993 C.B. Brinkman, CE, responds to comments on ABB-CE design
descriptions and associated inspections, tests, analyses
and acceptance criteria and on changes to CESSAR-DC.
FICHE:
acn: 9401050317

|
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O January 7, 1994 C.B. Brinkman, CE, letter forwarding material to closeV follow-on questions to DSER responses, including list of
ALWR Utility Requirements Documents deviations and three
tables of cross references of CESSAR-DC.
FICHE: 77912 020
acn: 9401190026

January 7, 1994 K.M. Shembarger, NRC, letter forwarding comments on TS
Sections 4 and 5 for System 80+ markup copy of affected TS
enclosure.
FICHE: 77797 337
acn: 9401140007

January 10, 1994 K.M. Shembarger, NRC, letter forwarding summary of
December 21, 1993, meeting with utility in Rockville,
Maryland regarding new source term and application for EQ
of System 80+ plant.
FICHE. 77833 268
acn: 9401130208

January 10, 1994 S.L. Magruder, NRC, letter forwarding summary of
December 14, 1993, meeting with licensees in Rockville,
Maryland to review status of all outstanding issues in
civil and geosciences area and discuss schedule for closure
of remaining issues.
FICHE: 77824 264
acn: 9401140201

January 12, 1994 C.B. Brinkman, CE, letter forwarding material to close
follow-on questions to DSER responses regarding System 80+ '

information. *

FICHE: 77929 001
acn: 9401250287

February 1, 1994 T.H. Boyce, NRC, letter forwarding summary of meeting with
DOE in Rockville, Maryland to discuss progress of reviews
for design certification of next-generation-reactor-
designs.
FICHE: 78106292
acn: 9402140161

February 8, 1994 C.B. Brinkman, CE, letter forwarding Amendment U to
"CESSAR-DC."
FICHE: 78241 001
acn: 9402180240

February 8, 1994 C.B. Brinkman, CE, letter forwarding " System 80+ Emergency
Operations Guidelines."
FICHE: 78225 001 I

acn: 9402220103
|

February 16, 1994 K.M. Shembarger, NRC, letter discussing NRC staff review of
System 80+ TS, including applicable portions of
Amendment U.
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FICHE: 78217 001
acn: 9402240158

February 21, 1994 C.B. Brinkmaa, CE, letter forwarding revision to CESSAR-DC
documenting resolution of NRC concern on small break LOCA
with boron dilution.
FICHE: 78438 272
acn: 9403100249

February 22, 1994 C.B. Brinkman, CE, letter forwarding listed material to
close follow-on questions to DSER responses regarding
System 80+.
FICHE: 78419 001
acn: 9403080173

February 24, 1994 C.B. Brinkman, CE, letter forwarding revision to CESSAR-DC
and material to close follow-on questions to DSER responses
regai ding System 80+.
FICHE: 78433 001
acn: 9403080284

February 25, 1994 C.B. Brinkman, CE, letter forwarding material to close
follow-on questions to DSER responses regarding System 80+.
FICHE: 78432 276
acn: 9403080264

February 28, 1994 T.E. Murley, NRC, letter informing of approval of FSER on
ABB-CE System 80+ design.
FICHE: 78364 026
acn: 9403070250

March 1, 1994 K.M. Shembarger, NRC, letter submitting comments on
System 80+ TS.
FICHE: 78410 001
acn: 9403100042

March 3, 1994 R.W. Borchardt, NRC, letter submitting comments on
System 80+.
FICHE: 78410 001
acn: 9403100042

| March 3, 1994 R.W. Borchardt, NRC, letter forwarding advance copy of FSER
| regarding NRC review of application for certification of
| System 80+ design.

FICHE: 78462 001
acn: 9403140197

March 4, 1994 C.B. Brinkman, CE, letter supplements December 31, 1993,
letter submitted by EPRI, forwarding report on technical
aspects of emergency planning for ALWRs.
FICHE: 78587 327

| acn: 9403180262

March 8, 1994 R.W. Borachrdt, NRC, letter forwarding advance copy of FSER |f
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IO) regarding NRC revciew of application for certification of
,

(V System 80+ design. i
FICHE: 78462 001 '

acn: 9403140197 !

March 24, 1994
R.W. Borchardt, NRC, letter requesting comments on i

enclosure COM review guidance by May )
FICHE: 78686 306

20, 1994.
acn: 9403290295

March 24, 1994 T.H. Boyce, NRC, letter
CESSAR-DC, inspections, prov! ding comments on COM and

tests, analyses and acceptancecriteria ITAAC task group.
FICHE: 78727 164
acn: 9404010018

March 25, 1994
C.B. Brinkman, CE, letter forwarding SG thermal-hydraulicsummary analysis results.
FICHE: 78913 085
acn: 9404150115

March 30, 1994
D.A. Dreyfus, DOE, letter forwarding draft " Advanced
Reactor Research and Development Program 5-yr Plan for
Advanced Reactor Activities Under Energy Policy Act of1992."
FICHE: 940330
acn: 9404250187 ,

April 12, 1994
C.B. Brinkman, CE, letter informing NRC of change in
become part of ABB-CE Nuclear Operations. organizational alignment of ABB-CE Nuclear Fuels, which has
FICHE: 78873 285
acn: 9404150063

April 13, 1994
R.W. Borchardt, NRC, letter forwarding current copy of |

Chapter 20, " Generic Issues," of FSER for System 80+design. ;
FICHE: 79020 001 |acn: 9404270258 !

April 14, 1994
0. A. Dreyfus, 00E, letter informing that deadline for
stakeholder comments on " draft 5-year Plan for Advanced
Reactor Activities Under Energy Policy Act of 1992,"

<extended until May 2, 1994.
FICHE: 79004 345 }
acn: 9404250174 i

April 14, 1994 i

C.B. Brinkman, CE, letter forwarding revision to CESSAR-DC
and comments on System 80+ FSER, providing additional
structural design detail and technical revision to TS
agreed upon at April 5 and 6, 1994, meeting.FICHE: 79063 001
acn: 9404290296

O
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April 26, 1994 J.M. Taylor, NRC, letter submitting comments regarding
draft report "5-year Plan for Advanced Reactor Activities
Under Energy Policy Act of 1992."
FICHE: 79078 237
acn: 9405030173

April 26, 1994 C.B. Brinkman, CE, letter forwarding summary of System 80+
design and operational features involving deviations from
current regulations.
FICHE: 79243 316
acn: 9405060298

April 26, 1994 C.B. Brinkman, CE, letter providing material to close
issues raised by NRC staff, including summary of approach
to design verification and list of calculations.
FICHE: 79214 289
acn: 9405060301 |

|

April 29, 1994 C.B. Brinkman, CE, letter forwarding copies of Amendment V l
to "CESSAR-DC."
FICHE: 79090 001
acn: 9405020194

April 29, 1994 C.B. Brinkman, CE, letter forwarding response to NRC
comments on ABB-CE design certification material
transmitted with March 24, 1994, letter.

FICHE: 79298 001
acn: 9405110237

April 29, 1994 C.B. Brinkman, CE, letter forwarding revisions to CESSAR-DC
and comments on System 80+ FSER.
FICHE: 79777 001
acn: 9406140384

May 2, 1994 C.B. Brinkman, CE, letter advising that enclosed report
KVB 75-642, " Experimental Investigation of Relief Valve
Vent Clearing Phenomena," supporting System 80+ IRWST
design activities should be withheld.
FICHE: 79312 356
acn: 9405100077

May 10, 1994 C.B. Brinkman, CE, letter forwarding " Technical Support
Document for Amendments to 10 CFR Part 51 Considering
Severe Accident Under NEPA for Plants of System 80+
design."
FICHE: 79387 167
acn: 9405170173

May 11, 1994 C.B. Brinkman, CE, letter forwarding comments of Chapter 4
of System 80+ final SER, NUREG-1462 for technical accuracy
and consistency with CESSAR-DC.
FICHE: 79456 129
acn: 9405230166
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O
t May 15, 1994 A. Behabahani, NRC, letter requestings confirmation on
k whether Scientech can execute 2-D Pm-ALPHA /ESPROSE codes

including 2-D FCI calculations on System 80+ in letter
reporting by June 15, 1994.
FICHE: 72165 360
acn: 9406200192

May 18, 1994 C.B. Brinkman, CE, amends April 12, 1994 letter, informing
NRC of change in organizational alignment of ABB-CE Nuclear
Fuels, which has become part of outlining new organization
encl.
FICHE: 79622 295
acn: 9406020294

May 19, 1994 C.B. Brinkman, CE, letter informing that vendor providing
detailed markup of draft document entitled, " Certified
Design Material and ITAAC Review Guidance," to NE!, in
response to NRC March 24, 1994, letter.
FICHE: 79622 297
acn: 9406020293

May 24, 1994 R.W. Borchardt, NRC, letter forwarding inspection report
99900401/94-01 on February 14 through 18, 1994 and notice
of nonconformance.
FICHE: 79709 152
acn: 9406080255

June 1, 1994 C.B. Brinkman, CE, letter responding to question asked by
NRC regarding controls listed in System 80+ certified ,

design material Table 2.12.1-1, "MCR Min Inventory of Fixed 5

Position Annunciators, Displays and Controls."
FICHE: 79679 163
acn: 9406070176

June 10, 1994 C.B. Brinkman, CE, letter responding to question asked by
NRC regarding controls listed in System 80+ certified
design material Table 2.12.1-1, "MCR Min Inventory of Fixed
Position Annunciators, Displays and Controls."
FICHE: 79679 163
acn: 9406070176

June 10, 1994 C.B. Brinkman, CE, letter forwarding revisions to selected
CESSAR-DC parameters and assumptions addressed in certified
design material, provided by ABB-CE December 14, 1993,
letter.
FICHE: 80019 326
acn: 9406280284

June 16, 1994 C.B. Brinkman, CE, letter responding to May 25, 1994,
letter regarding violations noted in nonconformance
Inspection Report 99900401/94-01.
FICHE: 79878 186

O acn: 9406220335

(
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C.B. Brinkman, CE, letter forwarding Revision 0 toJune 17, 1994
" System 80+ Emergency Operations Guidelines."

,

FICHE: 79899 001
acn: 9406220370

;

C.B. Brinkman, CE, letter forwarding revised CombustionJune 20, 1994
Engineering Nuclear Fuel.
FICHE: 80016 315
acn: 9406290022

C.B. Brinkman, CE, letter forwarding revised System 80+June 20, 1994 certified design material and affidavit.
FICHE: 79981 001
acn: 9406220379

O

|
|

|

O
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APPENDIX B

INDEX 0F NRC REQUESTS FOR ADDITIONM. INFORMATION
AND CE RESPONSES

______________________________________________________________________________

RAI NUMBER DATE NRC LETTER RESPONSE DATE
_____________________________________________________________________________

1 12/08/87 LD-88-021 3/22/88
1 12/08/87 LD-88-091 9/14/88
2 12/08/87 LD-88-091 9/14/88
3 12/08/87 LD-88-091 9/14/88
4 12/08/87 LD-88-091 9/14/88
5 12/08/87 LD-88-091 9/14/88
6 12/08/87 LD-88-091 9/14/88
281-1 12/17/87 LD-88-019 3/18/88
281-2 12/17/87 LD-88-019 3/18/88
281-3 12/17/87 LD-88-019 3/18/88
281-4 12/17/87 LD-88-019 3/18/88
281-5 12/17/87 LD-88-019 3/18/88
281-6 12/17/87 LD-88-019 3/18/88
281-7 12/17/87 LD-88-019 3/18/88eI(O 500.1 12/17/87 LD-88-020 3/18/88
500.2 12/17/87 LD-88-020 3/18/88
500.3 12/18/87 LD-88-020 3/18/88
1 01/25/88 LD-88-016 3/2/88
2 01/25/88 LD-88-016 3/2/88
281-8 02/25/88 LD-88-034 5/25/88
281-9 02/25/88 LD-88-034 5/25/88
281-10 02/25/88 LD-88-034 5/25/88
281-11 02/25/88 LD-88-034 5/25/88
281-12 02/25/88 LD-8f,-034 5/25/88
281-13 02/25/88 LD-88-034 5/25/88
260.1 02/26/88 LD-88-033 5/25/88
260.2 02/26/88 LD-88-033 5/25/88
260.3 02/26/88 LD-88-128 CENPD-210 REV 05
260.4 02/26/88 LD-88-033 5/25/88
260.5 02/26/88 CENPD-210 REV 05
260.6 02/26/88 LD-88-033 5/25/88
260.7 02/26/88 CENPD-210 REV 05
260.8 02/26/88 LD-88-033 5/25/88
260.9 02/26/88 LD-88-033 5/25/88
260.10 02/26/88 LD-88-033 5/25/88
260,11 02/26/88 CENPD-210 REV 05
260.12 02/26/88 CENPD-210 REV 05
260.13 02/26/88 CENPD-210 REV 05
260,14 02/26/88 CENPD-210 REV 05g
260.15 02/26/88 CENPD-210 REV 05>b 260.16 02/26/88 CENPD-210 REV 05
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260.17 02/26/88 CENPD-210 REV 05
260.18 02/26/88 CENPD-210 REV 05
260.19 02/26/88 CENPD-210 REV 05
260.20 02/26/88 CENPD-210 REV 05
260.21 02/26/88 CENPD-210 REV 05
260.22 02/26/88 CENPD-210 REV 05
250.1 03/11/88 LD-88-039 6/6/88
250.2 03/11/88 LD-88-039 6/6/88
250.3 03/11/88 LD-88-039 6/6/88
410.1 03/15/88 LD-88-046 6/30/88
410.2 03/15/88 LD-88-046 6/30/88
410.3 03/15/88 LD-88-046 6/30/88
410.4 03/15/88 LD-88-046 6/30/88
410.5 03/15/88 LD-88-046 6/30/88
410.6 03/15/88 LD-68-046 6/30/88
410.7 03/15/88 10-88-046 6/30/88
410.8 03/15/88 LD-88-046 6/30/88
410.9 03/15/88 LD-88-046 6/30/88
410.10 03/15/88 LD-88-046 6/30/88
410.11 03/15/88 LD-88-046 6/30/08
420.1 04/13/88 LD-88-052 7/13/86
420.2 04/13/88 LD-88-052 7/13/88
420.3 04/13/88 LD-88-052 7/13/88
500.4 06/01/88 LD-88-068 8/1/88
500.5 06/01/88 LD-88-068 8/1/88
500.6 06/01/88 LD-88-068 8/1/88
218-14 06/28/88 LD-88-099 9/20/88
218-15 06/28/88 LD-88-099 9/20/88
218-16 06/28/88 LD-88-099 9/20/88
218-17 06/28/88 LD-88-099 9/20/88
218-18 06/28/88 LD-88-099 9/20/88
281-19 06/28/88 LD-88-099 9/20/88
281-20 06/28/88 LD-88-099 9/20/88
281-21 06/28/88 LD-88-099 9/20/88
281-22 06/28/88 LD-88-099 9/20/88
281-23 06/28/88 LD-88-099 9/20/88
281-24 06/28/88 LD-88-099 9/20/88
440-1 06/28/88 LD-88-089 9/9/88
440-2 06/28/88 iD-88-089 9/9/88
281.50 08/03/88 LO-88-151 12/7/88
281.51 08/03/88 LD-88-151 12/7/88
281.52 08/03/88 LD-88-151 12/7/88
281.53 08/03/88 LD-88-151 12/7/88
281.54 08/03/88 LD-88-151 12/7/88
281.55 08/03/88 LD-88-151 12/7/88
281.56 08/03/88 LD-88-151 12/7/88
410.12 08/03/88 LD-88-151 12/7/88
410.13 08/03/88 LD-88-151 12/7/88
410.14 08/03/88 LD-88-151 12/7/88
410.15 08/03/88 LD-88-151 12/7/88
410.16 08/03/88 LD-88-151 12/7/88
260.1.A 08/02/88 LD-88-119 10/21/88
260.2.A 08/02/88 LD-88-119 10/21/88
260.6.A 18/02/88 LD-88-119 10/21/88
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260.10.A 08/02/88 LD-88-119 10/21/88f
10/11/88 LD-89-029 3/17/89>

