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ABSTRACT

The Electric Power Research Institute (EPRI) is preparing a compendium of
technical requirements, referred to as the " Advanced Light Water Reactor
LALWR] Utility Requirements Document," that-is applicable to the design of an
ALWR power plant. When completed, this document is intended to be a compre-
hensive statement of utility requirements for the design, construction, and
performance of an ALWR power plant for the 1990s and beyond.

The Requirements Document consists of three volumes. Volume I. "ALWR Policy
and Summary of Top-Tier Requirements," is a management-level synopsis of the
Requiremont, Document, including the design objectives and philosophy, the
overall physical configuration and features of a future nuclear plant design,
and the steps necessary to take the proposed ALWR design criteria bevond the
conceptual design state to a completed, functioning power plant. Volume 11
consists of 13 chapters and contains utility design requirements for an
evolutionary nuclear power plant (approximately 1350 megawatts-electric
(MWe)). Volume 111 contains utility design requirements for nuclear plants
for which passive features will be used in their designs (approximately

.

600 MWe).
_

The staff of the Office of Nuclear Reactor Regulation, U.S. Nuclear Regulatory
Commission, has prepared Volumes 1 and 2 (Parts 1 and 2) of its safety<

evaluation report (SER) to document the results of its review of Volumes I and
11 of the Requirements Document. Volume 1, "NRC Review of Electric Power
Research Institute's Advanced Light Water Reactor Utility Requirements
Document y Program Summary," provides a discussion of the overall purpose and
scope of the Requirements Document, the background of the staff's review, the
review approach used by the staff, and a summary of the policy and technical
issues raised by the staff during its review. Volume 2, "NRC Review of
Electric Power Research Institute's Advanced Light Water Reactor Utility
Requirements Document - Evolutionary Plant Designs,"_.gives the results of the
staff's review of the 13 chapters of the Requirements Document for evolution-
ary plant designs. Volume 3, "NRC Review of Electric Power Research
Institute's Advanced Light Water Reactor Requirements Document - Passive Plant
Designs," scheduled to be issued in September 1993, will give the results of
the staff's review of the 13 chapters of the Requirements Document for passive
plant designs. Preliminary drafts of Volumes 1 and 2 were forwarded to the
Commission and the Advisory Committee on Reactor Safeguards (ACRS) on May 12,
1992.
In staff requirements memoranda (SRM), the Commission instructed the' staff to
provide an analysis detailing where the staff proposes departure from current
regulations or where the staff is substantially supplementing or-revising
inteyretive guidance applied to. currently licensed LWRs. _The- staff considers
these to be policy issues. Appendix B to Chapter 1 'of Volume 2 of this report
gives the staff's regulatory analysis of those-issues identified for the
evolutionary plant designs. These issues have been addressed in Commission-

. papers SECY-90-016, " Evolutionary Light Water Reactor Certification issues and
Their Relationship to Current Regulatory Requirements"; SECY-91-078, " Chap-
ter 11 of the Electric Power Research Institute's Requirements Document and
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Additional Evolutionary Light Water Reactor Certification issues"; and in
draft Commission papers, " Issues Pertaining to Evolutionary and Passive Light
Water Reactors and Their Relationship to Current Regulatory Requirements," and
" Design Certification and Licensing Policy issues Pertaining to Passive and
Evolutionary Adyhnced Light Water Reactor Designs," that were issued on
February 27 and July 6, 1992, respectively.

In SRM dated June 26, 1990, and April 1, 1991, the Commission provided its
decisions on SECY-90-016 and SECY-91-078 as they apply to evclutionary
designs. The Commission will be reviewing the basis for the approach that the j

staff is proposing for those issues discussed in the draft Commission papers
of February 27 and July 6,1992, and, accordingly, may at some future point in
the review determine that such issues involve policy questions that the
Commission may wish to consider. These issues are considered fundamental to
agency decisions on the acceptability of the ALWR deshens. The staff will
ensure satisfactory implementation of Commission guidance regarding these
matters during its review of individual applications for final design approval
and design certification,

i There are no open issues pertaining to the Requirements Document for evolu-
i s:'inary plant designs other than policy 1: sues on which the staff has taken a
j cm ition, but for which the Commission has not had the opportunity to provide
' yuidance. These issues are summarized in Section 4 of Volume 1 and discussed

in detail in this report.
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PREFACE

This safety evaluation report (SER) (Volume 2) documents the review by the
U.S. Nuclear Regulatory Commission (NRC) staff of the 13 chapters of Volume II<

of the Electric Power Research Institute's (EPRI's) Advanced Light Water
Reactor (ALWR) Utility Requirements Document (hereafter referred to as the
" Evolutionary Requirements Document"). Volume 1, which contains the program
summary of the NRC review of Volumes I, II, and III of the ALWR Utility
Requirements Document, also contains the references cited and the abbrevia-

,

tions used in this SER.4

Each chapter of the Evolutionary Requirements Document defines the ALWR
Utility Steering Committee's requirements for the design of evolutionary
plants. These requirements apply to boiling-water reactors (BWRs) and,

pressurized-water reactors (PWRs), which will be rated at approximately 1350
megawatts-electric.

The design criteria specified by EPRI are intended to ensure that EPRI's
policy statements discussed in Volume I of the ALWR Utility Requirements
Document are met. These policy statements are discussed in Section 1.3 of
Volume 1 of this report. They include consideration of simplification, design
margin, human factors, safety, regulatory stabilizction, standardization, use

1 of proven technology, maintainability, constructibility, quality assurance,
economics, protection against sabotage, and environmental effects.

The format of each chapter of this SER follows that of the corresponding
chapter of the Evo'tutionary Requirements Document as closely as possible.
Unless otherwise noted, references to sections of the Evolutionary Require-
ments Document pertain to that chapter.,

Outstandina Issues
,

During its review of the original version of the Evolutionary Requirements
Document, the staff identified two types of issues for which additional
information was required before the staff could reach a final conclusion. The
staff considered these issues to be outstanding. These issues fell into one
of two categories: (1) open issues that had to be resolved before the staff-,

could complete its review of the Evolutionary Requirements Document or (2).

confirmatory issues for which the staff would ensure that EPRI met its.

commitments to revise the Evolutionary Requirements Document.

There are no open issues remaining on the Requirements Document for evolu-
tionary plant designs other than policy issues on which the staff has taken a
position, but for which the Commission has not had the opportunity to provide
guidance. To provide continuity of the review, both the open and confirmatory
items identified in the DSERs and the remaining open policy issues are listed'

in Section 1.4 of each chapter.

a
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Lendor- or Utility-Soecific items

During its review of the Evolutionary Requirements Document, the staff _

s
j identified items.that were inadequately addressed by EPRI or were issues that__
j- could not be addressed generically. These items will have to be resolved
j during the staff's review-of a vendor- or_ utility-specific application (i.e.,
i- an application for final' design. approval and design certification (FDA/DC) or:
i a combined construction permit and operating license (combined license). They
j are listed in Section 1.5 of.each chapter.
!

! As discussed in Section 1.2 of Volume _1 of this report, the Requirements
! Document has no legal or regulatory status and is not intended to demonstrate
] complete compliance with the Commission's regulations, regulatory guidance, or
i policies. It is not intended to be-used as a basis for supporting FDA/DC for
3- a specific design, nor is it to be.used to substitute-for any~ portion of_the
j staff's review of future applications for FDA/DC. Specifically, satisfactory-
! resolution of the items identified'in Sections 1.4 and 1.5 of each chapter for
j a vendor- or utility-specific application will not, by-itself, support a-
; finding that the application complies with the' Commission's regulatory |

'requirements. The staff will perform a complete licensing review of- these'
i applications using NUPEG-0800, " Standard Review Plan [SRP] for the~ Review of-

Safety Analysis Reports for Nuclear Power Plants," and other appropriatej

Commission guidance. Satisfactory resolution of the open policy issues and ,
*

j vendor- or utility-specific items constitutes only one portion of-the staff's .|
; review. j

4.

{
Availability

i Copies of this report are available for inspection at the NRC Public Document
: Room, 2120 L Street,-N.W., Washington, DC 20555.

| The NRC project managers for the staff's review of EPRI's ALWR Utility-
Requirements Document are J. H. Wilson and T. J. Kenyon. They may be contact-t

| ed by calling (301) 504-1118 or by writing to: Associate Directorate for-
) Advanced Reactors and License Renewal, U.S. Nuclear Regulatory Commission,

[ Washington, DC 20555.

:

i
.

:

.

,

!
i--
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CHAPTER 1, "0VERALL REQUIREMENTS"

1 INTRODUCTION

This chapter of the safety evaluation report (SER) documents the review by the
staff of the U.S. Nuclear Regulatory Commission (NRC) of Chapter 1, "Overall
Requirements," cf Volume II of the Electric Power Research Institute's
(EPRI's) Advanc(d Light Water Reactor {ALWR) Utility Requirements Document
(hereafter ret (rred to as the " Evolutionary Requirements Document") through
Revision 3. Chapter 1 was prepared under the project direction of EPRI and
the ALWR Utility Steering Committee, by ABB Combustion Engineering, Incorpo-
rated; MPR Associates, Incorporated; S. Levy, Incorporated; and TENERA, L.P.

On July 8,1986, EPRI submitted Chapter 1 of the Evolutionary Requirements
Document for staff review. By letters dated January 5 and March 18, 1987, the
staff requested that EPRI supply additional information. EPRI provided the
information in its response dated March 27, 1987.

On September 24. 1987, the staff issued its draft safety evaluation report
(DSER) for Chapter 1 of the Evolutionary Requirements Document. On Febru-
ary 18, 1988, the staff issued a revision to its DSER. As a result of its
review of the other chapters of the Evolutionary Requirements Document,_the
staff requested that EPRI provide additional information by letters dated
March 25, 1985, and September 14, 1989. EPRI responded to these requests in,

its letters dated March 30 and December 22, 1989.
.

On July 12, 1990, and April 9, 1991, the staff and EPRI met with the Advisory
Committee on Reactor Safeguards (ACRS) Subcommittee on Improved Light Water
Reactors to discuss Chapter 1, the staff's corresponding DSER, the outstanding'

issues from the staff's review of Chapter 1, and EPRI's approach to resolving
each issue.

On September 7, 1990, EPRI submitted Revision 1 of the Evolutionary Require-,

ments Document. In that revision, EPRI significantly modified Chapter 1.'

Revision; 2, 3, and 4 of the Evolutionary Requirements Document were docketed
on April 26 and November 15, 1991, and April 17, 1992, respectively. EPRI
submitted additional information regarding Chapter 1 by letters dated May 13,
July 2, and December 6 and 21, 1991, and January 9, February 3, and March 19,
1992.

i 1.1 Review Criteria
.

Section 1 of Volume 1 of this report describes the approach and review-

criteria used by the staff during its review of Chapter 1 of the Evolutionary
Requirements Document.

f

1.2 Scope and Structure of Chapter 1
.

Chapter 1 of the Evolutionary Requirements Document defines the ALWR Utility
Steering Committee's overall requirements for the design of nuclear power
plants that have evolved from the current generation of power plants.

EPRI Evolutionary Plant SER 1.1-1
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The Key topics addressed in the Chapter 1 review include EPRI-proposed design
requirements pertaining to safety, performance, structural design, materials,
reliability and availability, constructibility, operability and maintainabili-
ty, quality assurance, and mtchanical equipmer,t. Additional topics include
EPRI-proposed requirements for licensing and the design process.

1.3 Policy Issues*

In a staff requirements memoranda (SRM) dated August 24, 1987, the Commission
instructed the staff to provide an analysis detailing where the staff proposes

;

departure from current regulations or where the staff is substantially
supplementing or revising interpretive guidance applied to currently licensed
LWRs. The staff considers these to be policy issues. Appendix B to this
chapter provides the staff's regulatory analysis of those issues identified
for the evolutionary plant designs. These issues have been addressed in
SECY-90-016, " Evolutionary Light Vater Reactor Certification Issues and Their
Relationship to Current Regulatory Requiremer,ts"; SECY-91-078, " Chapter 11 of
the Electric Power Research Institute's Requirements Document and Additional
Evolutionary Light Water Reactor Certification issues"; and a draft Commission
paper, " Issues Pertaining to Evolutionary and Passive Light Water Reactors and
Their Relationship to Current Regulatory Requirements," that was issued on
February 27, 1992. In its SRM dated June 26, 1990, and August 15, 1991,
the Commission provided its decisions o' SECY-90-016 and SECY-91-078, respec-
tively.

The February 27, 1992, draft Commission paper has been forwarded to the ACRS.
The staff will include the views of the ACRS in the final paper and document
its final positions before seeking Commission approval. Since the Commission
has not reviewed the approaches to resolving these issues, they do not
represent agentj positions.

These policy issues are considered fundamental to agency decisions on the
acceptability of the ALWR designs. The policy for the evolutionary plant
designs are the following. They are also listed in Table 48.1 in Appendix B
to Chapter 1 of this report.

Policy Issues for the Evolutionary Plant Designs

PoH cy Issue

use of physically based source terma

anticipated transients without scrama

mid-loop operation*

station blackouta

fire protectiona

intersystem loss-of-coolant accident-

hydrogen control-

core-concrete interaction - ability to cool core debris*

high-pressure core melt ejectiona

containment performance|
=

dedicated containment vent penetrationa

equipment survivability.

elimination of operating-basis earthquake*

EPRI Evolutionary Plant SER 1.1-2
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inservice testing of pumps and valves*

industry codes and standards=

electrical distributione

seismic hazard curvesa

leak before breaka

classification of main steamline of boiling-water reactor*

tornado design basisa

containment bypass=

containment leak rate testing4 *

postaccident sampling system*

1evel of detail*

prototyping*
,

inspections, tests, analyres, and acceptance criteria*

reliability assurance program*

site-specific risk a,sessments, a

severe-sccident mitigation design alternatives*

generic-rulemaking related to FDA/DCa

1.4 Outstanding Issues

The DSER for Chapter 1 of tha Evolutionary Requirements Document contained the
following outstanding issues:

Open Issues

(1) plant site parameters (2.3.1 and 4.5.2)

(2) classification of certain types of events (2.3.2)

(3) station blackout classification (2.3.2)

(4) EPRI ALWR public safety goal (2.3.3) '

(5) 60-year design life (3.3)
-

(6)- quality assurance program for certain seismic Category 11- items
(4.3.1 and 4.3.2)-

(7) use of Uniform Building Code--Zone 2A specification (4.3.2)

(8) damping values in Code Case N-411 of American Society of Mechanical
Engineers Boiler and Pressure Vessel Code-(ASME Code) (4.4.3)

(9) vibratory loads with significant high-frequency input deviation from
- Regulatory Guide (RG) 1.92 (4.4.3)

(10) maximum ground water level (4.5.2)

(11)' tornado effects - noncompliance with RG 1.76 (4.5.2)

(12) BWR safety / relief valve loads (4.5.4 and 4.5.5)

(13)- leak before break (4.5.5)
. . _=_ _
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i

:

(14) in-plant hazards regarding remaining BWR suppression pool loads after'

demonstration of leak before break (4.6.1)
!

j (15) decoupling safe shutdown earthquake (SSE) from loss-of-coolant
accident (4.6.1, 4.6.2, and Appendix B)

,

;

| (16) operating-basis earthquake /SSE relationship (4.6.1, and Appendix B)

(17) seismic qualification of equipment (4.8.1)
i

(18) selection of materials for reactor coolant pressure boundary piping ->

compliance with NUREG-0313 (5.3.1)

| (19) construction program quality assurance (7)

| (20) reference to Institute of Electrical and Electronic Engineers (IEEE)
P1023-1988 and EPRI-2350 for guidance regarding human factors
engineering (8.2)

; (21) meaning of NRC approval of EPRI Requirements Document (10)
1

! Confirmatory Issues

j (1) sabotage protection (2)
!

j (2) initiating events (2.3.2)

i

(3) - seismic ductility factors and ductility limits (4.3.2)

(4) structural codes and standards for structures, systems, and
i equipment (4.4, 4.4.1, and 4.4.2)

! (5) compliance with General Design Criterion 4 (4.5.5)
!
'

(6) internal flooding (4.5.5)

(7) seismic and dynamic qualification- by experience (4.8.1)

(8) seismically qualified anchorage (4.8.1)
i
; (9) hardness limits for martensitic stainless steel (5.3.1)
1

(10) use of Alloy .600 (5.3.1)
;

; (11) allowance for carbon and low-alloy-steel corrosion (5.3.1)

(12) failure mechanisms (6.2)

(13) construction verification milestones (7)

j (14) inspectability and provisions for inservice testing (8.2_and 8.6)

! (15).- preventive maintenance.and inspections"(8.2)

(16) personnel qualification requirements (8.2)'
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(15) acoustical monitoring . 2) e

(18) operation problem areas (8.6)

(19) quality assurance requirements (9)
,

(?0) quality problems during design and construction (9)

(21) updating Appendix B cross-reference table (10)

(22) cross-reference table of unresolved and generic safety issues (10)

(23) use of life extension experience (11.3)

(24) living probabilistic risk assessment (11.10)

(25) Section XI of_ASME Code (12.2)

The final disposition of each of these issues is discussed in greater detail
in the appropriate section of this chapter, as indicated by the parenthetical
notation following each issue. Most of the issues identified in the DSER for
Chapter I have been resolved. However, during its review of the significantly
modified version of Chapter 1 of the Evolutionary Requirements Document, the
staff identified two open policy issues on which the staff has taken a
position, but for which the Commission has not had the opportunity to provide
guidance. The open issues, with references to appropriate sections of this
chapter given in parentheses, are listed below. The designators in front of
each issue provide a unique identifier for each issue. The letter "E"
indicates that the issue applies to evolutionary plant designs. The first
number designates the chapter in which it is identified. The letter "0"
designates that it is an open issue. The final number is the sequential
number assigned to it in the chapter.

t

9 pen _ issues

E.1.0-1 tornado wind speeds (4.5.2)
E.1.0-2 leak before break (4.5.5)

1.5 Vendor- or Utility-Specific Items

During its review of Chapter 1 of the-Evolutionary Requirements Document, the
staff identified items that were inadequately addressed by EPRI or were issues
that could not ba addressed generically. These items will have to be resolved

_

during the staff s review or a vendor- or utility-specific application-(i.e.,
an application for final design approval and design certification (FDA/DC)ior
a combined construction permit and operating license (COL)).

These vendor- or utility-specific items, with references to appropriate
sections of this chapter given in parentheses, are listed below. The
designators in front of each issue provide a unique identifier for 3ach issue.
The letter "E" indicates that the issue applies to evolutionary plant designs.
The first number designates the chapter in which it is identified. The
letter "V" designates that it is a vendor- or utility-specific item. The
final number is the sequential number assigned to it in the chapter.,
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E.1.V-1 scope of mitigation features (2.1 and 2.4)

E.1.V-2 implementation of design characteristics intended to enhance accident
resistance (2.2)

E.1.V-3 bounding analysis by standard site design parameters (2.3.1)

E.1.V-4 selection of initiating events and their frequency categorization
(2.3.2)

E.1.V-5 acceptance criteria for transient and accident analysis (2.3.2)
,

E.1.V-6 anticipated transient without scram response analysis (2.3.2)

E 1.V-7 acceptability of analytical codes and methodologies for safety
analysis (2.5)

E.1.V-8 60-year plant life (3.3, 4.8.2, 8.2, and 11.3)
,

E.1.V-9 operation of PWR with a secured reactor coolant pump (3.5)

E.1.V-10 defense-in-depth analysis (3.5)

E.1.V-11 event response capability (3.5)

E.1.V-12 fuel burnup requirements (3.6)

E.1.V-13 extended operating life of control blades and control rod assemblies
(3.6)

4

E.1.V-14 safety classification (4.3.1) -

- E.1 V-15 seismic qualification by experience (4.3.2 and 4.8.1)

E.1.V-16 non-seismic building structures (4.3.2 and 4.7.2)

E.1.V-17 structural design and construction codes (4.4 and 4.4.1)
,

E.1.V-18 elimination of operating-basis earthquake from design (4.4.3, 4.7,3,
and Appendix B)

.E.1.V-19 definition of support group (4.4.3)

E.1.V-20 use of Appendix N of ASME Code, Section'Ill (4.4.3_and 4.7.3)

E.1.V-21 analysis of vibratory loads with significant high-frequency input
_(4.4.3)

E.1.V-22 use of nonlinear analysis to -account for gaps between pipes and
piping supports (4.4.3)

E.1.V-23- probabilistic approach _ for changing existing loads and/or loading
combinations (4.5.1)

E.1.V-24 recurrence interval for wind loadings (4.5.2)
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E.1.V-25 maximum ground water level (4.5.2)

E.1.V-26 precipitation for roof design (4.5.2)

E.1.Y-27 snow loading (4.5.2)

E.1.V-28 detailed quantification of soil parameters (4.5.2)

E.1 V-29 minimum margin against liquefaction (4.5.2)

E.1 V-30 external hazards evaluation (4.5.2)

E.1.V-31 number of full-stress cycles (4.5.2 and 4.8.1)

E.1.V-32 site-specific SSE (4.5.2)

E.1 V 33 power spectrum oensity function of the time history (4.5.2)

E.1',.t external impact hazards (4.5.2)

E.1.V-35 design temperature (4.5.2)

E.1.V-38 protection against surface vehicle bombs (4.5,3)

E.1.V-39 BWR safety / relief valve loads (4.5.4)

E.1.V-a0 NUREG-1061 methodology and acceptance criteria for leak before break
(4.5.5)

E.1.V-41 hydrodynamic loads from safety / relief valves (4.5.5)

E.1 V-42 suppression pool dynamic loads (4.5.5)

E.1.V-43 design against internal-missile generation (4.5.5)

E.1.V-44 design of concrete containment (4.6.1)

E.1.i 45 load combinations for seismic Category I buildings and structures
(4.6.1)

E.1.V-46 design of seismic Category I steel structures (4.6.1)

E.1.V-47 combination of pipe rupture loads with seismic loads for seismic
Category I structures (4. .1 and 4.6.1)

E.1.V-48 combination of loss-of-coolant-accident and SSE loads (4.6.1) >

E.1.V-49 load combinations for safety-related portions of the plant (4.6.2)

E.1.V-50 dynamic analysis techniques (4.7.2)

E.1.V-51 methodology for generating design response spectra or time histories
(4.7.2)

E.1.V-52 structural damping values (4.7.2)
,
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#

E.1.V-53 masonry walls in Category I buildings (4.7.2)
.

! E.1.V-54 use of expansion anchor bolts - compliance with Office of Inspection
j and Enforcement Bulletin 79-02 (4.7.2 and 4.7.3)
J'

E.1.V-55 stability of shell-type structures under compression (4.7.2)
;

i

E.1.V-56 seismic evaluation and design of small-bore piping (4.7.3)

E.1.V-57 use of ASME Code Case N-411 (4.7.3)

| E.1.V-58 use of ASME Code Cases N-411 and N-420 in same analysis (4.7.3) j

I'

E.1.V-59 construction of core support structures (4.7.3) '
>

E.1.V-60 fatigue design curves (4.7.3)
!

! E.1.V-61 use of IEEE 323 (4.8.2)

! E.1.V-62 environmental qualification of mechanical and electrical equipment
i (4.8.2)
:

} E.1.V-63 use of zinc to reduce radiation. fields (5.2.7)

E.1.V-64 limits on nitrites, nitrates, and total halogens as chlorine (5.2.8)-

E.1.V-65 grinding controls for PWRs (5.3.1)
;

j E.1.V-66 effect of fabrication processes on intergranular stress corrosion
; cracking (5.3.1 and 5.3.1)

! E.1.V-67 hardness limits for stainless steel (5.J.1)
5 E.1.V-68 use of Alloy 600 and other alloys (5.3.1)
,

} E.1 V-69 allowanca for carbon and low-alloy-steel corrosion (5.3.1)
1

I E.1.V-70 selection of seals, gaskets, and protective coatings-(5.3.5)

i E.1.V-71 aging of cable insulation and other electrical materials (5.3.6)

E.1.V-72 use of hydrogen water chemistry. for the advanced BWR design (5.5.2);

E.1.V-73 PWR water chemistry (5.5.2)

E.1.V-74 submittal of operational reliability assurance program (0-RAP) (6)
1

E.1.V-75 organizational description for reliability assurance program (6.1)

| E.1.V-76 analyses methods or models used in developing the reliability assur-
ance program (6.2)

E.1.V-77 reliability data bases (6.2)

E.1.V-78 reliability, maintainability, and testability analyses (6.2)
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t

:

E.1.V-79 apportionment of contributions of structures, systems, and components;

to core damage frequency (6.3) |
!

E.1.V-80 priority of safety in accident recovery (6.3) !

;

! E.1.V-81 relationship between safety and production availability (6.3)
'

1

'
E.1.V-82 effect of limitations oh refueling duration on plant safety (6.3)

E.1.V-83 effect of planned outage duration on plant safety (6.5)

E.1.V-84 effect of major outege duration on plant safety (6.3)'

E.1.V-85 inspection of construction activities (7 and 11.13)

E.1.V-86 quality assurance for non-safety-related facilities and systems (7)
;

E.1.V-87 installed operating-phase security system (7)

E.1.V-88 reliability of modular construction (7):

j E.1.V-89 use of IEEE P1025 P1023-1988/05 and EPRI-2360 for guidance regarding
; human factors engineering (8.2)

! E.1.V-90 inspection and verification of security locks robotically (8.3)
:

| E.1.V-91 quality assurance requirements for all equipment, structures,

systems, facilities or software that have some safety importance ora

has one importance (9)

E.1.V-92 compliance of FDA/DC applications with Commission's regulations and
j guidance (10)

E.1.V-93 issue resolution for FDA/DC reviews (10)

E.1.V-94 inspections, tests, analyses, and acceptance criteria (10)

E.1.V-95 implementation of simplification objective (11.4)

E.1.V-96 implementation of standardization objective (11.5)

E.1.V-97 check valve testing methods (12.2.2)

E.1.V-98 full-flow testing of check valves (12.2.2)

E.1.V-99 qualification testing of active and nonactive motor-operated valves
,

(MOVs) (12.2.2).

E.1.V-100 technical concerns regarding MOVs (12.2.2)

E.1.V-101 leak rate testing for individual containment isolation valves-
(12.2.2)

i E.1.V-102 instrumentation to determine net positive suction head during all
modes of operation (12.2.3)
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4
i

i
E.1.V-103 testing of pump flow rate (12.2.3)

i E.1.V-104 frequency and extent of disassembly and inspection of safety-related-
pumps (12.2.3)-
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2 SAFETY DESIGN REQUIREMENTS

! In Section 2.2.F.7 of the DSER for Chapter 1, the staff identified a confirma-
tory issue regarding sabotage protection. EPRI had proposed to add failures
caused by sabotage to its description of hazards for which the plant designer

i should consider spatial separation of systems and equipment as the way to
: protect again.t redundant trains being incapacitated by a single hazard.
; Because of the extensive revision of Chapter 1, the Evolutionary Requirements
; Document no longer includes this requirement. Because Section 73.55 of the

Title 10 of the Code of Federal Reaulations (10 CFR) does not require spatial;

{ separation of systems and equipment, the staff concludes that this DSER
confirm tory issue is closed.

2.1 Introduction

The EPRI ALWR safety design requirements consist of three levels of the;

defense-in-depth framework, that is, resistance to accidents, prevention of
I core damage, and mitigation of the consequences of accidents, and are separat-

ed into two types of requirements: licensing-design-basis (LDB) and safety-
,

margin-basis (SMB) requirements. EPRI defines the LDB to be the set of events
and associated boundary conditions and assumptions that must be analyzed to'

i satisfy regulatory requirements. This analysis will be done using conserva-
I tive or appropriately justified best-estimate, NRC-approved calculation -

1 methods and assumptions and will meet NRC-mandated acceptance criteria. The
; Evolutionary Requirements Document states that -the EPRI-defined SMB contains
j design requirements that go beyond the minimum required by the ID CFR. EPRI

states that these design requirements provide safety assurance beyond that!

provided by the regulatory requirements for investment protection and severe-2

; accident protection.