k 410.17 10/20/88 LD-89-091 8/16/89
410.18 10/20/88 LD-89-091 8/16/89
410.19 10/20/88 LD-89-091 8/16/89
410.20 10/20/88 LD-89-091 8/16/89
410.21 10/20/88 LD-89-091 8/16/89
410.22 10/20/88 LD-89-091 8/16/89
410.23 10/20/88 LD-89-091 8/16/89
410.24 10/20/88 LD-89-091 8/16/89
410.25 10/20/88 LD-89-091 8/16/89
410.26 10/20/88 LD-89-091 8/16/89
410.27 10/20/88 LD-89-091 8/16/89
410.28 10/20/88 LD-89-091 8/16/89
410.29 10/20/88 LD-89-091 8/16/89
410.30 10/20/88 LD-89-091 8/16/89
410.31 10/20/88 LD-89-091 8/16/89
251.11 10/26/88 LD-89-110 10/4/89
251.11 10/26/88 LD-89-110 10/4/89
251.11 10/26/88 LD-89-110 10/4/89
251.11 10/26/88 LD-89-110 10/4/89
251.11 10/26/88 LD-89-110 10/4/89
251.11 10/26/88 LD-89-110 10/4/89
251.0 10/28/88 LD-89-106 9/19/89
251.1 10/28/88 LD-89-106 9/19/89
250.2 10/28/88 LD-89-106 9/19/89
250.3 10/28/88 LD-89-106 9/19/89Oi 251.4 10/28/88 LD-89-106 9/19/89
251.5 10/28/88 LD-89-106 9/19/89
251.6 10/28/88 LD-89-106 9/19/89
251.7 10/28/88 LD-89-106 9/19/89
251.8 10/28/88 LD-89-106 9/19/89
251.9 10/28/88 LD-89-106 9/19/89
251.10 10/28/88 LD-89-106 9/19/89
281-25 11/01/88 LD-89-079 7/21/89
281-26 11/01/88 LD-89-079 7/21/89
281-27 11/01/88 LD-89-079 7/21/89
281-28 11/01/88 LD-89-079 7/21/89
281-29 11/01/88 LD-89-079 7/21/89
500.7 11/02/88 LD-89-107 9/28/89
500.8 11/02/88 LD-89-107 9/28/89
500.9 11/02/88 LD-89-107 9/28/89
500.10 11/02/88 LD-89-107 9/28/89
500.11 11/02/88 LD-89-107 9/28/89
500.12 11/02/88 LD-89 -107 9/28/89
3.1 12/15/88 LD-89-070 7/6/89
3.2 12/15/88 LD-89-070 7/6/89
3.3 12/15/88 LD-89-070 7/6/89
1 12/15/88 LD-89-070 7/6/89
2 12/15/88 LD-89-070 7/6/89
3 12/15/88 LD-89-070 7/6/89
4 12/15/88 LD-89-070 7/6/89pl 252.1 12/16/88 LD-90-088 1/25/90(O 252.1 12/16/88 LD-90-088 1/25/90
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252.1 12/16/88 LD-90-088 1/25/90 !

252.1 12/16/88 LD-90-088 1/25/90 !
252.1 12/16/88 LD-90-088 1/25/90 j

'

252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90 (

252.1 12/16/88 LD-90-088 1/25/90 )
f

252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
252.1 12/16/88 LD-90-088 1/25/90
1 01/23/89 LD-89-117 10/30/89
2 01/23/89 LD-89-117 10/30/89
3 01/23/89 LD-89-117 10/30/89
4 01/23/89 LD-89-117 10/30/89
5 01/23/89 LD-89-117 10/30/89
6 01/23/89 LD-89-117 10/30/89
7 01/23/89 LD-89-117 10/30/89
8 01/23/89 LD-89-ll7 10/30/89
9 01/23/89 LD-89-117 10/30/89
10 01/23/89 LD-89-117 10/30/89
11 01/23/89 LD-89-117 10/30/89
12 01/23/89 LD-89-117 10/30/89
13 01/23/89 LD-89-117 10/30/89
14 01/23/89 LD-89-ll7 10/30/89
15 01/23/89 LD-89-117 10/30/89
16 01/23/89 LD-89-117 10/30/89
17 01/23/89 LD-89 117 10/30/89
18 01/23/89 LD-P9-117 10/30/89
19 01/23/89 LD-89-117 10/30/89
20 01/23/89 LD-89-117 10/30/89
21 01/23/89 LD-39-117 10/39/89
22 01/23/89 LD-89-117 10/30/89
23 01/23/89 LD-89-117 10/30/89
24 01/23/89 LD-89-117 10/30/89
25 01/23/89 LD-89-11? 10/30/89
26 01/23/89 LD-89-117 10/30/89
27 01/23/89 LD-89-117 10/30/89
28 01/23/89 LD-89-117 10/30/89
29 01/23/89 LD-89-ll7 10/30/89
30 01/23/89 LD-89-117 10/30/89
31 01/23/89 LD-89-117 10/30/89

!

32 01/23/89 LD-89-117 10/30/89
33 01/23/89 LD-89-117 10/30/89

,

| 34 01/23/89 LD-89-117 10/30/89
1 03/14/89 LD-89-092 8/17/89|

2 03/14/89 LD-89-092 8/17/89

t
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e 3 03/14/89 LD-89-092 8/17/89
l 4 03/14/89 LD-89-092 8/17/89

281-32 06/26/89 LD-91-013 3/15/91
281-33 06/26/89 LD-91-013 3/15/91
281-34 06/26/89 LD-91-013 3/15/91
281.57 06/26/89 LD-91-013 3/15/91
281.58 06/26/89 LD-91-013 3/15/91
281.59 06/26/89 LD-91-013 3/15/91
281.60 06/26/89 LD-91-013 3/15/91
281.61 06/26/89 LD-91-013 3/15/91
410.47 06/26/89 LD-91-013 3/15/91
410.48 06/26/89 LD-91-013 3/15/91
410.49 06/26/89 LD-91-013 3/15/91
410.50 06/26/89 LD-91-013 3/15/91
410.51 06/26/89 LD-91-013 3/15/91
410.52 06/26/89 LD-91-013 3/15/91
410.53 06/26/89 LD-91-013 3/15/91
410.54 06/26/89 LD-91-013 3/15/91
410.55 06/26/89 LD-91-013 3/15/91
410.56 06/26/89 LD-91-013 3/15/91
410.57 OG/26/89 LD-91-013 3/15/91
410.58 06/2F/89 LD-91-013 3/15/91
410.59 06/26/89 LD-91-013 3/15/91
410.60 06/26/89 LD-91-013 3/15/91
410.61 06/26/89 LD-91-013 3/15/91
410.62 06/26/89 LD-91-013 3/15/91

p 440.5 06/26/89 LD-91-013 3/15/91
440.6 06/26/89 LD-91-013 3/15/91

i 440.7 06/26/89 LD-91-013 3/15/91
440.8 06/26/89 LD-91-013 3/15/91
440.9 06/26/89 LD-91-013 3/15/91
471.1 06/26/89 LD-91-013 3/15/91
471.2 06/26/89 LD-91-013 3/15/91
471.3 06/26/89 LD-91-013 3/15/91
471.4 06/26/89 LD-91-013 3/15/91
471.8 06/26/89 LD-91-013 3/15/91
471.9 06/26/89 LD-91-013 3/15/91
471.11 06/26/89 LD-91-013 3/15/91
471.12 06/26/89 LD-91-013 3/15/91
471.13 06/26/89 LD-91-013 3/15/91
471.14 06/26/89 LD-91-013 3/15/91
471.15 06/26/89 LD-91-013 3/15/91
480.7 06/26/89 LD-91-018 4/29/91
500.13 '06/26/89 LD-91-013 3/15/91
500.14 06/26/89 LD-91-013 3/15/91
810.1 06/26/89 LD-91-013 3/15/91
440.3 12/23/88 LD-91-010 3/4/91
440.4 12/23/88 LD-91-010 3/4/91
281-30 12/23/88 LD-91-010 3/4/91
281-31 12/23/88 LD-91-010 3/4/91 :

240.1 01/19/89 LD-91-012 3/15/91 |
270.1 01/19/89 LD-91-012 3/15/91 '(qj 410.32 01/19/89 LD-91-012 3/15/91 l

v 410.33 01/19/89 LD-91-012 3/15/91
1
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410.34 01/19/89 LD-91-012 3/15/91
410.35 01/19/89 LD-91-012 3/15/91
410.36 01/19/89 LD-91-012 3/15/91
410.37 01/19/89 LD-91-012 3/15/91
410.38 01/19/89 LD-91-012 3/15/91
410.39 01/19/89 LD-91-012 3/15/91
410.40 01/19/89 LD-91-012 3/15/91
410.41 01/19/89 LD-91-012 3/15/91
410.42 01/19/89 LD-91-012 3/15/91
410.43 01/19/89 LD-91-012 3/15/91
410.44 01/19/89 LD-91-012 3/15/91
410.45 01/19/89 LD-91-012 3/15/91 |
410.46 01/19/89 LD-91-012 3/15/91 1

480.1 01/19/89 LD-91-012 3/15/91 (
480.2 01/19/89 LD-91-012 3/15/91 1

480.3 01/19/89 LD-91-012 3/15/91 |

480.4 01/19/89 LD-91-012 3/15/91 i

480.5 01/19/89 LD-91-012 3/15/91 1

480.6 01/19/89 LD-91-012 3/15/91
280.1 01/24/90 LD-91-014 3/26/91
410.63 01/24/90 LD-91-014 3/26/91
410.64 01/24/90 LD-91-014 3/26/91
410.65 01/24/90 LD-91-014 3/26/91
410.66 01/24/90 LD-91-014 3/26/91
410.67 01/24/90 LD-91-014 3/26/91
410.68 01/24/90 LD-91-014 3/26/91
410.69 01/24/90 LD-91-014 3/26/91
410.70 01/24/90 LD-91-014 3/26/91
410.71 01/24/90 LD-91-014 3/26/91
410.72 01/24/90 LD-91-014 3/26/91
410.73 01/24/90 LD-91-014 3/26/91
410.74 01/24/90 LD-91-014 3/26/91
410.75 01/24/90 LD-91-014 3/26/91
410.76 01/24/90 LD-91-014 3/26/91
410.77 01/24/90 LD-91-014 3/26/91
410.78 01/24/90 LD-91-014 3/26/91
410.79 01/24/90 LD-91-014 3/26/91

i

410.80 01/24/90 LD-91-014 3/26/91
. 410.81 01/24/90 LD-91-014 3/26/91
1 410.82 01/24/90 LD-91-014 3/26/91

410.83 01/24/90 LD-91-014 3/26/91
410.84 01/24/90 LD-91-014 3/26/91
410.85 01/24/90 LD-91-014 3/26/91
410.86 01/24/90 LD-91-014 3/26/91
410.87 01/24/90 LD-91-014 3/26/91
410.88 01/24/90 LD-91-014 3/26/91
410.89 01/24/90 LD-91-014 3/26/91
410.90 01/24/90 LD-91-014 3/26/91
410.91 01/24/90 LD-91-014 3/26/91
410.92 01/24/90 LD-91-014 3/26/91,

l 410.93 01/24/90 LD-91-014 3/26/91
410.94 01/24/90 LD-91-014 3/26/91
410.95 01/24/90 LD-91-014 3/26/91
410.96 01/24/90 LD-91-014 3/26/91
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480.8 01/24/90 LD-92-024 2/18/92

O 480.9 01/24/90 LD-92-014 3/26/91
480.10 01/24/90 LD-92-014 3/26/91
480.11 01/24/90 LD-92-014 3/26/91
480.12 01/24/90 LD-92-014 3/26/91
480.13 01/24/90 LD-92-014 3/26/91
480.14 01/24/90 LD-92-014 3/26/91 ,

480.15 01/24/90 LD-92-014 3/26/91
!

480.16 01/24/90 LD-92-014 3/26/91
480.17 01/24/90 LD-92-014 3/26/91 ;

480.18 01/24/90 LD-92-014 3/26/91 5
'

480.19 01/24/90 LD-92-014 3/26/91
480.20 01/24/90 LD-92-014 3/26/91 L

480.21 01/24/90 LD-92-014 3/26/91 !