In its letter dated April 24, 1991, the staff requested that EPRI identify4

additional hardware or other specific actions resulting from the SMB require-3

i ments in applicable sections of the Evolutionary Requirements Document. In
! its letter dated July 2, 1991, EPRI indicated that, to the extent practical.
. such additions of hardware or other specific actions resulting from the SMB
' requirements had been identified in specific sections of the Evolutionary
| Requirements Document. EPRI's response o,cluded some examples that satisfied
j this concern.
|

! Section 2.1 of Chapter 1 of the Evolutionary Reuirements Document states that
; safety design requirements consist of the three levels of the defense-in-depth

framework. The defense-in-depth framework. consists of requirements that;
2 increase the ALWR's resistance to-an accident and improve its capability to
i- prevent core damage or mitigate the consequences of an accident in the
. unlikely event it should progress beyond core damage.
)

It is unclear to the st,'f that EPRI's mitigation requirements are intended to;
include design-basis accidents (DBAs). Therefore, the staff will evaluate
this matter during its review of an individual application for FDA/DC to

,

j ensure that the mitigation features of the design include consideration of
both DBAs and core-damage accidents. The staff discusses mitigation of

,

accidents further in Section 2.4 of this chapter.

*
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2.2 Accident-Resistance Requirementi

Section 2.2 of Chapter 1 of the Evolutionary Requirements Document specifies
the ALWR design characteristics that are intended to enhance accident resis-
tance, such as emphasizing simplification, providing ample design margin,
using the best available materials and water chemistry, using the best proven
diagnostic monitoring techniques, and maintaining a negative overall power
reactivity coefficient under all conditions, improved design margin is
attained by the use of a 15-percent fuel design margin; a larger reactor
vessel, pressurizer, and steam generator secondary side; and sufficient
margins to limiting conditions for operation and reactor trip setpoints.

The staff c.oncludes that these design characteristic requirements are accept-
able in principle. However, it will evaluate the acceptability of the
implementation of each specific design characteristic during its review of an
individual application for FDA/DC.

2.3 Core-Damage-Prevention Requirements

2.3.1 General Requirements

The Evolutionary Requirements Document requires that the plant designer
perform two types of analyses with respect to core-damage prevention (i.e.,
the LDB and the SMB analyses).

Section 2.3.1 of Chapter 1 specifies general requirements with regard to core-
damage prevention. It requires the plant designer to identify a complete set
of ALWR design-basis events and transients to be analyzed, taking credit for
safety-grade equipment only; perform best-estimate analyses of the design-
basis events to support the generation of plant operating procedures; and
design the plant so as to (1) allow operators significant time to evaluate
plant conditions; (2) minimize the potential for systems interactions;
(3) require two separate and independent ac power connections to the grid to
decrease the likelihood of a loss-of-offsite-power event; and (4) have the
capability of achieving safe shutdown with safety-grade equipment only,
assuming the most limiting single failure.

Because these requirements do not conflict with the Commission's regulations,
the staff concludes that they are generally acceptable. However, EPRI's
proposed implementation of these requirements is discussed throughout this
chapter.-

Physical Security

Section 2.3.1.4 of Chapter 1 of the Evolutionary Requirements Document
requires the plant to be so designed that the operatar has significant time
before taking any action needed to prevent core damage. In its letter dated
March 1, 1991, the staff asked EPRI if this additional time might warrant, for
these designs, relaxing the requirement of 10 CFR 73.55(d)(7)(ii) that the
access control system be designed for rapid ingress to areas containing vital
equipment. In its letter dated May 13, 1991, EPRI stated that the best
interest of safety lies in maximizing the available time for diagnosing the
failures, assembling personnel and equipment, and implementing recovery
activities, and, therefore, the access control system should still provide for
rapid emergency access to vital equipment. The staff concludes that this
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section is not incompatible with NRC requirements related to physical securi-
ty.

Site Parameters

Among the ceneral requirements, Section 2.3.1.8 of Chapter 1 addresses plant
siting. Table 1.2-6 lists the envelope of standard site design parameters,
for which the requirements are discussed in greater detail in Section 4.5.2 of
Chapter 1. These siting parameters are intended to cover most, but not all,
potential sites for future ALWRs in the United States. As such, the Evolu -
tionary Requirements Document requires that the plant designer review the
cnnditions at the plant owner's site against the standard design siting
parameters in order to assets the possible need for modifying any design
parameter. Further, it requires that the final design parameters to be used
for the particular site be approved in writing by the plant owner.

The results of the staff's review of the envelops of standard site design
parameters are given in Section 4.5.2 of this chyter. In the DSER for
Cnapter 1, the staff identified an open issue concerning worst-case site
parameters. As for the final site design parameters to be used for any
particular site, approval by the plant owner only is not sufficient. Approval
by the NRC staff is also required, in addition, if one or more than one site-
specific design parameter exceeds the standard site design parameters at some
potential nuclear plant site, the plant owner should conduct a plant-spec;fic
evaluation against these parameters and submit a detailed review to the staff
for approval.

2.3.2 Licensing-Design-Basis Requirements

Selection of Transient] Accident Events

Section 2.3.2 and Table 1.2-1 of Chapter 1 of the Evolutionary Requirements
Document specify a set of event initiators to be included in LDB analyses, and
the corresponding frequency categories for these events. Section 2.3.2.2
specifies that the plant designer should review and identify any additional
initiating events applicable to the specific advanced plant design considering
its unique design features, but limits the types of events to those histori-
cally analyzed, it also specifies that the plant designer will document the
basis for selecting the frequency category for each additional initiating
event-and will identify potential single equipment failures that could-occur
coincident with the initiating events. Section 2.3.2.3 specifies that these
events by themselves cannot generate more serious incidents without other
incidents occurring independently. Section 2.3.2.8 also specifies that
acceptance criteria for fuel, reactor pressure boundary, and containment, and
offsite dose consequence limits will be presented for those additional events
identified.

The event frequency categorization.in the Evolutionary Requirements Document
is based on that of Regulatory Guide 1.70, " Standard Format and Content of
Safety Analysis for Nuclear Power Plants," and the design requirements of
American Nuclear Society (ANS) 18.2-1973, " Nuclear Safety Criteria for the
Design of Stationary Pressurized Water Reactor plants." These categories are:
Condition Il moderate-frequency events are those that may occur during a
calendar year for a particular plant, Condition III infrequent events are '

those that may occur during the life of a particular plant, and Condition IV
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limiting faults are those not expected to occur during the life of a plant but
are postulated. NUREG-0800 (SRP) divides the events into anticipated opers-
tional occurrences (A00s) and postulated accidents. Postulated E Ments are
limiting faults chosen as the design-basis accidents. A00s are deiined in 10
CFR Part 50 as those conditions of normal operation and transients that are
expected to occur one or more times during the life of a plant and, therefore,
encompass the moderate-frequency and infrequent events. Chapter 15 of the SRP
does not specify an infrequent-incident category but does specify specific
acceptance criteria for those events that can be categorized as infrequent
events. The event frequency categorization specified in the Evolutionary
Requirements Document is, therefore, consistent with the Commission's current
licensing approach,

in Section 3.3. A.3, Taole 3-2, and Table 3-3 of the DSER for Chapter 1, the
staff identified concerns regarding safety analysis events, event initiators,
and frequency categorization. Because EPRI has extensively revised Chapter 1,
Section 2.3.2 aow addresses these topics. The staff concludes that the issues
discussed in the DSER ore superseded by the following discussion.

Section ?.3.2 of Chapter 1 of the Evolutionary Requirements Document states
that the Plant Designer shall identify additional initiating events (other
than those described in Table 1.2-1) applicable to the specific advanced plant
design. The staff reviewed Section 2.3.2 assuming that ttis table was meant
to be generally appropriate for ALWR designs, and it does appear that EPRI
attempted to list all of those events that are typically analyzed for the
current generation of plants. However, the staff concleses Table 1.2-1 was
incomplete and that the following events should be adC

- Event Frecuency Category

loss of all reactor coolant system flow MF (moderate frequency)
Pressure regulatory failure MF
Turbine trip without all bypass riF

in addition, because the Evolutionary Requirements Document does not present
an actual design, the staff has not found sufficient justification to reclas-
sify the following, events or accidents.

Rod drop accident.*

Uncontrolled rod withdrawal at power-must continue to be reviewed as a*

moderate-frequency event. (Table 1.2, and 1.4.2)

Inadvertent opening of a safety or relief valve--must continue to be*

reviewed as a moderate-frequency event. (Table 1.2-1,1.4 and 6.1)

Selection of the appropriate set of plant events and, in some cases, their
frequency classification are specific to the design of a plant. The staff
concludes that each FDA/DC applicant must justify the selection of anticipated
operational occurrences and accidents. Pending modifications to the Evolu-
tionary Requirements Document as discussed above, the staff will evaluate the
acceptability of the event initiators and associated frequency categorizations
selected by the designer during its review of an individual application for
FDA/DC. On the basis of the above discussion, the DSER issues are closed.
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Transient / Accident Acceptance Criteria

Table 1,2-2a of Chapter 1 specifies example reactor and fuel design limits and
consequence analysis limits for moderate-frequency, infrequent, and limiting
fault events. In Revision 3 of the Evolutionary Requirements Document, EPRI
added requirements to maintain a coolable geometrv and long-term cooling
capability, as specified in 10 CFR 50.46, to Table 1.2-2a as part of the
acceptance criteria for loss-of-coolant accidents (LOCAs).

Section 2.3.2.7 of Chapter 1 states that the plant designer will perform a
consequence analysis for moderate-frequency and infrequent events with
coincident single failures and specifies the acceptance criteria for these
events, including limiting faults, as summarized in Table 1.2-2c. In Revi-
sion 3 of the Evolutionary Requirements Document, EPRI added a footnote to
Table 1,2-2c to specify fuel cladding failure criteria for input to the
radiological consequence analyses. That is, for the PWR, the fuel cladding
failure criterion will be less than the 95/95 departure from nucleate boiling
ratio limit, and for the BWR, it will be less than the minimum critical power
ratio, except for (1) a LOCA event or (2) a fuel handling and cask drop event.
For a LOCA, EPRI specifies that the vendor should use the source term as
defined in Section 2.5.2 of Appendix B to Chapter 1, and for a fuel handling
and cask drop event, the vendor should use the number of assemblies involved.
These failure criteria are consistent with the SRP, except for the source term
for LOCA consequence analysis. Table 1.2-2c also specifies limits based on 10
CFR Part 20 and Appendix I to 10 CFR Part 50 for moderate-frequency and
infrequent events, and specifies that, for PWRs, the radiological consequences
of infrequent events may exceed the guidelines of 10 CFR Part 20 but cannot be
sucn that they interrupt or restrict public use of those areas beyond the
exclusion areas. The staff concludes that the EPRI-proposed criteria are not
specific enough to determine if they are consistent with the staff's review
criteria. The plant designer should specify the exact acceptance criteria and
identify daviations from those in the SRP, if any, and the bases for the
deviations. The staff will address this matter during its review of an
individual application for FDA/DC.

Anticipated Transients Without Scram Acceptance Criteria

Section 2.3.2.? of Chapter 1 specifies that analysis and acceptance criteria
for events irvc1ving failures of multiple active components associated with
anticipated transients without scram (ATWS) and station blackout will be in
accordance with 10 CFR 50.62 and 10 CFR 50.63, respectively. However, 10 CFR
50.62 does not specify analysis and acceptance criteria, except for the
prescriptive equipment design requirements that were based on analyses of the
current generation of LWRs.

The staff concludes that EPRI has not provided adequate requirements in
Chapter 1 for analyses for ATWS events. Therefore, the staff concludes that
it will be necessary for designers of ALWRs to demonstrate that the bases for
which the ATWS rule was developed remain valid for their proposed design, and,
therefore, the ATWS rule requirements are still appropriate. Each evolut Sn-
ary LWR designer must demonstrate that the new plants will not experience ATWS.
behavior unexpectably more severe than that experienced in current plants.
The staff will evaluate this matter during its review of an individual
application for FDA/DC.

!
1
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in addition, 10 CFR 50.62 requires each BWP to have a standby liquid control
system (SLCS) that is automatically initiated. Previously, Section 2.5.4 of
Appendix B to Chapter 1 of the Evolutionary Requirements Document iaquired the
SLCS to be manually initiated. in its December 6, 1991, letter, EPRI stated
that it had determined that automatic actuation of the SLCS was appropriate
for evolutionary 'esigns and that it was modifying the Evolutionary Require-
ments Document ts reflect that position. Revision 4 to the Evolutinnary

Requirements Document eliminated Section 2.5.4 of Appendix B to Chapter 1 and
now required, in Chapter 5 Section 4.6.3.5.1 automatic initiation of SLCS.
Therefore, this issue is closed. The staff also discusses this matter in the
regulatory departure analysis in Appendix B of this chapter.

Station Blackout

in Revision 0 of the Evolutionary Requirements Document, station blackout was
listed as a utility investment protection concern in Table 3-8. However,
because of the importance of this issue, the staff concluded that it should be
considered when the plant designer determines the most limiting event for
analysis. In Section 2.3.2.2 of the revised Chapter 1, EPRI included a
requirement that analysis and acceptance criteria for events involving failure
of multiple active components associated with ATWS and station blackout be in
accordance with 10 CFR 50.62 and 10 CFR 50.63, respectively. Also, in
Table B.1-2 of Appendix B to Chapter 1, EPRI commits to meet the staff
guidance in Regulatory Guioe 1.155, " Station Blackout." The staff concludes
that these provisions ensure that the plant designer will appropriately
analyze the station blackout event in the o WR evolutionary plant designs.
Therefore, this DSER open issue is closed. Additional staff evaluation of
specific EPRI requirements pertaining to station Shekout in the ALWR is
contained in Annex A of Appendix B to Chapter 1, Chapter 5, and Chapter 11 of
this report.

2.3.3 Safety-Margin-Basis Requirements

Section 2.3.3 of Chapter 1 of the Evolutionary Requirements Document specifies
that the ALWR design will be such that no fuel damage is predicted to occur as
a result of a postulated near-instantaneous pipe break with an area equivalent
to up to 6 inches in diameter in the reactor coolant boundary. It also
requires the plant designer to perform a best-estimate analysis.

Sections 2.3.3.2 and 2.3.3.3 of Chapter 1 state that the plant will be
designed so that no fuel damage will occur for at least 2 hours after a
sustained loss of feedwater with no operator action (PWR only) and the core
will be able to withstand a loss of offsite and onsite ac power for at least a
hours without fuel damage. The design criteria include requirements for an
independent, safety-grade onsite ac power source and a non-safety-grade,
alternate ac onsite power source. Section 2.3.3.5 requires that the operator
have 30 minutes or more to act to prevent damage to equipment or plant
conditions resulting in a significant outage due to an accident or transient.

Section 2.3.3.6 of Chapter 1 specifies that the probabilistic risk assessment
(PRA), considering both internal and external events, will confirm a mean
annual core damage frequency for the design of less than or equal to 1.0E-5
per reactor-year. The Evolutionary Requirements acument also requires the
plant designer to (1) fully define and document the technical basis of the PRA
so that the plant owner can ensure that the reliability of risk-significant
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systems, structures, and component is maintained; (2) develop the technical
basis for a severe-accident management program to ensure the prevention and
mitigation of core damag6; pd (3) use the plant-cpecific PRA and other
relevant information to c0nfirm that the plant design is compatible with the
emergency procedure guidelines (EPGs) and severe-accident management program
This is consistent with the requirement in 10 CFR 52.47 to perform a design-
specific PRA in support of an application for FDA/DC. The use of_the PRA for
developing and confirming the severe-accident management program and EPGs is
also cnnsistent with the Commission's severe accident policy. In its staff
requirements memorandum (SRM) dated June 26, 1990, the Commission approved the
use of an overall me_1 frequency of a large release of radioactive materials
to the environment from a reactor accident that is less than 1 in 1 million
per year of reactor operation. Although the current regulations do not
specify requirements in numerical terms of frequency of core ocmage, the
Commission, in its June 15, 1990, SRM, pertaining to the implementation of the
NRC's safety goals, stated that "a core damage 1robability of less than 1 in
10,000 per year of reactor operation appears te be a very useful subsidiary "

benchmark in making Judgments about that portion of (the NRC's) regulations
which are directed toward accident prevention.'

The staff concludes that the EPRI-proposed core osmage frequency of 1.0E-5 per
reactor-year is more restrictive than the Commission's guidance and is,
therefore, acceptable. However, it will not use this goal as a staff accep-
tance criter ki,

2.4 Mittaation Reoutrements

Section 2.4 4 ',hapter 1 of the Evolutionary Requirements Document provides
the design requirements for accident mitigation, including those necessary for
licensing as well as those to provide protection against severe accidents.

Section 2.4.1 of Chapter 1 provides the mitigation requirements for the
licensing design basis, includin_g requirements regarm g the containment-n
building and associated containment systems, site boundary dose criteria,
source terms, and hydrogen control during degraded-core accidents. However,
it does not incluco requirements for fission product control or hydrogen
control during design-basis LOCAs. The staff will evaluate this matter during
its review of an individual application for FDA/DC to ensure that features for
fission-product and hydrogen control _ during design-ba' sis LOCAs are included in
the design.

Section 2.4.2 of Chapter 1 provide', the mitigation requimments necessary to
meet EPRI's safety r:argin basis, including design criterN for the containment
building and associated systems, source terms, and hydrogen control.

2,5 Analysis _Realisments and Acceptance Criteria

Section 2.5 of Chapter 1 of the Evolutionary Ryuirements Document specifies
the EPRI-proposed requirements for the licensing-design-basis (LDB) and
safety-margin-basis analyses. EPRI states that for the LDB analysis, NRC-
approved methods will be used including (1) assumptions and limits-that are
based on actual physical conditions during the accident or transient being
analyzed with conservatism cons.; tent with regulatory requirements and
(2) acceptance criteria in accordance with NRC requirements. Analysis
techniques will be proven through previous use. If changes are made to
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existing techniques or new techniques are proposed, they will be identified
and justified. Section 2.5.2 5 states that for events considered in the LDB
analysis, acceptance criteria will be in accordance with the NRC requirements.
In addition, Section 2.1 requires that only safety-grade equipment be assumed
availabla in the LDB accident analyses, except for a limited number of
multiple-failure events such as A1WS and station blackout.

These LLB requirements are consistent with NRC deterministic licensing
analysis requirements. However, 10 CFR 52.47(b)(2)(1) requires that the
performance of each safety feature and interdependent effects among the safety
features of the ALWR designs be demonstrated and found acceptable by analysis,
appropriate test programs, experience, or a combination thereof. It also
requires sufficient data on the safety features of the design to assess the
analytical tools _used for safety analyses over a sufficient range of normal
operating conditions and specified accident sequences, including equilibrium
core conditions. The staff will evaluate the acceptability of the analytical
codes and methodologies used for safety analyses as well as validation data, .

including test plans and facilities, during its review of an individual
application for FDA/DC.

.

.
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3 PERFORMANCE DESIGN REQUIREMENTS ,

3.1 Introduction
'

Section 3 of Chapter 1 of the Evolutionary Requirements Document provides
design criteria that are not related primarily to safety or investment
protection. This section includes EPRI-proposed requirements related to plant
size, life, maneuvering capability, event transient response, and event
response times. Design criteria for the core, radioactive waste, and onsite
radiation exposure are also providad. The staff reviewed only those items

.

that fall under the purview of its- safety review. '

3.2 Plant Size
1
'

EPRI states that the Evolutionary Requirements Document applies to designs
extending up to 1350 MWe per unit.

,

3.3 Plant Desian Life |

Section 3.3 of Chapter 1 of the ':volutionary Requirements Document states that
the plant will be designed to operate for 60 years without the need for an--,

extended refurbishment outage. In addition, the plant will be designed to-i

permit expeditious replacement of components because of obsolescence and
failure over a lifetime of 60 years.

As stated in SECY-89-013. " Design Requirements Related to the Evolutionary
Advanced Light Water Reactors," the staff will review the ALWR dcsigns for a
60-year life rotwithstanding the fact that a 40-year license term limitation-
is specified in the Atomic Energy Act and NRC's regulations. -li is the appli- '

cants' responsibility to identify the components and systems that are
affected. The staff will address plant life during its review of an

| individual application for FDA/DC. .These applications will have to. provide
information and programs to support design life and the staff's review of such
issues as fatigue, corrosion, and; thermal aging. This item is discussed

,

further by the staff in Section 4.7.3 of this chapter. .

3.4 Haneuverino and Response to Grid Demands

Section 3.4 of Chapter 1 of the Evolutionary Requirements Document provides
requirements for load following, frequency control, grid breakup, and load :rejection. '

3.5. Event Response Capability

Section 3.5 of Chapter 1 of the Evolutionary Requirements Document specifies
the requirements. pertaining to the capabilities to cope with various events. '

-Section 3.5.1 of Chapter 1 specifies that the plant.will be designed to be
capable of starting from cold shutdown and going to hot standby at full
press'ure and temperature in 24 hours. Similarly, EPRI requires th'at the
reactor be capable of shutdowr from-the reactor critical stage at full
temperature and pressure to 140 *F in 24 hours.

,

h
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Section 3.5.2 of Chapter 1 requires the PWR plant to bo capable of operating
at reductd power with a secured coolant pump to enhance the availability of
the plant and to reduce reactor trips. Appendix B to Chapter 1 indicates
EPRI's commitment to comply with Generic letter (GL) 86-09, " Technical
Resolution of Generic issue No. B-59 - (N-1) Loop Operation in SWRs and PWRs."
GL 86-09 states that (N-1) leop operation is acceptable provided acceptable
evaluation results are shown for certain plant-specific design characterts-
tics, such as the impact of the down loop on instrumentation and control
systems, human f actors, operational systems, safety systems, status of valves,
core-flow distribution, and potential for cold water reactivity insertion.
Since these characteristics are highly dependent on the specific design of the
plant, acceptability of operation with one secured reactor coolant pump is
subject to plant-specific evaluation to address the concerns delineated in
GL B6-09. The staff will evaluate that analysis during its review of an
individual application for FDA/DC.

Section 3.5.3 of Chapter 1 requires that the plant responses to re- sr trips,
which are not complicated by failures beyond those that caused the a ip, do
not result (1) in the initiation of the emergency core cooling system, the
primary system safety valve, or the emergency feedwater systehi (pWRs only) and
(2) in the uncovering of the pressurizer heaters. Section 3.5.4 requires the
plant to be capable of a turbine trip f rom 40 percent or less (BWR) and
100 percent or less (PWR) of the rated power without reactor trip and the<

lifting of the main steam safety valves. Section 3.5.5 requires that the loss
of a running main feedwater or condensate pump while at full power not result
in a reactor trip. Section 3.5.6 requires that rod insertions caused by
single failures not result in a reactor trip and that the plant be capable of
continued operation at reduced power. The staff considers these design objec-
tives as important defense-in-depth goals. Each of these requirements is
acceptable provided the designer performs design-specific analyses to demon-
strate that the specified design limits are met. The staff will evaluate
these analyses during its review of an individual application for FDA/DC,

Under the ~ading " Table 3-6" of the DSER for Chapter 1, the staff s.ated that
EPRI had to-:tified certain plant performance capabilities involving step and
ramp power changes and inadvertent control rod insertion without a reactor
trip. Although such activities may not impose significant challenges to fuel
integrity, the staff requires that an analysis be provided to confirm that
this is the case in specific plant designs. The staff will evaluate this
matter during its review of an individual application for FDA/DC.

3.6 Core Performance

Section 3.6 of Chapter 1 of the Evolutionary Requirements Document requires
that the ALWR core be designed for up to a 24-month fuel cycle and that fuel
mechanical designs have a peak bundle burnup of at least 45,000 and 55,000
megawatt-days per metric ton of uranium (MWD /HTU) for BWRs and PWRs, respec-
tively. These minimum fuel burnup requirements are inconsistent with the
EPRI-proposed requirements of 50,000 and 60,000 MWD /MTV specified in Sec-
tions 4.2.2.2 and 7.2.2.2 of Chapter 4 for BWRs and PWRs, respectively. In
addition, although these values are inconsistent with each other, they are
greater than NRC-approved fuel burnup levels. Tc support this high fuel
burnup operation, each ALWR design application will need to include sufficient
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high fuel burnup data to demonstrate fuel integrity in the areas of fission
gas release, cladding corrosion due to oxidation and hydriding, and reduction
in cladding material strength,

in addition, Section 4.2.6.2 of Chapter 4 requires that the BWR control blades
used for maximum core' insertion be designed with a minimum exposure capability
of 4.0E+21 neutrons /m (nyt) with a target of 8.0E+21 nyt, and that the blades
not used for maximum core insertion be designed for an operating life of 13 or
20 reactor full-power years (RFPYs), which may be selected by the plant owner.
Section 7.2.3 of Chapter 4 requires the PWR control rod assemblies to be
designed for a minimum operating lifetime of 15 RfPYs with an objective of :

20 RFPYs. These requirements are beyond the operating experience data of the
current LWRs. To support the desired extended operating life of the control
blades and control rod assemblies, each ALWR design application will need to
include sufficient performance data to demonstrate-that irradiation effects,
including material hardening, absorber depletion, and swelling, will not
impair. structural integrity.

;

3.7 Radioactive WastL(lispnal

Section 3.7 of Chapter 1 of the Evolutionary Requirements Document specifies
I the onsite storage capa;;ity for high- and low-level radioactive waste. See

Chapter 12 of this report for the staff's evaluation of EPRI's requirements
for radioactive waste processing and handling.

!

3.8 Occuoational Radiation Exoosure

in 1990, the average annual occupational exposure dose for U.S. nuclear power
| plants was approximately 340 person-rem. EPRI estimates that the ALWR can be
| operated so that this dose is less than 100 person-rem / year averaged over the

life of the plant. To meet this ambitious goal, the Evolutionary Requirements'

Document lists several dose-reduction actions that should be implemented in
the ALWR, EPRI states that these design changes will eliminate much of the
dose incurred during ,onroutine maintenance work. Improved chemistry control
and selection of materials will result in reduced radiation fields, and the
use of robotics will further reduce personnel exposures. These dose-reduction
actions are in compliance with the guidelines of Regulatory Guide 8.8,
"Informatioa Relevant to Ensuring That Occupational Radiation Exposures at
Nuclear Power Stations Will Be as low as Is Reasonably Achievable," and are
acceptable.

'
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4 STRUCTURAL DESIGN BASES

4.1 initqduction

Section 4 of Chapter 1 of the Evolutionary Requirements Document includes the
general structural design criteria and requirements applicable to all build-
ings, structures, systems, and equipment, it also addresses the passive
structural requirements and requirements to ensure active equipment functions.
Requirements for a unified system of classifying the structures, systems, and
equipment with respect to function and structural integrity are established,
as are codes and standards and acceptance criteria. Design codes and load
combinations, as well as the required measures to mitigate the effects of in-
plant hazards, are also established to ensure that equipment will function
under specified dynamic and environmental conditions.

4.2 Rel11ionships to Desien-Basis Events

Section 4.2 of Chapter 1 of the Evolutionary Requirements Document states that
the design-basis events specified in Section 2 of Chapter I will be used by
the plant designer in implementing the design criteria in Section 4.

4.3 [laisificilion Requirements

Section 4.3 of Chapter 1 Sf im ' + tenry Requirements Document provides
general requirements to L- uW y ' + o. T designer for safety and seismic
classification of structus.4, Wt,n p eqeipment in the plant.
4.3.1 Safety Classification

General Design Criterion (GDC) 1, * Quality Standards and Records," of 10 CFR
Part 50, Appendix A. requires that nuclear power plant structures, systems,
and components important to safety be designed, fabricated, erected, and
tested to quality standards commensurate-with the importance of the safety
function to be performed. Regulatory Guide (RG) 1.26, " Quality Group Classi-
fication and Standards for Water , Steam , and Radioactive-Waste-Containing
Components of Nuclear Power Plants," is the principal document used by the
staff in its review of this subject. However, the tvolutionary Requirements
Document proposes the use of American National Standards Institute /American
Nuclear Society (ANSI /ANS) 51.1, " Nuclear Safaty Criteria for the Design of
Stationary PWRs," and 52.1, * Nuclear Safety Criteria for the Design of
Stationary BWRs," as an alternative way of complying with RG 1.26. As dis-
cussed in Section 4.3.A of the DSER for Chapter 1, the staff has not com-
pletely endorsed these two industry standards. The standard safety analysis
reports (SSARs) for Combustion Engineering. Inc.'s System 80+ and General
Electric company's advanced BWR (ABWR) Revolutionary plants also reference
these standards. The staff concludes that it will complete its review of
these two standard plant SSARs without these endorsements. Therefore, the
staff's endorsement of these two standards is not necessary for the Evolution-
ary Requirements Document and any future evolutionary plant SSAR will be
reviewed in a manner similar to the reviews being conducted for the System 80+
and the ABWR. Therefore, the staff will evaluate this matter during its
review of an individual application for FDA/DC and this DSER open issue is
closed.
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,

4.3.2 Seismic Classification

Section 4.3.2 of Chapter 1 of the Evolutionary Requirements Document states
that each of the plant structures, systems, and components will be designated
as seismic Category 1 (C-1), seismic Category 11 (C-II), or non-seismic (NS).
GDC 2, "Pesign Bases for Protection Against Natural Phenomena," in part,
requires that nuclear plant structures, systems, and components important to
safety be designed to withstand the effects of earthquakes without loss of
capability to perform their safety function. Such items are classified as
seismic Category 1. RG 1.29, " Seismic Design Classification," is the princi-
pal document used by the staff in its review of this subject. EPRI provides a
commitment in Table B.1-2 of Aspendix B to Chapter 1 to comply with RG 1.29
except for the optimization su) ject, BWR main steamline isolation valves and
leakage control system. The staff's position on this eptimization subject
relative to seismic classification is provided in Section 2.3.1 of Appendix B
of this chapter.