480.22 01/24/90 LD-92-014 3/26/91 |

480.23 01/24/90 LD-92-014 3/26/91 ;

480.24 01/24/90 LD-92-014 3/26/91 ;

480.25 01/24/90 LD-92-014 3/26/91
480.26 01/24/90 LD-92-014 3/26/91
480.27 01/24/90 LD-92-014 3/26/91
480.28 01/24/90 LD-92-014 3/26/91
483.29 01/24/90 LD-92-014 3/26/91

i
4 Lff.30 01/24/90 LD-92-014 3/26/91
480.31 01/24/90 LD-92-014 3/26/91 ;

480.32 01/24/90 LD-92-014 3/26/91 ;

480.33 01/24/90 LD-92-014 3/26/91
450.1 01/24/90 LD-92-014 3/26/91

I 450.2 01/24/90 LD-92-014 3/26/91 3

420.4 12/21/90 LD-91-016 4/12/91
420.5 12/21/90 LD-91-016 4/12/91
420.6 12/21/90 LD-91-016 4/12/91 ,'

420.7 12/21/90 LD-91-016 4/12/91
450.8 12/21/90 LD-91-016 4/12/91 -

420.9 12/21/90 LD-91-016 4/12/91 :

420.10 12/21/90 LD-91-016 4/12/91
420.11 12/21/90 LD-91-016 4/12/91 ;

420.12 12/21/90 LD-91-016 4/12/91
450.13 12/21/90 LD-91-016 4/12/91
450.14 12/21/90 LD-91-016 4/12/91 ;

420.15 12/21/90 LD-91-016 4/12/91 [

420.17 12/21/90 LD-91-016 4/12/91 |

420.18 12/21/90 LD-91-016 4/12/91 (
420.19 12/21/90 LD-91-016 4/12/91
450.20 12/21/90 LD-91-016 4/12/91 |

420.21 12/21/90 LD-91-016 4/12/91 |
420.22 12/21/90 LD-91-016 4/12/91

'
420.23 12/21/90 LD-91-016 4/12/91
420.24 12/21/90 LD-91-016 4/12/91 i

420.25 12/21/90 LD-91-016 4/12/91 i

450.26 12/21/90 LD-91-016 4/12/91
420.27 12/21/90 LD-91-016 4/12/91
420.28 12/21/90 LD-91-016 4/12/91 >

Ot 420.29 12/21/90 LD-91-016 4/12/91 ;

420.30 12/21/90 LD-91-016 4/12/91 |
|
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450.31 12/21/90 LD-91-016 4/12/91 ,

450.32 12/21/90 LD-91-016 4/12/91
420.33 12/21/90 LD-91-016 4/12/91
420.34 12/21/90 LD-91-016 4/12/91
420.35 12/21/90 LD-91-016 4/12/91
420.36 12/21/90 LD-91-016 4/12/91
450.37 12/21/90 LD-91-016 4/12/91
420.38 12/21/90 LD-91-016 4/12/91
450.39 12/21/90 LD-91-016 4/12/91
420.40 12/21/90 LD-91-016 4/12/91
420.41 12/21/90 LD-91-016 4/12/91
420.42 12/21/90 LD-91-016 4/12/91
420.43 12/21/90 LD-91-016 4/12/91
420.44 12/21/90 LD-91-016 4/12/91
450.45 12/21/90 LD-91-016 4/12/91
420.46 12/21/90 LD-91-016 4/12/91
420.47 12/21/90 LD-91-016 4/12/91
420.48 12/21/90 LD-91-016 4/12/91
420.49 12/21/90 LD-91-016 4/12/91
450.50 12/21/90 LD-91-016 4/12/91
450.51 12/21/90 LD-91-016 4/12/91
420.52 12/21/90 LD-91-016 4/12/31
420.53 12/21/90 LD-91-016 4/12/91
420.54 12/21/90 LD-91-016 4/12/91
420.55 12/21/90 LD-91-016 4/12/91
450.56 12/21/90 LD-91-016 4/12/91
420.57 12/21/90 LD-91-016 4/12/91
420.58 12/21/90 LD-91-016 4/12/91
450.59 12/21/90 LD-91-016 4/12/91
420.60 12/21/90 LD-91-016 4/12/91
100.1 12/21/90 LD-91-016 4/12/91
620.1 12/21/90 LD-91-016 4/12/91
620.2 12/21/90 LD-91-016 4/12/91
620.3 12/21/90 LD-91-016 4/12/91
620.4 12/21/90 LD-91-016 4/12/91
620.5 12/21/90 LD-91-016 4/12/91
d20.6 12/21/90 LD-91-016 4/12/91
620.7 12/21/90 LD-91-016 4/12/91
620.8 12/21/90 LD-91-016 4/12/91
620.9 12/21/90 LD-91-016 4/12/91
620.10 12/21/90 LD-91-016 4/12/91
620.11 12/21/90 LD-91-016 4/12/91
620.12 12/21/90 LD-91-016 4/12/91
620.13 12/21/90 LD-91-016 4/12/91
620.14 12/21/90 LD-91-016 4/12/91
620.15 12/21/90 LD-91-016 4/12/91
620.16 12/21/90 LD-91-016 4/12/91
620.17 12/21/90 LD-91-016 4/12/91
620.18 12/21/90 LD-91-016 4/12/91
620.19 12/21/90 LD-91-016 4/12/91
620.20 12/21/90 LD-91-016 4/12/91
620.21 12/21/90 LD-91-016 4/12/91
620.22 12/21/90 LD-91-016 4/12/91
620.23 12/21/90 LD-91-016 4/12/91
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p 620.24 12/21/90 LD-91-016 4/12/91
'

(v) 620.25 12/21/90 LD-91-016 4/12/91
620.26 12/21/90 LD-91-016 4/12/91
620.27 12/21/90 LD-91-016 4/12/91
620.28 12/21/90 LD-91-016 4/12/91
620.28 12/21/90 LD-91-016 4/12/91
620.30 12/21/90 LD-91-016 4/12/91
620.31 12/21/90 LD-91-016 4/12/91
620.32 12/21/90 LD-91-016 4/12/91
620.33 12/21/90 LD-91-016 4/12/91
620.34 12/21/90 LD-91-016 4/12/91
620.35 12/21/90 LD-91-016 4/12/91
620.36 12/21/90 LD-91-016 4/12/91
620.37 12/21/90 LD-91-016 4/12/91
620.38 12/21/90 LD-91-016 4/12/91
440.10 12/24/90 LD-91-018 4/26/91
440.11 12/24/90 LD-91-018 4/26/91
440.12 12/24/90 LD-91-018 4/26/91
440.13 12/24/90 LD-91-018 4/26/91
440.14 12/24/90 LD-91-018 4/26/91
440.15 12/24/90 LD-91-018 4/26/91
440.16a 12/24/90 LD-92-008 1/29/92
440.16b 12/24/90 LD-92-008 1/29/92
440.16c 12/24/90 LD-92-008 1/29/92
440.16d 12/24/90 LD-92-008 1/29/92 ;

440.16e 12/24/90 LD-91-018 4/26/91
440.16f 12/24/90 LD-92-008 1/29/92

( 440.16g 12/24/90 LD-92-008 1/29/92
440.16h 12/24/90 LD-92-008 1/29/92
440.161 12/24/90 LD-92-008 1/29/92
440.16j 12/24/90 LD-92-008 1/29/92
440.17 12/24/90 LD-91-018 4/26/91
440.18 12/24/90 LD-91-018 4/26/91
440.19 12/24/90 LD-91-018 4/26/91
440.20 12/24/90 LD-91-018 4/26/91
440.21 12/24/90 LD-91-018 4/26/91
440.22 12/24/90 LD-91-018 4/26/91
440.23 12/24/90 LD-92-024 2/18/92
440.24 12/24/90 LD-91-018 4/26/91
440.25 12/24/90 LD-91-018 4/26/91
440.26 12/24/90 LD-91-018 4/26/91
440.27 12/24/90 LD-91-018 4/26/91
440.28 12/24/90 LD-91-018 4/26/91
440.29 12/24/90 LD-91-018 4/26/91
440.30 12/24/90 LD-91-018 4/26/91
440.31 12/24/90 LD-91-018 4/26/91
440.32 01/31/91 LD-91-019 5/6/91
440.33 01/31/91 LD-91-019 5/6/91
440.34 01/31/91 LD-91-019 5/6/91
440.35 01/31/91 LD-92-008 1/29/92
440.36 01/31/91 LD-91-019 5/16/91 |

440.37 01/31/91 LD-91-019 5/16/91 l

O' 440.38 01/31/91 L;-91-019 5/16/91
440.39 02/15/91 LD-91-071 12/24/91
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440.40 02/15/91 LD-91-024 5/16/91
440.41 02/15/91 LD-92-020 2/14/92
440.42 02/15/91 LD-92-020 2/14/92
440.43 02/15/91 LD-91-024 05/16/91
440.44 02/15/91 LD-92-020 2/14/92
440.45 02/15/91 LD-92-020 2/14/92
440.46 02/15/91 LD-91-024 5/16/91
440.47 02/15/91 LD-91-024 5/16/91
440.48 02/15/91 LD-91-071 12/24/91
440.49 02/15/91 LD-91-024 5/15/91
440.50 02/15/91 LD-91-024 5/15/91
440.51 02/15/91 LD-91-024 5/15/91
440.52 02/15/91 LD-92-020 2/14/92
440.53 02/15/91 LD-91-071 12/24/91
440.54 02/15/91 LD-91-024 5/16/91
440.55 02/15/91 LD-91-024 5/16/91
440.56 02/15/91 LD-91-024 5/16/91
440.57 02/15/91 LD-91-071 12/24/91
440.58 02/15/91 LD-91-071 12/24/91
440.59 02/15/91 LD-91-071 12/24/91
440.60 02/15/91 LD-91-071 12/24/91
440.61 02/15/91 LD-91-071 12/24/91
440.62 02/15/91 LD-91-071 12/24/91
440.63 02/15/91 LD-91-071 12/24/91
440.64 02/15/91 LD-91-024 5/16/91
440.65 02/15/91 LD-91-071 12/24/91
440.66 02/15/91 LD-91-071 12/24/91
440.67 02/15/91 LD-91-071 12/24/91
440.68 02/15/91 LD-91-024 5/16/91
440.69 02/15/91 LD-91-024 5/16/91
440.70 02/15/91 LD-91-071 12/24/91
440.71 02/15/91 LD-91-071 12/24/91
440.72 02/15/91 LD-92-020 2/14/92
440.73 02/15/91 LD-92-020 2/14/92
440.74 02/15/91 LD-91-024 5/16/91
440.75 02/15/91 LD-91-071 12/24/91
440.76 02/15/91 LD-91-024 5/16/91
440.77 02/15/91 LD-91-024 5/16/91
440.78 02/15/91 LD-91-024 5/16/91
440.79 02/15/91 LD-91-024 5/16/91
440.80 02/15/91 LD-91-024 5/16/91
440.81 02/15/91 LD-91-024 5/16/91
440.82 02/15/91 LD-92-020 2/14/92

02/21/91 LD-91-069 12/23/91
04/12/91 LD-91-021 5/13/91

440.83 05/13/91 LD-91-071 12/24/91
440.84 05/13/91 LD-91-062 11/27/91
440.85 05/13/91 LD-91-062 11/27/91
440.85a 05/13/91 LD-91-071 12/24/91
440.85b 05/13/91 LD-91-071 12/24/91
440.85c 05/13/91 LD-91-071 12/24/91
440.86d 05/13/91 LD-91-062 11/27/91
440.86e 05/13/91 LD-91-062 11/27/91
440.86f 05/13/91 LD-92-008 1/29/92
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l
440.87 05/13/91 LD-91-062 11/27/91

9 440.88 05/13/91 LD-91-062 11/27/91 ;

440.89 05/13/91 LD-91-062 11/27/91
450.01 05/13/91 LD-91-062 11/27/91
440.90 05/13/91 LD-91-062 11/27/91
440.91 05/13/91 LD-92-008 1/29/92
440.92 05/13/91 LD-91-061 11/27/91
440.93 05/13/91 LD-91-061 11/27/91
440.94 05/13/91 LD-91-061 11/27/91

450.02 05/13/91 LD-91-061 11/27/91
440.95a 05/13/91 LD-91-061 11/27/91
440.95b 05/13/91 LD-91-061 11/27/91
440.96 05/13/91 LD-91-061 11/27/91
450.03 05/13/91 LD-91-061 11/27/91
440.97 05/13/91 LD-91-071 12/24/91
440.98 05/13/91 LD-91-062 11/27/91
440.99 05/13/91 LD-91-062 11/27/91
440.100 05/13/91 LD-91-071 12/24/91
440.101 05/13/91 LD-91-062 11/27/91
440.102 05/13/91 LD-91-062 11/27/91
440.103 05/13/91 LD-91-062 11/27/91
440.104 05/13/91 LD-91-071 12/24/91
440.105 05/13/91 LD-92-024 2/18/92
450.04 05/13/91 LD-92-024 2/18/92
450.05 05/13/91 LD-91-071 12/24/91
440.106 05/13/91 LD-91-071 12/24/919 440.107 05/13/91 LD-91-062 11/27/91
450.06 05/13/91 LD-91-062 11/27/91 )
440.108 05/13/91 LD-91-071 12/24/91 1

'

450.07 05/13/91 LD-91-071 12/24/91
440.109 05/13/91 LD-91-062 11/27/91
440.110(1) 05/13/91 LD-92-020 2/14/92
440.110(2) 05/13/91 LD-92-020 2/14/92
440.110(3) 05/13/91 LD-92-020 2/14/92
440.110(4) 05/13/91 LD-92-020 2/14/92
440.110(5) 05/13/91 LD-92-020 2/14/92
440.110(6) 05/13/91 LD-92-020 2/14/92
440.111 05/13/91 LD-92-020 2/14/92

07/22/91 LD-91-063 12/2/91
430.1 07/29/91 LD-91-067 12/20/91
430.2 07/29/91 LD-91-067 12/20/91
430.3 07/29/91 LD-91-067 12/20/91
430.4 07/29/91 LD-91-067 12/20/91
430.5 07/29/91 LD-91-067 12/20/91
430.6 07/29/91 LD-92-001 1/14/92
430.7 07/29/91 LD-92-001 1/14/92
430.8 07/29/91 LD-92-001 1/14/92
430.9 07/29/91 LD-92-024 2/18/92
430.10 07/29/91 LD-92-001 1/13/92
430.11 07/29/91 LD-91-067 12/20/91
430.12 07/29/91 LD-92-001 1/14/929 430.13 07/29/91 LD-92-001 1/14/92
430.14 07/29/91 LD-91-067 12/20/91
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430.15 07/29/91 LD-92-024 2/18/92
430.16 07/29/91 LD-92-001 1/14/92
430.17 07/29/91 LD-91-067 12/20/91
430.18 07/29/91 LD-91-067 12/20/91
430.19 07/29/91 LD-91-067 12/20/91
430.20 07/29/91 LD-91-067 12/20/91
430.21 07/29/91 LD-91-067 12/20/91
430.22 07/29/91 LD-91-067 12/20/91
430.23 07/29/91 LD-92-001 1/14/92
430.24 07/29/91 LD-91-067 12/20/91
430.25 07/29/91 LD-92-024 2/18/92
430.26 07/29/91 LD-92-024 2/18/92
430.27 07/29/91 LD-91-067 12/20/91
430.28 07/29/91 LD-91-067 12/20/91
430.29 07/29/91 LD-91-067 12/20/91
430.30 07/29/91 LD-91-067 12/20/91
430.31 07/29/91 LD-91-067 12/20/91 l

430.32 07/29/91 LD-91-067 12/20/91
430.33 07/29/91 LD-91-067 12/20/91
430.34 07/29/91 LD-91-067 12/20/91
430.35 07/29/91 LD-91-067 12/20/91
430.36 07/29/91 LD-91-067 12/20/91
430.37 07/29/91 LD-91-067 12/20/91
430.38 07/29/91 LD-91-067 12/20/91
430.39 07/29/91 LD-91-067 12/20/91
430.40 07/29/91 LD-91-067 12/20/91
430.41 07/29/91 LD-91-067 12/20/91
430.42 07/29/91 LD-91-067 12/20/91
430.43 07/29/91 LD-91-067 12/20/91
430.44 07/29/91 LD-91-067 12/20/91
430.45 07/29/91 LD-91-067 12/20/91
430.46 07/29/91 LD-91-067 12/20/91
430.47 07/29/91 LD-91-067 12/20/91
430.48 07/29/91 LD-91-067 12/20/91
430.49 07/29/91 LD-92-024 2/18/92
430.50 07/29/91 LD-92-024 2/18/92
430.51 07/29/91 LD-91-067 12/20/91