Section 4.3.2 of Chapter 1 defines the seismic Category I items as including
all structures, systems, and components whose safety class is SC-2 and SC-3 as
well as spent fuel pool structures, including all fuel racks. EPRI states i

'that the seismic Category 11 classification will be applied to all plant
structures, systems, and equipment that will not perform a nuclear safety
function and whose continued function will not be required, but whose struc-
tural failure or interaction could degrade the functioning of a seismic (
Category I structure, system, or component to an unacce) table safety level, or J
could result in incapacitating injury to occupants of tie control room. Non- 1

seismic structures are those that do not fall into the seismic Category I and
11 definitions specified in Sections 4.3.2.1 and 4.3.2.2.1 of Chapter 1 of the
Evolutionary Requirements Document.

In its letter dated April 24, 1991, the staff recuested EPRI to clarify the
relationship between " seismic classification" and " safety classification" and
confirm the use of the term " equipment" instead of the commonly used term
" components." In its July 2, 1991, response, EPRI noted that no specific
relationship exists between seismic and safety classifications except that all
SC-1, SC-2, and SC-3 items need to be designed to meet the C-1 requirements.
In addition, EPRI confirmed that the term " equipment" is synonymous with
" components." The staff concludes that these responses are acceptable.

,
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lhe following table summarizes the staff's understanding of the ALWR seismic
classifications and their relationship to safety classifications.

ALWR Seismic Cu. rent Seismic Safety
Classification Classification Classification Requirements

C-1 0-1 SC-1, 2, and 3 Functional capability
& structural integrity

C-Il Non-C-I NNS* Structural integrity
(failure of structures
will not affect the
functions of SC-1, 2,
and 3 items)

NS Non-C-1 NNS None

*NNS - non-nuclear safety.

Physical Security Considerations

Section 4.3.2 of Chapter-1 of the Evolutionary Requirements Document states
that seismic classification will be consistent with RG 1.29. In NRC Review
Guideline 17, RG 1.29 is used as a reference for determining which equipment
should be protected as vital equipment in the sense of 10 CFR 73.2. In its
letter of May 13, 1991 EPRI stated that this linkage between equipment,

designated as seismic and equipment designated as vital continues to be
appropriate for this design. The staff concludes that this is consistent with
current staff guidelines and is, therefore, acceptable.

Seismi_c Category I

Seismic Category 1 items include all structures, systems, and components
(SSCs) designated as 50-1, SC-2, or SC-3. Seismic Category 1 SSCs will be
designed to withstand the effects of a safe shutdown earthquake and to
maintain the specified design functions.

Seismic Cnieaory 11
* In Section 4.3.B of the DSER for Chapter 1, the staff stated that EPRI had

agreed that a quality assurance program in accordance with the applicable
parts of tppendix B to 10 CFR Part 50 should be ap)1ied to seismic Category 11
items (i.e., structures, systems, and equipment) t1at will perform no safety
function and whose continued operation is not required, but whose structural
failure or interaction would degrade the functioning of a seismic Category I

-structure, system, or component-to an unacceptable level. The staff also
requested a specific commitment to Positions C.2 and C.4 of RG 1.29 for
seismic Categorv 11 items. This commitment was added to the requirements
portion of Section 4.3.2 in Revision 1 of the Evolutionary Requirements
Document and is acceptable. Therefore, >his OSER open issue is closed.

However, in the rationale portion of Section .4.3.2.2.1 of Chapter 1, EPRI
states that extensive use of seismic qualification by experience, as addressed
in Section 4.8, should expedite design efforts for seismic Category 11
structures, systems, and equipment. -The staff's evaluation of the use of
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seismic qualification by experience is provided in Section 4.8.1 of this
chapter for equipment and Appendix B of this chapter for piping. In addition,

the type of analyses required to satisfy Position C.2 of RG 1,29 is discussed
below.

In its letter dated May 17, 1991, the staff requested that a requirement be
added to Section 4.3.2.2 of Chapter 1 to state that if non-seismic Category I
systems cannot be isolated from adjacent seismic Category I systems, the non-
seismic system should be analyzed to the same criteria as those that are
applicable to the seismic Category I system. This commitment would satisfy
the guidelines in item II.h of SRP Section 3.7.3, " Seismic Subsystem Analy-
sis," and item II.k of SRP Section 3.9.2, " Dynamic Testing and Analysis of
Systems, Components, and Equipment." In its letter dated August 1, 1991. EPRI
stated that since there was a commitment in Table B.1-2 of Appendix B to
Chapter 1 to comply with both of the above SRP sections, it was not necessary
to include them as a specific requirement in this section. On the basis of

j - the commitment in Appendix B, the staff concludes that applicable non-seismic
Category I structures and systems (seismic Category 11) will be analyzed using
the same type of dynamic seismic analysis methodology as that used for seismici~ Category I structures and systems. This commitment is consistent with SRP
Sections 3.7.3 and 3.9.2 and is, therefore, acceptable.

Section 4.3.2.2.2 of Chapter 1 of the Evolutionary Requirements Document
states that the plant designer will select appropriate ductility factors for
the seismic design of C-Il components to take credit for realistic amounts of -

energy dissipated in such items during a seismic event. In the DSER for
Chapter 1, the staff stated that limits on the ductility factors should be
correlated with research results and should be reviewed and approved by the
NRC. As discussed in that DSER, EPRI agreed to revise the Evolutionary-
Requirements Document to require the use of appropriate " approved" ductility .

factors. lne rationale portion of this section includes the statement: "The
seismic ductility factors and ductility limits selected are anticipated to
consider the results of research which is documented by the time of the ALWR,
and to provide significant improvement over current practice." The staff

'concludes that this statement resolves its concern and is acceptable.
Therefore, this DSER confirmatory issue is closed.

Non-Seismic
,

Revision 0 of Section 4.3.B.3 of Chapter 1 did not provide specific require-
ments concerning the building codes to be used. This was identified as an
open issue in the DSER for Chapter 1. In Revision 3 of the Evolutionary
Requirements Document, Section 4.3.2.3 of Chapter 1 requires that non-seismic
(NS) building structures be designed to the Zone 2A specification in the
Uniform Building Code (UBC) with an importance factor of 1.25 assigned to the
structures, in its letter dated-April 24, 1991, the staff questioned the use
of Zone 2A, which according to the UBC seismic zone map is lower than the
designation for many regions in the United States. In its July 2,-1991,-
response, EPRI noted that the UBC.?one 2A specification is intended solely to-
provide a high degret of investment protection for NS items. However, since
many regions in the United States are designated as UBC sei;mic Zone.2B or
higher, the use of the Zone 2A specificati9n in these zones may not be,

adequate for the design of NS items. However, as the staff has no regulatory'

reouirements or criteria that apply to non-seismic structures, the staff's
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review of an application for FDA/DC in this area will be limited to a determi-
nation that a particular structure is correctly characterized as non-seismic.
On the basis of the above discussion, this DSER open issue is closed.

4.4 Lodes and Standards

Section 4.4 of Chapter 1 of the Evolutionary Requirements Document provides
EPRI-proposed requirements relative to the applicability of major design and
construction codes, industry standards, and regulatory positions to the ALWR
evolutionary plant design. Tables 1.4-1 and 1.4-3 in C,1 apter 1 list major
structural design and construction codes that are applicable to the ALWR. 1

Table 1.4-2 lists the industry technical standards to be used. |
1

In the DSER for Chapter 1, the staff stated that several of these standards
'

had not been endorsed by the staff and should not be used as the basis for
,

plant design and construction. In Revision 3 of the Evolutionary Requirements
Document, EPRI revised Section 4.4 to state that the use of applicable struc-
tural design and construction codes and industry standards that conflict with
NRC positions will be resolved by the plant designer with the NRC and the
resolution will be fully documented. The intent of this requirement is to ,

ensure that the staff's review of applications for FDA/DC will be conducted
'

using acceptance criteria that include the codes and standards most recently
approved by the NRC. The staff concludes that this commitment is acceptable.
Therefore, this portion of the DSER confirmatory issue is closed. The staff
will evaluate this matter during its review of an individual soplication for
FDA/DC or a combined license.

See the regulate y departure analysis in Appendix B of this chapter for
additional staff discussion on the use of industry codes and standards.

4.4.1 Major Design and Construction Codes

In Revision 0 of the rationale portion of Section 4.4 of Chapter 1 of the
Evolutionary Requirements Document, EPRI stated that it anticipated that the

| applicable edition of codes and standards will be that in effect approximately
42 months before start of construction, in the DSER for Chapter 1, the staff
stated that this criterion deviated from the requirement of 10 CFR 50.55(a)
that the edition and addenda of the American Society of Mechanical Engineers

| Boiler and Pressure Vessel Code (ASME Code) applied to the construction of
components be determined by the provisions of Section NCA-ll40 of ASME Code,I

Section III, incorporated by reference and rule. Paragraph NCA-ll40(a)(2)
states that, in no case, will the code edition-and addenda dates established:

in the design specifications be earlier than 36 months before the date the
plant construction aermit is docketed. In response to this concern, EPRI
deleted the 42-monti criterion from the rationale portion in Revision 3 of the
Evolutionary Requirements Document. In addition, in response to a concern-
discussed in the section entitled " Table 4-1"1of the DSER for Chapter 1, EPRI-
added a note to Table-l.4-1 in Chapter 1 to require that all ASME Code,-

: Section III items also satisfy- the requirements of ASME Code, Section III,
| Divisions 1 and 2, Subsection NCA. This change complies with the 10 CFR-

50.55(a) . requirement and is acceptable. Therefora, this portion of the DSER
confirmatory issue is closed.

|
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In its letter dated May 17, 1991, the staff requested that EPRI revise item g
under "ASME Code" in Table 1.4-3 of Chapter 1 to add a provision that only
those code cases that are approved or conditionally approved in RGs 1.84
(" Design and Fabrication Code Case Acce)tability - ASME Section 111, Division
1"), 1.85 (" Materials Code Case Acceptasility - ASME Section III, Division
1"), or 1.147 (" Inservice inspection Code Case Acceptability - ASME Section
XI, Division 1") are available to the plant designer, in its letter dated
August 1, 1991. EPRI stated that its modification of the Evolutionary Require-
ments Document specifying that applicable structural design and construction
codes and industry standards that conflict with NRC positions will be resolved
by the plant designer with the NRC (discussed in Section 4.4 above) should
obviate the need for such a provision. Therefore, the staff will evaluate
this matter during its review of an individual application for FDA/DC or a
combined license.

I

4.4.2 Industry Technical Standards

Section 4.4.2 of Chapter 1 of the Evolutionary Requirements Document referenc-
es Table 1.4-2, which lists the industry technical standards that will be
applicable to the ALWR evolutionary plant. In the section entitled " Table 4- ,

I2" of the DSER for Chapter 1, the staff stated that since some of the stan-
dards in this table, such as American Society of Civil Engineers (ASCE) 4-86,
had not been endorsed by the NRC, EPRI had agreed to revise the introduction
to Section 4.4 in Chapter 1 to address this concern. As discussed in Section
4.4 above, EPRI's response is acceptablo and this DSER confirmatory issue is
closed,

i

4.4.3 Regulatory Positions

in Section 4.4.3 and Appendix B to Chapter 1 of the Evolutionary Requirements
Document, EPRI identifies NRC regulatory guides and SRP sections that will be
applicable to the structural design bases of the ALWR evolutionary plants.
EPRI lists the applicable guidance in Table B.1-2 of Appendix B to Chapter 1.
In Section 4.4.3, EPRI proposes several technical positions that, in its ,

opinion, require exceptions to some of the regulatory positions. These issues
are discussed below.

'

Imolementation of leak-Before-Break Criteria

This issue is discussed by the staff in Section 4.5.5 and Appendix B of this
| chapter,
t

I Damnino Values

Section 4.4.3.3.3 of Chapter 1 of the Evolutionary Requirements Document
states that the plant designer will use approved realistic damping values in

i
the analyses of buildings, structures, and equipment. The rationale portion

I of this section correctly states that RG 1.84 permits the use of damping
values for piping systems in accordance with ASME Code Case N-411. The staff'

considers this section to be acceptable. However, the only staff-approved
damping values for the design of buildings and structures are in RG 1.61,
" Damping Valves for Seismic Design of Nuclear Power Plants," and RG 1.84
conditionally approves the use of Code Case N-411 for piping systems. This
issue is also discussed by the staff in Section 4.7.3 of this chapter.
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Elimination of Operatina-Basis Earthquake from Desiert

in its letter dated August 1,1991, regarding the use of a single damping
value for both the operating-basis earthquake (OBE) and the safe shutdown' earthquake (SSE) in the analyses of buildingr., structures, and equipment, EPRI
stated that it had deleted the OBE as an earthquake to be considered in the
design process in Revisic.n 2 of Section 4.4.3.3.3 of Chapter 1 and Sec-
tion 2.1.1 of Appendix B to Chapter ).

In SECY-90-016 and the draft policy paper on evolutionary and passive plants
dated February 27, 1992, the staff stated that the OBE should not control the
design of safety-related systems. As a result, the staff is involved in the
rulemaking process for Appendix A to 10 CFR Part 100 to decouple the OBE
from the SSE in siting considerations. The staff is also evaluating the
possibility of redefining the OBE in order to satisfy the OBE's function
without explicitly analyzing responses. This change would diminish the role
of the OBE in design by establishing a level that, if exceeded, would require
that the plant be shut down for inspection activities. The staff agrees in
principle with EPRI regarding the deletion of the OBE from plant design.
However, certain issues related to the treatment of earthquake cycles for
evaluations of piping and equipment fatigue, seismic anchor motion effects,
criteria on postulated pipe-break locations, and design of concrete structures
need to be adequately resolved as a direct consequence of eliminating the OBE
from design. The elimination of the OBE from design would require all current
OBE design-related checks to be performed for the SSE. The staff is develop-
ing alternatives with the industry to revise the codes and standards when
design-related checks are based on the OBE. Resolution of these issues may
result in staff recommendations for changes in applicable ASME Code, Sec-
tion 111 rules. Therefore, the staff concludes that the elimination of the
OBE from design is acceptable. However, the details of how current OBE-
related design checks will be performed using the SSE will be resolved between
industry and the staff through the appropriate code-related activities or
supplemental regulatory guidance. 1he supplemental regulatory guidance could
be in the form of revised SRP sections or the ITAAC (inspections, tests,
analyses, and acceptance criteria). The elimination of the 0BE from design
would require an exemption from the current regulations until the final
rulemaking pertaining to Appendix A to 10 CFR Part 100 is approved. In the
interim, the specification of the OBE ground motion remains an option for ALWR
FDA/DC applicants. The staff will evaluate the applications of those appli-
cants that opt to eliminate the OBE from design in accordance with the
forthcoming supplemental regulatory guidance mentioned above. This is also
discussed by the staff in Appendix B to this chtoter.

Use of the Independent SuDoort Motion Response Sigitym Analysis Methqd

In Section 4.4.C(3) of the DSER for Chapter 1, the staff stated that it did
not accept the damping values in ASME Code Case N-411 for-analyses that use
the independent support motion response spectrum methodology. This position
is = reflected in the conditional acceptance of Code Case N-411 in RG 1.84,
Revision 25, dated May 1988. The staff is currently accepting the above
analysis technique only if the independent support motion method is defined as
discussed below.
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In Revision 3 of the Evolutionary Requirements Document, Section 4.4.3.3.4 of
Chapter 1 FPRI states that the plant designer may use approved independent
support motion response spectrum analyses techniques as a basis for seismic
design and identifies this use as an exception to SRP Saction 3.9.2. The
staff's position regarding a definition of " approved t h. .ues" is that this
method is only acceptable when used in accordance with information and
recommendations in Sections 2.3 and 2.4 of NUREG-1061, " Report of the U.S. NRC
Piping Review Committee," Volume 4. As a part of this position, a support
group is defined by supports that have the same time history input, lhis

usually means all supports located on the same floor (or portions of a floor)
of a structure. The staff concludes that Sections 4.4.3.3.4 and 4.7.3.4 of
Chapter 1 should be revised to provide this commitment. In the interim, the

staff will review individual applications for FDA/DC in accordance with the
above position. On the basis of the above discussion, the staff concludes
that this issue is closed.

Use of Spectral.Jhif_11pa J m lyses as an A1.ttraa.11v L tL $nggtrum Broadening

Sections 4.4.3.3.5 and 4.7.3.3 of Chapter 1 and Section 2.1.1 of Appendix B to
Chapter 1 state that the plant designer may use spectral shif ting analyses in
lieu of spectrum broadening and identifies this use as an exception to SRP
Section 3.9.2 and RG 1.122, " Development of floor Design Response Spectra for
Seismic Design of floor-Supported Equipment or Components." The spectral
shifting procedures are described in ASME Code Case N-397. As stated by EPRI
in the rationale portion of Section 4.4.3.3.S of Chapter 1, the staff has
conditionally accepted Code Case N-397 in RG 1.84. The rationale further
correctly states that Code Case N-397 has been annulled and that its contents
have been included in ASML Code, Sect ion 111, Subsection NCA, Appendix N. In
its letter dated August 1, 1991, EPRI stated that including the above informa-
tion in the rationale portion for the above sections of the Evolutionary
Requirements Document was sufficient and that a change to the requirement
portion of these sections was unnecessary. The staff does not agree that the
plant designer will necessarily treat th4 rationale as a requirement. As
discussed in Section 4.7.3 of this chapte', the staff has not endorsed
Appendix N. Therefore, if the plant designer opts to use the spectral
shifting procedures in either Code Case N-397 or Appendix N, the staff's
position is that the condition in RG 1.84 will apply; that is, the staff will
review the use of these procedures on a case-by-case basis. This position
should be added to the requirement portion of Sections 4.4.3.3.S and 4.7.3.3
of Chapter 1 in addition to Section 2.1.1 in Appendix B to Chapter 1. In the
interim, the staff will review individual applications for FDA/DC in accor-
dance with the above position. On the basis of the above discussion, the

staff concludes aat thic issue is closed.
,

Analysis of Vibratory Load.dLi_titsionificant Hich-FrecuencylnM

in Section 4.4 C(6) of the DSER for Chapter 1, the staff stated that in
analyses of vibratory loads with high-frequency input, if the plant designer
combines high-frequency results algebraically, this deviation from RG 1.92,
" Combining Model Response and Spatial Components in Seismic Response Analy-
sis," will have to be evaluated on a case-by-case basis. In Revision 3 of the
Evolutionary Requirements Document, EORI added a qualification to the ratio-
nale portion of Sections 4.4.3.3.6 and 4.7.3.3 of Chapter 1, and to Section
2.1.1 of Appendix B to Chapter 1, that indicates that for analyses of
vibratcry loads with high-frequency input, if high-frequency modal results are
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combined by algebraic combination, the staff will review the methodology on a
case-by-case basis. However, the staff does not agree that the plant designer
will necessarily treat the rationale as a requirement. Therefore, this same
qualification should be added to the requirement portion of Sections 4.4.3.3.6
and 4.7.3.3 in addition to Section 2.1.1 of Appendix B to Chapter 1. In the
interim, the staff will review individual applications for FDA/DC in accor-
dance with the above position. On the basis of the above discussion, the
staff concludes that this DSER open issue is closed,

in its letter dated May 17, 1991, the staff requested that EPRI revise the
requirement portion of Sections 4.4.3.3.6 and 4.7.3.12 of (* apter 1 and
Section 2.1.1.2 of Appendix B to Chapter 1 to require that .! nonlinear
analyses are used to account for gaps between pipes and piping supports
subjected to vibratory loads with high-frequency input, such analyses must be
submitted to the staff for review and approval before they are used. In its
response dated August 1, 1991 EPRI stated that since this procedure was
idcntified as an exception to SRP Section 3.9.2 in the requirement portion of
the above sections, no further changes were required. The staff does not
agree that merely identifying this procedure as an exception to the SRP is
sufficient for a requirement. The staff position applies to the requirement
portion of Sections 4.4.3.3.6 and 4.7.3.12 and to Section 2.1.1.2 of Appen-

' dix B to Chapter 1. -Therefore, the staff will review individual applications t

for FDA/DC in accordance with the above position.

Seismic Oualification of Eauioment Usina Exoerience Dat.g

This issue is discussed by the staff in Section 4.8.1 of this chapter.

Desian-Basis Torna19

The Evolutionary Requirements Document requires the use of ANSI /ANS 2.3 to
define tornado effects based on an exceedance probability of 1.0E-6 per year.
This represents an exception to RG 1.76, " Design Basis Tornado for Nuclear
Power Plants." This issue is discussed by the staff in Section 4.5.2.5 and
Appendix B of this chapter.

4.5 Desian loads and Conditions
,

4.5.1 Introduction

Section 4.5.1 of Chapter 1 of the Evolutionary Requirements Document provides#
general requirements for loads and conditions including natural phenomena,
site proximity man-made hazards, plant operating loads, and in-plant hazards.
Section 4.5.1.2 of Chapter 1 states that, on a case-by-case basis, the plant
designer may, with the approval of the NRC, develop quantitative mechanistic
design loads and combinations directly from design-basis events, using
probabilistic methodology. The staff concludes that this is acceptable, r

However, as discussed in Section 4.5 of the DSER for Chapter 1, t1e staff is
not accepting a probabilistic approach as a basis for changing existing loads
and/or loading combinations, and the loading combinations recommended in SRP
Sections 3.7, 3.8, and 3.9 remain valid. The staff will address this issue
during its review of an individual application for.FDA/DC.
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4.5.2 Natural Phenomena

Section 4.5.2 of Chapter 1 delineates requirements f or considering the of fects
of the natural phenomena listed in Table 1.2-6 of Chapter 1, including wind
loadings, hydrology, ;eology and foundation conditions, earthquakes, torna-
dces, and volcanic activities. This table provides the envelope of plant
design parameters associated with these natural phenomena.

Wind loadinn

Revision 0 of Chapter 1 of the Evolutionary Requirements Document specified
basic wind speeds of 110 mph (based on a 50-year recurrence interval) and
130 mph (based on a 100-year recurrence interval) for non-safety-related and
satety-related structures, respectively, in the DSER for Chapter 1, the staff
found these criteria acceptable; however, in Revision 3, EPRI changed the
accepted criteria. Revision 3 specifies the same basic wind speed of 110 mph
(based on a 50-year recurrence interval); however, this basic wind speed is to
be scaled by an importance factor (as defined in ANSI A58.1-1982, " Minimum
Design Loadings for Buildings and Other Structures,") of 1.0 and 1.11 for
non-safety-related and safety-related structures, respectively.

The use of importance factor 1.11 for adjusting the recurrence interval from
50 to 100 years is suitable for the design of safety-related structures
because the use of an importance factor of IJ1 to calculate the wind speed
for a 100-year recurrence interval is equivalent to the guidance in SRP
Section 3.3.1, " Wind Loadings." For non-safety-related structures, the use of
a 1.0 importance factor implies that a 50-year recurrence interval is suit-
able. However, the staff's interpretation of ANSI A58.1-1982 is that an
extreme wind associated with a 50-year recurrence interval is suitable to

'

calculate the wind speed only for Categories I and IV structures. Since non-
safety-related structures in an ALWR plant are more important than Category IV
structures, the staff cor.ludes that both safety-related structures and non-
*afety-related structures whose failure could have an adverse impact on
safety-related structures should be designed for an extrene wind associated
with a 100-year recurrence interval. The importance factor of 1.0 is not
acceptable for non-safety-related structures that are important to safety
(e.g., turbine building). EPRI has not provided adequate justification for
its position. Therefore, the staff will address this item during its review
of an individual application for FDA/DC.

Hydrolony

Table 1.2-6 of Chapter 1 provides requirements for maximum ground water level,
maximum flood level, and precipitation as follows:

Maximum ground water level - The Evolutionary Requirements Document.

requires the maximum ground water level to be 2 feet below grade. This
requirement is not acceptable; the maximum ground water level should be
at grade. EPRI has not provided adequate justification for its posi-
tion. Therefore, the staff will address this item during its review of
an individual application for FDA/DC.
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Maximum flood (tsunami) level - Revision 0 of the Evolutionary Require-.

ments Document proposed that the maximum flood level be in the range of
I foot below to 26 feet above grade. Although in the DSER for Chap-
ter 1, the staff concluded that this design parameter was consistent
with regulatory requirements, it recommended that the Evolutionary
Requirements Document specify only the upper limit, which, assuming the
design level includes static water level plus wind-induced waves, should
be plant grade or lower. In response, EPRI changed Table 1.2-6 to
specify the maximum flood level as 1 foot below plant grade. The staff
concludes that this requirement is acceptable.

Precipitation (for roof design) - Revision 0 of the Evolutionary*

Requirements Document specified a maximum rainfall rate of 10 in./ hour
and a maximum snow load of 50 pcunds per square foot (psf). In the DSER
for Chapter 1, the staff stated that the rainfall rate of 10 in./ hour
was much tou low, since the probable maximuni precipitation (PMP) in a
5-minute interval over 1 mi' is 6.3 inches in the Great Lakes area agd
6.2 inches along the Gulf Coast. RevisionIsppcifiesahigher1-mi,

I l-hour PHP of 19.4 inches, together with a 1-mi , 5-minute PMP of
6.2 inches. The 5-rtinute PMP value appears reasonable; however, it
might exclude a number of sites in the Great Lakes area. The staff
concludes that the plant designer should use the SRP guidelines and
relevant RGs for developing an adequate structural and flood-prevention
design basis for the PHP. The staff will address this item during its
review of an individual application for FDA/DC. Therefore, this portion
of the DSER open issue is closed.

In the DSER for Chapter 1, the staff stated that the 50-psf snow load
might limit sites to below 38' north latitude in some regions, citing,
for example, the 69-psf snow load and 72-psf snow plus ice load that
were used in the design of the Beaver Valley plant. However, Revision 3
retained the 50-psf snow load, without addressing the staff's concern.
The staff concludes that this snow load is unacceptable and that the
plant designer should use the guidelines for snow load as specified in
American Society of Civil Engineers 7-88 (formerly ANSI A58.1). The
staff will address this item during its review of an individual applica-'

tion for FDA/DC. Therefore, this portion of the DSER open issue is
closed.

h oloav and l oyndation Conditionsg

lable 1.2-6 of Chapter 1 requires a minimum bearing capacity of >l5 kips /ft3
(ksf), a minirrum shear wave velocity of >1000 ft/sec, and no liquefaction
potential at the site-specific SSE level. In the DSER for Chapter 1, the
staff concluded that these requirements were acceptable. However, in its .

letter dated April 24, 1991, the staff requested that EPRI clarify whether the "

specified minimum bearing capacity of >l5 ksf was a static or a dynamic value.
In its response dated July 2, 1991, EPRI stated that it was intended to be a
static value. The staff finds that 15 ksf for a minimum static hearing
capacity is sufficient for the expected demand froa structural loading.
Therefore, the staff concludes that this response is acceptable,

in its letter dated April 24, 1991, the staff indicated that Table 1,2-6
should give a range of soil properties to provide consistent guidance to the
vendors of the standard plants and potential utilities. In its response dated
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July 2,1991. EPRI stated that the level of effort needed to quantify more
spee.ific soil parameters was beyond the scope of the Evolutionary Requirements
Document, and that the ALWR objectives will be satisfied as long as the
standard plant desion will be suitable for a large range of foundation siting
conditions that fall within the envelope of parameters of Table 1.2-6. The
staff will address this during its review of an application for a combined
license.

in its letter dated April 24, 1991, the staff requested that EPRI develop
evaluation guidelines regarding the minimum margin against liquefaction, in
its letter dated July 2, 1992, EPRI stated that the specific guidelines had
not been developed for the Evolutionary Requirements Document and that a site-
specific evaluation must be performed when a plant is to be founded on a soil
site. Consistent with the scope and level of technical details in the
Evolutionary Requirements Document, th2 staff concludes that the guidelines
for minimum margin against liquefaction potential may be addressed by the
applicant for a combined license as a site-specific issue if the plant is to
be founded on a soil site, or if any structures are to be founded on soil
having a liquefaction potential at sites with multiple soil conditions. Such
guidelines should include a detailed evaluation of the liquefaction potential
(as described in SRP Section 2.5.4, " Stability of Subsurface Materials and
foundations"), and consequences of liquefaction,-of all subsurface soils,
including the settlement of foundations. These evaluations will be based on
soil properties obtained by state-of-the-art laboratory and field tests and
involve application of both deterministic and probabilistic procedures.

In its letter dated April 24, 1991, the staff requested that EPRI define the
analyses o evaluation methods that will be used to evaluate hazards such as
active faults, man-induced hazards, and soil stability. In its response dated
July 2, 1991, EPRI noted that these issues were not applicable in the design
of standard plants and should be considered in site-specific assessments,-and
that it anticipated that NRC-approved state-of-the-art analyses and evaluation
methods will be used at that time. The staff will address this issue during
its review of an application for a combined license.

< Earthauakes

Section 4.5.2.4 of Chapter 1 requires that the standardized seismic designs be
based on the site parameter envelope of Table 1.2-6 in Chapter 1.

In Section 4.5.2.4 of Chapter 1, the operating-basis earthquake (OBE) was
deleted for consideration in the design process. As discussed in,

Section 4.4.3 and Appendix B of this chapter, the staff is evaluating the
effect of this change on current staff positions. This evaluation will
address the requirement in Sections 4.5.2.4.4.1 and 4.8.1.1 of Chapter 1 that-
reduces the number of full-stress cycles for 1/2 safety shutdown earthquake
(SSE) from 50 to 20. The results of this evaluation will be included in.the
supplemental regulatory guidance discussed in Section 4.4.3 of this chapter.
The staff will review an individual application for FDA/DC in accordance with
the supplemental guidance.
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In Table 1.2.6 of Chapter 1. EPRI states that the ALWR plant design should be
envelop an SSE ground motion having the following characteristics:

peak ground acceleration (PGA) equal to 0.30g+

design response spectra in accordance with RG 1,60, " Design Response+

Spectra for Seismic Design of Nuclear Power Plants"

generated artificial ground motion timo history to envelop the design+

response spectra

Regarding trie SSE, Note 10 of Table 1.2-6 requires that the free field motion
be specified at plant grade. Section 4.5.2.4.2 of Chapter 1 requires that the
SSE spectra input motion be dec vvoluted to specific points for applications
to structural analysis models taking soil-structure interaction (SSI) effects
into account. The requirement in Section 4.5.2.4.2 implies that the free
field motion will be placed at plant grade to facilitate the deconvolution
analysis. In its letter dated April 24, 1991, the staff requested that EPRI
justify specifying free field motion at plant grade because SRP Section 2.5.2,
" Vibratory Ground Motion," Revision 2, accepts the specification of free field
motion at plant grade only when sufficient data indicate that the sites
consist of relatively uniform soil or rock with smooth variation of properties
with depth. When there are insufficient recorded ground motion data, or when
the site is composed of one or more than one relatively thin soil layer
overlying a competent foundation material, the free field motion should be
specified on an outcrop or a hypothetical outcrop in the free field. For SSI
analyses, Revision 2 of SRP Section 3.7.2, " Seismic System Analysis," contains
similar requirements regarding the locatien for specifying free field motion.
in its letter dated July 2,1991. EPRI stated that the analysis of the soil
structure system should follos the guidance in NRC's regulatory guides and SRP
Sections, including SRP Sectium. 3.7.1, " Seismic Design Parameters," 3.7.2,
and 3.7.3, " Seismic Subsystem Analysis." EPRI indicated that assumptions for
variations in the soil properties should be accommodated in the analysis. On
the basis of this response, the staff concludes that the requirement to
specify the free field ground motion at plant grade is acceptable.

Although the design-basis SSE of an RG 1.60 (" Design Response Spectra for
Seismic Design of Nuclear Power Pland") spectrum with a zero period accelera-
tion of 0.30g is sufficient for most potential sites in the United States, it
may not envelop the ground motion for sites near seismically active areas in
the Eastern and Central United States or sites in the Western United States,
in addition to those along the California coast. The staff has observed that
earthquakes recorded in the Eastern United States possess more high-fr* f.:ency
(greater than 5 Hz) ground motion than those earthquakes whose records were
used to develop the RG 1.60 response spectrum. This could limit the sites at
which designs using 0.39 zero period RG 1.60 response spectrum could be
located. The staff will review the site-specific SSE with respect to the
design basis at the time of siting.

In Table 1.2-6, the criterion for the SSE grouna 4 tion time history (time
history) is that the response spectra obtained from the time history envelop
the design response spectra. In accordance with SRP Section 3.7.1,_the
staff's position is that this criterion should also include the requirement
that the power spectrum density (PSD) function of the time history envelop an-
approved target PSD function if a single time history.is used, in addition,
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SRP Section 3.7.1 specifies a different acceptance criterion if multiple time
histories are useu. The staff requires that the time history comply fully
with the SRP and will address this matter during its review of an individual
application for FDA/DC.

lpInseig

in Section 4.4.0 of the DSLR for Chapter 1, the staff disagread with EpRl's
proposed use of ANSI /ANS 2.3, " Standard for Estimating Tornado and Extreme
Wind Characteristics at Nuclear Power Sites," to define the tornado ef fects
for the AtWR. In its letter dated March 25, 1988, the staff issued its
interim position on this issue. In Revision 3 of Section 4.5.2.5 and Table
1.2-6 cf Chapter 1 and Section 2.1.2 of Appendix B to Chapter 1 of the
Evalutionary Requirements Document, EPRI proposed that the maximum tornado
wind speed of 260 mph und the toraado recurrence interval of 1 million years
(tornado strike probability of 1.0E-6 per year) be used for the design-basis
tornado. These parameters are based on ANSI /ANS 2.3. Section 2.1.2 of
Appendix B to Chapter 1 of the Evolutionary Requirements Document lists
tornado design for the evolutionary ALWR as a plant optimization subject.
This subject is also discussed by the staf f in the regulatory departure
analysis in Appendix B of this chapter.

The current NRC regulatory positinn with regard to the design-basis tornado
(DBT) is contained in two 1974 documents: WASH-1300, " Technical Basis for
Interim Regional Tornado Criteria," and RG 1.76, " Design Basis Tornado for
Nuclear Power Plants." WASH-1300 states that the probability of occurrence of
a tornado that exceeds the DDT should be about 1.0E-7 per year per nuclear
power plant, and the regulatory guide delineates the maximum wind speeds of
240 to 360 mph depending on the regions.

The staff has not endorsed ANSI /ANS 2.3. However, the regulatory positions in
RG 1.76 were reevaluated by an NRC contractor using the considerable quantity
of tornado data that are now available but were not when the regulatory guide
was developed. The contractor's reevaluation is provided in NUREG/CR-4461,
" Tornado i,limatology of the Contiguous United States," dated May 1986. At the
heart of this study is the tornaoo data tape, prepared by the National Severe
Storm forecast Center, that contains 30 years of data, 1954 through 1983.
This data tape contains the data for the approximately 30,000 tornadoes that
occurred during that period.

The contractor found that the tornado strike probabilities range from nearly
1.0E-7 per year for much of the Western United States to about 1.0U3 per year
in the Central United States. On the basis of discussions between the
contractor and the staff, wind speed values associated with a tornado having a
mean recurrence interval of 10E-7 per year were estimated to be about 200 mph
for the United States west of the Rocky Mountains and 300 mph for the United
States east of the Rocky Mountains.

In its December 6, 1991, letter, EPRI proposed that a maximum tornado wind
speed of 300 mph and a tornado recurrence interval of 1.0E-7 per year tornado
strike probability be used for the design-basis tornado in the design of the
evolutionary ALWRs. In Revision 4 of Chapter 1, EPRI deleted the reference to
the tornado recurrence interval in Table 1.2-6 from the Evolutionary Require-
ments Document.
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lhe 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 against
the effects not covered explicitly in review guidance such as regulatory
guides 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 taking into account the
tornado protection requirements. Hence, the staf f's acceptance of the
structural design will also necessitate a concurrent evaluation of their
effect on the protection criteria for some external impact hazards, such as
general aviation crashes or nearby explosions. The staff will evaluate this
matter during its review of an individual application for FDA/DC or a combined
license.

In the draft Commission paaer on evolutionary and passive plant policy issues
dated February 27, 1992, tie staff stated that it will accept the tornado
design basis of 300 mph recently proposed by EPRI. Table 1.2 shows the DBT
parameters that the staff considers acceptable. However, until the staff
resolves this issue with the Commission, it considers this an open issue that
must be resolved before it can complete its review of Chapter 1.

Volcanic Activity

in its letter dated April 24, 1991, the staff requested that EPRI confirm that
the ALWR site will not be located in areas subjected to the effects of
volcanic activity near the site, in its July 2, 1991, res)onse, EPRI con-
firmed that the standard plants will not be located in suc1 areas and that
site-specific design assessments will be necessary if a plant owner decides to
locate a standsrd plant in such an area. The u jff concludes that this
response is acceptable.

Desian Temperatures

Design temperatures are not included or discussed in Section 4.5.2 of Chap-
ter 1. However, in Revision 0 of the Evolutionary Requirements Document,
Table 2-1 specified three categories of design temperatures: ambient,
emergency cooling water inlet, and condenser cooling water inlet. The ambient
temperature was expressed in terms of the maximum and minimum temperatures for
both 1-percent exceedance probability and 0-percent exceedance probability.
In the DSER for Chapter 1, the staff stated that it was not certain how the
ambient temperature values will be used when they ar- derived from a probabi-
listic method and are associated with certain probab.., ties of exceedance.

Revision 3 of Chapter 1 of the Evolutionary Requirements Document specifies
the same probability-based ambient temperature values as those in Revision 0
and does not address the staff's concern. In Revision 3,_the cooling water
inlet temperature values specified in Revision 0.were changed. The new
criterion requires that the site permit atmospheric heat rejection of cooling
water system heat loads or be such as to provide cooling water at the flow
rates and temperatures specified by the plant designer to achieve certain
probability-based cooling performance limits. To review the safety-related
water supply, the staff typically uses deterministic values based on worst
1-hour, 24-hour, and 30-day values of r' cord. Therefore, the staff will use
the deterministic approach to review an individual application for FDA/DC.
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4.5.3 Site Proximity Man-Made Hazards

Physical Security Considerations

The inherent resistance to sabotage of the current generation of LWRs is in
part due to reinforced-concrete structures designed to tornado design crite-
ria. Generic letter 89-07, " Power Reactor Safeguards Contingency Planning for
Surface Vehicle Bombs " contains a safeguards information addendum that
includes generic standoff distances for protection against land vehicle bombs
of reinforced-concrete walls constructed to existing tornado standards. That
guidance is derived from NUREG/CR-2462, " Capacity of Nuclear Power Plant
Structures To Resist Blast loadings," which in turn relies on RG 1.76. The
staff questioned whether the exception taken in Section 4.4.3.3.8 of Chapter 1
to RG i.76 wo, 1 reduce the inherent resistance of an ALWR to sabotage or
require diffei i guidance on standoff distances for contingency planning. In
its May 13, 19n , response, EPRI stated that the wall capacity (thickness and
reinforcement) will likely be dictated by seismic shear load rather than
tornado loading because of the 0.3g SSE requirement. The staff does not agree
with this position. if minimum static capacities are less than those assumed
in NUREG/CR-2462, the staff may need to revise its guidance on contingency
planning for surface vehicle bombs. The staff will address this issue during
its review of an application for a combined license.

4.5.4 Plant Operating Loads

Section 4.5.4 of Chapter 1 of the Evolutionary Requirements Document provides
general requirements that state that the plant designer will consider and
minimize the loads due to anticipated and extreme plant conditions resulting
from the design-basis events listed in Section 2 of Chas er 1.

Anticipated plant conditions consist of normal operating loads such as live
and deadweight loads, pressure, temperature effects, external reactions, and
loads from expected plant transients such as plant heatup and cooldown, hot
standby, and anticipated conditions during operations from zero to full power.
Vibratory loads due to reciprocating and rotating equipment, pump pulsations,
rapid opening and closing of valves, flow-induced vibrations, relief valve
blowdown, cavitation, and any other fluid-system-induced loadings on equipment
and structures will be minimized by system design, choice of equipment, and
use of accumulators to dampen vibrations. % re vibrations cannot be avoided,
energy absorbers, dashpots, or other such oevices should be used. The use of
seismic snubbers for vibration damping should be avoided. Potential water-
hammer events such as turbine stop valve closure, safety / relief valve and fast
valve actuations, and rupture disc loads will be considered in the design of
the systems. The methodology discussed in Section 4.5.4.1.5 of Chapter 1, for
defining BWR safety / relief valve loads to be used in the design of the
suppression pool is still under review by the steff. The staff.uill evaluate
this matter during its review of an individual application for FDA/DC.

Extreme plant condition loads include oressures, temperatures, forces, and
vibrations due to transients and accidents not encountered-in normal opera-
tion, but that might reasonably be anticipated to occur during the design life
of the plant. Such loads inclede, but are not limited to, the following:
(1) water hammer in subcooled water lines or flooded steam lines; _(2) abnormal
component operation, such as a relief valve stuck open or an isolation valve
stuck closed downstream of a pump; and (3) low-flow thermal stratification in
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feedwater lines. The plant designer will minimize the effects of such loads
by designs that reduce or isolate the loads and by accounting for the loads
early in the plant design.

The staff concludes that, with the exception noted above, the broad require-
ments in Section 4.5.4 of Chapter 1 relative to plant operating loads are
consistent with current applicable staff guidelines and are acceptable.

4.5.5 In-Plant Hazards

Section 4.5.5 of Chapter 1 states that the plant designer will consider the
potential structural effects of in-plant hazards due to the environmental
conditions associated with plant operations under normal conditions and
postulated accidents. These hazardt, are pipe rupture, internal flooding and
fires, and the generation of missiles.

Ruph te of Pipina |
| J

Section 4.5.5.1 of Chapter 1 provides general requirements to be used by the
plant designer for determining postulated pipe-rupture locations and the
dynamic effects associated with the postulated rupture of piping. The

i criteria of ANSI /ANS 58.2, " Design Basis for Protection of Light Water Nuclear
i Power Plants Against the Effects of Pipe Rupture," as supplemented by applica-

ble regulatory positi 'ns, will be used for these evaluations. The dynamic
effects that are to be evaluated include impact from whisping pipes, jet
impingement loads, rapid subcompartment pressurization, aydraulic system
internal loads, and the motion of the equipment attached to components
responding to these effects. Those portions of safety-related structures,

: systems, and components that could be affected by these dynamic effects will
either be protected from such effects or be designed to withstand the
resulting loads and still be able to perform the required safety function.
Table B.1-2 of Appendix B to Chapter 1 commits to compliance with SRP Sec-
tion 3.6.2, " Determination of Rupture Locations and Dynamic Effects Associated
With the Postulated Rupture of Piping," with no exceptions. The staff has
reviewed ANSI /ANS 58.2 and concludes that it is consistent with SRP Sec-
tion 3.6.2. The staff further concludes that the commitment to ANSI /ANS 58.2,
supplemented by applicable positions in SRP Section 3.6.2, provides acceptable
criteria for determining postulated pipe-rupture locations and associated
dynamic effects.

Pine Ruoture Loads

The requirements regarding pipe rupture loads in Section 4.5.5 of Chapter 1 of
the Evolutionary Requirements Document contain a statement that subsets of
safety class structures, systems, and components shall be protected from the
dynamic effects resulting from postulated ruptures or designed for the
resulting loads. The dynamic effects that will be considered in the design
include pipe whip, jet impingement, rapid subcompartment pressurization,
hydraulic system internal loads, and the motion of attached equipment.. It is;

the staff's understanding that this requirement is not applicable if the ALWR
j applicant has justified the use of the leak-before-break (LBB) concept. To be

consistent with the implementation of the LBB technology under the recent
broad-scope amendment of GDC 4 of Appendix A to 10 CFR Part 50, containment
and'emergen;y' core cooling system (ECCS) functional and performance require-
ments are snaintained. The staff's current. interpretation of-this rule change
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is that the above local dynamic effects (pipe whip, jet imaingement, etc.) can
be excluded from the containment design basis. To retain ligh safety margins,
the containment must continue to be designed to withstand all global loading
and environmental effects up to and including the double-ended rupture of the
largest pipe in the reactor coolant system.

Leak Before Break

in Appendix A to the DSER for Chapter 1, the staff identified leak-before-
break (LBB) considerations as an open issue. Compliance with General Design
Criterion (GDC) 4 of Appendix A to 10 CfR Part 50 was listed as a confirmatory
issue in Section 10 of U,' DSER. Revision 3 of Section 4.5.5 of Chapter 1 of
the Evolutionary Requirements Document specifies that, to the extent practica-
ble, fracture mechanics and mechanistic analysis through the application of
LBB criteria will be used to minimize the need to evaluate the effects of pipe
rupture. The LBB approach is also addressed in Sections 4.4.3.3.1 and
4.5.5.1.3 of Chapter 1 of the Evolutionary Requirements Document.

EPRI is proposing to adopt for ALWRs the LBB approach when certain details of
the piping design, materials properties, and stress conditions are known. The
regulatory departure analysis in Appendix B of this chapter provides the
background and staff position on this issue. In the draft Commission paper on
evolutionary and passive plant policy issues dated February 27, 1992, the
staff concludes that the application of the LBB approach to ALWRs for which
FDA/DC is being sought under 10 CFR Part 52 is acceptable when appropriate
bounding limits are established during the FDA/DC review phase using prelimi-
nary analyses results and are verified during the combined license phase by
implementing the appropriate inspections, tests, analyses, criteria, and
acceptance criteria (ITAAC) discusu i herein. Since the Commission has not
yet reviewed this approach to resolving the approach for resolving leak before
break, it does not represent an agency position. Therefore, the staff regards
this as a open issue that will be closed once the Commission approves this
resolution or provides alternatin guidance.

The staff has evaluated the Evolutionary Requirements Document for LBB
applications in ALWRs and concludes that it is not completely acceptable. The
limitations and acceptance criteria for LBB applications in ALWRs are the same
as those established for currently operating nuclear power plants. Therefore,
NUREG-1061, Volume 3, should be referenced by the individual FDA/DC or
combined license applicant requesting approval of the LBB approach because it
provides the NRC-approved LBB methodology and acceptance criteria, in the
rationale portion of Section 4.5.5.2.4, EPRI states that its LBB methodology
and acceptance criteria are the same as those in NUREG-1061, Volume 3.
However, the staff has determined that they are not the same because the
criteria in Section 4.5.5.2.4 are merely excerpts of the acceptance criteria
in NUREG-1061. The staff will evaluate this matter during its review of an
individual application for FDA/DC or a combined license.

BWR Suppression Pool loads

In Appendix A to the DSER for Chapter 1, the staff stated that it had not
complcted its evaluation of the methodology proposed by EPRI for defining BWR
safety / relief (SRV) valve loads to be used in the design of the suppression
pool. The methodology proposed by EPRI to be imposed on the submerged stru-
ctures within the suppression pool during SRV discharge did not
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specifically reference staff-approved methods or propose verification of
calculational techniques if new methods are used. For the Mark 1, 11 and 111
BWR containment designs, a substantive test program was undertaken to develop
a load definition report (LDR) that established both acceptable models as well
as the basis for NRC acceptance of these models to calculate suppression pool
hydrodynamic loads.

However, if either the methodology or the data base is used, the FDA/DC appli-
cant must demonstrate applicability to the specific design. Paiameters that
could influence applicability include, but are not limited to, the following:
quencher design details, piping layouts, submergence, piping diameter, and
safety valve lift pressure. In addition to the phpical layout, the response
of the primary system is also a factor. This response is critical becausa it
will determine the number of valves that will lift and the number that will
reopen on the "second pop." Because of the necessary detail associated with
this issue, the staff will conduct a specific design review of plant hydrody-
namic loads and will evaluate the method of determining the SRV loads and the
applicability of the data base used to support the model. Should the LDR be
sufficiently different from the specific design, a new plant-specific <xperi-
mental basis similar to the work done at the full-scale test facility would
need to be developed before staff acceptance.

,

The staff concludes that EPRI has not justified its position for the use of a
model to compute SRV loads. The staff will review individual applications for
FDA/DC against the criteria in the SRP. On the basis of the above discu cion,
this DSER open issue is closed.

In Section 4.5.5.3.1 of Chapter 1, EPRI states that the models used to compute
pool swell, condensation oscillation loads, and chugging loads are assumed
applicable for calculating the containment boundary loads. The staff con-
cludes that this is acceptable if the designer can demonstrate that the design
is within the limits of the data base.

The Evolutionary Requirements Document does not address the methodology or
data base to be used for calculating the hydrodynamic loads. Because the
configuration of the ABWR vent and containment appears to be a combination of
the Mark 11 and Mark 111 configurations, the methodology used by the plant
designer must be justified. The plant designer must also show the applicabil-
ity of the data base to the design. The following critical variables may have
an effect on pool loads: vent diameter and vent pipe length, submergence, pool
temperature limits, containment volume, and configuration. These variables
need to be addressed by the plant designer. Because of the necessary detail
associated with this issue, the staff will conduct a specific design review of
plant hydrodynamic loads and will evaluate the method of determining the loss-
of-coolant-accider;t (LOCA) loads and the applicability of the data base used
to support the mn A . Should the Mark 111 data base be sufficiently different
from the specific design, a new plant-specific experimental basis similar to-
the work done to establish the generic methodology for establishing design-
basis LOCA loads for the Mark 11 and III designs would need to be developed
before staff acceptance.

The staff concludes that EPRI has not completely justified its position for
the use of the ULD models to compute pool dynamic loads. The staff will
evaluate this matter during its review of an individual application for
FDA/DC.
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1he heat removal and mass replacement capability of the ECCS (flow rates,
pressures, storage volumes) should continue to be designed to accommodate pipe
ruptures up to and including the double-ended rupture of the largest pipe in
the reactor coolant system, even when LBB is demonstrated.

Internally Generated Missiles

In Table B.1-2 of Appendix B to Chapter 1, EPRI commits to comply with the
staff review guidance in SRP Section 3.5.1.1, " Internally Generated Missiles
(Outside Containment)"; SRP Section 3.5.1.2, " Internally Generated Missiles
(Inside Containment)"; and SRP Section 3.5.1.4, " Missiles Generated by Natural
Phenomena." The staff concludes that this commitment is acceptable. However,
Section 4.5.5.4.1 of Chapter 1 states that ANSI /ANS 58.1, " Plant Design
Against Missiles," will be used.for guidance in meeting the-requirements
pertaining to internal-missile generation, -The staff has not endorsed
ANSI /ANS 58.1. Therefore, if differences exist between the above SRP sections
and ANSI /ANS 58.1, the SRP sections should be used. If a plant designer
identifies and provides justification for_the differences, the staff will
review the justification on a case-by-case basis and address the issue during ;

its review of an individual application for FDA/DC. i

Lqternal FlooJiin9

In Section 2.2.f.7 of the DSER for Chapter 1, the staff recommended that EPRI
ad- information on prntection against and mitigation of internal flooding. In |Table B.1-2 of Appendix B to Chapter 1 of the Evolutionary Requirements

i
Document, EPRI commits to comply with SRP Section 3.4.1, " Flood Protection." '

Section 4.5.5.5 of Chapter 1 states that the plant designer will identify
those systems and equipment that must be protected from ficoding and those :

that must be capable.of normal operation under flooded conditions. The
specific design conditions will be specified for systems and equipment '

required to operate when directly exposed to flooded conditions. EPRI states
that internal flooding may be caused by such events as fire protection system
operation or postulated breaks in tanks or piping, in addition, EPRI added
information about internal flooding to Table 1.2-4 of Chapter 1 in Revision 4 |
of the Evolutionary Requirements Document. The staff concludes that the above
commitment and the requirements in Section 4.5.5.5 and Table 1.2-4 provide' the >

necessary requirements to protect structures and systems from the effects of
internal flooding and are, therefore, acceptable.

4.6 Lgad Combinations
:

[ 4.6.1 Buildings and Structures
!

I Section 4.6,1 of Chapter 1 of the Evolutionary Requirements Document delin-
j eates the load combination requirements for the design of' buildings and--

,

j structures.

. Concrete and Steel Containments-

Section-4.6.1.1 of Chapter 1 requires that the_~ design of concrete containments
! satisfy the load combinations in ASME-Code, Section III, Division 2, Subsec-

tion CC, and the design of steel containments follow SRP Section 3.8.2,." Steel,

| Containment." The stcff concludes that the specified load combinations for
i the steel containment design conform with SRP-Section 3.8.2 and are
i
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i

acceptable. Because SRP Section 3.8.1, " Concrete Containment," and RG 1.136,
" Materials, Construction, and Testing of Concrete Containment," provide addi-
tional guidance on the use of ASME Code, Section Ill, Division 2, Subsection
CC, for the design of concrete containmants but are not referenced in the !

Evolutionary Requir nents Document, in a letter dated April 24, 1991, the
staff requested that EPRI confirm its position rep rding compliance in its
letter dated July 2, 1991. EPRI indicated that al' ough it is impractical to
list all applicable regulatory guides and SRP set s in individual para-
graphs of the Evolutionary Requirements Document, ' *equirement of t0mpli-
ance for the ALWRs is shown in Table B.1-1 of Appei ... 3 to Chapter 1. To
ensure that the plant designer will use proper additioral regulatory guidance
for the load combinations, the staff's position is that the concrete contain-
ment design will follow the guidelines of SRP Section 3.8.1 and RG 1.136. The
staff will evaluate this issue during its review of an individual application
for FDA/DC.

Qther Sgismic Cateaory I Buildinos and Structuru

Section 4.6.1.2 of Chapter 1 require the design of other seismic Category I
i reinforced-concrete and steel structures to satisfy the load combinations'

specified in American National Standards Institute /American Concrete Society '

(ANS!/ACI) 349, " Code Requirements for Nuclear Safety-Related Structures," and
ANSI /American Institute of Steel Construction (AISC) N690: " Specification for
the Design, Fabrication, and Erection of Steel Safety-Related Structures for
Nuclear Power Plants," respectively. -In its letter dated April 24, 1991, the
staff noted that RG 1.142, " Safety-Related Concrete Structures for Nuclear
Power Plants," and SRP Sections 3.8.3, " Concrete and Steel Internal Structures
of Steel or Concrete Containments," and 3.8.4, "Other Seismic Category 1
Structures," provide additional guidance on the use of ANSI /ACI 349 for
seismic Category I concrete buildings and that the NRC has not approv9d the
use of ANSI /AISC N690 for seismic Category I steel structures, in its
response of July 2,1992, EPRI indicated that although it is impractical to

; list all applicable regulatory guides and SRP sections in individual para-
i graphs of the Evolutionary Requircunts Document, the requirement of compli-

ance for the ALWRs is shown in Table B.1-1 of Appendix B to Chapter 1. To
ensure that the plant designer will use proper additional regulatory guidance

'

for load combinations, the staff position is to require adherence to-SP
i Sections 3.8.3 and 3.8.4 and RG 1.142. The staff will evaluate compliance

during its review of an individual application for FDA/DC.i

!
EPRI proposes to use ANSI /AISC N690 for the design of seismic Category I steel
structures. The acceptability of using this code is uncertain because it has, -

not been reviewed and approved by the staff. Therefore, the staff will
t

evaluate this issue during its review of an individual application for FDA/DC.;

Decouplino of Safe Shutdown Earthouake and Pine Ruoture loads for Buildinas
and Structures

in Appendix A to the DSER for Chapter 1, the staff indicated that it was still
evaluating EPRI's proposal _ to decouple the loads from a safe shutdown earth-i

quake (SSE) and LOCA when the leak-before-break (LBB) approach is used. In,

i addition, the staff raised a concern regarding protection of containment
components and emergency core cool'ing system (ECCS) hardware against the s

dynamic effects of pipe ruptures for systems for which the LBB approach is
used.
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Section 4.6.1.3 of Chapter 1 of the Evolutionary Requirements Document
specifies that when the LBB approach can be demonstrated to apply, SSE and
pipe rupture loads will not be combined in the design of structures, in its

letter dated April 24. 1991, the staff recommended use of the present practice
of combining the loads for the design of the containment structure, structures
inside the containment, and structures integral with the containment, in its

response of July 2, 1991. EPRI maintained its original position as stated
above.

In Section 4.6.1.1 of Chapter 1, EPRI requires using load combinations as
specified in SRP Section 3.8.2 for steel containment structures and in ASME
Code, Section 111, Division 2, Subsection CC, for concrete containment struc-
tures. The only exception is that the Evolutionary Requirements Documeat
excludes the operating-basis-earthquake (0BE) load terms from load combina-
tions. The staff generally agrees with the ap] roach to decouple the OBE from
the SSE and possibly eliminate the OBE altoget1er from the design as discussed
in Section 4.4.3 of this chapter.