08/02/91 LD-91-047 8/9/91
LD-91-048 8/14/91

471.1 08/03/91 LD-91-065 12/13/19
471.2 08/03/91 LD-91-065 12/13/19
471.3 08/03/91 LD-91-065 12/13/19
471.4 08/03/91 LD-91-065 12/13/19
471.5 08/03/91 LD-92-024 2/18/92
471.6 08/03/91 LD-91-065 12/13/91
471.7 08/03/91 LD-91-065 12/13/91
471.8 08/03/91 LD-91-065 12/13/91
471.9 08/03/91 LD-91-065 12/13/91
471.10 08/03/91 LD-91-065 12/24/91

I 471.11 08/03/91 LD-91-065 12/13/91
471.12 08/03/91 10-91-065 12/13/91

' 91-065 12/13/91471.13 08/03/91 -

471.14 08/03/91 1U 'l-070 12/24/91
' 065 12/13/91471.15 08/03/91 L. -
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r 471.16 08/03/91 LD-91-065 12/13/91
471.17 08/03/91 LD-91-065 12/13/91(V 471.18 08/03/91 LD-91-065 12/13/91
471.19 08/03/91 LD-91-065 12/13/91
471.20 08/03/91 LD-91-065 12/13/91
471.21 08/03/91 LD-91-065 12/13/91
471.22 08/03/91 LD-91-070 12/24/91
471.23 08/03/91 LD-91-065 12/13/91
471.24 08/03/91 LD-91-065 12/13/91
471.25 08/03/91 LD-92-024 2/18/92
471.26 08/03/91 LD-91-065 12/13/91
471.27 08/03/91 LD-91-065 12/13/91
471.28 08/03/91 LD-91-065 12/13/91
471.29 08/03/91 LD-91-065 12/13/91
471.30 08/03/91 LD-91-065 12/13/91
471.31 08/03/91 LD-91-065 12/13/91
471.32 08/03/91 LD-91-065 12/13/91
471.33 08/03/91 LD-91-065 12/13/91
471.34 08/03/91 LD-91-065 12/13/91
471.35 08/03/91 LD-91-065 12/13/91
471.36 08/03/91 LD-91-065 12/13/91
471.37 08/03/91 LD-91-065 12/13/91
471.38 08/03/91 LD-91-065 12/13/91
450.8 08/03/91 LD-91-061 11/27/91
450.9 08/03/91 LD-91-071 12/24/91
450.10 08/03/91 LD-91-061 11/27/91
450.11 08/03/91 LD-91-061 11/27/91
450.12 08/03/91 LD-91-071 12/24/91( 450.13 08/03/91 LD-91-071 12/24/91
450.14 08/03/91 LD-91-071 12/24/91
450.15 08/03/91 LD-91-071 12/24/91
500.15 08/05/91 LD-91-066 12/17/91
500.16(a) 08/05/91 LD-91-066 12/17/91
500.16(b) 08/05/91 LD-91-066 12/17/91
500.16(c) 08/05/91 LD-91-066 12/17/91
500.17(a) 08/05/91 LD-91-066 12/17/91
500.1(b) 08/05/91 LD-91-066 12/17/91
500.18 08/05/91 LD-91-066 12/17/91
500.19 08/05/91 LD-91-066 12/17/91
500.20 08/05/91 LD-91-066 12/17/91
500.21 08/05/91 LD-91-066 12/17/91
500.22 08/05/91 LD-91-066 12/17/91 1

500.23 08/05/91 LD-91-066 12/17/91 l

500.24(a) 08/05/91 LD-92-024 2/18/92 |

500.24(b) 08/05/91 LD-92-024 2/18/92 l

500.25(a) 08/05/91 LD-92-024 2/18/92
500.25(b) 08/05/91 LD-92-024 2/18/92
500.26 08/05/91 LD-91-066 12/17/91
500.27 08/05/91 LD-91-066 12/17/91
500.28 08/05/91 LD-91-066 12/17/91
500.29(a) 08/05/91 LD-91-066 12/17/91
500.30 08/05/91 LD-91-066 12/17/91
500.31 08/05/91 LD-91-066 12/17/91 |

,O 500.32(a) 08/05/91 LD-91-066 12/17/91 |
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500.32(b) 08/05/91 LD-91-066 12/17/91
500.32(c) 08/05/91 LD-91-066 12/17/91
500.33 08/05/91 LD-91-066 12/17/91
500.34 08/05/91 LD-91-066 12/17/91
500.35 08/05/91 LD-91-066 12/17/91
260.23 08/06/91 LD-92-021 2/18/92
260.24(a) 08/06/91 LD-92-021 2/18/92
260.24(b) 08/06/91 LD-92-021 2/18/92
260.24(c) 08/06/91 LD-92-021 2/18/92
260.24(d) 08/06/91 LD-92-021 2/18/92
260.24(e) 08/06/91 LD-92-021 2/18/92
260.25 08/06/91 LD-92-021 2/18/92
260.26 08/06/91 LD-92-021 2/18/92
260.27(1) 08/06/91 LD-92-021 2/18/92
260.27(2) 08/06/91 LD-92-021 2/18/92
260.28 08/06/91 LD-92-021 2/18/92
252.02 08/08/91 LD-92-016 2/12/92
252.03 08/08/91 LD-92-007 1/24/92
252.04 08/08/91 LD-91-071 12/24/91
252.05 08/08/91 LD-91-071 12/24/91
252.06 08/08/91 LD-91-071 12/24/91
252.07 08/08/91 LD-92-009 1/29/92
252.08 08/08/91 LD-92-009 1/29/92
252.09 08/08/91 LD-92-024 2/18/92
252.10 08/08/91 LD-92-024 2/18/92
252.11 08/08/91 LD-91-071 12/24/91
252.12 08/08/91 LD-91-071 12/24/91
252.13 08/08/91 LD-91-071 12/24/91
252.14 08/08/91 LD-91-071 12/24/91
252.15 08/08/91 LD-92-007 1/24/92
281.35 08/08/91 LD-91-071 12/24/91
281.36 08/08/91 LD-91-071 12/24/91
281.37 08/08/91 LD-91-060 11/27/91
281.38 08/08/91 LD-91-060 11/27/91
281.39 08/08/91 LD-91-060 11/27/91
281.40 08/08/91 LD-91-060 11/27/91
281.41 08/08/91 LD-92-009 1/29/92
281.42 08/08/91 LD-91-071 12/24/91
281.43 08/08/91 LD-91-071 12/24/91
281.44 08/08/91 LD-91-071 12/24/91
281.45 08/08/91 LD-92-024 2/18/92
281.46 08/08/91 LD-91-060 11/27/91
281.47 08/08/91 LD-91-060 11/27/91
281.48 08/08/91 LD-91-071 12/24/91
281.49 08/08/91 LD-91-071 12/24/91
281.50* 08/08/91 LD-91-071 12/24/91
440.113 08/08/91 LD-91-071 12/24/91
440.114 08/08/91 LD-91-071 12/24/91
440.115 08/21/91 LD-92-020 2/14/92

LD-92-024 2/18/92
440.116 08/21/91 LD-92-020 2/14/92
440.117 08/21/91 LD-92-020 2/14/92
440.118 08/21/91 LD-92-020 2/14/92 1

440.119(1) 08/21/91 LD-92-020 2/14/92

|
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( 440.119(2) 08/21/91 LD-92-020 2/14/92
i 440.119(3) 08/21/91 LD-92-020 2/14/92

440.120 08/21/91 LD-92-020 2/14/92
440.121 08/21/91 LD-92-020 2/14/92
440.122 08/21/91 LD-92-020 2/14/92
440.123 08/21/91 LD-92-020 2/14/92
440.124 08/21/91 LD-92-020 2/14/92
440.125 08/21/91 LD-92-020 2/14/92
440.126 08/21/91 LD-92-020 2/14/92
440.17(1) 08/21/91 LD-92-020 2/14/92
440.128 08/21/91 LD-91-071 12/24/91
440.129 08/21/91 LD-92-008 1/29/92
440.130 08/21/91 LD-92-008 1/29/92
440.131 08/21/91 LD-92-008 1/29/92
440.132 08/21/91 LD-92-008 1/29/92
440.133 08/21/91 LD-92-008 1/29/92
440.134 08/21/91 LD-92-008 1/29/92

LD-92-020 2/14/92
440.135 08/21/91 LD-92-008 1/29/92
440.136 08/21/91 LD-92-020 2/14/91
440.137 08/21/91 LD-92-008 1/29/92
440.138 08/21/91 LD-92-008 1/29/92

LD-92-020 2/14/92
440.139 08/21/91 LD-91-062 11/27/91
440.140 08/21/91 LD-92-008 1/29/92
440.141 08/21/91 LD-92-008 1/29/92
440.142 08/21/91 LD-92-008 1/29/92

{]' N 440.143 08/21/91 LD-92-008 1/29/92
440.144 08/21/91 LD-92-008 1/29/92
440.145 08/21/91 LD-92-008 1/29/92
440.146 08/21/91 LD-92-008 1/29/92 4

440.147 08/21/91 LD-92-008 1/29/92
440.148 08/21/91 LD-92-008 1/29/92
440.149 08/21/91 LD-92-008 1/29/92
440.150 08/21/91 LD-92-008 1/29/92
440.151 08/21/91 LD-92-008 1/29/92

09/16/91 LD-91-054 10/22/91
1 09/19/91 LD-92-022 2/18/92
2 09/19/91 LD-92-022 2/18/92
3 09/19/91 LD-92-022 2/18/92
4 09/19/91 LD-92-022 2/18/92
5 09/19/91 LD-92-022 2/18/92
6 09/19/91 LD-92-022 2/18/92
7 09/19/91 LD-92-022 2/18/92
8 09/19/91 LD-92-022 2/18/92
9 09/19/91 LD-92-022 2/18/92
10 09/19/91 LD-92-022 2/18/92 ;

11 09/19/91 LD-92-022 2/18/92
12 09/19/91 LD-92-022 2/18/92
13 09/19/91 LD-92-022 2/18/92 :

14 09/19/91 LD-92-022 2/18/92 I

'

620.6A 09/19/91

A) 620.7A 09/19/91 j5

620.8A 09/19/91 j
i
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620.9A 09/19/91
620.10A 09/19/91
420.61 09/25/91 LD-91-064 12/9/91
420.62 09/25/91 LD-92-024 2/18/92
420.63 09/25/91 LD-92-024 2/18/92
420.64 09/25/91 LD-92-024 2/18/92
210.1 09/26/91 LD-92-016 2/12/92
210.2 09/26/91 LD-92-016 2/12/92
210.3 09/26/91 LD-92-024 2/18/92
210.4 09/26/91 LD-92-016 2/12/92
210.5 09/26/91 LD-92-016 2/12/92
210.6 09/26/91 LD-92-016 2/12/92
210.7 09/26/91 LD-92-016 2/12/92
210.8 09/26/91 LD-92-007 1/24/92
210.9 09/26/91 LD-92-016 2/12/92
210.10 09/26/91 LD-92-016 2/12/92
210.;l 09/26/91 LD-92-016 2/12/92
210.12 09/26/91 LD-92-007 1/24/92
210.13 09/26/91 LD-92-007 1/24/92
210.14 09/26/91 LD-92-007 1/24/92
210.15 09/26/91 LD-92-007 1/24/92i

210.16 09/26/91 LD-92-007 1/24/92
210.17 09/26/91 LD-92-007 1/24/92
210.18 09/26/91 LD-92-007 1/24/92
210.19 09/26/91 LD-92-007 1/24/92
210.20 09/26/91 LD-92-007 1/24/92
210.21 09/26/91 LD-92-007 1/24/92
210.22 09/26/91 LD-92-007 1/24/92
210.23 09/26/91 LD-92-007 1/24/92
210.24 09/26/91 LD-92-007 1/24/92
210.25 09/26/91 LD-92-007 1/24/92
210.26 09/26/91 LD-92-007 1/24/92
210.27 09/26/91 LD-92-007 1/24/92
210.28 09/26/91 LD-92-007 1/24/92
210.29 09/26/91 LD-92-007 1/24/92
210.30 09/26/91 LD-92-007 1/24/92
210.31 09/26/91 LD-92-007 1/24/92
210.32 09/26/91 LD-92-007 1/24/92
210.33 09/26/91 LD-92-016 2/12/92
210.34 09/26/91 LD-92-016 2/12/92
210.35 09/26/91 LD-92-016 2/12/92
210.36 09/26/91 LD-92-016 2/12/92
210.37 09/26/91 LD-92-007 1/24/92
210.38 09/26/91 LD-92-007 1/24/92
210.39 09/26/91 LD-92-016 2/12/92
210.40 09/26/91 LD-92-007 1/24/92
210.41 09/26/91 LD-92-007 1/24/92
210.42 09/26/91 LD-92-016 2/12/92
210.43 09/26/91 LD-92-016 2/12/92
210.44 09/26/91 LD-92-007 1/24/92
210.45 09/26/91 LD-92-016 2/12/92 ,

210.46 09/26/91 LD-92-016 2/12/92 |
210.47 09/26/91 LD-92-016 2/12/92 |

210.48 09/26/91 LD-92-016 2/12/92 |
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210.49 09/26/91 LD-92-007 1/24/92 )
210.50 09/26/91 LD-92-016 2/12/92 ;I( 210.51 09/26/91 LD-92-016 2/12/92 '

210.52 09/26/91 LD-92-016 2/12/92
210.53 09/26/91 LD-92-016 2/12/92
210.54 09/26/91 LD-92-007 1/24/92
210.55 09/26/91 LD-92-007 1/24/92
210.56 09/26/91 LD-92-007 1/24/92
210.57 09/26/91 LD-92-016 2/12/92
210.58 09/26/91 LD-92-016 2/12/92
210.59 09/26/91 LD-92-016 2/12/92
210.60 09/26/91 LD-92-016 2/12/92
210.61 09/20/91 LD-92-016 2/12/92
210.62 09/26/91 LD-92-016 2/12/92
210.63 09.'26/91 LD-92-016 2/12/92
210.64 09/26/91 LD-92-016 2/12,92
210.65 09/26/91 LD-92-016 2/12/92
210.66 09/26/91 LD-92-016 2/12/92
210.67 09/26/91 LD-92-016 2/12/92
210.68 09/26/91 LD-92-016 2/12/92
210.69 09/26/91 LD-92-016 2/12/92
210.70 09/26/91 LD-92-016 2/12/92
210.71 09/26/91 LD-92-016 2/12/92
210.72 09/26/91 LD-92-016 2/12/92
210.73 09/26/91 LD-92-016 2/12/92 ,