In addition, in Section 4.6.1.3 of Chapter 1. EPRI proposes eliminating
the combination of pipe rapture loads with seismic loads for buildings
and structures when the LBB approach applies. SRP Section 3.8.2 and
; 31e CC-3230-1 of ASME Code, Section III, Division 2, Subsection CC, require
that SSE and LOCA loads be combined for containment structural design.
Furthermore, EPRI proposes in Section 4.6.1.7.1 of Chapter 1 to invoke a
probability-based load combination with a cutoff frequency of 1.0E-6, on the *

basis-of ANSl/ANS 2.12 and 51.1 for the design of the containment and other
seismic Category I structures, in Section 4.6.2.3 of Chapter 1, EPRI speci-
fies that the combination of LOCA and SSE loads for equipment and systems
should explicitly be eliminated on the basis of the recommendations of
NUREG-1061 and implementation of the LBB technology. EPRI states that the t

probability of a seismically induced LOCA is extremely low for PWR primary
systems and for the BWR as well,

in the early 1960s, the double-ended guillotine break of' reactor coolant loop
piping was postulated for containment sizing and ECCS performance. Later,
this pipe rupture load was combined with the earthquake loads and applied to
the containment structural de:ign and subsequently to the design of other
plant features, including nuclear reactor piping and its support systems.
Since the early 1970s, the NRC criteria for de:ign and analysis of seismic
Category I structures have been formulated with sufficient conservatism to
ensure ample safety. margins against premature failures. The margins that vere
built into the structures have served as one important_ element in the NRC
staff's implementation of the defense-in-depth regulatory philosophy, and
often provided key bases for the staff to justify and allow-continued opera-

-

tion of existing plant structures whenever load demand for the -structures had
to be increased for a variety of reasons (e.g., increased hazards, design
errors, or omissions and modifications).

The NRC promulgated a rule change to General Design Criterion 4 of 10 CFR Part.
50, Appendix A, that allows the application of the LBB method to piping-
systems. The revision eliminates the need to design for the dynamic effects
of postulated pipe breaks, including pipe whip restraints and jet impingement
shields, and to design subcompartments for dynamic pressurization loads if
these loads are not essential to the containment function. Also, when the LBB- '

|
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method is demonstrated deterministically applicable to a piping system, thec

combination of SSE loads and LOCA loads effectively becomes the SSE loads
alone.

Although it has been considering modification; to SRP Sections 3.8.1 through
3.8.4, the staff found that there was an insufficient technical basis to
extend decoupling to structures without resolving questions about the long-
term, intermediate-term, and short-term pipe rupture effects of decoupling the
pipe rupture from seismic loads.

The application of LBB technology eliminates the local dynamic effects of
postulated pipe ruptures from the design basis. However, global effects still
result from a source other than the postulated pipe rupture. Because the
global effects from the postulated pipe rupture provide a convenient and
conservative design envelope, and the NRC staff is not prepared at this time
to propose alternative cr,teria for the containment, the load combinations
indicated in the relevant sections of the SRP continue to be valid except for
the combinations with the OBE. The staff will require consideration of
certain aspects of the OBE in the design process to account for low-cycle
fatigue and relative support motion. Although an adequate basis exists for
the above-proposed decoupling of LOCA and SSE loads and the consequent
deviation from the current NRC criteria for the dynamic effects for the
mechanical design of components and their supporte. this deviation would
result in a significant reduction in critical str6ctural safety margins for
ALWR containments vulnerable to severe-accident loadings. On the basis of its
understanding of the design of all the existing containment s'.ructures, the
staff concludes that the containment and other seismic Category I structures
must continue to contain a concurrent application of LOCA and SSE loads. For
the design of seismic Category I structures, elimination of load combinations
with a probability of occurrence less than 1.0E-6 per reactor-year (for other
than LOCA plus SSE) is acceptable in principle; however, the staff will only
approve such an elimination when a specific design applicant justifies its
position with specific examples of how and where the dcsign is governed and a
comparison of structural margins with and without the load combination in
question.

In summary, the staff concludes that eliminating the combination of pipe
rupture loads (global effects) with seismic loads- for the containment and
other seismic Category I structures is not acceptable. Furthermore, EPRI's
proposal to decouple LOCA and SSE loaos for equipment and systems is not
acceptable at this time because of the insufficient technical bases to extend
the decoupling to structures. The staff will evaluate this issue during its
review of an individual application for FDA/DC.

Tre6tment of Loads That Reduce tica Effects of Other loads

Section 4.6.1.4 of Chapter 1 requires that consideration be given to the
treatment of loads that reduce the effects of other loads in the application
of the design loading combination of seismic Category I. buildings and struc-
tures. If any such load reduces the effects of other loads, the corresponding
coefficient for that load will be taken as 0.9 if it can be demonstrated that
the load is $1 ways present or occurs simultaneously with the other load.
Otherwise, tue coefficient for the load will be taken as zero. The staff
disagrees with this criterion. EPRI is unclear about the use of a coefficier.t
of 0.9 or 0 ~ 'n the context of a working stress design or load factor design.
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The load combinations identified in SRP Section 3.8.3 represent current
practice and are appropriate for the design to ensure adequate margins of
safety. It is inappropt iate to use a load coefficient of 0.0. If the load is
zero, its effects will he reflected in the design. The staff concludes that

,

EPRI has nu provided adequate requirements pertaining to the staff's position
es documented in SRP Section 3.8,0 and requires that SRP Section 3.8.3 be used'

for considering design loading. The staff will evaluate this issue during its
review of an individual application for FDA/DC.

Foundation Desian for Seismic Cateaory I Buildinas

Section 4.6.1.5 of Chapter 1 requires tLit the design of foundations for
j seismic Category I buildings and structures satisfy the minimum factors of
; safety, taking into account the effects of seismic soil-structure interact'on
; with respect to sliding, overturr cig, and floatation. -The Evolutionary

Requirements Document references 6 e minimum factors of safety that are
specified in SRP Section 3.8.5, " foundations." However, as stated in the
staff's letter of April 24, 1991, the effects of normal and high ground water
in the design of the embedded structure and foundation were not considered.
In its response of July 2, 1991, EPRI committed to include such a requirement
and implemented this commitment in Revision 2 of the Evolutionary Requirements-

iDocument. The staff concludes that the requirement for foundation design for
j seismic Category I buildings is acceptable.
i

; Non-Seismic Buildinas and Struttures

Section 4.6.1.6 of Chapter 1 requires that non-seismic buildings, structures,
| and structural subsystems be designed to meet the load combinatians specified
; in the Uniform Building Code (UBC). In its letter dated April.24, 1991, the
: staff expressed a concern about W use of the UBC seismic Zone 2A specifica-
' t%n that it discusses in sv 1.2.3 of this chapter, However, as far as
! load combination is concerned, the use of the UBC for non-seismic structures

is acceptable.

Probability-Based Mechanistic Desian loads

Section 4.6.1.7 of Chapter 1 allows the optional use of mechs,.:a ic design
loads and load combinations developed on a probabilistic basis if certain load '
combinations disproportionately control the design of plant structures without

.

a rational basis. In its letter dated April 24, 1991, the staff requested
' that EPRI justify using the methodology in NUREG/CR-3876 " Probability Based

load Combination Criteria for Design of Concrete Containment Structures," in
defining loads and load combinations without a corresponding definition of the

4

reliability index and consistent acceptance criteria. The staff also;

requested that EPRI give the basis for using ANSI /ANS 51.1, 52.1, or 2.12 in4

defining loads and load combinations. To address these two concerns, EPRI#

revised the Evolutionary Requirements Document to require that probabilistic,

load combirations be identified and a tuitable justification be prepared for
,

NRC eview and concurrence, if deemed warranted by the plant designer.
Mear, rile, the rationale r rtion in Revision 3 of this section also was
revised to acknowledge that the use of probabilistic load combinations is a4

departure from EPRI's commitment to the load combinations of SRP Sections
3.8.1 through 3.8.5, as indicated in Table B.1-2 of Appendix B to the Evolu-
tionary R WJirements Document, and that the plant designer is encouraged to'

consider their use where warranted, but regulatory concurrence will be
"
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required on a case-by-ca e basis. This revision in requirements is acceptable
in light of the staff-proposed position documented in the draft Commission
paper issued on February 27, 1992, lhis position allows, in principle, the
elimination of load combinations (except an SSE plus LOCA) with a probability
of occurrence less than 1.0E-6 per reactor-year. However, the staff will
approve such an elimination only when a specific design applicant justifies
its contention with specific examples of how and where the design is governed '

and a comparison of structural margins with and without the load combination
in question. The staff will evaluate this issue during its review of an
individual application for FDA/DC.

4.6.2 Systems and Equipment

in the section entitled " Appendix A to Chapte- la in the D' LR e Chapter 1,
the staff identified an open issue relative t:., the decoupl n4; 9 the SSE from
the LOCA. As discussed below and in the DStR, the staff pu . n is that, for
the design of all safety-related structures, systems, and eqs.pment, including
their suppurts, the loads resulting from dynamic events associated with the
faulted condition (ASME Service Level D) should be combined with the LOCA
loads. In its letter dated May 17, 1991, the staff requested that the
rationale portion of Sections 4.6.2.3 -and 4.6.2.5 and the load combinations in
Tables 1.4-5 and 1.4-7 be revised to agree with the above staff position. In
addition, a note should be added to Tables 1.4-5 and 1.4-7 to state that-the

J method of combination of dynamic responses to loads is in accordance with
NUREG-0484, " Methodology for Combining Dynamic Responses," Revision 1, dated
May'1980. In its letter dated August 1, 1991, EPRI stated that the SSE and-
LOCA loads are not combined be m se each event is of very low probability and
unrelated. The staff agrees that EPRI's position could be applicable only to
piping systems in the majority of PWR plants. However, the staff's position
is based on the requirements of GDC 2 of Appendix A to 10 CFR Part 50, which
states that all structures, systems, and components be designed to withstand
the effects of appropriate combinations of normal and accident conditions with
natural phenomena. Historically, the staff has interpreted GDC 2 as requiring,

that the effects of the SSE and LOCA be combined for the design of all safety-
related portions of the plant. Any change in this interpretation requires
either an exenption from or a revision of GDC 2. Therefore, the staff
position remains as stated above and as reflected in SRP Section 3.9.3. As a
result, the staff will review an individual application for FDA/DC in
accordance with this position.

The staff concludes that, with the exception noted above,-the information in
Section 4.6.2 of Chapter 1 relative to loading combinations for systems and
equipment is consistent with SRP Section 3.9.3 and is, therefore, acceptable.

4.7 Desian Methodoloav

Section 4.7 of Chapter 1 of the Evolutionary Requirements Document states that
all analysis and design techniques for the ALWR will be in accordance with the
industry codes and standards specified in Section 4.4 of Chapter 1. It

further states that the plant designer will be required to (1) consider
experience in existing LWR plants to identify design problems that have
adversely affected construction costs, schedules, maintainability, or opera-
bility; (2) implement design methods and accepted advanced dynamic analysis
techniques to minimize unnecessary conservatism in the plant design; and
(3) develop a design approach that allows appropriate tolerance .for
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coastruction and erection problems and for potential deviations in layout and
location. To implement these requirements, exceptions to several regulatory
positions may be necessary. Some of these exceptions are discussed by the
staff in Section d.4 of this chapter. Others are discussed below.

4.7.1 Introduction

In its letter dated April 24, 1991, the staff requested specific examples of
the accepted advanced dynamic analysis techniques referenced in Sec-
tion 4.7.1.4 of Chapter 1 of the Evolutionary Requirements Document. In its

letter dated July 2, 1991, EPRI noted that specific examples had been identi-
fied in Section 4.4.3 to Chapter 1 and these examples belong with the optimi-
zation subjects discussed in Appendix B to Chapter 1. The staff's evaluation 1

of this issue can be found in Section 4.4.3 and Appendix B of this chapter.

4.7.2 Buildings and Structures

Containments
a

Section 4.7.2.1 of Chaf er I requires that concrete containments be designed,
i constructed, and tes e .n accordance with.ASME Coae, Section III, Division 2,
; Subsection CC, and steel containments in accordance with ASME Code, Sec-
! tion III, Division 1, Subsection NE. These requirements are cor.sistent with
j current LWR design practice and are acceptable.

Other Cateaory I Buildinas and Structures

| Section 4.7.2.2 of Chapter 1 requires that other Category I concrete and steel
i buildings and structures satisfy, respectively, ANSI /ACI 349 and ANSI /AISC
i N690 as supplemented by the AISC load and resistance factor det'' method.
1 For abnormal or extreme load combinations, the Evolutionary
; Requirements Document permits local yielding provided the yielding is con-
! tained and does not result in a collapse mechanism and the resulting ductility-

i factor does not exceed that recommended in applicable regulatory positions.

| In its letter dated April 24, 1991, the staff commented that the NRC has
accepted the use of ductility factors for concrete and steel structures in

; design for impact and impulsive loadings only and not.for other load combina-
tions. In its response of July 2, 1991, EPRI acknowledged that a-clarifica-
tion to this requirement was necessary. Revision 3 of the Evolutionary'

!~ Requirements Document states that local yielding is permissible for " impulsive
1 and impactive" loads in the " abnormal / extreme environmental" load combina-

tions. The staff concludes that this clarification is sufficient and that the.
; design methodology specified for other Category I buildings and structures is
; acceptable.

Dynamic Analysis Techniaues

Section 4.7.2.3 of Chapter 1 requires that dynamic analysis techniques comply
j with American Society of Civil Engineers (ASCE) 4-86, as well as other

applicable codes and standards, and be qualified and proven. In its letter*

dated April - 24,1991, the staff commented that-the NRC has not accepted all
; analysis techniques in ASCE 4-86. In its response of July 2, 1991, EPRI
; stated ' at ASCE 4-86 is intended to supplement the overall criteria and.

methodwgy specified in regulatory guides and SRP sections, and that
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Table B.1-1 of Anpendix B to Chapter 1 of the Evolutionary Requirements
Document confirms EPRI's commitment to comply with the regulatory positions
except for those analysis techniques associated with the optimization sub-
jects. This response and the requirements in this section of Chapter 1 are
not acceptable because ASCE 4-86 has not been reviewed and approved by the
staff. Therefore, the staff concludes that the guidelines in the SRP and
regulatory guides should be used for the plant analysis and design of future
ALWRs. Plant designers proposing to use ASCE 4-86 should submit a request for
staff review and approvel on a case-by-case basis.. The staff will evaluate
this issue during its review of an individual application for FDA/DC.

Timina of Sois71c Analyses and Need for Confirmatory Analyses

Section 4.7.2.4 of Chapter 1 emphasizes the benefit of performing seismic
analyses early in the design stage, it also requires that confirmatory
analyses be performed after building structures and major equipment are in the
final design stage if significant changes in the distributed mass and stiff-
ness are introduced during the design. The staff concludes that this is a
reasonable requirement and is accedable.

Generation of Desian Response Spectra or Time Histories

Section 4.7.2.5 of Chapter 1 requires that the generation of design response
spectra or time histories be based on methods that minimize unnecessary
conservatism. Since the Evolutionary Requirements Document did not indicate
the need for NRC approval of methods such as the spectrum-to-spectrum genera-
tion procedure, the staff requested that EPRI submit a complete discussion of
the limitations and verification of such procedures. In its response of
July 2,1991, EPRI did not address the NRC concern, and, therefore, the
requirements in Section 4.7.2.5 of Chapter 1 of the Evolutionary Requirements
Document are not acceptable. The staff position is that all analysis methas
used for the licensing design basis and safety margin basis must be approved
by the NRC staff. The staff will evaluate this issue during its review of an
individual application for FDA/DC.

Structural Damoina

Section 4.7.2.6 of Chapter 1 requires that structural damping values be based
on confirmed test results, rather than conservative assumptions, whenever such
data are available. In its letter dated April 24, 1991, the staff requested
that EPRI submit the basis for using less conservative damping values. In its
response of July 2,1991, EPRI cited cable trays and hangers as examples for
which extensive tests have been done by some utilities to generate more
realistic damping values than those-in RG 1.61. The staff position of using
structural damping values for the design of structures is given in RG 1.61.
However, the staff will not exclude the use of structural damping-values based
on test results. Therefore, it will evaluate the structural damping values
during its review of an individual application for FDA/DC.

[Lasonry Walls in Cateaory I Buildinas

Section 4.7.2.7 of Chapter 1 requires that masonry walls used as temporary or
permanent partitions in Category I buildings be engineered as a substructure
of the building, with consideration given to the effect they could have on
safety-related items, and that they be designed according to the applicable
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requirements of the Uniform Building Code (UBC). The use of the UBC for the
design of masonry walls in Category I structures and the use of masonry walls
in Category I buildings deviate from SRP guidelines. The staff concludes that
the SRP guidelines should be used for the design of masonry walls loc,.ted in
the Category I structures of future ALWRs. In addition, it strongly discour-

ages the use of masonry walls in Category I structures as load-carrying
members or non-load-carrying members. The staff will ealuate this issue
against the criteria of Appendix A to SRP Section 3.8.4 during its review of
an individual application for FDA/DC.

Eqncrete Expansion Anchors

Section 4.7.2.8 of Chapter 1 specifies the use of the direct-bearing or
undercut type of anchor bolts to ensure the ductile behavior of the bolt when
high capacity is needed and the use of wedge and sleeve anchors for small
loads, in its letter dated April 24, 1991, the staff questioned the use of
expansion bolts for all safety-significant applications and encouraged
qualification testing under field conditions. Where expansion anchors are
used, the NRC requires the use of the conservative safety factors of Inspec-
tion and Enforcement Bulletin (IEB) 79-02, " Pipe Support Base Plate Designs
Using Concrete Expansion Anchor Bolts," to account for uncertainty in field
installation. in its response of July 2,1991, EPRI acknowledged that its
intent is to use expansion bolts only when necessary and that the expansion
bolts will be of the undercut type (e.g., Maxibolts) in lieu of the friction
type. EPRI also noted that the conservative safety factors of IEB 79-02 are
intended for friction-type expansion anchors and may r.ot apply to Maxibolts.
The response is not acceptable because the issue of uncertainty in field
installation was not addressed and there is no assurance that the IEB 79-02
safety factors are not applicable to Maxibolts. Therefore, plant designers
should submit to the staff the safety factors they propose to use for the
capacity of the Maxibolts. The staff will evaluate this issue during its

review of an individual application for FDA/DC.

Stability of Shell-Tvoe Structures Under Comoression

Section 4.7.2.9 of Chapter 1 requires that the potential for global and local
shell buckling be considered for shell-type structures under compression. In
addition, it requires that, after appropriate consideration of the various
uncertainties in materials, erection tolerances, and load description, a mini-
mum factor of safety be maintained for all load combinations. In Revision 3
of the Evolutionary Requirements Document, the minimum factor of safety was
based on ASME Code, Section Ill, Subsection NE, and supplemented by Code
Case N-284.

Because Code Case N-284 provides lower safety factors against shell buckling
than Subsection NE, the staff requested that EPRI alert the plant designer
regarding the application of Code Case N-284 to asymmetric containments with
large openings or provide specific conditions under which this code case can
be used. In its response of July 2, 1991, EPRI stated that experienced
professional containment vessel (esigners, working under the careful review of
the utility owners and regulators, will not apply Code Case N-284 where its
provisions do not apply. EPRI also stated that it was beyond the scope of the
Evolutionary Requirements Document to explain the limitations of the specific
code case. This is not acceptable to the staff. Subsection NE requirements
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should be used for the evaluation of shell-type structures. As for Code Case
N-284, the staff will evaluate its applicability during its review of an
individual application for FDA/DC.

Non-Seismic Structures

Section 4.7.2.10 of Chapter 1 requires that non-seismic structures,
4

structural subsystems, and structural components be designeJ to the Zone 2A
specifications of the Uniform Building Code. The use of Zone 2A is discussed
by the staff in Sec :on 4.3.2.3 of this chapter.

4.7.3 Systems and Equipment

Section 4.7.3 of Chapter 1 provides discussions of design methodology require-
ments for systems and equipment that are more detailed than those in Sec-
tion 4.4 of Chapter 1. The staff's evaluation of several of these require-
ments is given below.

Use of ASME Code. Section III. Appendix N

Section 4.7.3.1 of Chapter 1 states that-dynamic analysis techniques for
safety class components will be in accordance with Appendix N of ASME Code,
Section III. Appendix N is a nonmandatory appendix that is still evolving and
does not currently agree with some staff positions. Therefore, it has not
been endorsed by the staff, and the staff has no immediate plans to review it.
In its letter dated May 17, 1991, the staff requested that EPks delete the
reference to Appendix N and to reference applicable regulatory guides, SRP
sections, or staff-approved ASME code cases in the requirement portion of
Section 4.7.3.1. In its letter dated August 1,1991. EPRI stated that only
the rationale portion of Section 4.7.3.1 would be changed and that this change
would only address the use of Code Case N-397. The issue of Code Case N-397
is discussed by the staff in Section 4.4.3 of this chapter. The use of Code-
Case N-397 is only one of several issues that are currently in Appendix N or
are being proposed for future addenda to this document and that have not been
endorsed by the staff. Some of these issues are damping values, use of the
load coefficient method, use of the independent support motion response
spectrum method of analysis, and-the nonexceedance probability level in
Subsection N-1725 of Appendix N. EPRI's response is not acceptTble. The
staff will evaluate this issue during its review of an individual application
for FDA/DC in accordance with applicable SRP sections in lieu of Appendix N to
ASME Code Section III. On the basis of the above discussion, this issue is
closed.

Use of_ ASME Code Cases N-411 and N-420 in the Same Analysis

Secticns 4.7.3.2 and 4.7.3.11 of Chapter 1 allow the plant designer to use
ASME Code, Section III, Code Cases N-411 and N-420 unconditionally. In its
letter dated May 17, 1991, the staff requested that the following sentence be
added to this requirement: "ASME Code Cases N-411 and N-420 may only be used
in separate analyses and as further conditioned in RG 1.84." In its letter
dated August 1, 1991, EPRI stated that since its intent _to comply with RG 1.84
is indicated in Appendix B.to Chapter 1 of the Evolutionary Requirements
Document, this additional sentence is unnecessary. The staff's understanding
of the Evolutionary _ Requirements Document is that a requirement in any section
could override such a commitment in Appendix B. Therefore, this response is
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unacceptable and the staff's position remains as stated in its letter of
May 17, 1991. The staff will evaluate this issue during its review of an
individual application for FDA/DC in accordance with the above position. On

the basis of the above discussion, this issue is closed,

Ese of Alternative Ovnamic Analysis Methods

Sections 4.7.3.3 and 4.7.3.4 of Chapter 1 provide requirements that allow the
plant designer to use dynamic analysis methods that have only been condition-
ally approved by the staff and are, therefore, not completely acceptable.
These issues are discussed by the staff in Section 4.4.3 of this chapter and
in the above section entitled "Use of ASME Code, Section III, Appendix N."

Reouirement Apolicable to Use of ASME Code Case N-411

In its letter dated May 17, 1991, the staff requested that EPRI revise
Section 4.7.3.8 of Chapter 1 to clarify the use of a single damping value for
both the OBE and the SSE. In its letter dated August 1,1991. EPRI stated
that the ALWR program had deleted the OBE from the design process and that the
damping values in RG 1.61 for the SSE will be applicable to structures and
systems except for piping, for which ASME Code Case N-411 is applicable. The
elimination of-the OBE is discussed by the staff in Section 4.4.3 of this
chapter. The resolution of this issue may affect Section 4.7.3.8 of
Chapter 1. The use of Cod: Case N-411, as stated in EPRI's response of
August 1,1991, is not completely acceptable. The staff requested that EPRI
revise the requirement portion of Section 4.7.3.8 to include a requirement
that Code Case N-411 be used only as conditioned by RG 1.84. In its response,
EPRI stated that since Table B.1-2 of Appendix B to Chapter 1 indicates a
commitment to comply with RG 1.84, this revision was unnecessary. The staff's
understanding of the Evolutionary Requirements Document is that a requirement
in any section could override such a commitment. Therefore, this portion of
the response is unacceptable and the staff position remains as stated in its
letter of May 17, 1991. The staff will evaluate this issue during its review
of an individual application for FDA/DC, assuming that the requirement in
Section 4.7.3.8 does not override the commitment to RG 1.84 in Appendix B to
Chapter 1. On the basis of the above discussion, this issue is closed.

Seismic Evaluation and Desian of Small-Bore Pipina

Revision 3 of Section 4.7.3.13 of Chapter 1 states that seismic Category I
piping 2 inches and less in nominal diameter will be analyzed on the basis of
the reference spectrum approach in NCIG-14 (EPRI NP-6628), " Procedure for
Seismic Evaluation and Design of Small Bore Piping," dated April 1990, unless
it encompasses in-line equipment with seismic qualification requirements or is
connected to sensitive component nozzles. The staff is reviewing this
document as a topical report, which was submitted to the staff by the Nuclear
Management and Resourt.es Council in its letter dated March 19, 1991. Pending
completion of this review,- the staff's position is that the methodology in
EPRI NP-6628 is not acceptable. The staff will evaluate this matter during
its review of an individual application for FDA/DC.

Use of ASME Code. Section III. Subsection NF. and ANSI /AISC Standard N690

The first sentence in the requirement portion of Section 4.7.3.22 of Chapter 1
contains an acceptable commitment to the jurisdictional boundary rules of ASME

,

i
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Code, Section III, Subsection NF. On the basis of EPRI's response of
August 1,1991, to a staff request for additional information dated May 17,
1991, it is the staff's understanding that the remainder of this section
provides clarification only and does not permit the plant designer to take
exception to this commitment. On the basis of this understanding, the staff
concludes that the information in Section 4.7.3.22 is consistent with staff
positions relative to jurisdictional boundary rules and is acceptable. For
further clarification, the staff's position on this issue is discussed below.

The ongoing effort with regard to ASME Code, Section III referencing ANSI /AISC
N690 in Subsection NF is not directly related to the issue of jurisdictional
boundary. When this effort is complete and endorsed by the staff, all
supports identified as falling under the jurisdiction of Subsection NF will be
constructed to the rules of that subsection. Implicitly, the rules for the
design portion of construction will then be in accordance with a modified
version of ANSI /AISC N690.

Rules for Construction of Core SuDDort Structures

Section 4.7.3.23 of Chapter 1 states that core support structures.will be
designed to the criteria in ASME Code, Section III, Subsection NG. In its
letter dated May 17, 1991, the staff requested that this requirement be
revised to read: " Core support structures will be constructed to the criteria
specified in ASME Code, Section III. Subsection NG, where ' construction' is as
defined in ASME Code, Section III, NB/NC/ND-Il00(a)." In its letter dated
August 1, 1991 EPRI agreed with the staff's request, except that the require-
ment still contains the words " designed to" rather than " constructed to,"
which is not completely acceptable. During its reviews of individual applica-
tions for FDA/DC, the staff will require that core support structures be
constructed to the rules of ASME Code, Section III, Subsection NG, where
" construction" is either as defined above or as defined in ASME Code,
Section III, Subsection NG-ll10. On the basis of the above discussion, this
issue is closed.

7 Commitment to I&E Bulletin 79-02

In its letter dated May 17, 1991, the staff requested that a commitment be
made in Section 4.7.3 of Chapter 1 of the Evolutionary Requirements Document
that the applicable action items in I&E Bulletin 79-02, " Pipe Support Base
Plate Designs using Concrete Expansion Anchor Bolts," Revision 2, dated
November 8,1979, will be met for pipe support base plate designs using
concrete expansion anchor bolts. In its response dated August 1, 1991, EPRI
stated that since the only drilled-in anchors permitted for the AlkR are to be
of the " undercut" type, the safety factors in Bulletin 79-02 should not be
applicable. This response is not completely acceptable. The staff's position
on this issue is as follows:

In lieu of the safety factors in I&E Bulletin 79-02, EPRI should provide.

the factors that will be used in the design of the undercut type of
expansion anchor bolt and the basis for these factors.

Irrespective of the type of expansion anchor bolt that will be used, the.

staff requires a commitment to the action item in I&E Bulletin 79-02
relative to pipe support base plate flexibility.
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|
The staff will evaluate this issue during its review of an individual applica-4

tion for FDA/DC. On the basis of the above discussion, this issue is closed.
'

Use of ASME Fatiaue Desian Curves
,

| Section 3.3 of Chapter 1 states that the plant design life for the ALWR will
i be 60 years. This proposed design life raises questions relative to the
j margins available in the current ASME fatigue design curves. These margins
! were established almost 30 years ago and were obtained frem best-fit curves of
i fatigue test data by applying a factor of either 2 on stress or 20 on cycles,
j whichever was more conservative at each point. These factors were originally
| intended to cover such effects as environment, size effect, and scatter of
! data. However, on the basis of limited data currently available, the staff

concludes that these margins may not be sufficient to account for variations
.

: in the original fatigue test data as a result of various environmental
; effects. In its letter dated May 17, 1991, the staff requested a commitment
i in Section 4.7.3 of Chapter 1 to consider such effects in the designs of
i applicable ASME Code class 1 systems, components, and equipment. In its
! letter dated August 1,1991, EPRI stated that if additional data or research

results yield findings requiring changes to the current ASME fatigue design'

i curves, the code consensus process will provide the proper vehicle'to address
such findings. The staff does not agree with all of the discussions in this4

| response and concludes that the above commitment is not completely acceptable. 1

The ASME Code curves may not be revised.for many years. -Therefore, the=

; staff's position is that until these curves are revised, all ALWR applicants
and all licensees applying for license renewal should. propose-appropriate-
fatigue design curves that-will be reviewed by the staff. For the Evolution-
ary Requirements Document, a commitment'to this position would be sufficient.

j Pending such a commitment, the staff will evaluate this issue during its-
i review of an individual application for FDA/DC. On the basis of the above
i discussion, this issue is closed.

The staff is assessing all available data relative to environmental effects on.

' fatigue for austenitic stainless steel and ferritic steel. The objective-of
q. this effort is to propose interim fatigue curves that may be used in lieu of
; the current ASME curves until ASME has acceptably addressed this concern.
; Pending staff implementation of these interim curves, the position stated
' above will be in effect.

j Conclusion
!

! The staff concludes that, with the exceptions noted above, the requirements in
Section 4.7.3 of Chapter 1 of the Evolutionary Requirements Document relativei

to design methodology for systems and equipment are consistent-with applicable:
' SRP sections, regulatory guides, and staff positions and are acceptable.

4.8 Testina and Oualification

Section 4.8 of Chapter 1 of the Evolutionary Requirements Document provides
;- requirements for the seismic, dynamic, and environmental qualification of

mechanical and electrical equipment.'

|

t

.
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4.8.1 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment l

|
In Sections 4.4.C(7) and 4.7.A of the DSER for Chapter 1, the staff stated i
that EPRI had committed to revise these sections to state that the plant ;
designer will make use of qualification by experience as permitted by govern- 1

ing codes and standards. This commitment was met in Revision 1 of Sec- |

tion 4.8.1 of Chapter 1. In addition to this commitment, Section 4.8.1-
contains broad and generally acceptable requirements relative to qualification !
by testing, analysis, and combined testing and analysis. These qualification
methods will be implemented by meeting the rules in Institute of Electrical
and Electronic Engineers (IEEE) 344-1987, " Recommended Practices for Seismic
Qualification of Class IE Equioment for Nuclear Power Generating Stations."
This standard contains acceptable criteria with the exception of a portion of
the rules relative to qualification using the seismic experience data base.
In addition, Revision 2 of Table B.1-2 of Appendix B to Chapter 1 contains a
commitment that EPRI will comply with RG 1.100, " Seismic Qualification of
Electric and Mechanical Equipment for Nuclear Power Plants," Revision 2, which
contains certain staff positions in addition to the rules of IEEE 344.
However, Section 4.8.1 of Chapter 1 still contains unacceptable requirements
and rationale relative to the use of the seismic experience data base. These
issues are discussed below.

Seismic Oualification of Eauipment by Experience

| The applicable portions of the NRC's regulations governing the seismic design
of nuclear power plants require that systems, structures, and components
important to safety be designed to withstand the effects of earthquakes and
that they be seismically qualified to perform their safety functions. The
regulations stipulate that seismic qualification of such equipment will be
demonstrated by either a suitable dynamic analysis or a suitable qualification
test. There are no explicit provisions in the regulations that accept
experience data as a means of seismic qualification.

The NRC has not approved the use of the earthquake experience data base
methodology as a seismic qualification method. Rather, it has concluded that
the NRC-approved, experience-based methodology, when used in conjunction with
appropriate restrictions and caveats, may be an acceptable means of verifying -
the seismic adequacy of certain equipment in certain operating nuclear power
pl ants .

The extent to which the NRC has approved or endorsed the application of
earthquake experience data for electrical and mechanical equipment in nuclear
power plants has been restricted solely to the resolution of Unresolved Safety
Issue (USI) A-46, " Verification of Seismic Adequacy of Mechanical and Electri-
cal Equipment in Operating Reactors." In 1980, USI A-46 was formalized as a
result of the safety concern that equipment needed to achieve and maintain
safe shutdown in certain operating plants (i.e., those plants whose seismic
licensing criteria were not reviewed for acceptability against IEEE 344-1975,
RG 1.100, and SRP Section 3.10, " Seismic Qualification -of Category I Instru-
mentation and Electrical Equipment") may not have been adequately qualified to
ensure its survivability and functionality in the event of a safe shutdown
carthquake. The staff discusses USI A-46 further in Section 3 of Appendix B
of this chapter.
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The NRC determined that it was not feasible to require those older operating
plants to meet the later licensing requirements, since direct application of
those criteria to older plants could have required extensive, and probably
impractical, modifications of those facilities. The NRC subsequently
concluded that the use of earthquake experience data with appropriate restric-
tions and caveats, supplemented by some test results to verify the seismic
capability of equipment within certain specified earthquake motion bounds,
represented the most reasonable and cost-effective means of ensuring that the
purpose of the NRC regulations related to seisraic design is met for those
pl ants . One of the programmatic restrictions includes the exclusion of the
application of the earthquake experience in verifying the adequacy of struc-
tures and piping.

The NRC has since received requests from utilities and industry organizations
proposing the use of the earthquake experience data base methodology as a
qualification method for various applications, including its application to
ALWRs by EPRI. However, the NRC has not appruved or endorsed any of these
initiatives. In Section 4.8.1.8 of Chapter 1, EPRI proposes to use the
Seismic Qualification Utility Group (SQUG) data base as one means of seismic
qualification. The staff concludes that this portion of Section 4.8.1.8 is
not acceptable.

Current NRC guidance (RG 1.100, Revision 2) recognizes the use of experience
data as a means of seismic qualification of equipment. However, the earth-
quake experience data base methodology described in IEEE 344-1987 - which, as
stated in RG 1.100, Revision 2, is to be evaluated by the staff on a case-by-
case basis - is different from the detailed criteria and approach in the SQUG
Generic Implementation Procedure (GIP). The staff does not accept the GIP as
a qualification procedure. Rather, it is a verification procedure and is
intended to be used only at the older operating plants under the USI A-46
resolution. Since the staff does not accept the GIP as a qualification
procedure, it is not applicable to newer operating reactors or future ALWR
pl ant s . The development of the GIP verification procedures and criteria was
not necessarily based on the required elemer.ts of IEEE 344-1987 or staff
requirements for newer operating reactors. Thus, a significant portion of the
data base in the A-46 methodology is not applicable to future ALWRs.

Therefore, consistent with RG 1.100, Revision 2, the staff will evaluate the
use of experience data during its review of an individual application for
FDA/DC (see Section 3 of Chapter 2 of this report for a specific application
of experience data). On the basis of the above discussion, these DSER open
and confirmatory issues are closed.

Number of Seismic Events Used in Eouloment Qualification proarams

Section 4.8.1.1 of Chapter 1 repeats the requirement in Section 4.5.2.4.4.1
that reduces the number of full-stress cycles for 1/2 SSE from 50 to 20. This
issue is discussed by the staff in Sections 4.4.3 and 4.5.2 of this chapter.

Criteria for Eouioment Anchoracq

In Section 4.7.A of the DSER for Chapter 1, the staff stated that EPRI had
committed to revise the information in this section relative to anchorage
criteria for equipment to be qualified. Section 4.8.1.3 of Chapter 1 contains
a requirement that the plant designer specify the anchorage criteria for
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equipment to be qualified or adopt the seismically qualified anchorage from
the equipment manufacturer. The staff's interpretation of this requirement is
that the plant designer will determine that the manufacturer's seismic

'qualification procedures are consistent with all of the ALWR qualification
requirements approved by the staff. In addition, the plant designer will
ensure that the "as-qualified" anchorage used in the qualification program
corresponds to the "as-installed" anchorage actually used in the plant. Any
differences between these two configurations will be resolved by the plant
designer. The staff concludes that these requirements are consistent with
current staff positions and are acceptable. Therefore, this DSER confirmatory
issue is closed.

Conclusian

: The staff concludes that, with the exceptions noted above, the requirements in
Section 4.8.1 of Chapter 1, supplemented by the staff's position on equipment
seismic qualification by experience, provide reasoaable assurance that an
acceptable program for seismic and dynamic qualification of electrical and
mechanical equipment will be implemented for the ALWR,

4.8.2 Environmental Qualification of Mechanical and Electrical Equipment

In Table B.1-2 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document, EPRI has committed to comply with SRP Section 3.11, " Environmental
Qualification of Mechanical and Electrical Equipment". The staff concludes
that this commitment is acceptable. Section 4.8.2.1 of Chapter 1 of the
Evolutionary Requirements Document states that Class 1E electrical equipment
will be environmentally qualified in accordant.e with 10 CFR 50.49,
as outlined in IEEE 323, " Recommended Practices for Seismic Qualification of
Class IE Equipment for Nuclear Power Generating Stations." The staff finds
that IEEE 323-1974 is acceptable as outlined in 10 CFR 50.49, but has not
found IEEE 323-1983 acceptable. Where differences exist between IEEE 323 and
10 CFR 50.49, the designer must follow the NRC regulation or identify and
justify the differences for the staff to review. The staff will evaluate this
matter during its review of an individual application for FDA/DC. <

In Table C 1-? of Appendix B to Chapter 1, EPRI states that RG 1.89, "Qualifi-
cation of Class lE Equipment for Nuclear Power Plants," is an optimization
subject. Further, Section 4.4.3.3.7 of Chapter 1 states that for environmen-
tal qualification of plant equipment, the ALWR source term will be a
physically based source term in lieu of the source term specified in Atomic
Energy Commission Technical Information Document (TID) 14844. As a result of
reviewing the EPRI-proposed source term, the NRC staff is developing a revised
source term. The staff position is that the source term should be based on
the revised source term to be issued by the staff.

It should be noted that ALWRs will be designed for 60 years of operation,
while the current plants are designed for 40 years. The staff concludes that
the plant designer should ensure that plant equipment important to safety will
be qualified for its intended service t.nd will be able to perform its safety
functions throughout its design life. The staff will address this issue
during its review of an individual application for FDA/DC.

Section 4.8.2.4 of Chapter 1 states that qualification will be accomplished by
physical test or by experience, demonstrating the equipment's similarity to
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previously qualified equipment or to equipment that has been exposed to other
more severe environments. The staff finds that the above statement can easily
be misinterpreted and, therefore, needs to be clarified by stating that the
method of qualification should be in accordance with 10 CFR 50.49(f). The
staff will review the plant-specific designs against the requirements of
10 CFR 50.49(f), which requires that each item of electric equipment important
to safety be qualified by one of the following methods:

testing an identical iten of equipment under identical conditions or*

under similar conditions with a supporting analysis to show that the
equipment to be qualified is acceptable

testing a similar item of equipment with a supporting analysis to show*

that the equipment to be qualified is acceptable

experience with identical or similar equipment under similar conditions*

with a supporting analysis to show that the equipment to be qualified is
acceptable

analysis in combination with partial-type test data that support thea

analytical assumptions and conclusions

The staff will evaluate this matter during its review of an individual
application for FDA/DC or a combined license.

Table 1.1 Design-Basis Tornado Characteristics

Radius of Rate of
maximum pres-

Maximum Rota- Translat- rota- Pres- sure
Re- wind tional ional tional sure drop
gion speed speed speed speed drop (psi /

(mph) (mph) (mph) (feet) (psi) sec)

I 300 240 60 150 2.0 1.2

11 220 170 50 150 1.0 0.5

III 200 160 40 150 0.9 0.3
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5 MATERIALS

5.1 Introduction

Section 5 of Chapter 1 of the Evolutionary Requirements Document provides '

general guidance regarding the selection of materials and the methods that
will be used to fabricate nuclear power plant components. The requirements
are intended to prevent degradation of the materials from a large number of
causes such as intergranular attack, stress corrosion cracking, crevice
corrosion, thermal and mechanical fatigue, radiation embrittlement, welding
failures, bolting failures, and casting flaws.

5.2 General Reauirements

5.2.1 Responsibility for Materials Selection

Section 5.2.1 of Chapter 1 of the Evolutionary Requirements Document requires
that the materials for the ALWR be specified by the plant designer and have-
been proven suitable in service. If the plant designer proposes to use
unproven material, a written justification must be provided stating why the
unproven material is being selected and the basis on which it is considered to
be acceptable.

The staff considers these requirements acceptable because the design choices
will be constrained to ensure the chosen materials are suitable for the
intended service.

5.2.2 Identification of Materials in Critical Components

Section 5.2.2 of Chapter 1 requires that the materials for critical compo-
nents, the criteria for selecting the materials, and any special requirements

-

that may be required for the selected materials be identified.

The staff considers these requirements acceptable because_they will ensure
that safety-related plant components will be fabricated using materials that
are compatible with the intended service.

5.2.3 Codes and Standards

Section 5.2.3 of Chapter 1 requires that the specified materials meet the
requirements of the applicable design and construction codes and standards and
that the plant designer consider the actual service condition to determine if
more restrictive conditions are needed than those imposed by code'specifica-
tions. The requirements of Regulatory Guide 1.85, " Materials Code Case
Acceptability - ASME Section III, Division 1," also apply to ALWRs.

The staff considers these requirements acceptable because -they comply with
existing NRC regulations.

5.2.4 Design-Basis Consideration

Section 5.2.4 of Chapter 1 requires that materials used in-the ALWR plant meet-
the special conditions imposed by the design bases incorporated in the
Evolutionary Requirements Document. A minimum number of types and grades of
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materials must be used, where practical, consistent with service conditions
and design performance ob.%ctives, The design life requirements for the
materials must incorporate all required environmental and service conditions,
including off-normal conditions that affect the life of the component (e.g.,
composition of the cooling water, steam pressure, and radiation levd).
Preference must be given to designs that do not push material limits and that
make use of conventional materials applied well within the limits for which
successful experience has been obtained. In particular, high-strength bolts
or fasteners will not be used where practical; rather, sufficiently robust
designs will be used that do not require special, high-strength materials.

The staff considers these requirements acceptable. The use of a minimum
number of types and grades of materials will simplify plant design. Operating
experience has shown that all service conditions must be considered in the
selection of materials.

5.2,5 Hazardous Materials

Section 5.2.5 of Chapter 1 requires that the use of materials that present a
hazard to personnel or equipment (e.g., radioactivity, toxicity, flammability,
or corrosivity) be limited to those applications where no satisfactory
alternatives exist. If hazardous materials must be used, the plant designer
will specify shipping, storage, handling, and usage requirements for the
material to minimize the hazards and satisfy applicable regulations and prac-
tice. A building, meeting the requirements of the Environmental Prctection
Agency, will be provided for storage of hazardous and toxic wastes awaiting
disposal.

The staff concludes that these requirements do not conflict with the
Commission's regulations are, therefore, acceptable.

5.2.6 Review of LWR Experience

Section 5.2.6 of Chapter 1 requires that plant designers, when selecting ALWR
materials, consider the lessons learned from thu operation of existing plants
and the measures necessary to prevent problems from recurring. The ALWR plant

designer will conduct a specific review of LWR experience (both domestic and
foreign) to identify significant materials problems and proven methods of
resolving ttem. This review will supplement and update the review of experi-
ence that is inherent in the Evolutionary Requirements Document. For the
review, the designer should fully use information available at the time the
plant is designed from such sources as EPRI-sponsored research and studies and
from government, academic, and industry sources. The problems identified in
this review will be listed in a report to be submitted to the plant owner, and
appropriate materials requirements will be incorporated into the design of the
ALWR plant.

The staff considers these requirements acceptable. The incorporation of
lessons learned from operation of existing plants will ensure that materials
problems experienced in these plants will be prevented from recurring.

5.2.7 Metallic Materials
Section 5.2.7 of Chapter 1 requires that metallic materials in contact with
reactor coolant be corrosion resistant, such as austenitic stainless steel or ,
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carbon and low-alloy steels, with an adequate consideration of corrosion;
resistant to detrimental forms of corrosion, such as intergranular attack,
stress corrosion cracking, or contact corrosion between different materials;
and restricted in cobalt content to as low a level as practical for all
components that are made of stainless steel or nickel-based alloy and that
have a large wetted surface area (e q., steam generator tubing, major piping,
cladding). For such conponents fabricated with stainless steel or nickel-
based alloys, the cobalt content will be restricted to 0.020 weight percent or
less. Cobalt-based alloys will be avoided except in cases for which no proven
alternative exists. The plant designer will identify to the plant owner all
applications of cobalt-based alloys in wear applications and state the basis
for their use, in addition, ferritic pressure boundary materials will bt
resistant to brittle fracture and will satisfy Appendix G to 10 CFR Part 50.
The nil ductility temperature (RTm) of these materials will not exceed
10 'F.

Lead, antimony, cadmium, indium, mercury, zinc, bismuth, and tin metals and
their alloys will not be allowed to come in contact with reactor coolant
system ;RCS) primary components or secondary components made of stainless
steel or Inconel. For bearings in the secondary system, the plant designer
will demonstrate that the bearing design is such that harmful amounts of
material with a low melting point will not enter the feedwater to jeopardize
stainless steel or Inconel components.

Zinc may be added to the coolant in BWRs in limited, controlled amounts.
Copper alloys may be used for very limited, controlled applications in BWRs,
such as the low-temperature pump bearings, where the material cannot enter the
reactor coolant.

EPRI states that the plant designer will select materials for the reactor
vessel support structures that are resistant to brittle fracture and experi-
ence a minimal shif t in RT, as a result of neutron fluence for the support
scheme used. The plant designer will provide an analysis of the reactor
vessel support structure to demonstrate its acceptability for the maximum
design plant life and capacity facter and to identify any operational con-
straints to avoid the potential for brittle fracture. Sufficient access will
be provided to the reactor vessel support structure to enable monitoring of
the material temperature and performing modifications or heat treatment of the
structural materials, if required.

The staff considers these general requirements acceptable because only
corrosion-resistant materials will be used in contact with the reactor
coolant. Also, ferritic materials are required to satisfy the requirements of
Appendix G to 10 CFR Part 50. Metals and alloys with low melting points will
not be used in contact with the reactor coolant.

To reduce general radiation fields resulting from the presence of cobalt-60 in
the oxide layer of the RCS piping, zinc may be added to the coolant in BWRs in
limited, controlled amounts. Zinc injection reduces the radiation fields by
replacing the cobalt with zinc in the piping oxide layer. One of the side
effects of zinc injection is the creation of zinc-65, which increases piping
dose rates and requires special consideration during radioactive waste
disposal. EPRI is investigating a way to solve this problem by using a zinc

I
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isotope depleted in zinc-64. The staff will review this issue again at the
vendor application stage to determine what advances have been made in this
area.

The staff finds the restrictions on the use of cobalt materials in contact
with reactor coolant to be acceptable because activated cobalt-60 is a major
source of occupational exposure in nuclear power plants.

5.2.8 Non-Metallic Materials

Section 5.2.8 of Chapter 1 requires that the impurity levels of non-metallic
materials used within the nuclear steam supply system (NSSS) and associated
systems be controlled to the limits specified below. These limits apply to
specific locations within the plant.

For PWR RCS applications, non-metallic materials will meet the impurity limits
specified below under any of the following conditions:

The material is in contact with reactor coolant in service.*

The material is applied to surfaces that will be in contact with reactor*

coolant and the material is not completely removed before service.

The material is in contact with stainless steel or nickel alloys on*

external surfaces of RCS components either by design or because it is
not completely removed before service.

The material is exposed to a radiation dose greater than 1E+5 rads*

during component life.

Imourity limiti

Chlorine 200 parts per million (ppm) maximum
Fluorine 200 ppm maximum
Mercury (Hg) I ppm maximum
Arsenic (As) 2 ppm maximum
lead (Pb) 10 ppm maximum
Solfur (S) 200 ppm maximum

200 ppm maximumZinc (Zn) _

300 ppm maximumCombined Hg, As, Pb, S, Zn

Examples of unacceptable non-metallic materials are polyvinylchloride (PVC),
polytetrafluoroethylene (Teflon), fluorosilicones, and neoprene.

For PWR secondary system components where the non-metallic materials may ,

contaminate the feedwater or are in the form of substances applied to clean
stainless steel or nickel-based alloys used in secondary system components,
the impurity. limits are as specified below:

Total chlorine plus fluorine 500 ppm maximum
-Heavy metals (total Hg, As, Pb) 250 ppm maximum
Total sulfur 500 ppm maximum
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For the balance of PWR applications, non-metallic materials used inside the
containment that can come in contact with steel or nickel-based alloys during
fabrication, shipping, and storage will not contain more than the following:

Total chlorine 500 ppm maximum
Total fluorine 300 ppm maximum
Active sulfur 700 ppm maximum
Elements in metallic form
with a low melting point 500 ppm maximum total

or 200 ppm maximum
for any individual element

For BWR applications, non-metallic materials that are in contact with reactor
coolant during plant operation, either as a result of design or because they
are not completely removed after fabrication or installation, and that remain
in direct contact with stainless steel or nickel-based alloys will meet the
limits specified above for the balance of PWR applications.

The staff considers these requirements acceptable because non-metallic
materials will be controlled to acceptable impurity levels. This will ensure
that non-metallic materials do not adversely affect the corrosion resistance
and ductility of metal components. However, EPRI should revise the Evolution-
ary Requirements Document to include limits on nitrites, nitrates, and total
halogens as chlorine. In addition, a total limit on total chlorine + total
sulfur + total nitrite + total nitrate expressed as mole-equivalents of
chlorine should also be included. Pending such a revision, the staff will
evaluate an. individual application for FDA/DC or a combined license to ensure
that such limits are imposed.

5.3 Materials Selection

5.3.1 Materials in the Reactor Coolant System and Related Systems

Wrouaht Austenitic Stainless Steels

Section 5.3.1.1 of Chapter 1 of the Evoiutionary Requirements Document
specifies that the ese of austenitic stainless steel will be subject to the
following requirements:

Materials will be in the solution heat-treated condition, or solution.

heat treated at a later step, regardless of service temperature. Heat
treatment will be done at 1900 *F minimum metal temperature, followed by
a qualified cooling process.

Grain size and uniformity will _be controlled in the material to ensure*

that adequate ultrasonic tests (UTs) can be performed where required.
Requirements-for attenuation may be used instead of controlling grain
size and uniformity.

Materials for use at temperatures above 200 *F in borated water or that.

are part of _ the RCS pressure boundary will be. tested to verify freedom
from sensitization.
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Cold-work control of materials for service above 200 *F in borated water*

or that are part of the RCS pressure boundary will meet the followir.g
requirements:

- Hardness of austenitic stainless steel raw materials will not
exceed 92 HRB.

- Hardness will be controlled during fabrication by process control
of bending, cold forming, straightening, or other similar opera-
tion.

In PWRs, cold-worked austenitic stainless steel may be used for small*

parts (e.g., pins, fasteners, and sleeves) if no proven alternative is
available; however, in those cases, the following specific requirements
will be met:

- All such applications of cold-worked stainless steel will be
identified as " critical."

- The technical justification of each application will be document-
ed, including relevant laboratory and service experience.

- The technical justification will include a description of the
process controls that will be applied to ensure the material is
subjected to the proper amount of cold work.

The following manual grinding controls are applicable to a BWR and are*

desirable but not required for a PWR:

- Grinding performed before snlution heat treatment requires no
additional control except that after heavy grinding, light grind-
ing or flapping will be required.

- Grinding will be restricted exceot for fit-up, nondestructive
testing, or to remove scratches or surface defects.

- All grinding of austenitic stainless steel surfaces exposed to
reactor water in service that are not subsequently solution heat
treated will be performed in accordance with a written procedure.
The procedure will involve finishing the ground surface with
successively finer grit sizes to remove the bulk of cold-worked
material, with the final grit size no coarser than #120 grit.

For all stainless steel welding materials including consumable inserts*

for components that operate above 200 *F, h borated water, or that are
part of the RCS pressure boundary, the average ferrite content will be
in the range of 5 FN (ferrite number) to 13 FN (ferrite content of
undiluted weld deposits will be determined by magnetic measurements as
specified in ASME Code, Section Ill, Division 1 (Winter 1976 or later).

The staff's evaluation regarding intergranular stress corrosion cracking of
austenitic stainless steel is provided in Section 5.3.1.8 of this chapter.
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! In addition, the staff requires that the grinding controls also be applied to
j PWR applications. The staff will evaluate this issue during its review of an
; application for a combined license.
6

! The staff concludes that, with the exception noted above, the implementation
! of these requirements will ensure that wrought austenitic stainless steel will

perform in service as designed.
j

; Martensitic Stainless _ Steel
; '
i Section 5.3.1.2 of Chapter 1 requires that the use of wrought and cast

martensitic stainless steel be subject to the following requirements:

All components made from wrought and cast forms of 12 percent chromiumi +

4
martensitic stainless steel will be proper.i heat treated for the
intended service. Proper heat treatment consists of normalized and'

i tempered or quenched and tempered. For applications in which stress
j corrosion cracking has been identified as a concern, the heat treatment
j will be controlled to limit the hardness. The hardness limits can vary

depending on application. Hardness limits will be specified on the
; basis of existing industry experience and on relevant ASME codes and

ASTM standards.

Weld repairs on all wrought and cast parts will be followed by a full; *

; heat treatment. Localized post-weld heat treatment is not permitted.
i
'

In Section 5.3.A.2 of the DSER for Chapter 1, the staff determined that the
.

ALWR requirements regarding hardness of martensitic and precipitation-hardened
,

; stainless steel were insufficient. The hardness of martensitic and precipita-
i tion-hardened stainless steel must be kept below that specified in the nuclear
j industry today. The hardness of 40 (equivalent Rockwell scale of C) is too

high for any application; a hardness of 25 may even be too high for some
,' applications. The harder the stainless steel, the lower the fractura tough-

ness and the greater its susceptibility to stress corrosion cracking.

EPRI revised Sections 5.3.1.2.1 and 5.3.1.6.6 of Chapter 1 to state: "Hard-4

ness limits shall be specified on the basis of existing industry experience
and on relevant ASME codes and ASTM standards." Therefore, an' individual'

'

FDA/DC or combined license applicant will be required to specify hardness4

limits on the basis of Section III of the ASME-Code and American Society for
Testing and Materials (ASTM) standards. The staff will evaluate this matter

i during its review of an individual application for FDA/DC or a combined-
t license. On the_ basis of the above discussion, this DSER confirmatory issue

is closed.

.
The staff concludes that the implementation of these requirements will ensure
that martensitic stainless steels will perform in service as designed.

.

;

Nickel. Chromium. and Iron (Ni-Cr-Fe) Allovs
t

Section 5.3.1~ 3 of Chapter 1 requires for the PWR that Alloy 600 be restricted'

,

to applications outside the pressurizer and to applications for which low-4

carbon stainless steel cannot be used. For PWR applications requiring the use
1

| of the special properties of Alloy 600 (e.g., resistance to chloride stress
corrosion cracking and low thermal expansion coefficient), the application

,
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4

;
4

!

.

: must be justified. Justification should be based on need, the lack of a
j suitable alternative, evidence of successful service performance under the
i -specific conditions anticipated, and a review of relevant-laboratory experi-

ence. Ease of inspection and replacement also will be considered. Alloy 600
i will-be given a special thermal treatment to improve resistance to stress
i corrosion cracking. The use of Alloy 690 will be restricted to steam genera-
i_ tor tube applications.

! For BWR applications requiring the .use of the special properties of Ni-Cr-Fe
alloys (e.g., strength or low thermal expansion coefficient), the applications

; must be justified. Justification should be-based on need, the lack of a
suitable alternative, evidence of successful service performance under the

; specific conditions anticipated, and a review of relevant laboratory exper-
j ience. Ease of inspection and replacement also will be considered.
;

j Pickling of wetted surfaces for all Ni-Cr-Fe alloys is prohibited for both
| BWRs and PWRs.