210.74 09/26/91 LD-92-007 1/24/92
210.75 09/26/91 LD-92-007 1/24/920 210.76 09/26/91 LD-92-016 2/12/92
210.77 09/26/91 LD-92-016 2/12/92
210.78 09/26/91 LD-92-016 2/12/92
210.79 09/26/91 LD-92-016 2/12/92
210.80 09/26/91 LD-92-016 2/12/92
210.81 09/26/91 LD-92-016 2/12/92
210.82 09/26/91 LD-92-016 2/17./92
210.83 09/26/91 LD-92-016 2/12/92
210.84 09/26/91 LD-92-016 2/12/92
210.85 09/26/91 LD-92-016 2/12/92
210.86 09/26/91 LD-92-016 2/12/92
210.87 09/26/91 LD-92-016 2/12/92
210.88 09/26/91 LD-92-024 2/18/92
210.89 09/26/91 LD-92-009 1/29/92
210.90 09/26/91 LD-92-007 1/24/92
210.91 09/26/91 LD-92-007 1/24/92
210.92 09/26/91 LD-92-007 1/24/92
210.93 09/26/91 LD-92-007 1/24/92
210.94 09/26/91 LD-92-016
210.95 09/26/91
210.96 09/26/91
220.52 09/26/91
220.53 09/26/91
220.54 09/26/91
220.55 09/26/91 LD-92-024 2/18/92p ,

220.56 09/26/91 LD-92-016 2/12/92 '

U 252.16 09/26/91 LD-92-016 2/12/92
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252.17 09/26/91 LD-92-016 2/12/92
252.18 09/26/91 LD-92-016 2/12/92
252.19 09/26/91 LD-92-016 2/12/92
252.20 09/26/91 LD-92-016 2/12/92
311.1 09/26/91 LD-92-016 2/12/92 l

311.2 09/26/91 LD-92-016 2/12/92 l

230.1 09/26/91
230.2 09/26/91 LD-92-016 2/12/92
230.3 09/26/91 LD-92-016 2/12/92
230.4 09/26/91 LD-92-024 2/18/92
230.5 09/26/91 LD-92-016 2/12/92
230.6 09/26/91 Submitted 2/25/92
230.7 09/26/91 LD-92-016 2/12/92
230.8 09/26/91 Submitted 2/25/92
230.9 09/26/91 LD-92-016 2/12/92
230.10 09/26/91 LD-92-024 2/18/92
220.0 09/26/91 LD-92-016 2/12/92
220.1 09/26/91 LD-92-016 2/12/92
220.2 09/26/91 LD-92-016 2/12/92
220.3 09/26/91 LD-92-016 2/12/92
220.4 09/26/91 LD-92-016 2/12/92
220.5 09/26/91 LD-92-016 2/12/92
220.6 09/26/91 LD-92-024 2/18/92
220.7 09/26/91 LD-92-024 2/18/92
220.8 09/26/91 LD-92-016 2/12/92
220.9 09/26/91 Submitted 2/25/92
220.10 09/26/91 LD-92-016 2/12/92
220.11 09/26/91 LD-92-016 2/12/92
220.12 09/26/91 LD-92-016 2/12/92

! 220.13 09/26/91 LD-92-016 2/12/92
220.14 09/26/91 LD-92-016 2/12/92'

220.15 09/26/91 LD-92-016 2/12/92
220.16 09/26/91 LD-92-016 2/12/92
220.17 09/26/91 LD-92-016 2/12/92
220.18 09/26/91 LD-92-016 2/12/92
220.19 09/26/91 LD-92-016 2/12/92
220,20 09/26/91 LD-92-016 2/12/92
220.21 09/26/91 LD-92-016 2/12/92
220.22 09/26/91 LD-92-016 2/12/92
220.23 09/26/91 LD-92-016 2/12/92

l 220.24 09/26/91 LD-92-016 2/12/92
220.25 09/26/91 LD-92-016 2/12/92
220.26 09/26/91 LD-92-016 2/12/92

| 220.27 09/26/91 LD-92-016 2/12/92
220.28 09/26/91 LD-92-016 2/12/92'

220.29 09/26/91 LD-92-016 2/12/92
220.30 09/26/91 LD-92-016 2/12/92
220.31 09/26/91 LD-92-016 2/12/92

1 220.32 09/26/91 LD-92-016 2/12/92
,

220.33 09/26/91 LD-92-016 2/12/92
220.34 09/26/91 LD-92-016 2/12/92
220.35 09/26/91 LD-92-016 2/12/92

| 220.36 09/26/91 LD-92-016 2/12/92
| 220.37 09/26/91 LD-92-016 2/12/92
|
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220.38 09/26/91 LD-92-016 2/12/92
220.39 09/26/91 LD-92-016 2/12/92

>G 220.40 09/26/91 LD-92-016 2/12/92
220.41 09/26/91 LD-92-016 2/12/92
270.42 09/26/91 LD-92-016 2/12/92
270.43 09/26/91 LD-92-016 2/12/92
270.44 09/26/91 LD-92-016 2/12/92
220.45 09/26/91 LD-92-016 2/12/92
220.46 09/26/91 LD-92-016 2/12/92
220.47 09/26/91 LD-92-016 2/12/92
220.48 09/26/91 LD-92-016 2/12/92
220.49 09/26/91 LD-92-016 2/12/92
220.50 09/26/91 LD-92-007 1/24/92

l 220.51 09/26/91 LD-92-016 2/12/92
810.1 10/09/91 LD-92-024 2/18/92
810.2(a) 10/09/91 LD-92-009 1/29/92
810.2(b) 10/09/91 LD-92-009 1/29/92
810.2(c) 10/09/91 LD-92-009 1/29/92
810.3 10/09/91 LD-92-009 1/29/92
100.2 10/09/91 LD-92-024 2/18/92
640.1 10/10/91 LD-92-021 2/18/92
640.2 10/10/91 LD-92-021 2/18/92 {
640.3 10/10/91 LD-92-021 2/18/92
640.4 10/10/91 LD-92-021 2/18/92
640.5 10/10/91 LD-92-021 2/18/92 j

640.6 10/10/91 LD-92-021 2/18/92 i

| r 640.7 10/10/91 LD-92-021 2/18/92 l
640.8 10/10/91 LD-92-021 2/18/92 {

*

640.9 10/10/91 LD-92-021 2/18/92 ,

640.10 10/10/91 LD-92-021 2/18/92 f
640.11 10/10/91 LD-92-021 2/18/92
640.12 10/10/91 LD-92-021 2/18/92
1 10/10/91 LD-92-010 1/31/92
2 10/10/91 LD-92-010 1/31/92
3 10/10/91 LD-92-010 1/31/92
4 10/10/91 LD-92-010 1/31/92
5 10/10/91 LD-92-010 1/31/92
6 10/10/91 LD-92-010 1/31/92
7 10/10/91 LD-92-010 1/31/92
8 10/10/91 LD-92-010 1/31/92 1

)
1 10/16/91 LD-92-024 2/18/92

| 2 10/16/91 LD-92-024 2/18/92
410.32.c 10/10/91 LD-92-006 1/24/92
410.32 9 10/10/91 LD-92-006 1/24/92

.
410.97 10/10/91 LD-92-006 1/24/92

1 410.98 10/10/91 LD-92-006 1/24/92
410.33 10/10/91 LD-92-006 1/24/92
410.36 10/10/91 LD-92-006 1/24/92
410.99 10/10/91 LD-92-006 1/24/92
410.100 10/10/91 LD-92-006 1/24/92,

480.5 10/10/91 LD-92-006 1/24/92
480.34 10/10/91 LD-92-006 1/24/92

O 270.I 10/10/n LD-92-017 2/12/92
270.2a 10/10/91 LD-92-017 2/12/92
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]

270.2b 10/10/91 LD-92-017 2/12/92
270.2c 10/10/91 LD-92-017 2/12/92
270.2d 10/10/91 LD-92-017 2/12/92
2.0.2e 10/10/91 LD-92-017 2/12/92
270.2f 10/10/91 LD-92-017 2/12/92
410.101 10/10/91 LD-92-017 2/12/92
410.102a 10/10/91 LD-92-017 2/12/92
410.102b 10/10/91 LD-92-017 2/12/92
480.35 10/10/91 LD-92-024 2/18/92
480.35a 10/10/91 LD-92-017 2/12/92
480.35b 10/10/91 LD-92-024 2/18/92
480.35c 10/10/91 LD-92-017 2/12/92
480.35d 10/10/91 LD-92-024 2/18/92
480.35e 10/10/91 LD-92-017 2/12/92
480.36a 10/10/91 LD-92-006 1/24/92

-

480.36b 10/10/91 LD-92-006 1/24/92
480.36c 10/10/91 LD-92-006 1/24/92
480.36d 10/10/91 LD-92-006 1/24/92
480.37a 10/10/91 LD-92-006 1/24/92
480.37b 10/10/91 LD-92-006 1/24/92
480.37c 10/10/91 LD-92-006 1/24/92
480.37d 10/10/91 LD-92-071 12/24/91
450.3a 10/10/91 LD-92-006 1/24/92
450.3b 10/10/91 LD-92-006 1/24/92
450.3c 10/10/91 LD-92-006 1/24/92
450.3d 10/10/91 LD-92-006 1/24/92
450.3e 10/10/91 LD-92-006 1/24/92
450.3f 10/10/91 LD-92-006 1/24/92
450.39 10/10/91 LD-92-006 1/24/92
410.103a 10/10/91 LD-92-017 2/12/92
410.103b 10/10/91 LD-92-017 2/12/92
410.103c 10/10/91 LD-92-017 2/12/92
410.103d 10/10/91 LD-92-017 2/12/92
410.103e 10/10/91 LD-92-017 2/12/92
410.103f 10/10/91 LD-92-017 2/12/92
410.1039 10/10/91 LD-92-008 1/29/92

LD-92-017 2/12/92
410.103h 10/10/91 LD-92-017 2/12/92
410.1031 10/10/91 LD-92-017 2/12/92
410.64a 10/10/91 LD-92-017 2/12/92
410.64b 10/10/91 LD-92-017 2/12/92
410.54 10/10/91 LD-92-017 2/12/92
410.104a 10/10/91 LD-92-017 2/12/92
410.104b 10/10/91 LD-92-017 2/12/92
410. loc 10/10/91 LD-92-017 2/12/92
410.10d 10/10/91 LD-92-008 1/29/92
410.67 10/10/91 LD-92-017 2/12/92
410.61 10/10/91 LD-92-017 2/12/92
410.68 10/10/91 LD-92-017 2/12/92
410.56 10/10/91 LD-92-017 2/12/92
410.59 10/10/91 LD-92-017 2/12/92
410.55a 10/10/91 LD-92-017 2/12/92
410.55d 10/10/91 LD-92-017 2/12/92
410.105 10/10/91 LD-92-017 2/12/92
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281.34 10/10/91 LD-92-017 2/12/92
( LD-92-024 2/18/92

410.106a 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.106b 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.107a 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.107b 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.107c 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.107d 10/10/91 LD-92-017 2/12/92
LD-92-024 2/18/92

410.108 10/10/91 LD-92-017 2/12/92
410.109a 10/10/91 LD-92-017 2/12/92
410.109b 10/10/91 LD-92-017 2/12/92
410.110a 10/10/91 LD-92-006 1/24/92
410.110b 10/10/91 LD-92-006 1/24/92
410.110c 10/10/91 LD-92-006 1/24/92
410.110d 10/10/91 LD-92-006 1/24/92
410.110e 10/10/91 LD-92-006 1/24/92
410.llla 10/10/91 LD-92-006 1/24/92
410.111b 10/10/91 LD-92-006 1/24/92
410.111c 10/10/91 LD-92-006 1/24/92
410.llld 10/10/91 LD-92-006 1/24/92
410.111e 10/10/91 LD-92-006 1/24/92
410.111f 10/10/91 LD-92-006 1/24/92i

k 410.111g 10/10/91 LD-92-006 1/24/92
410.131h 10/10/91 LD-92-006 1/24/92
410.1111 10/10/91 LD-92-006 1/24/92
410.112a 10/10/91 LD-92-006 1/24/92
410.112b 10/10/91 LD-92-006 1/24/92
410.113a 10/10/91 LD-92-006 1/24/92
410.ll3b 10/10/91 LD-92-006 1/24/92
410.ll4a 10/10/91 LD-92-006 1/24/92
410.114b 10/10/91 LD-92-006 1/24/92
410.114c 10/10/91 LD-92-006 1/24/92
410.ll4d 10/10/91 LD-92-006 1/24/92
410.ll4e 10/10/91 LD-92-006 1/24/92
410.114f 10/10/91 LD-92-006 1/24/92
410.115a 10/10/91 LD-92-006 1/24/92
410.ll5b 10/10/91 LD-92-006 1/24/92
410.ll5e 10/10/91 LD-92-006 1/24/92
410.115d 10/10/91 LD-92-006 1/24/92
410.ll6a 10/10/91 LD-92-006 1/24/92
410.116b 10/10/91 LD-92-006 1/24/92
410.116c 10/10/91 LD-92-006 1/24/92
410.116d 10/10/91 LD-92-006 1/24/92
410.ll6e 10/10/91 LD-92-006 1/24/92
410.116f 10/10/91 LD-92-006 1/24/92
410.1169 10/10/91 LD-92-006 1/24/92

O 410.116h 10/10/91 LD-92-006 1/24/92
410.116i 10/10/91 LD-92-006 1/24/92
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410.116j 10/10/91 LD-92-006 1/24/92
410.116k 10/10/91 LD-92-006 1/24/92
410.117a 10/10/91 LD-92-006 1/24/92
410.117b 10/10/91 LD-92-006 1/24/92
410.117c 10/10/91 LD-92-006 1/24/92
410.117d 10/10/91 LD-92-006 1/24/92
410.117e 10/10/91 LD-92-006 1/24/92
410.117f 10/10/91 LD-92-006 1/24/92
410.118a 10/10/91 LD-92-006 1/24/92
410.llab 10/10/91 LD-92-006 1/24/92
410.118c 10/10/91 LD-92-006 1/24/92
410.118d 10/10/91 LD-92-006 1/24/92
410.119a 10/10/91 LD-92-006 1/24/92
410.119b 10/10/91 LD-92-006 1/24/92
410.119c 10/10/91 LD-92-006 1/24/92
410.119d 10/10/91 LD-92-006 1/24/92
410.119e 10/10/91 LD-92-006 1/24/92
410.119f 10/10/91 LD-92-006 1/24/92
410.120 10/10/91 LD-92-017 2/12/92
410.121a 10/10/91 LD-92-006 1/24/92
410.121b 10/10/91 LD-92-006 1/24/92
410.122a 10/10/91 LD-92-006 1/24/92
410.122b 10/10/91 LD-92-006 1/24/92
410.122c 10/10/91 LD-92-006 1/24/92
410.122d 10/10/91 LD-92-006 1/24/92
410.122e 10/10/91 LD-92-006 1/24/92
410.122f 10/10/91 LD-92-006 1/24/92
280.2 10/10/91 LD-92-006 1/24/92
280.3 10/10/91 LD-92-006 1/24/92
280.4a 10/10/91 LD-92-006 1/24/92
280.4b 10/10/91 LD-92-006 1/24/92
280.5 10/10/91 LD-92-006 1/24/92
280.6 10/10/91 LD-92-006 1/24/92
280.7 10/10/91 LD-92-006 1/24/92
280.8 10/10/91 LD-92-006 1/24/92
280.9 10/10/91 LD-92-006 1/24/92
280.10 10/10/91 LD-92-006 1/24/92
280.11 10/10/91 LD-92-006 1/24/92
280.12 10/10/91 LD-92-006 1/24/92
280.13 10/10/91 LD-92-006 1/24/92
280.14 10/10/91 LD-92-006 1/24/92
280.15 10/10/91 LD-92-006 1/24/92
280.16 10/10/91 LD-92-006 1/24/92
280.17 10/10/91 LD-92-006 1/24/92
280.18 10/10/91 LD-92-006 1/24/92
280.19 10/10/91 LD-92-006 1/24/92
280.20 10/10/91 LD-92-006 1/24/92
280.21 10/10/91 LD-92-006 1/24/92
280.22 10/10/91 LD-92-006 1/24/92
280.23 10/10/91 LD-92-006 1/24/92
280.24 10/10/91 LD-92-006 1/24/92 l

280.25 10/10/91 LD-92-006 1/24/92 '

280.26 10/10/91 LD-92-006 1/24/92
410.123.1 10/10/91 LD-92-006 1/24/92 |

1

|
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410.123.2 10/10/91 LD-92-006 1/24/92

0 410.123.3 10/10/91 LD-92-006 1/24/92
410.124a 10/10/91 LD-92-006 1/24/92
410.124b 10/10/91 LD-92-006 1/24/92
410.124c 10/10/91 LD-92-006 1/24/92
410.124d 10/10/91 LD-92-006 1/24/92
410.124e 10/10/91 LD-92-006 1/24/92
410.125a 10/10/91 LD-92-006 1/24/92
410.125b 10/10/91 LD-92-006 1/24/92
410.126 10/10/91 LD-92-006 1/24/92
410.127 10/10/91 LD-92-006 1/24/92
410.128 10/10/91 LD-92-006 1/24/92
410.129a 10/10/91 LD-92-006 1/24/92
410.129b 10/10/91 LD-92-006 1/24/92
410.130a 10/10/91 LD-92-006 1/24/92
410.130b 10/10/91 LD-92-006 1/24/92
410.130c 10/10/91 LD-92-006 1/24/92
410.130d 10/10/91 LD-92-006 1/24/92
410.130e 10/10/91 LD-92-006 1/24/92
410.131a 10/10/91 LD-92-006 1/24/92
410.131b 10/10/91 LD-92-006 1/24/92
410.131c 10/10/91 LD-92-006 1/24/92
410.131d 10/10/91 LD-92-006 1/24/92
410.131e 10/10/91 LD-92-006 1/24/92
410.132a 10/10/91 LD-92-006 1/24/92
410.132b 10/10/91 LD-92-006 1/24/92
410.132c 10/10/91 LD-92-006 1/24/92

O 410.133a 10/10/91 LD-92-006 1/24/92
410.133b 10/10/91 LD-92-006 1/24/92
410.134a 10/10/91 LD-92-006 1/24/92
410.134b 10/10/91 LD-92-006 1/24/92
410.134c 10/10/91 LD-92-006 1/24/92
410.13 h 10/10/91 LD-92-006 1/24/92
410.135b 10/10/91 LD-92-006 1/24/92
410.135c 10/10/91 LD-92-006 1/24/92
410.135d 10/10/91 LD-92-006 1/24/92
410.135e 10/10/91 LD-92-006 1/24/92
410.135f 10/10/91 LD-92-006 1/24/92
410.136a 10/10/91 LD-92-006 1/24/92
410.136b 10/10/91 LD-92-006 1/24/92
410.136c 10/10/91 LD-92-006 1/24/92
410.136d 10/10/91 LD-92-006 1/24/92
410.136e 10/10/91 LD-92-006 1/24/92
410.136f 10/10/91 LD-92-006 1/24/92
410.136g 10/10/91 LD-92-006 1/24/92
410.137a 10/10/91 LD-92-006 1/24/92
410.137b 10/10/91 LD-92-006 1/24/92
410.137c 10/10/91 LD-92-006 1/24/92
410.137d 10/10/91 LD-92-006 1/24/92
410.137e 10/10/91 LD-92-006 1/24/92
410.137f 10/10/91 LD-92-006 1/24/92
410.1379 10/10/91 LD-92-006 1/24/92

gO 410.137h 10/10/91 LD-92-006 1/24/92
410.138a 10/10/91 LD-92-006 1/24/92
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410.138b 10/10/91 LD-92-006 1/24/92 |

410.138c 10/10/91 LD-92-006 1/24/92 ,

'

410.138d 10/10/91 LD-92-006 1/24/92
410.138e 10/10/91 LD-92-006 1/24/92
410.138f 10/10/91 LD-92-006 1/24/92 j
410.138g 10/10/91 LD-92-006 1/24/92 ;

410.139a 10/10/91 LD-92-006 1/24/92 i

410.139b 10/10/91 LD-92-006 1/24/92 l

410.139c 10/10/91 LD-92-006 1/24/92 j
410.139d 10/10/91 LD-92-006 1/24/92
410.139e 10/10/91 LD-92-006 1/24/92
730.la 10/10/91 LD-92-006 1/24/92
730.lb 10/10/91 LD-92-006 1/24/92
730.2 10/10/91 LD-92-006 1/24/92
780.3a 10/10/91 LD-92-006 1/24/92
780.3b 10/10/91 LD-92-006 1/24/92
780.4a 10/10/91 LD-92-006 1/24/92
780.4b 10/10/91 LD-92-006 1/24/92
780.5 10/10/91 LD-92-006 1/24/92
730.6 10/10/91 LD-91-071 12/24/91
730.7a 10/10/91 LD-92-006 1/24/92
730.8 10/10/91 LD-92-006 1/24/92
730.9a 10/10/91 LD-92-017 2/12/92
'30.9b,c 10/10/91 LD-92-017 2/12/92
730.10 10/10/91 LD-92-006 1/24/92
730.lla 10/10/91 LD-92-024 2/18/92
730.11b 10/10/91 LD-92-024 2/18/92
720.1 10/30/91 LD-92-004 1/23/92
720.2 10/30/91 LD-92-001 1/31/92
720.3 10/30/91 LD-92-023 2/18/92
720.4a 10/30/91 LD-92-023 2/18/92
720.4b 10/30/91 LD-92-023 2/18/92
720.5 10/30/91 LD-92-004 1/23/92
720.6 10/30/91 LD-92-011 1/31/92
720.7 10/30/91 LD-92-004 1/23/92
720.8 10/30/91 LD-92-004 1/23/92
720.9 10/30/91 LD-92-011 1/31/92
720.10a 10/30/91 LD-92-023 2/18/92
720.10b 10/30/91 LD-92-023 2/18/92
720.10c 10/30/91 LD-92-023 2/18/92
720.11 10/30/91 LD-92-004 1/23/92
720.12 10/30/91 LD-92-004 1/23/92
720.13 10/30/91 LD-92-004 1/23/92
720.14 10/30/91 LD-92-004 1/23/92
720.15 10/30/91 LD-92-004 1/23/92
720.16 10/30/91 LD-92-004 1/23/92
720.17 10/30/91 LD-92-004 1/23/92
720.18 10/30/91 LD-92-004 1/23/92
720.19 10/30/91 LD-92-004 1/23/92
720.20 10/30/91 LD-92-011 1/31/92
720.21 10/30/91 LD-92-00 1/23/92
720.22 10/30/91 LD-92-00 1/23/92
720.23 10/30/91 LD-92-011 1/31/92
720.24 10/30/91 LD-92-00 1/23/92
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720.25 10/30/91 LD-92-00 1/23/92

O 720.26 10/30/91 LD-92-023 2/18/92
720.27 10/30/91 LD-92-023 2/18/92
720.28 10/30/91 LD-92-004 1/23/92
720.29 10/30/91 LD-92-004 1/23/92
720.30 10/30/91 LD-92-011 1/31/92
720.31 10/30/91 LD-92-023 2/18/92
720.32 10/30/91 LD-92-004 1/23/92
720.33 10/30/91 LD-92-011 1/31/92
720.34 10/30/91 LD-92-004 1/23/92
720.35 10/30/91 LD-92-011 1/31/92
720.36 10/30/91 LD-92-011 1/31/92
720.37 10/30/91 LD-92-004 1/23/92
720.38 10/30/91 LD-92-011 1/31/92
720.39 10/30/91 LD-92-004 1/23/92
720.40 10/30/91 LD-92-004 1/23/92
720.41 10/30/91 LD-92-011 1/31/92
720.42 10/30/91 LD-92-004 1/23/92
720.43 10/30/91 LD-92-004 1/23/92
720.44 10/30/91 LD-92-004 1/23/92
720.45 10/30/91 LD-92-011 1/31/92
720.46 10/30/91 LD-92-011 1/31/92
720,47 '10/30/91 LD-92-011 1/31/92
720.48 10/30/91 LD-92-011 1/31/92
720.49 10/30/91 LD-92-011 1/31/92
720.50 10/30/91 LD-92-023 2/18/92
720.51 10/30/91 LD-92-011 1/31/92O 720.52 10/30/91 LD-92-011 1/31/92
720.53 10/30/91 LD-92-011 1/31/92
720.54 10/30/91 LD-92-011 1/31/92
720.55 10/30/91 LD-92-023 2/18/92
720.56 10/30/91 LD-92-011 1/31/92
720.57 10/30/91 LD-92-011 1/31/92
720.58 10/30/91 LD-92-011 1/31/92
720.59 10/30/91 LD-92-011 1/31/92
720.60 10/30/91 LD-92-011 1/31/92
720.61 10/30/91 LD-92-023 2/18/92
720,62 10/30/91 LD-92-011 1/31/92
720.63 10/30/91 LD-92-023 2/18/92
720.64 10/30/91 LD-92-011 1/31/92

-720.65 10/30/91 LD-92-011 1/31/92
720.66 10/30/91 LD-92-011 1/31/92
720.67 10/30/91 LD-92-011 1/31/92
720.68 10/30/91 LD-92-011 1/31/92
720.69 10/30/91 LD-92-011 1/31/92
720.70 10/30/91 LD-92-011 1/31/92
720.71 10/30/91 LD-92-011 1/31/92
720.72 10/30/91 LD-92-011 1/31/92
720.73 10/30/91 LD-92-011 1/31/92
720.74 10/30/91 LD-92-011 1/31/92
720.75 10/30/91 LD-92-011 1/31/92
720.76 10/30/91 LD-92-011 1/31/92

O ~720.77 10/30/91 LD-92-011 1/31/92,

720.78 10/30/91 LD-92-011 1/31/92
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720.79 10/30/91 LD-92-Oll 1/31/92
720.80 10/30/91 LD-92-011 1/31/92
720.81 10/30/91 LD-92-011 1/31/92
720.82 10/30/91 LD-92-011 1/31/92
720.83 10/30/91 LD-92-011 1/31/92
720.85 10/30/91 LD-92-023 2/18/92
720.86 10/30/91 LD-92-023 2/18/92
720.87 10/30/91 LD-92-023 2/18/92
720.88 10/30/91 LD-92-011 1/31/92
720.89 10/30/91 LD-92-011 1/31/92
720.90 10/30/91 LD-92-023 2/18/92
720.91 10/30/91 LD-92-023 2/18/92 !

720.92 10/30/91 LD-92-011 1/31/92 (

720.93 10/30/91 LD-92-011 1/31/92 !

720.94 10/30/91 LD-92-011 1/31/92 I
720.95 10/30/91 LD-92-023 2/18/92
720.96 10/30/91 LD-92-Oll 1/31/92
720.97 10/30/91 LD-92-011 1/31/92 !

720.98 10/30/91 LD-92-011 1/31/92
720.99 10/30/91 LD-92-Oll 1/31/92
720.100 10/30/91 LD-92-Oll 1/31/92
720.101 10/30/91 LD-92-Oll 1/31/92
721.1 10/30/91 LD-92-011 1/31/92
721.2 10/30/91 LD-92-011 1/31/92 |

721.3 10/30/91 LD-92-011 1/31/92 )
721.4 10/30/91 LD-92-011 1/31/92 1

721.5 10/30/91 LD-92-011 1/31/92 |
721.6 10/30/91 LD-92-011 1/31/92 |

721.7 10/30/91 LD-92-Oll 1/31/92 ,

721.8 10/30/91 LD-92-Oll 1/31/92 '

721.9 10/30/91 LD-92-011 1/31/92
721.10 10/30/91 LD-92-Oll 1/31/92
721.11 10/30/91 LD-92-011 1/31/92
721.12 10/30/91 LD-92-011 1/31/92
721.13 10/30/91 LD-92-011 1/31/92

,

| 721.14 10/30/91 LD-92-011 1/31/92
721.15 10/30/91 LD-92-011 1/31/92'

721.16 10/30/91 LD-92-011 1/31/92
721.17 10/30/91 LD-92-011 1/31/92
722.1 10/30/91 LD-92-023 2/18/92
722.2 10/30/91 LD-92-023 2/18/92

i

722.3 10/30/91 LD-92-023 2/18/92
722.4 10/30/91 LD-92-023 2/18/92
722.5 10/30/91 LD-92-023 2/18/92
722.6 10/30/91 LD-92-023 2/18/92
722.7 10/30/91 LD-92-023 2/18/92
722.8 10/30/91 LD-92-023 2/18/92
722.9 10/30/91 LD-92-023 2/18/92
722.10 10/30/91 LD-92-023 2/18/92
722.11 10/30/91 LD-92-023 2/18/92
722.12 10/30/91 LD-92-023 2/18/92
722.13 10/30/91 LD-92-023 2/18/92
722.14 10/30/91 LD-92-023 2/18/92
722.15 10/30/91 LD-92-023 2/18/92
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f

722.16 10/30/91 LD-92-023 2/18/92
*

O 722.17 10/30/91 LD-92-023 2/18/92
722.18 10/30/91 LD-92-023 2/18/92 ;

'