! In Section 5.3. A.3.b of the DSER for Chapter 1, the staff identified a concern
; regarding the use of Alloy 600 in future ALWRs. Section 5.3.1.3.1 of Chap-
| ter 1 of the Evolutionary Requirements Document specifies that Alloy 600 can
1 be used in ALWRs. EPRI has revised Section 5.3.1,3.to place' restrictions on

the use of Alloy 600. EPRI states that the designer will not use Alloy 600 in;

4 the steam generators and pressurizers. For PWR applications, Alloy 600 will
: be given a special thermal treatment to improve resistance to. stress corrosion
| cracking. However, in general, the staff considers Alloy 600 undesirable for

use in the ALWR because of the stress corrosion cracking experienced in:

j existing nuclear plants. It specifically discourages the use of Alloy 600 in
i steam gen;rators and pressurizers. Therefore, it will require that the
i applicant for any standard design application identify the use of Alloy 600

and provide information concerning its use. Those applications will be;
; reviewed and approved by the staff on a case-by-case basis. In addition, the

! use of other Ni-Cr-Fe alloys such as Alloy 690 or 800 should be considered in
j applications for which primary water stress corrosion-cracking is a concern.
| These applications also will be reviewed on a case-by-case _ basis. On the

{ basis of th! above discussion, this DSER confirmatory issue is closed.
B

I The staff concludes that, with the exception noted above, the implementation,
j of these requirements will ensure that Ni-Cr-Fe alloys will perform in service
j- as designed.
1

i Austenitic Stainless Steel Castinas

). Section 5.3.1.4 of. Chapter 1 requires that austenitic stainless steel castings
meet the following requirements:

,

1

| Ali castings will be solution heat treated-after casting to a minimum of=

1950 'F metal temperature followed by a qualified cooling process.

For all austenitic stainless steel castings that operate in a water or-

j steam environment at a temperature' of 200 'F or greater, in borated
water or that are part of the RCS pressure' boundary, the ferrite content

.

will be between 8 FN and 30 FN. The' ferrite content will be determined
| using ASTM A800,
d
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Radiographic quality will be controlled by the applicable codes anda

: standards.

The filler metal used for weld repairs will be 308L, and the average1 *

ferrite content of the filler metal will be a minimum of 5 FN and a1

maximum o! 13 FN. Measurements will be made on the as-deposited undi-
luted welo pads. For hard surfacing applications, loss of delta ferrite
during subsequent solution heat treatment will be limited to an accept-;

|
able level that will be demonstrated by process qualification.

i

To minimize the detrimental effects of thermal aging in cast austealtici a

stainless steels, the following metallurgical factors will be con-
trolled:

;

Ferrite content will not exceed 30 FN.; -

1

- Molybdenum will not be used as r.n alloying element unless it can
be demonstrated that siw ".:.n embrittlement will not affect4

]
design requirement .

! - Analysis and/or accelerated testing will be performed to ascertain -
: if the toughness will not decrease below the limit required by

design at the end of the component service life.
4

; - Weld joints between austenitic stainless steel castings will not
i be used if inservice ultrasonic inspection of the weld between the

castings will be required.

The staff concludes that the implementation of these requirements will ensure
:, that austenitic stainless steel castings will perform in service as designed.

Carbon and low-Allov Steel Materials,

i Section 5.3.1.5.1 of Chapter 1 requires that allowance be made for corrosion
; (gener11, pitting, and crevice) of any unprotected carbon steel materials

exposeo to a water environment. This allowance will be based on industry
experience at the time the plant is designed. The review of-experience will
specifically include establishing a corrosion allowance and identifying its*

technical basis. In addition, the following. requirements will be met for the
,

material product forms listed below.
>

; Pressure Vessel Steel

Section 5.3.1.5.2 of Chapter 1 specifies the following requirements for>

pressure vessel steel:
;

SA533 Grade B Class 1 plate and SA508 Class 1, 2, and 3 forging-

materials will be used for primary coolant pressure boundary com-
ponents.

PWR pressure vessels and piping made of low-alloy or carbon steel*

in contact with the reactor coolant will be clad with austenitic
stainless steel. The cladding will have a minimum of deposited
ferrite between 5 FN and 13 FN.

;

!
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For BWRs, unciad icw-alloy or carbon steel may be used for such*

I items as the reactor vassel head, nozzle areas, and piping sys-
tems. An appropriate allowance for corrosion will then be used,
and the cleanup system will be sized appropriately to remove
resultant corrosion products. If hydrogen water chemistr.r is
used, the reactor vessel will be completely clad with austenitic
stainless steel. In this case, technical justification of the
type of cladding material and the claddir.g process must be provid-
ed on the basis of past experience and the specific environmental
conditions.

I
Seamless Pipe

Section 5.3.1.5.3 of Chapter 1 specifies that seamless plain carbon
steel pipe be SA333-6. Wherever possible, seamless pipe is to be used
instead of welded pipe for Class 1 systems inside the containment. The
SA333-6 piping will be normalized or normalized ano tempered.

Welded Pipe

Section 5.3.1.5.4 of Chapter 1 requires that welded plain carbon steel
pipe be SA671-Grade CC70 or SA333-6. The impact properties of the
finished pipe and weld metal will be 13 ft-lb minimum at -50 *F. The
welded pipe will be normalized or normalized and tempered.

Plate

Section 5.3.1.5.5 of Chapter 1 requires that plain carbon steel plate be
SA516. The impact properties will be 13 ft-lb minimum at -50 *F.

Forgings

Section 5.3.1.5.6 of Chapter 1 requires that plain carbon steel forgings
be SA350-Grade LF2, SA508 Class 1, or SA105. The forgings will be heat
treated by norn.alizing or r -.malizing and tempering, Impact properties
w;11 meet the requirements for SA350-Grade LF2.

Castings

Section 5.3.1.5.7 of Chapter 1 requires that plain carbon steel castings
be SA352-Grade LCB or SA216 WCB. Impact requirements for SA352-Grade
LCB will be met. Cast iron will not be used in essertial functional
parts of safety-related component; such as valve yokes.

Fittings

Section 5.3.1.5.8 of Chapter 1 requires that plain carbon steel fittings
be SA420-Grade WPL-6.

Evaluation

In Section 5.3.A.5 of the DSER for Chapter 1, the staff stated that the
corrosion allowance for the carbon and low-alloy steel in the Evolution-
ary Requirements Document was inadequate because experience at operating
nuclear plants has shown that the accepted standard corrosion allowance
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is inadequate. The plant designer should consider all types of corro-
sion (i.e., microbiological, pitting, and crevice) in the design. EPRI
added the following to Section 5.3.1.5 of Chapter 1: "The allowance

- shall be in conformance with current industry experience." The staff
concludes that the above revision is unacceptable because conformance
with current industry experience lacks specificity.

The staff concludes that the plant designer should control corrosion
mechanisms, such as general, pitting, crevice, ani microbiological
corrosion, in the design of piping systems of primary and secondary
systems. The general corrosion allowance should comply with the
corrosion allowance specified in Section III of the ASME Code and
ANSI /ASME B.31.1, " Power Piping." For the specific corrosion allowance
(such as that for microbiological corrosion), the plant designer may use
industry methodologies such as the EPRI computer code CHECMATE.
However, the staff will have to review and approve any industry method-
ology before it is used in the ALWR design. The staff will evaluate
this matter during its review of an individual application for FDA/DC.
On the basis of the above discussion, this DSER confirmatory issue is
closed.

The staff concludes that, with the exception noted above, the implemen-
tation of the requirements in Section 5.3.1.5 of Chapter 1 will ensure
that carbon and low-alloy materials perform in service as designed.
However, the impact properties of welded pipe and plate material also
must meet the requirements of Table NB-2332(a)-1 of Section III of the
ASME Code.

Precipitation-Hardened Stainless Steel

Section 5.3.1.6 of Chapter 1 requires that precipitation-hardened stainless
steel meet the following requirements:

Precipitation-hardened stainless steel will be in accordance with the*

ASME requirements for SA564 Type 630 (17-4PH). No other precipitation-
hardened stainless steel is permitted unless specifically identified in
the intended application and justified on the basis of need, lack of
suitable alternatives, and good service experience in the specific
application being considered.

The material is to be used in the solution heat-treated and aged*

condition. The material will be heat treated to provide the required
mechanical properties and resistance to stress corrosion cracking. The
minimum aging temperature will be 1075 'F.

The material will not be used if irediation or elevated temperature*

will cause the material to be unsuitable for service.

Welding is not permitted after final heat treatment.<

Any forming or bending of parts will be done before the aging heat*

treatment.

Maximum hardness limits will be specified on the basis of existing*

industry experience and relevant ASME Codes and ASTM Standards.

EPRI Evolutionary Plant SER 1.5-11

___-



. .- _ ._ ~ _. __

i

i
<

!

3 The staff concludes that the implementation of these requirements will ensure
that precipitation-hardered stainless steel will perform in service as
designed.

,

Ni-Cr-Fe Allov X-750

Section 5.3.1.7 of Chapter 1 specifies that Ni-CR-Fe Alloy X-750 will be used
in the ALWR on1 in those applications where a lower strenga n.aterial is
impractical and ior which a substantial base of successful experience exists.
Where Inconel Alloy X-750 is used, the application will be in accordance with

.

EPRI NP-6202, " Material Specification for Alloy X-750 in LWR Internal Compo-
: nents "

The st sff considers these requirements acceptable because improperly heat-
I treated Alloy X-750 is susceptible to cracking and EPRI NP-6202 provides the

technical basis for the use of this alloy.,

:

Prevention of Interaranular Stress Corrosion Crackina of Austenitic'

! Stainless Steele

; Section 5.3.1.8 of Chapter 1 specifies that austenitic stainless steel must be
resistant to intergranular stress corrosion cracking (IGSCC). All austenitic
stainless steel that is in contact with BWR reactor coolant at a temperature l

.

above 200 'F during power operatir or that is part of the BWR RCS pressure'

: boundary or that is in berated water at any temperature in a PWR and that is
welded without subsequent 'olution heat treatment will mcet the following'

requirements:

| for PWR service, only low-carbon wrought austenitic stainless steel,=

j which includes Types 304L, 316L, 304NG, 316NG, and modified 347, will be

}
usea.

[ For BWR service, only low-carbon wrought austenitic st'inless steel,a+

Types 304NG, 316NG, and modified 347 with a maximum carbon content of
0.020 percent, will be used.

These materials will be tested for resistance to sensitization in.

accordance with Section 5.4.2.4 of Chapter 1 of the Evolutionary
Requirements Document.

'

.

Incoming components, parts, raw materials, and heat-treated parts will*

; be examined for excessive intergranular attack (IGA) unless a minimum of
i 0.030 inch of metal is removed from all as-received surfaces during

fabrication.

In Section 5.3.A.1 of the DSER for Chapter 1, the staff stated that EPRI
should revise the material selection for reactor coolant pressure boundary>

piping to prevent IGSCC of austenitic stainless steels. The staff has
recommended that licensees.and applicants follow Revision 2 of NUREG-0313
" Technical Report on Material Selection and Process Guidelines for BWR Coolant
Pressure Boundary Piping," to prevent IGSCC in stainless steel. EPRI has
revised Section 5.3.1.8 of Chapter 1 of the Evolutionary Requirements Document

1
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to reference this document. In addition, in its letter dated February 3,
1992, EPRI revised Table B.1-2 of Appendix B to Chapter _1 to require the use
of Revision 2 of NUREG-0313. The staff concludes that these revisions are
acceptable, and, therefore, this OSER open issue is closed.

In addition, it is important that adequate field and shop fabrication proc u.-
es be used to minimize the sensitization of materials to IGSCC. Therefore,
the staff will evaluate this matter during its review of an individual
application for a combined license.

The staff concludes that, with the exception noted above, the implementation-
of the requirements in Section 5.3.1.8 of Chapter 1 will ensure that austenit-
ic stainless steel will be resistant to IGSCC in service.

5.3.2 Materials in Feedwater, Steam, and Condensate Systems
:

Section 5.3.2 of Chapter 1 imposes the following requirements on materials in
feedwater, steam, and condensate systems:

The use of copper alloys is prohibited for PWR components that will be*

in contact with feedwater, steam, or condensate. Copper alloys may be
used in BWRs in certain applications for service conditions of 200 *F or
less; however, all such applications will be identified by the plant
designer, who will document the basis for their acceptability on the
basis of current experience.

The ALWR design will incorporate into the secondary system component.

design the material considerations identified in EPRI Np-2294, " Guide to
Design of Secondary Systems and Their Comprnents To Minimize Oxygen-
Induced Corrosion."

Corrosion / erosion-resistant materials will be used for all compon? .ts.

exposed to wet steam or flashing liquid flow where significant erosion
could occur. The degree of corrosion / erosion resistance of the material
will be consistent with the temperature, moisture content, and velocity
of the wet steam to which the component is exposed. Plain-carbon steel
with no deliberate alloying additions other than carbon and manganese
will be used for this application.

The staff concludes that the implementation-of these requirements will ensure
that materials in feedwater, steam, and condensate systems will perform as
designed.

5.3.3 Fasteners and Adh7sives

Section 5.3.3 of Chapter 1 imposes the Lfollowing requirements on metallic
fasteners and adhesives:

The materials for threaded fasteners used to maintain pressure boundary _*

integrity in the reactor coolant and related systems' and in the steam,--
feedwater, and condensate systems and the threaded fasteners used inside
those systems and in pipe and component structural _ mountings _ for those
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:

!
; systems will be selected and specified by the plant designer on the
! basis of their previous satisfactory performance in similar appli-

cations. Similarity will be based on
,

! - comparable temperature and environment, including radiation dose
! and abnormal conditions such as wetting by gasket leakage

- comparable stresses, including primary, secondary, and peak
j stresses, and comparable design details that may affect the

stresses (e.g., thread form, head configuration, fits, and toler-
3

ances);

; comparable service cycles, including magnitude and frequency-

5 - comparable fabrication and installation (e.g., heat treating,
| plating or other surface treatments, thread-forming, head-forming,
4 cleaning, lubricating, and preloading)
j - comparable inspection during fabrication and installation and
j while in service

! The application of threaded fasteners will be in accordance with the*

requirements of Section 12.7 of Chapter 1 of the Evolutionary Require-
i ments Document and with the guidelines of EPRI NP-6316, " Guidelines for

,

Threaded-Fastener Application in Nuclear Power Plants."i

The lubricants to be used on all threaded fasteners that will maintain*

i pressure boundary integrity in the reactor coolant and related systems
and in the steam, feedwater, and condensate systems and the threaded
fasteners used inside those systems and in pipe and component structural

| support for those systems will be completely specified by the plant
4 designer in appropriate drawings and specifications. That is, field
: selection of thread lubricants will not be permitted. The thread
# lubricants will bc selected on the basis of experience and test data
j that show they are effective, but will not cause or' accelerate corrosion
4 of the fastener. If leak sealants'are used on threaded fasteners or can
! be in contact with the fastener in service, their selection will be
j based on satisfactory experience or test data. The plant designer will
! consider possible adverse interaction between sealants and lubricants.
i

; Acceptable non-metallic adhesives are*

;-

i - silicone compounds for continuous service below 400 *F-
,

- polyether urethanes for continuous service below 200 'F-
f
~

The staff concludes that the implementation of these requirements will ensure
that metallic fasteners and adhesives will perform in service as designed.

5.3.4 Thermal Insulation Materials
,

j

Section 5.3.4 of Chapter 1 imposes the following requirements on thermal,

| insulation materials:
.

]
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Metallic insulation (Type 304) or blanket insulation with metallic+

jackets will be required for piping and components where inservice
inspection or possible contamination make non-metallic materials
unsuitable.

For the use of non-metallic insulation of austenitic stainless steel*

materials, the guidance of Regulatory Guide 1.36, " Nonmetallic Thermal
Insulation for Austenitic Stainless Steel," should be followed.

The staff concludes that these requirement are acceptable because metallic
insulation has been proven to perform sati dactorily in service. Non-metallic
insulation will be used in accordance with the guidance in Regulatory
Guide 1.36.

5.3.5 Seals, Gaskets, Packing, Sealants, Paints and Protective Coatings,
Lubric ts and Hydraulic Fluids, and Cleaning, Packaging, and Storage
Mater % s

Section 5.3.5 of Chapter 1 requires that the plant designer conduct a pa gram
for evaluating the effects of intended products on other ALWR components underi

normal and postaccident conditions. For each product evaluated, the designer
will provide recommendations and limits for its use in the steam supply sys-
tems and other applications in the ALWR. The designer will rely on informa-
tion from component vendors only when substantiated by operational experience.

The staff concludes that the implementation of these requirements will ensure
that seals, gaskets, packing, scalants, paints, and protective coatings,
lubricants and hydraulic fluids, and cleaning, packaging, and storage materi-
als are selected on the basis of operational experience, However, the staff
will require that the FDA/DC applicant specify the specific ANSI standard
covering this subject. The staff will evaluate these components, as appropri-
ate, during its review of an individual application for FDA/DC.

5.3.6 Electrical Materials

Section 5.3.6 of Chapter 1 requires that the plant designer review materials
used in the plant's electrical systems, particularly thost used in safety-
related applications, for functional reliability during normal, abnormal,
plant operation, and accident conditions. The fire-retardant characteristics
of the materials used in the electrical systems will be addressed to minimize
the probability of fire and the consequences should a fire -occur.4

The staff considers this requirement acceptable. However, it is not clear if
4 it is sufficient to address such issues as aging of cable insulation and other

electrical materials over the design 1% and full range of environmental
conditions. The staff will evaluate this issue during its review of an
individual application for FDA/DC.

5.3.7 Weld Materials

Section 5.3.7 of Chapter 1 imposes the following requirements on welding
materials:

The strength and toughness of the ferritic steel yelds will be equiva-*

lent to that of the base metal.
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1he welding consumables will meet the requirements of the ASME (SFA) or+

the American Welding Society specification as appropriate for code or
non-code construction.

These requirements are in accordance with Section Ill of the ASME Codes and
are, therefore, acceptable.

5.4 Process Cont _tph

5.4.1 Surface Condition

Section 5.4.1 of Chapter 1 of the Evolutionary Requirements Document requires
that fabrication and installation processes adversely affecting the surface
condition or microstructure (e.g., forming, tending, weldf3 , heat treating,
and surface 'rinding) be controlled to ensure the aroduct mect:, the engineer-
ing requirements. Cleanliness standards during faarication and subsequent
handling and storage will be adopted on the basis of practice and standards
that are current when the ALWR is fabricated.

The staf f concludes that this requirement is acceptable because installation
processes will be controlled through all s*/1es, thus ensuring trouble-free
operation.

5.4.2 Fabrication Controls

Section 5.4.2 of Chapter 1 imposes requirements related to the fabrication and
welding of materials for general ALWR applications. As a minimum, this
control will be applied to the fabrication staps given below for the materials
and processes involved,

ferritic Steels

Preheat and post-weld heat treatment of ferritic steels will be controlled in
accordance with NRC Regulatory Guide 1.50, " Control of Preheat Temperature for
Wela g of Low-Alloy Steel." Applications in areas of limited accessibilityn
w) e qualified in accordance with Regulatory Guide 1.71, " Welder Qualifica-
t i, for Areas of Limited Accessibility " Heat inputs in cladding will be in
act, ance with Regulatory Guide 1.43, " Control of Stainless Steel Weld
Claduing of low-Alloy Steel Components."

Agitenitic St ainleJir "tfels

Austenitic stainless steel will be fabricated in accordance with Regulatory
Guide 1.44, " Control of the Use of Sensitized Stainless Steel." Interpass
temperatures will be controlled to improve resistance to IGSCC. Stainless

3

steels will be welded in accordance with Regulatory Guide 1.31, " Control of
ferrite Content in Stainless Steel Weld Material," and applications in areas
of .mited accessibility will be qualified in accordance with Regulatory
Guide 1.71.

Lurtensitic _ Stainless Steels

Martensitic stainless steels will be heat treated followed by proper tempering
to prevent stress corrosion cracking (SCC) and hydrogen embrittlement.

1
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Precioitatton-Hardenable_ Stainless Steels

Precipitation-hardenable stainless steels will be heat treated with age
hardening and tempering to prevent SCC and hydrogen embrittlement.

Nickel-Based Allovl

Nickel-based alloys will be properly heat treated, and surface contamination
will be controlled to prevent intergranular penetration.

Alloys in General

Copper penetration into base metal and detrimental chromium carbide precipita-
tion will be eliminated to prevent IGSCC. Surface peening also will be

| controlled in PWR applications to prevent cracking. Deposition control
' welding or heat welding will be used to modify residual stresses in accordance

with the guidelines of NUREG-0313, Revision 2.

[pnclusion

The staff concludes that these requirements are acceptable because they comply
with the guidelines of NUREG-0313.

5.4.3 Examination and Tests

Section 5.4.3 of Chapter 1 requires that material and components be tested
during and following fabrication for compliance with service requirements. As
a minimum:

Pressure-retaining material will be tested for mechanical properties and*

chemical composition to ensure conformance with the material specifica-
tion.

Pressure-retaining material, including weldments, will be examined by*

code-required nondestructive methods including ultrasonic, radiographic,
and magnetic or liquid penetrant examination.

; Material used for tensile and impact test specimens will be heat treated*

in accordance with the appropriate c?d:.

For PWR applications of austenitic stainless steel materials, the ASTM A.

708 Strauss Test or the ASTM A262 Practice E, Hodified Strauss Test,
will be used to demonstrate freedom from sensitization in fabricated,

I unstabilized stainless steel. For austenitic stainless steel materials
j in BWR applications, the ASTM A262, Modified Practice A, or the electro-
| chemical potentiokinetic reactivation test will be used.

For joints that are not examined volumetrically and for which access is.

limited to 14 inches or less in two directions, the welder qualification
procedure will provide for testing of the welder under simulated access

,

conditions.

The staff concludes that these requirements are acceptable because they comply
with Section 111 of the ASME Code and Regulatory Guides-1.44, and 1.71.
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5.4.4 Shipping and Storage

Section 5.4.4 of Chapter 1 requires that all materials and components be
suitably protected from damage as a result of environment:1 conditions in
accordance with the recuirements of ANSI N45.2.2, " Packaging, Shipping,
Receiving, Storage, and Handling of items for Nuclear Power Plants."

The staff concludes that this requirement is acceptable because it complies
with ANSI N45.2.2 as endorsed by the staff.

5.4.5 Installation

Section 5.4.5 of Chapter 1 requires that all materials and com>onents be
handled during plant construction in accordance with the house (eeping require-
ments of ANSI N45.2.3, " Housekeeping During the Construction Phase of Nuclear
Power Plants."

The staff concludes thrt this requirement is acceptable because it complies
with ANSI N45.2.3 as endorsed by the staff.

5.4.6 Flush, Hydro, and Layup

Section 5.4.6 of Chapter 1 requires that the requirements and recommendations
nf ANSI N45.2.1, ' Cleaning of fluid Systems and Associated Components During
Construction Phase of Nuclear Power Plants," apply for onsite cleaning of
materials and components, cleanliness control, and preoperational cleaning and
layup of water-cooled nuclear :wer plant fluid systems.

The staff concludes that this requirement is acceptable because it complies
with ANSl/N45.2.1 as endorsed by the staff.

5.5 Enviror, ment al Conditioni

5.5.1 Range of Environmental Conditions

Section 5.5.1 of Chapter 1 of the Evolutionary Requirements Document requires
that materials selected for use in the ALWR be compatible with the full range
of environmental conditions that may be encountered over the plant life.
These environmental conditions include temperature, humidity, radiation,
chemistry of fluids or materials in contact with the material, and other
external conditions that ny affect the suitability of a material. The plant
designer will document the environmental conditions used as the basis for
selecting ALWR materials. These. environmental conditions will be consistent
with the specific requirements in other chapters of the Evolutionary Require-
ments Document.

The staff concludes that these requirements are acceptable because the
selected materials will be compatible with the full range of environmental
conditions throughout the plant life, in addition, the use of radiation-
damage-resistant materials in high-radiation areas will maximize their service
life, reduce the frequency of replacement, and thereby, reduce personnel
radiation exposure.
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5.5.2 Water Chemistry Design Basis

BWR Water Chemistry Desian Basis
'

Section 5.5.2.1 of Chapter 1 requires that the water chemistry design basis
for BWR plant systems be in accordance with EPRI NP-4947-SR, "BWR Hydrogen
Water Chemistry (HWC) Guidelines,' 1987 Revision, and its subsequent revi-
sions, and as supplemented by the guidelines in Table 1.2 in this chapter.
The specific HWC control values in EPRI's guidelines relative to recirculating
piping (e.g., 230 millivolts) will apply to nozzles, components, and other
nonreplaceable components in the reactor vessel lower plenum.

EPRI addrw 1 W use of HWC for the advanced BWR design. However, the use
of HWC at [ a .uch as Hatch, Brunswick, and Duane Arnold has resulted in
unexpectediy 1.i operational and post-shutdown radiation levels in reactor
coolant system piping. EPRI has acknowledged the potential drawbacks of using
HWC and has stated that investigations are under way to identify a solution to
some of the problems resulting from the use of HWC. A special evaluation will
be made when considering carbon and low-alloy material for reactor coolant
service with less than 10 ppm oxygen as a result of HWC. The evaluation will
include erosion /corrosirn, radiation buildup, and pitting at shutdown. The
staff will evaluate the issue of HWC use during its review of an iridividual
application for FDA/DC.

The staff concludes that these requirements are acceptable and their implemen-
tation will ensure that the B4R water semistry is compatible with the4

selected materials.

ISIR Water Chemistry Desian Basil

Section 5.5.2.4 of Chapter 1 requires that the water chemistry design basis
for PWR plant systems be in accordance with EPRI NP-5960, "PWR Primary Water
Chemistry Guidelines," Revision 1, and its subsequent revisions; EPRI
NP-6239,"PWR Secondary Water Chemistry Guidelines," Revision 2, and its
subsequent revisions; and as supplemented by the guidelines in Table 1.3 in
this chapter.

The staff concludes that these requirements are acceptable and their implemen-
tation will ensure that the PWR water chemistry is comp ible with the
selected materials. However, the applicant for FDA/DC u a combined license
should reference EPRI NP-7077, Revision 2, instead of EPRI NP-5960, Revi-
sion 1. The staff will evaluate this matter during its review of an individu-
al application for FDA/DC or a combined license.

5.6 Conclusio1

The staff has reviewed the general materials, materials fabrication, and water
chemistry requirements in Section 5 of Chapter 1 of the Evolutionary Require-
ments Document. These requirements supplement the regulatory guidance in the
applicable Standard Review Plan Sections 4.5.1 (" Control Rod Drive Structural
Materials"), 4.5.2 (" Reactor Internal and Core Supnort Materials"), 5.2.3
(" Reactor Coolant Pressure Boundary Materials"), 5.3.1 (" Reactor Vessel
Materials"), 5.3.3 (" Reactor Vessel Integrity"), 5.4.2.1 (" Steam Generator
Materials"), 6.1.1 (" Engineered Safety features Materials"), and 10.3.6
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(" Steam and feewater System Materials") and, therefore, are acceptable. The
implementation of these requirements will ensure that the ffected nuclear
power plant components will perform in service as designed.

.i

.
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Table 1.2 BWR Water Chemistry Guidelines

Parameter RWCS CISI MWSE 1051

Water Quality
Chloride (parts per 4.0 4.0 4.0 20.0

billion (ppb))
Sulf ate (ppb) 4.0 4.0 4.0 20.0
Conductivity at 25 *C(vS/cm) 0.075 0.075 0.095 0.3
Silica (ppb as S10 ) 10.0. - 10.0 20.0

2
pH at 25 'C

6.5 6.2(minimum) - -

7.5 8.0(maximum) - -

Corrosion product (ppb)
20.0 - -Insoluble iron -

2.0Total copper - --

All other metals - 8.0 - -

Total 3.0 30.0 10.0 20.0

Dissolved oxygen (ppb)
(minimum) - - - -

20.0 .(maximum) - --

{{ gin: Reactor Water Cleanup System (RWCS) effluent during shutdowns and fuel
pool / suppression pool cleanup system effluent follow the same guidelines as
those for the demineralized water storage tank specified in EPRI NP-4947-SR.

RWCS - reactor water cleanup system during power operation
CTSI - condensate treatment systems influent
MWSE - makeup water systems effluent
ICST - influent to condensate storage tank
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lable 1.3 pWR Water Chemistry Guidelines

Water quality parameter MWS1 MWSGs

pH (minimum) - 7.0
7.5(maximum)

-

Conductivity at 25 *C (v5/cm) 0.2 0.1
Sodium (parts per billion (ppb)) - <3.0
Silica (ppb) - 10

0xygen (parts per million (ppm)) maximum 0.100 -

Chloride (ppm) maximum 0.15 -

Fluoride (ppm) maximum 0.15 -

Suspended solids (ppm) maximum, 1.0 -

Boric acid (ppm) - -

Lithium (ppm) - -

Sulfur as sulfate (ppm) - -

' Concentration of solids is determined by filtration through a filter
with a pore size of 0.45 micron.