722.19 10/30/91 LD-92-023 2/18/92
722.20 10/30/91 LD-92-023 2/18/92
722.20 10/30/91 LD-92-023 2/18/92
722.21 10/30/91 LD-92-023 2/18/92
722.22 10/30/91 LD-92-023 2/18/92
722.23 10/30/91 LD-92-023 2/18/92
722.24 10/30/91 LD-92-023 2/18/92
722.25 10/30/91 LD-92-023 2/18/92
722.26 10/30/91 LD-92-023 2/18/92
722.27 10/30/91 LD-92-023 2/18/92
722.28 10/30/91 LD-92-023 2/18/92
722.29 10/30/91 LD-92-023 2/18/92
722.30 10/30/91 LO-92-023 2/18/92
722.31 10/30/91 LD-92-023 2/18/92
722.32 10/30/91 LD-92-023 2/18/92
722.33 10/30/91 LD-92-023 2/18/92
722.34 10/30/91 LD-92-023 2/18/92
722.35 10/30/91 LD-92-023 2/18/92
722.36 10/30/91 LD-92-023 2/18/92
722.37 10/30/91 LD-92-023 2/18/92
722.38 10/30/91 LD-92-023 2/18/92
722.39 10/30/91 LD-92-023 2/18/92
722.40 10/30/91 LD-92-023 2/18/92
722.41 10/30/91 LD-92-023 2/18/92

O 722.42 10/30/91 LD-92-023 2/18/92
722.43 10/30/91 LD-92-023 2/18/92
722.44 10/30/91 LD-92-023 2/18/92
722.45 10/30/91 LD-92-023 2/18/92
722.46 10/30/91 LD-92-023 2/18/92
722.47 10/30/91 LD-92-023 2/18/92

|

722.48 10/30/91 LD-92-023 2/18/92-

722.49 10/30/91 LD-92-023 2/18/92
,

| 722.50 10/30/91 LD-92-023 2/18/92
1 722.51 10/30/91 LD-92-023 2/18/92

722.52 10/30/91 LD-92-023 2/18/92
722.53 10/30/91 LD-92-023 2/18/92
722.54 10/30/91 LD-92-023 2/18/92
722.55 10/30/91 LD-92-023 2/18/92
722.56 10/30/91 LD-92-023 2/18/92
722.57 10/30/91 LD-92-023 2/18/92
722.58 10/30/91 LD-92-023 2/18/92
722.59 10/30/91 LD-92-023 2/18/92
722.60 10/30/91 LD-92-023 2/18/92
722.61 10/30/91 LD-92-023 2/18/92

|

722.62 10/30/91 LD-92-023 2/18/92'

722.63 10/30/91 LD-92-023 2/18/92
722.64 10/30/91 LD-92-023 2/18/92

! 722.65 10/30/91 LD-92-023 2/18/92
722.66 10/30/91 LD-92-023 2/18/92

O_
722.67 10/30/91 LD-92-023 2/18/92

,

722.68 10/30/91 LD-92-023 2/18/92
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722.69 10/30/91 LD-92-023 2/18/92
722.70 10/30/91 LD-92-023 2/18/92
722.71 10/30/91 LD-92-023 2/18/92
722.72 10/30/91 LD-92-023 2/18/92
722.73 10/30/91 LD-92-023 2/18/92
722.74 10/30/91 LD-92-023 2/18/92
722.75 10/30/91 LD-92-023 2/18/92
722.76 10/30/91 LD-92-023 2/18/92
722.77 10/30/91 LD-92-023 2/18/92
722.78 10/30/91 LD-92-023 2/18/92
722.79 10/30/91 LD-92-023 2/18/92
722.80 10/30/91 LD-92-023 2/18/92
722.81 10/30/91 LD-92-023 2/18/92
722.82 10/30/91 LD-92-023 2/18/92
722.83 10/30/91 LD-92-023 2/18/92
722.84 10/30/91 LD-92-023 2/18/92
722.85 10/30/91 LD-92-023 2/18/92
722.86 10/30/91 LD-92-023 2/18/92
722.87 10/30/91 LD-92-023 2/18/92
722.88 10/30/91 LD-92-023 2/18/92
722.89 10/30/91 LD-92-023 2/18/92
722.90 10/30/91 LD-92-023 2/18/92
722.91 10/30/91 LD-92-023 2/18/92
722.92 10/30/91 LD-92-023 2/18/92
722.93 10/30/91 LD-92-023 2/18/92
722.94 10/30/91 LD-92-008 1/29/92

LD-92-023 2/18/92
722.95 10/30/91 LD-92-023 2/18/92

11/21/91 LD-91-069 12/23/91
722.59 10/30/91 LD-92-023 2/18/92
722.60 10/30/91 LD-92-023 2/18/92
722.61 10/30/91 LD-92-023 2/18/92
722.62 10/30/91 LD-92-023 2/18/92
722.63 10/30/91 LD-92-023 2/18/92
722.64 10/30/91 LD-92-023 2/18/92

O
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APPENDIX C
i

LIST OF ABPREVIATIONS

The following is a list of abbreviations used throughout this report and the
DSER.

i

ac alternating current
AAC alternate ac
ABB Asea Brown Boveri <

ABWR advanced boiling water reactor
ACC advanced control complex
ACI American Concrete Institute '

ACI auto-closure interlock
ACRS Advisory Committee on Reactor Safeguards

'

ADS atmospheric dump system '

ADV atmospheric dump valve
AFAS alternate feedwater actuation signal
AfW auxiliary feedwater
AFWAS auxiliary feedwater actuation system
AHUs air handling units
AISC American Institute of Steel Construction
ALARA as low as reasonably achievable ;

ALWR advanced light water reactor !
AMS aerial monitoring system
AMSAC ATWS (anticipated transient without scram) mitigating system

actuation circuitry
ANL Argonne National Laboratory -

ANS American Nuclear Society
ANSI American National Standards Institute
ANSYS General purpose finite element computer program
A00 anticipated operational occurrence
A0Vs air-operated valves I
APC auxiliary process cabinet
APS alternate protection system

.

ASB Auxiliary Systems Branch (previous NRC organization)
ASC aggressive secondary cooldown
ASCE American Society of Civil Engineers :
ASI adverse system interaction
ASIS American Society for Industrial Security .

ASM American Society for Metals
ASME American Soc'ety of Mechanical Engineers
ASTM American Society for Testing and Materials ,

ATWS anticipated transient without scram
AVS annulus ventilation system i
AWP automatic withdrawal prohibit
AWS American Welding Society

,
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BAMU boric acid make-up ,

BAST boric acid storage tank |

B&PV Boiler and Pressure Vessel |
BDAL boron dilution alarm logic I

BEIR Biological Effects of Ionizing Radiation, Committee on the
BL Bulletin
BNCS Board on Nuclear Codes and Standards
BNL Brookhaven National Laboratories
B0AL boron dilution alarm
B0C beginning of cycle
BOL beginning-of-life
B0P balance of plant
BTP branch technical position
BWR boiling-water reactor

CAP corrective action program
CAS central alarm system
CCDF complementary cumulative distribution function
CCF common-cause failure
CCFP conditional containment failure probability
CCI corium-concrete interaction
CCL component control logic
CCS component control system
CCS condensate cleanup system
CCTV closed-circuit television
CCVS control complex ventilation system
CC&VS containment cooling and ventilation system
CCW component cooling water
CCWHXSVS component cooling water heat exchanger structure (s)

ventilation system
CCWS component cooling water system
CCWS condenser circulating water system
CDF core damage frequency
CDFM conservative deterministic failure margin
CDM certified design material
CE Combustion Engineering, Inc.
CEA control element assembly
CEAC control element assembly calculator
CEADS control element assembly drive system
CEDM control element drive mechanism
CEDMC control element drive mechanism control
CEDMCS control elemeat drive mechanism control system
CEN Centre d' Etudes Nucleaires (France)

Centre d' Etudes de l'Energie Nucleaire (Belgium)
CEOG Combustion Engineering Owners Group
CESSAR-DC Combustion Engineering Standard Safety Analysis Report-

Design Certification
CET core exit thermocouple
CET containment event tree
CETS control element test stand
CFM critical function monitoring
CFR Code of Federal Regulations

O
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CFS cavity flooding system
CHF critical heat flux

containment heat removal system
CHRS containment hydrogen recombiner system

'

CHRS containment isolation actuation systemCIAS
CIS containment isolation system

containment isolation valveCIV Crane Manufacturing Association of American
CMAA

,

CMF common-mode failure
care and maintenance instructionCMI complementary metal-oxide semiconductorCMOS configuration management planCMP
combined licenseCOL core operating limit supervisory system

COLSS
coefficient of variationCOV construction permit

CP

CPC(s)
core protection calculator (s)
containment performance goal -

CPG containment performance improvement
*

CPI
CPUs

central processing units
CR Congressional Record

control rod drive mechanismCRDM
CRDS control rod drive system
CREZ

control room emergency zone
CRF

correspondence routing form
cathode ray tube (s)

CRT(s) containment spray actuation signal
CSAS

;
CSB

core support barrel
containment safeguards event tree
committee on Safety of Nuclear Installations FF,nch)CSET 1

CSNI
CSS

condensate storage system
containment spray system

CSS condensate storage and transfer system
CSTS
CSTs

condensate storage tanks
.

combustion turbine generator '

CTG

CUF
cumulative usage factor
chemical and volume control system

CVCS CEA withdrawal prohibit
CWP
CWS chilled water system
CWS

circulating water system

design acceptance criteria / criterion
DAC
DBA design-basis accident -

DBE design-basis earthquake
~

i

DBPB design-basis pipe break
DBT design-basis tornado

diesel building ventilation system :

DBVS
de direct current
DCD design control document ;

direct containment heating I

DCH
damage control measure ,

DCH detailed control room design review
DCRDR
DDOF dynamic degrees of freedom

,
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DEMA Diesel Engine Manfactures Association
DE&S Duke Engineering and Services
DESI Duke Engineering and Services, Incorporated
DF dilution factor
DF(s) decontamination factor (s)
DFSS diesel fuel storage structures
DG diesel generator
DGBSPS DG building sump pump system

| DGEAIES DG engine air intake and exhaust system
| DGECWS DG engine cooling water system

DGESAS DG engine starting air systems
DGELOS DG engine lube oil system
DGF0STS DG fuel oil storage and transfer system
DHR decay heat removal
DIAS discrete indication and alarm system
DIAS-N DIAS for normal monitoring
DIAS-P DIAS for postaccident monitoring
DLS diesel loading sequencer
DNB departure from nucleate bciling
DNBR departure from nucleate boiling ratio
00F degrees of freedom
dp differential pressure
DPS data processing system
D-RAP daign-reliability assessment program
DRC dropped rod contact
DSA dynamic strain aging
DSDG distribution systems design guide
DSER draft safety evaluation report
DSIs dedicated seal injection system

,

DVI direct vessel injection |
DWMS demineralized water makeup system

EAB exclusion area boundary
ECC emergency core cooling
ECCS emergency core cooling system I

ECSB emergency containment spray backup system
ECW emergency cooling water
ECWS essential chilled water system
EDG emergency diesel generator

|
EDS electrical distribution system i

EF error function
EFAS emergency feedwater actuation signal
EFDS equipment and floor drainage system
EFPD equivalent full-power day
EFPY(s) effective full-power year (s)
EFST emergency feedwater storage tank

| EFW emergency feedwater
| EFWP emergency feedwater pump
i EFWS emergency feedwater system
) EFWST emergency feedwater storage tank

EHC electrohydraulic control
EM electromagnetic
EMI electromagnetic interference

ABB-CE System 80+ FSER C-4 June 1994
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O E0F emergency operations facility
E0Gs emergency operations guidelines
E0L end of life
E0Ps emergency operating procedures
EP ethylene propylene
EPA electrical penetration assemblies |
EPGs emergency procedure guidelines ;
EPRI Electric Power Research Institute i

EQ environmental qualification !

ESD extension shaft disconnect i
ESF- engineered safety feature |4

ESFAS engineered safety feature actuation system |
ESFS engineered safety feature system ;
ESW essential service water '

ESWS emergency service water system |
ETSB Effluent Treatment Systems Branch (previous NRC organization) '

EUS Eastern United States
EVSE ex-vessel steam explosion
EW east-west

FA forced air
,

FATT fracture appearance transition temperature i

FBVS fuel building ventilation system
,

FCI fuel-coolant interaction |

FMEA failure modes and effects analysis / analyses
F0 fail open i
F0A forced oil and air |

FP fire protection :|
FP fission product |
FPS fire protection system ,

FR Federal Register '

FRS floor response spectra i

FSAR final safety analysis report (applicant document) l
FSER final safety evaluation report (NRC document) J
FVW fussel-vesely worth |

FW feedwater |
FWCS feedwater control system ;

FWLB feedwater line break |

FWPB feedwater pipe break

GDC general design criteria / criterion |
GI generic issue i

GL generic letter |

GPM gallon (s) per minute
GPU General Public Utilities Corporation
GSC gland steam condenser
GSI(s) generic safety issue (s)
GWMS gaseous waste management system

HCLPF high confidence in low probability of failure
HCR human cognitive reliability
HELB high-energy line break
HEPA high-efficiency particulate air

ABB-CE' System 80+ FSER C-5 June 1994
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HEPs human error probabilities
HF human factors
HFE human factors engineering
HFE PRM human factors engineering program review model and acceptance

criteria
HF1 human factors interface
HFP hot full power
HIC high integrity containers
HJTC heated junction thermocouple
HMS hydrogen rr.itigation system
HP high-pressare
HPME high pressure melt ejection
HPSI high-pressure safety injection
HRA human reliability analysis

HSI human systems interface
HVAC heating, ventilation, and air conditioning
HVT holdup volume tank

I&C(s) instrumentation & control (s)
lAS instrument air system
ICC inadequate core cooling
ICCI inadequate core cooling instrumentation
ICI in-core instrumentation
ICN intradivision communication network
ICSB Instrumentation and Control Branch (previous NRC organization)
IDCOR Industry Degraded-Core Rulemaking Program
IE initiating event
IEEE Institute of Electrical and Electronics Engineers

IES Illuminating Engineering Society (lES)
IGSCC intergranular stress-corrosion cracking
IIT incident investigation team
IN Information Notice
INP0 Institute of Nuclear Power Operations
IPCEA Insulated Power Cable Engineers Association
IPF iodine protection factor
IPS0 integrated process status overview
1RRAS integrated reliability and risk analysis system
IR(s) interface requirement (s)
IRWST in-containment refueling water storage tank
ISA integrated safety assessment
ISAP integrated safety assessment program
151 inservice inspection
ISLOCA interfacing-systems loss-of-coolant accident
IST inservice testing

ITAAC inspections, tests, analyses, and acceptance criteria / criterion
ITP initial test program

ITP(s) interface and test processor (s)
IVMS internals vibration monitoring system
IWC subsection of ASME Section XI Code
IWD subsection of ASME Section XI Code
IWH subsection of ASME Section XI Code
IWP subsection of ASME Section XI Code
IWV subsection of ASME Section XI Code

O
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KAG key assumptions and ground rules
KSB Klein, Schanzlin and Beckner Aktiengesellschaft (Gennany)
KSF Karen Silkwood fund ,

Kv kilovolt
Kva kilovolt-ampere
Kw kilowatt

LBB leak-before-break
LBHSs large-bore hydraulic snubbers ;

LBLOCA large break loss-of-coolant accident :

LCL local coincidence logic
LCLs local control limits ,

LC0 limiting condition for operation
LCS local cortrol switch
LD let9:r number (applicant's identification) 1:
LEDs ligM emitting diodes '

lei lower electrical limit
LERs licensee event reports
LHS laundry and hot shower
LOCA loss-of-coolant accident -

LOCV loss of condenser vacuum
LOFW loss of feedwate
LOOP loss-of-offsite power i
LP low-pressure !
LPD linear power density

|
LPD local power density

,
LPMS loose-parts monitoring system |
LPSI low-pressure safety injection v

LPZ low-population zone
.

LRFD load and resistance factor design |
LSB large secondary side break !

LSSS limiting safety system setting
,

LTC long-term cooling '

LTOP low-temperature overpressure protection ;

LWMS liquid waste management system i
LWR light-water reactor j

'
MAAP modular accident analysis program
MAAP material access authorization program
MACCS MELCOR Accident Consequence Code System '

MC main condenser
MCC(s) motor control center (s)

.

MCES main condenser evacuation system >

MCP main control panel .

MCRACS main control room air conditioning system
MCR main control room
MDC moderator density coefficient i

; MDS megawatt demand setter
,

: MEB Mechanical Engineering Branch (previous NRC organization) '

HEV million electron volts
MFIV main feedwater isolation valve
MFW main feedwater
MFWL main feedwater line

r
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MIS maintenance information system
MLOCA medium-break loss-of-coolant accident
M-MIS man-machine interface system
MOV motor-operated valve
MPC maximum permissible concentration
MSIS main steam isolation signal
MSIV main steam isolri n, valve

HSL main steam line
MSLB main steamline break
MSSS main steamline supply system
MSSV main steam safety valve
MSVH main steam valve house
MTBF mean time between failures
MTC moderator temperature coefficient
MTS master transfer switch
MTSs master transfer switches
MTTR mean time to repair
MTU metric ton unit
MW megawatt
MWD megawatt day (s)
MWT megawatt thermal

NAVs nuclear annex ventilation system
NCA neutron control assembly
NCC natural circulation cooldown
NCW normal chilled water
NCWS normal chilled water system
NDE nondestructive examination
NDT nil ductility transition
NDTT nil ductility transition temperature
NEMA National Electrical Manufacturers Association
NEP non-exceedance probability
NEPIA Nuclear Energy Property Insurance Association
NF neutron flux
NFPA National Fire Protection Association
NG nitroglycerin / noble gas
NI nuclear island
NNI non-nuclear island

t NNS non-nuclear safety
; NOP normal operating procedure
| NPF nuclear power facility

NPOC Nuclear Power Oversight Committee
NPRDS nuclear plant reliability data system
NPSH net positive suction head
NRC Nuclear Regulatory Commission
NREP National Reliability Evaluation Program
NRR Nuclear Reactor Regulation, Office of NRC
NS north south,

| NSSFC National Severe Storm Forecast Center
| NSSS nuclear steam supply system
| NUMARC Nuclear Management and Resources Council
| NUREG NRC technical report designation

NWS National Weather Service

ABB-CE System 80+ FSER C-8 June 1994
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OBE operating-basis earthquake
u/ ODCM offsite dose calculation manual

ODFs onsite decontamination facilities
OER operating experience report
OER operating experience review
0FAF one fails, all fail
OL operating license
OPS onsite power system
0-RAP operations-reliability assurance process

,

OSC operations support center -

OSI operational support information
OSIP operational support information program

PABX private automatic business exchange
PAMI postaccident monitoring information
PAMI postaccident monitoring instrumentation
PASS post-accident sampling system
PCA primary coolant activity
PCC primary component cooling
PCPS pool cooling and purification system
PCS power control system
PDS plant damage state
PED piping evaluation diagrams
PGA peak ground acceleration
PGH process gas heater
P&ID, piping and instrumentation diagrams ;
PIV pressure-indicating valve
PLC programmable logic controller (s)

i PMF probable maximum flood
.

PMP probable maximum precipitation
PNL Pacific Northwest Laboratory
PNS permanent non-safety
PORV power-operated relief valve
POS plant operational state '

POV power-operated valves
PPCS pressurizer pressure control system
PPS plant protection system
PRA probabilistic risk assessment
PRT pressurizer relief tank
PRZ pressurizer
PSB plant service building
PSCEA part-strength control element assembly
PSF performance shaping factor
PSI pre-service inspection
PSIA pounds per square inch absolute
PSID preliminary safety information document
PSID pounds per square inch differential
PSS process sampling system

; PSV primary safety valve
PSWS potable and sanitary water system
PTS pressurized thermal shock
PVNGS Palo Verde Nuclear Generating Station
PVRC Pressure Vessel Research Council

L/
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PWR pressurized-water reactor

QA quality assurance

RAI request for additional information
RAMI reliability, availability, maintainability, and inspectability
RAP reliability assurance program
RAS recirculation actuation signal
RAW risk achievement worth
RB reactor building
RBVS radwaste building ventilation system
RC reactor cavity
RC reactor coolant
RC release class
RCFS reactor cavity flooding system
RCGV reactor coolant gas vent
RCGVS reactor coolant gas vent system
RCH reliability-centered maintenance
RCP reactor coolant pump
RCPB reactor coolant pressure boundary
RCPS reactor coolant pump system
RCS reactor coolant system
RDS rapid depressurization system
RDT reactor drain tank
RDV rapid depressurization valve
RESAR reference safety analysis report
RETS radiological effluent technical specifications
RFI request for additional information
RFM remote field multiplexor
RG regulatory guide
RHR residual heat removal
RHRS residual heat removal system
RM radiation monitor
RM radiation monitoring
RMS radiation monitoring system
RMS root-mean-square
RP reactor power
RPC reactor power cutback
RPCS reactor power cutback system
RPS reactor protective system
RPV reactor pressure vessel
RRS reactor recirculating system
RRW risk reduction worth .

RSB reactor service building
RSG rapid steam generation
RSP remote shutdown panel
RSPT reed switch position transmitter
RSR remote shutdown room
RT reactor trip
RID resistance temperature detector

RT,NS
reference nil-ductility transition temperature

RTI Regulatory Treatment of Non-Safety Systems
RTS reactor trip system
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RTSS reactor trip switchgear system |V)t
RVLMS reactor vessel level monitoring system i

'

RVUH reactor vessel upper head
RWST refueling water storage tank

SAFDL(s) specified acceptable fuel design limit (s)
SAMDA(s) severe accident mitigation design alternative (s)
SAR safety analysis report
SARA severe accident risk assessment
SARP Severe Accident Reduction Program
SARRP Severe Accident Risk Reduction Program
SAS secondary alarm system
SASA severe accident sequence analysis / analyses
SASSI seismic analysis for soil-structure interaction
SBCS steam bypass control system
SBLOCA small-break loss-of-coolant accident
SB0 station blackout
SB0C superheated blowdown outside containment
SBVS subsphere building ventilation
SCC stress-corrosion cracking
scfm standard cubic feet per minute
SCIV secondary containment isolation valve
SCL subgroup control logic
SCM software configuration management
SCS shutdown cooling system
SCU statistical combination of uncertainties
SCV steel containment vessel
SCWS shutdown cooling water subsystem
SDC shield design code
SDC shutdown cooling
SDP software development plan
SDS safety depressurization system
SDV steam dump valve
SE safety evaluation
SECY Secretary of the Commission, Office of the NRC
SEP Systematic Evaluation Program
SER safety evaluation report
SERG steam explosion review group
SERS safety evaluation report supplement
SES safety evaluation supplement
SFD severe fuel damage
SFPCS spent fuel pool cooling system
SFWS startup feedwater system
SG steam generator
SGA steam generator availability
SGAS steam generator available signal
SGB steam generator blowdown
SGB steam generator building
SGBS steam generator blowdown system
SGN Societe de Genie Nucleaire (France)
SGR self-generating reactor
SGS steam generator system

p SGT selective group test

V
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,

steam generator tube rupture
SGTR standby gas treatment system
SGTS steam generator vessel
SGV safety injectionSI safety injection actuation signal
SIAS startup of an inactive reactor coolant pump
SIRCP safety injection systemSIS safety injection tankSIT
SJAE steam jet-air ejector
SLB status light box
SLB steam line break

stress limit coefficientsSLC
small-break loss-of-coolant accidentSLOCA seismic margins analysis

SMA saturation margin monitor
SMM Sandia National Laboratory
SNL safety parameter display system
SPDS
SPLB

Plant Systems Branch
success path monitoring

SPM

SQA
software quality assurance
surveillance requirements

SR staff requirements memorandum / memoranda
SRM

Standard Review PlanSRP

SRS
steam relief system
square root of the sum of the squaresSRSS standard safety analysis report

SSAR structure, system, and component
SSC safe shutdown earthquake
SSE

soil-structure interactionSSI
structure-to-soil-structure interactionSSSI software safety plan
station service water pump structure ventilation systemSSP

SSWPSVS station service water system
SSWS source-term code package
STCP standard technical specifications
STS
SV safety valve
SV stop valve
SWC surge withstand capability

solid waste management system
SWMS
SWS

service water system

turbine building cooling water system
TBCWS
TBD to be determined

turbine bypass system
TBS Turbine Building service water system
TBSWS

TBVS
turbine bypass valve
turbine building ventilation system

TBVS
TCS turbine control system
TG turbine generator
TGS turbine generator system

turbine gland sealing systemTGSS
Tis temperature indicators

OTID total integrated dose

June 1994
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f'j'\ TLCs trip logic calculators
\,' TLOW total loss of main feedwater and emergency feedwater

TMI Three Mile Island
TORC thermal-hydraulic analytical code
TS technical specification
TSCACS techncial support center air conditioning system
TSC technical support center :
TSV turbine stop valve
TUEC Texcs Utilities Electric Company
TXX Texas Utilities letter designation

UEL upper electrical limit
.

UHJTC unheated junction thermocouple !
UHS ultimate heat sink
UL Underwriters Laboratories, Inc.
U0 unit operator
U0 uranium dioxide
urb utility requirements document
URS ultimate rupture strength
USI(s) unresolved safety issue (s)
USNRC U.S. Nuclear Regulatory Commission

VCT volume control tank

ZPA zero period acceleration

4

,

!

|

|
,

!
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APPENDIX D

ABB-CE SYSTEM 80+ DSER & FSER CONTRIBUTORS

{LME RESPONSIBILITY

S. Ali Structural Engineering
F. Allenspach Quality Assurance
R. Architzel Project Management
A. Attard Severe Accidents
J. Bongarra Human Factors
T. Boyce ITAAC
H. Prammer Mechanical Engineering
W. Gurton Plant Systems
C. Carpenter Reliability Assurance
S. Chan Civil / Hydrologic Engineering
T. Chandrasekaran Plant Systems
T. Cheng Structural Engineering
M. Chiramal Instrumentation & Control
0. Chopra Electrical Engineering
A. Chu Technical Specifications

O M. Clark Secretaryg

T. Collins Reactor Systems
H. Conrad Materials Engineering
R. Correia Reliability Assurance
S. Dembek Project Management
D. Diec Shutdown Risk
J. Donahew Project Management
A. Drozd Severe Accidents
K. Eccleston Radiation Protection (Accidents)
R. Eckenrode Human Factors
A. El-Bassioni PRA

T. Essig Radiation Protection
S. Flanders Project Management
E. Fox Emergency Preparedness
M. Franovich Project Management
G. Galletti Plant Procedures & Training
G. Georgiev Materials Engineering
G. Giese-Koch Geoscience
R. Gramm Quality Assurance
S. Green Secretary
P. Harich Secretary
J. Guo Plant Systems
T. Hiltz Project Management
C. Hinson Radiation Protection
S. Hoffman Project Management
J. Holmes Fire Protection

k.
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ABB-CE SYSTEMS 80+ DSER CONTRIBUTORS (Continued)

(LME RESPONSIBILITY

S. Hou Mechanical Engineering
G. Hsii Reactor Systems
Y. Huang Mechanical Engineering
M. Hum Materials Engineering (ISI)
W. Jensen Plant Systems (Severe Accidents)
J. Joyce Instrumentation & Control
G. Kelly PRA

L. Kopp Nuclear Physics
J. Kudrick Plant Systems (Severe Accidents)
P. Kuo Structural, Mechanical & Materials Engineering
J. Lee Radiation Protection
S. J. Lee Structural Engineering
S. S. Lee Materials & Chemical Engineering
C. Li Plant Systems
H. Li Instrumentation & Control
Y. Li Mechanical Engineering
J. Lyons Plant Systems
P. Magnanelli Secretary
S. Magruder Project Manager
J. Main Technical Editing
B. Marcus Instrumentation & Control
J. McIntyre Mechanical Engineering
R. McIntyre Vendor Inspection Branch
B. Mendelsohn Safeguards
J. Monninger Plant Systems (Severe Accidents)
P. Noonan Licensing Assistant
D. Notley Plant Systems (Fire Protection)
R. Palla PRA

K. Parczewski Chemical Engineering
L. Phillips Reactor Systems
R. Pichumani Geotechnical Engineering
T. Polich Reliability Assurance
R. Ramirez Initial Test Program
J. Ramsey Operations Events Analysis
J. Raval Plant Systems
F. Reinhart Technical Specifications
R. Rothman Geoscience
M. Rubin Reactor Systems & Core Performance
N. Saltos PRA
R. Sanders Technical Editing
J. Sharkey Reliability Assurance
J. Segala Plant Systems
P. Shea Licensing Assistant
K. Shembarger Project Management )
D. Smith Human Factors j
D. Smith Materials Engineering 1

M. Snodderly Plant Systems (Severe Accidents) !
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P. Sobel Geoscience
;J. Spraul Quality Assurance '

J. Staudenmier Thermal Hydraulic !

S. Sun Reactor Systems
B. Sweeney Secrethry

,F. Talbot Initial Test Program '

C. Tan Structural Engineering
D. Tang Structural Engineering
D. Terao Structural, Mechanical & Materials Engineering
D. Thatcher Electrical Engineering
C. Thomas Electrical Engineering
T. Tjader Technical Specifications
H. Walker Plant Systems
T. Wambach Project Management
M. Waterman Instrumentation & Control
J. Watt Plant Systems
G. West Human Factors

| J. Wigginton Radiation Protection
J. N. Wilson Project Management
P. Wilson Secretary
J. Wing PRAO A. Young Plant Systems (Severe Accidents)
F. Young Safeguards

Ames Laboratory Structural Engineering

Battelle Pacific Startup Testing '

Northwest Laboratories

Brookhaven National Severe Accidents & Materials Engineering
Laboratories

Energy Technology Mechanical Engineering
Engineering Center l

Lawrence Livermore Geotechnical & Structural Engineering,
National Laboratory Instrumentation and Control Systems

Sandia National Severe Accidents
Laboratories

SAIC- Plant Systems
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