!!qlti:

MWST - makeup water storage tank
MWSGs - makeup water to steam generators
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6 REllABILITY AND AVAILABillTY

Section 6 of Chapter 1 of the Evolutionary Requirements Document gives
reliability and availability requirements for safety- and non-safety-related
structures, systems, and components (SSCs). Section 6.1 is an introduction to
this s;ction. Section 6.2 contains the power production availability require-
ments and the methodologies, specific strategies, and system features aimed at
enhancing reliability for non-safety-related SSCs. Section 6.3 states that
quantitative reliability and availability requirements and an analysis process
analogous to or integrated with the non-safety-related requirements would be
satisfactory for safety-related SSCs. The staff reviewed Section 6 of Chapter
1 of the Evolutionary Requirements Document through Revision 3.

Review Criteria

The NRC identified the need for a safety-oriented reliability effort for the
nuclear industry in Section ll.C.4 of NUREG-0660, 'NRC Action Plan Developed
as a Result of the TMI-2 (Three Mile Island Unit 21 Accident," dated August
1980. Initial NRC research in the area of reliabi'ity assurance began in the
early 1980s. The results of this research shou d that an operational reli-
ability program, based on a feedback process of monitoring performance,
identifying problems, taking corrective actions, and verifying effectiveness
of the actions, was needed and that other NRC initiatives (e.g., maintenance
inspection, performance indicators, aging programs, and technical specifica-
tion improvement) would address lis need. The ov9rall conclusion of this
research was that an operational .eliability program could be implemented most
effectively in performance-based, nonprescrip'ive egulation, where NRC
mandates the level of safety performance to be achuved. For example,
licensees could be required to set availability /rtliability targets for
selected systems and to measure performance compared to the targets. The THI
task was closed out in October 1988 without further action because several NRC
initiatives effectively subsumed the operational reliability program effort.
The NRC initistives that formed the basis for closing out this TH1 task
included efforts to (1) improve maintenance and better manage the effects of i

aging, (2) improve technical specifications, (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).

In NUREG-1070, "NRf. policy on Future Reactor Designs," dated 1985, the staff
recommended the use of a systems reliability program to ensure that the
reliability of components and systems important to safety would remain at a
sufficient level. To ensure that reliability objectives will be met and to
prevent degradation of reliability during operation, it was envisioned that
the probabilistic risk assessment 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 maintenance procedures. ;

.

In a few specific instances, the NRC is studying or has established reliabili-
ty targets for systems and components. For example, SRP Section 10.4.9,
" Auxiliary feedwater System," requires that an acceptable auxiliary feedwater
(AFW) system design have an unreliability in the range of 1.0E-4 to 1.0E-5 per
demand. Generic issue B-56, " Diesel Reliability," involves efforts to
determine, monitor, and. maintain emergency diesel generator reliability
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; levels. Additional regulatory basis for key elements of a reliability
; assurance progrhm (RAP) can be found in 10 CfR Part 50, Appendix A, and 10 CFR
j 50.65,
a

j in SECY-89-13, " Design Requirements Related to the Evolutionary Advanced Light
i Water Reactors," dated January 19, 1989, the staff identified several issues
; for ALWRs that may go beyond present acceptance criteria defined in the SRP.
I The RAP, as discussed in SECY-89-13, involved the need for a program to ensure

that the design reliability-of safetv-significant systems, structures, and
j components is maintained over the life of a plant, in SECY-89-13, the staff

informed the Commission that a RAP would be required for ALWR FDA/DC. In;

i November 1989, potential applicants for FDA/DC were informed by letter that
i "the NRC staff was considering matters that went beyond the current Standard
| Review Plan...that [the NRC) expects these advanced reactor designs to

embody." Reliability assurance was identified as one of these matters.

The RAP can be seen as a program that consists of two distinct parts: the
; first part, referred to as the "D-RAP (design RAP)", is the responsibility of
1 the designer and applies to vendor submittals for FDA/DC;-the second part,
! referred to as the "0-RAP (operational RAP)", is the responsibility of and

applies to an applicant for a combined construction and operating license:

j (combined license). At the design. stage, the D-RAP involves a top-level
] program that defines the scope, conceptual framework, and essential elements
; of an effective RAP. The D-RAP also implements those aspects of the program
! that are applicable to the design process, in addition, the D-RAP identifies
j the relevant aspects of plant operation, maintenance, and performance monitor-

ing for the risk-significant SSCs for the owner / operator's con-sideration in
developing the site-specific 0-RAP.

" The staff's position on the RAP is that a designer's submittal for FDA/DC
pursuant to 10 CFR Part 52 would include, in part, the framewerk for.a RAP and.

i would also implement those elements of the RAP that would be applicable during
' the design phase, in turn, the designer would provide the framework of a RAP
; to a combined license applicant. This applicant would augment the designer's

RAP to reflect plant-specific information.and implement those elements'

applicable during the construction and operations phases. The staff's
:
' evaluation was based on guidance contained in the supporting documentation for

THI Task II.C.4, " Reliability Engineering," and SECY-89-13.4

'

icope of Evaluation

Section 6 of Chapter 1 addresses EPRI-proposed requirements for reliability
and availability and provides the supporting rationale for each requirement.'

i in its evaluation, the staff considered the requirements as well as the
accompanying rationale of the Evolutionary Requirements Document through4

Revision 3. In addition, in its letter dated January 9, 1992, EPRI proposed-

significant modifications to Section 6 of Chapter 1.- References to sections
of the Evolutionary Requirements Document in this evaluation refer.to those in
the document as superseded by those proposed by EPRI in the January 9, 1992,,

letter. -In making a safety determination,.the staff applied the same accep-
3

tance criteria to both the requirements and the rationale, if an EPRI-a

proposed requirement and its accompanying rationale did not conflict with
existing NRC requirements, the staff found that requirement and rationale

.

|
acceptable.
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I

|

i

The Evolutionary Requirements Document primarily addresses D-RAP requirements;
only a limited number of requirements in the Evolutionary Requirements

,

Document apply to 0-RAP. The 0-RAP requirements will need to be provided by ;

an individual applicant for a combined license. i

The staff limited its evaluation to only those requirements that could affect :
plant safety. For example, the staff did not evaluate the merits of economic I

.

considerations such as EPRI's plant availability or outage duration goals that
are specified in the Evolutionary Requirements Document. It did, however,
evaluate the general relationship between safety and economic requirements.

|

The staff's evaluation of EPRI's requirements resulted in two types of
findings: (1) requirements that are acceptable as written and (2) those that

'.are acceptable, but an applicant will be required to provide additional
information or guidance. For the requirements of the second type, the staff
has provided clarification regarding wnat additional information a plant >

designer or-an applicant for a combined license should provide when making a
| submittal that references the Evolutionary Requirements Document.

6.1 D-RAP Goals and Ob.iectivqi

Section 6.1 of Chapter 1 of the Evolutionary Requirements Document contains
the D-RAP goals and objectives. In its letter dated October 10, 1991, the
staff stated that a RAP should contain and define the basic framework (scope,
purpose, and objective). In its letter dated January 9,1992. EPRI stated
that the scope of a D-RAP was defined in Section 6 of Chapter 1 of the'

Evolutionary Requirements Document and the D-RAP goals and objectives were
defined in Section 6.1. The staff has reviewed EPRI's response and concludes
that the definitions of D-RAP scope, purpose, and objective contained in
Sections 6 and 6.1 do not conflict with any NRC requirements and are accept-
able. The staff also concludes that, in addition to meeting the EPRI-propo.ed
requirements in this section, a plant designer should provide the organiza-
tional description and specify organizational accountability'for implementing
the D-RAP. As an example, Section 3.1.2 of Chapter 10 of the Evolutionary
Requirements Document specifies recuirements that should ensure that the man-
machine interface systems (M-MIS) cesign is coordinated and implemented
properly. An application for FDA/DC should contain an organizational descrip-
tion and accountability for the RAP in similar depth and detail as that in
Section 3.1.2 of Chapter 10 of the Evolutionary Requirements Document.- The
staff will evaluate-this description during its review of an individual
application for FDA/DC.

6.2 Basic Proaram Elements of the D-RAP

Section 6.2 of Chapter 1 of the Evolutionary Requirements Document describes
the basic program elements required to be included in the D-RAP. In its-
letter dated October 10, 1991, the staff stated that a RAP should-(l) contain
and define the program elements and describe how the elements would be applied
to the plant structures, systems,.and eculpment and (2) contain reliability-;

engineering techniques used during the cesign phase to ensure that the overall
design reliability and availability goals are met. In its letter datedt

~

January 9, 1992, EPRI proposed a revision.to Section 6.2 that-describes the
requirements for the basic program elements and reliability engineering
techniques. The staff's evaluation of this proposed revision is given below.
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Analysis Recuirements

Section 6.2.1 of Chapter 1 requires an analysis that shows the adequacy of the
plant system designs and the recommended maintenance activities, spare parts,
surveillance tests, and test intervals needed to support the SSC reliability
and availability assumptions of the probabilistic risk assessment (PRA). This
analysis will be consistent with the PRA. Further, the reliability and
availability analyses will be carried out as an integral part of the design
process to influence the design options and allow appropriate cost / benefit
tradeoffs during the design of the standard ALWR plant. The Evolutionary
Requirements Document requires that this analysis be performed by the plant
designer sufficiently ahead of procurement and construction to minimize the
impact of potential design changes and ensure that SSC reliability assumptions
are met. The staff concludes that these requirements do not conflict with
existing NRC requirements and are acceptable. it also concludes that the EPRI
requirements in this section should also apply, in addition to PRA methodolo-
gies, to deterministic and other methodologies used for making decisions about
the adequacy of plant system designs. -furthermore, the staff encourages a
vendor or combined license applicant to include references to the analytical
methods or models that were used _in performing the analyses required by this
section in the top-level RAP program document. As an example Section 3.5.4
of Chapter 10 mf the Evolutionary Requirements Document describes analytical
methods for use for the H-MIS design. The staff concludes that these or
similar methods should be used for all reliability / maintainability analyses
performed by the plant designer or combined license applicant. The staff will
evaluate this issue during its review of an individual application for FDA/DC
or a combined license.

Application of Risk Sianificance

Section 6.2.2 af Chapter 1 requires the plant designer to ensure that the
dominant modes of failure identified by the PRA are appropriately addressed in
the plant design consistent with their risk significance. This section-
further states that the PRA methodology used by the plant designer will
provide for importance-weighting of SSCs according to their risk significance
and for identifying the dominant failure modes of these SSCs. The staff
concludes that these requirements do not conflict with existing NRC require-
ments and are acceptable. It further concludes that, in addition to PRA
methodology, deterministic or other methods may be used in establishing
dominant failure modes and risk significance for the RAP. As discussed above,
the staff will evaluate this issue during its review of an individual applica-
tion for FDA/DC or a combined license.

Nuclear Power Plant Reliability Data System Enaineering Data Base

Section 6.2.3 of Chapter 1 requires the plant designer to supply the initial
input information necessary to establish the-nuclear power plant reliability
data system (NPRDS) engineering data base for-tha plant. The staff concludes
that the EPRI-proposed requirements do not conflict with existing NRC require-
ments and are therefore acceptable. However, this section limits the reli-
ability data base to NPRDS. The staff does not want to preclude the use of
other data bases that may have merit or that can be shown to be equivalent to,

| current accepted practices, The staff would expect that, in addition to NPRDS
' data, other reliability data bases could also be considered by plant designers

or combined license applicants if they provide the necessary reliability
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information. An exampic may be the data base that results from meeting the
requirements of Section 6.2.1.1 of Chapter 1. The staf f will evaluate the
data bases considered during its review of an individual applicction for
FDA/DC or a combined license.

Reliability Activity Task Descriptions

Section 6.2.4 of Chapter I requires the plant designer to provide the own-
er/ operator with descriptions of recommended reliability activities. These
activities will include those tasks necessary to maintain SSC environmental
qualification, prevent predictable failures, or maintain functional reliabili-
ty. The plant designer will also recommend appropriate condition monitoring
parameters to be periodically evaluated and their acceptable limits to provide
added assurance of operability. Condition monitoring recommendations will
include provisions for detecting age-related degradation where appropriate.
The staff concludes the requirements of this section are acceptable; however,
additional guidance that references other areas of the Evolutionary Require-
ments Document would be beneficial to users of this document. As an example,
reliability, maintainability, and testability analyses are described in
Chapter 10, Sections 3.5.4, 3.6.1, and 3.6.2, of the Evolutionary Requirements
Document. A plant designer should provide similar descriptions to a combined
license applicant for all reliability tasks.

In Section 6.2.B.4 of the DSER for Chapter 1, the staff expressed the concern
that, as nuclear plants age, the accumulative effect of neutron radiation on
the reactor pressure vessel beltline materials will lead to material
embrittlement such that materials exhibit loss of fracture toughness and
strength. The accumulative high temperature and thermal cycling of the
primary coolant systems generate thermal fatigue to materials that causes loss
of strength and fracture toughness.

As a result, EPRI added the fo11 ewing statement to Section 6.2.4.5 of Chap-
ter 1 that lists knowr failure mechanisms: " Loss of strength and/or fracture
resistance because of change (s) in metallurgical state of alloys resulting
from exposure to high temperature, thermal cycling and/or high radiation."
The staff concludes that this modification addresses the staff's concern and,
therefore, this DSER confirmatory issue is closed.

Control of PRA Desian Assumotions

Section 6.2.5 of Chapter 1 requires the plant designer to provide a program
for verifying that PRA assumptions remain within limits required to maintain
reliability goals during the design and construction process. This program
will apply to all participants it; the design and construction process whose
activities could affect the plant designer's PRA assumptions. The Evolution-
ary Requirements Document further states that the results of the verification
program will be included as part of the final as-built design _ documentation.
The staff concludes the requirements of this section do not conflict with
existing NRC requirements and are acceptable.
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!
1

!

!
! 6.3 D-RAP Performance Standards
i

; Section 6.3 of Chapter 1 contains the quantitative reliability and avail-
j ability performance standards for use in the design phase. In its letter

| dated October 10, 1991, the staff stated that a RAP should contain overall
reliability and availability design goals based on safety requirements that

i have core damage frequencies or probabilities associated with them, in its
! letter dated January 9,1992 EPRI proposed to modify Section 6.3 of Chapter 1
| to specify D-RAP performance standards. The stafi's evaluation of this
! proposed revision is given below.

Core Danace Freaygm y
J

) Section 6.3.1 of Chapter 1 states that the plant designer will evaluate the
; mean annual core damage frequency of the design using PRA and will confirm
j that this frequency is less than or equal to 10E-5 event per reactor-year,
j including both internal and external events (excluding sabotage). In Sec-
| tion 2.3.3 of this chapter, the staff discu:;ses EPRI's public safety goal and
~ concludes that the use of this goal is acceptable. However, it will not use

j EPRI's goal as an acceptance criterion.
i

.
The staff concludes that the contributions of the SSCs to the core damage

i frequency should be apportioned for this, or any other, performance standard.
Therefore, the applicant's submittal for FDA/DC should include apportionment

:
of these contributions to the core damage frequency. The staff will evaluate
the adequacy of the apportionment of the SSCs' contribution to core damage;

; frequency during its review of an individual application for FDA/DC.

Inadvertent Deoressurization
.

Section 6.3.2 of Chapter 1 states that non-safety-related active reactor
coolant system (RCS) makeup capability and any other necessary measures will

; be provided so that the chance of inadvertent RCS depressurization can be
i demonstrated by reliability analysis to be less than 10 percent over the
| entire 60-year life of the plant. Further, recovery from inadvertent RCS

depressurization will be rapid enough that the lifetime average design;

; availability requirements can still be met assuming one inadvertent RCS
,

depressurization during the 60-year plant life. The staff notes that refer-
ring to the active RCS makeup capability as non-safety related is inconsistent'

with risk-significant concepts in Section 6.2.2 of Cha)ter 1 of the Evolution-
; ary Requirements Document. The staff concludes that taese requirements do not
'

conflict with existing NRC requirements and are, therefore, acceptable.
i However, in addition to these requirements, an FDA/DC applicant should

explicitly state the priority of safety in at tident recovery. The staff will
evaluate this matter during its review of an individual application for-

FDA/DC.

I Production Availability Reouirement

Section 6.3.5 of Chapter 1 states the plant will be designed for an annual
average production availability of more than 87 percent over its life. The
staff's review of this requirement was limited to areas where economic

.
considerations could potentially compromise plant safety. The staff concludes

'' that this requirement does not conflict with existing NRC requirements and is
therefore, receptable. However, an FDA/DC or combined license applicant
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,

should explicitly discuss the relationship between safety and production !
availability in a D. RAP or 0-RAP when addressing this design requirement. The
staff will evaluate this matter during its review of an individual application !

for FDA/DC or a combined license.
,

Refuelina Duration Canability

Section 6.3.7 of Chapter 1 states that the plant will be designed so that the
total duration of a no-problem refueling outage will be 17 days or less
(breaker to breaker) assuming 24-hour productive days. The staff concludes
that this requirement does not conflict with existing NRC requirements and is
acceptable. However, a 0-RAP or 0-RAP submittal from an FDA/DC or combined r

license applicant should explicitly state that plant safety will not be ,

compromised in attempting to satisfy this EPRI design recuirement. The staff
will evaluate this matter during its review of an indivicual application for
FDA/DC or a combined license. ,

Planned Cotign

Section 6.3.8 of Chapter 1 states that the plant will be designed so that
refueling and regular maintenance will be con.pleted in an average of less than
25 days per year. An average of 25 days per year for refueling and plant ,

maintenance corresponds to 50 days in a 24-month fuel cycle. The staff
concludes that this requirement does not conflict with existing NRC require-
ments and is acceptable. However, a D-RAP or 0-RAP submittal f rom an FDA/DC

| or combined license applicant should explicitly state that plant safety will
| not be compromised in attempting to satisfy this EPRI design requirement. The

staff will evaluate this matter during its review of an individual application
for FDA/DC or a combined license.

Ma.ior Outaaes
,

Section 6.3.9 of Chapter 1 states that the plant will be designed so that the
frequency and_ duration-of major outages will not exceed 180 days per 10 years.
The staff concludes that this requirement does not conflict with existing NRC
requirements and is, therefore, acceptable. However, a D-RAP or 0-RAP
submittal from an FDA/DC or combined licente' applicant should explicitly state
that plant safety will not be compromised in attempting to satisfy this EPRI
design requirement. The staff will evaluate this matter during its review of
an individual application for FDA/DC or a combined license.

6.4 _ System Desian

| Section 6.4 of Chapter 1 of the Evolutionary Requirements Document describes
' the qualitative processes to be used in system design. In its letter dated
| October 10, 1991, the staff stated that a RAP should establish a set of '

reliability and availability _ goals at the system level to ensure .that the,

reliability and availability goals for the overall design are met. In its-'

-

letter dated January 9,1992. EPRI proposed to modify Section 6,4 of Chapter 1
to specify general system design goals for a RAP.

.
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1 hared Systems

Section 6.4.1 of Chapter 1 requires that, for multiple-unit plants on a single
site, the number of shared systems will be limited to auxiliary support
systems such as sewer, auxiliary steam, or site security, for any systems
that are shared, the plant designer or combined license a)plicant will analyze
the effect of any failure or any testing in that system taat will affect the
maintenance, ALARA (as low as is reasonably achievable) goals, availability,
safety, or operability of other systems and the availability of each unit.
The staff concludes that these requirements do not conflict with existing NRC
requirements and are, therefore, acceptable.

Startup and Testina

L ction 6.4.2 of Chapter 1 requires that the plant designer or combined
license applicant rev'ew and optimize the startup testing program for initial
startup and for startup following refueling / maintenance outages to support
completion of required testing with a minimum impact on the availability of
the plant. As a basis for this review and optimization, the plant designer
will review existing LWR startup test pregrams and any available reports on
optimization of these test programs. The staff concludes that these require-
ments do not conflict with existing NRC requirements and are, therefore,
acceptable.

Failure Mechanismji

Section 6.4.3 of Chapter 1 states that the plant designer will ensure that the
systems, equipment, and plant design will account for failure mechanisms shown
to have a significant effect on downtime. This section further states the
ALWR will be designed so that knowr failure mechanisms will not prevent the
ALWR from achieving its design lifs _r meeting the availability and evert
frequencies as described in Section 6.3 of Chapter 1. The staff concluaes
that these requirements do not conflict with existing NRC requirements and
are, therefore, acceptable.

Specific Syst LDesign Features.

Section 6.4.4 of Chapter 1 states that the plant designer will incorporate
^

design features to support high reliability of safety-significant SSCs and;

high plant availability. The staff concludes that this requirement does not
conflict with existing NRC requirements and is, therefore, acceptable.

Minimum Number of Components

Section 6.4,5 of Chapter I states that the plant designer will reduce the
number of active components required to meet the intended function of opera-
bility and maintainability. The staff concludes that this requirement does
not conflict with existing NRC requirements and is, therefore, acceptable.-

6.5 Conclusion

The staff's overall conclusion is that the requirements in Section 6 of
Chapter 1 of the Evolutionary Requirements Document are directed at the plant
designer and the D-RAP and very few requirements are directed toward the
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procurement, construction, and operational phases, which are the responsi-
bility of the combined license applicant. Additional guidance and require-
ments will be necessary to support the development of a combined license
applicant's 0-RAP.

The staff concludes that the reliability and availability requirements in the
Evolutionary Requirements Document are consistent with accepted industry
practices and principles and do not conflict with existing regulatory require-
ments and guidelines. If the information identified in the Evolutionary
Requirements Document and the additional information identified in this report
are provided by a plant designer, the D-RAP submittal should be acceptable.

4

:
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|

7 CONSTRUCTION AND CONSTRUCTIBILITY

Section 7 of Chapter 1 of the Evolutionary P.equirements Document specifies
minimum requirements and goals aroposed by EPRI with regard to the construc-
tion of an ALWR. EPRI states t1at these requirements support the overall ,

objectives described in Volume I of the Requirements Document, particularly by
reducing the utility's risk and plant capital costs through an improved
construction schedule, greater productivity, and better construction tech- ,

niques lhis section discusses construction schedule goals; integration of
design, construction, and startup schedules; use of computer technology for
design, construction, and startup activities; and integration of system
completion, testing, and owner / operator acceptance.

Many of EPRI's requirements concerning construction and constructibility of
the plant are beyond the regulatory purview of the NRC. The staff evaluated
these requirements only from the aspect of how they may adversely affect the 4

safe design, construction, and-operation of the plant. However, it did
'
,

identify items that are part of its regulatory responsibility.
'Inspection of Construction Activitie.1

|
The NRC has the statutory responsibility, regardless of construction schedule,
to verify that the plant is constructed in accordance with the design docu-i

ments tendered with the application for an operating license. The owner /
builder must ensure that construction activities permit verification of the
acceptability of the plant configuration in accordance with the requisite NRC
Inspection Manual chapters. The staff will evaluate this matter during its
review of an individual application for a combined license.

In Section 7.2.C.2 of the DSER for Chapter 1,-the staff indicated that EPRI
had committed to modify its data base program to include milestones for ,

scheduling construction verification inspection points for inspection and
enforcement personnel and startup tests. EPRI included this information in
Section 7.2.8.1.3 of Chapter 1 of Revision 1 of the Evolutionary Requirements
Document. Therefore, this DSER confirmatory issue is closed.

Schedular and Administrative Requirements

The schedular and administrative requirements proposed by EPRI in this section
are outside the staff's regulatory purview. The staff notes that these
measures, although outside the scope of the NRC's review, should assist the
owner / builder's configuration control to facilitate preservation of the
licensing basis.

Ouality Assurance'

In the DSER for Section 7 of Chapter 1, the staff identified an open issue
I that construction activities for which the owner / builder __must-provide a site

organization should include quality assurance and quality control. This issue'

i resulted from the staff's review of Revision 0 of the Evolutionary Require-
| ments Document.
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in response to the staff's concern, EPRI revised Section 7.2.8.2 of Chapter 1
to make it clear that the site organization plan must include provisions for
quality control and quality assurance. The staff concludes that this revision
resolves the staff's original concern and, therefore, this DSER open issue is.

closed.

However, EPRI added additional information that was not clear in regard to its
intent regarding quality assurance. For example, Section 7.2.8.2 of Chapter 1
could be interpreted as not requiring a commitment to apply pertinent quality
assurance program requirements to facilities and systems that have some
importance to safety ever though they ar' not safety related (for example, see
the new maintenance rule,10 CFR 50.65(! . g2)). The staff concludes that
pertinent quality assurance provisions should be applied to these activities
and items. Applicants for FDA/DC or a combined license will have to accept-
ably describe a quality assurance program for these actifittes and items.' The
staff will evaluate this matter during its review of an individual application
for FDA/DC or a combined license.

Physical Security

in Section 7.2.8.2 of Chapter 1 EPRI requires a plant security plan covering
the construction phase. Although this is a utility requirement outside the
scope of 10 CFR Part 73, the requirement is compatible with NRC requirements.

;

In Section 7.9.6 of Chapter 1, EPRI requires the utility to establish security !

boundaries as part of the startup testing program. In a letter dated May 13, |
1991 EPRI agreed that the detailed construction and startup schedule will

'

have to address NRC review and approval of the installed security system for
the operating phase before the first fuel loading, but that this milestone was
beyond the scope of the Evolutionary Requirements Document. The staff,
therefore, will address this matter during its review of an individual
application for a combined license.

The staff expects that at least 60 days before loading fuel, a combined
license licensee will have confirmed that security systems and prograts
described in its physical security plan, safeguards contingency plan, and
guard qualification and training plan have achieved operational status and are
available for NRC inspection. Operational status means that the security
systems and programs are functloning in their entirety as they would when the
reactor is operating and will continue to do so. The licensee's determination
that operational status has been achieved must be based on tests conducted
under realistic operating conditions of sufficient duration that demonstrate
that the equipment is properly operating and capable of long-term, reliable
o)eration; that procedures have been developed, approved, and implemented; and
t1at personnel responsible for security operations and maintenance have been

;

appropriately trained and have demonstrated their capability to perform their
assigned duties and responsibilities.

|

Reliability of Modular Construction

in Section 7.7 of Chapter-1, EPRI proposes the use of modular construction
techniques for ALWRs. These techniques would allow construction and testing
of portions of the plant in onsite fabrication shops or off site. These
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modules would then be assembled in the laydown area of the plant. This
technology of fers the potential for much shorter construction schedules and
reduced costs.

Specific licensing criteria addressing modular construction have not been
developed for nuclear power plant construction. Structures. systems, and
components that are assembled using modular construction techniques must
possess, as a minimum, the same degree of structural strength and reliability
as such items provided in currently licensed plants that were constructed
using current onsite construction techniques, items to be considered include
segmented rebar cage connections and in-containment steel / concrete sandwich-
type shear walls for which there are no modular construction design criteria
and for which test information is limited. Other areas of concern include the
integrity of joints (including strength and ductility), seismic damping values
and stif fness degradation in structural modules, quality assurance and cuality
control requirements for transportation and installation of modules, anc the
scope of the verification testing after the modules are installed. The staff
will address this matter during its review of an individual application for a
combined license, should the applicant propose use of these techniques,

s

i
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8 OPERABILITY AND MAINTAINABIL11Y

8.1 . Introduction

in Section 8 of Chapter 1 of the Evolutionary Requirements Document, EPRI
proposes requirements that are meant to enhance the operability and maintain-
;bility of the ALWR by incorporating experience gained at operating facili-
ties. These requirements are intended to minimize the need for maintenance
and surveillance, thereby minimizing the dose of radioactivity to plant
personnel. Included are general design criteria for the control room and
other control locations and criteria for designing the instrument and control
systems and factoring in man-machine interface considerations.

8.2 Provisions To Enhance Operability and Maintainability

In Section 8.2 of Chapter 1 of the Evolutionary Requirements Document, EPRI
proposes requirements regarding resolution of known operational and mainte-
nance problems, standardization of operating and maintenance procedures and
related training, and standardization of components and equipment. This
section also gives human factors requirements that are related to the opera-
tion of the plant, including consideration of instrumentation and controls,
control room design, and environmental conditions. In addition, EPRI provides
requirements to address human factors that are related to maintenance of the
plant, including support systems, accessways, and orientation of equipment.
EPRI specifies requirements to integrate operations and maintenance require-
ments and addresses preventive maintenance and inspection concerns. Sec-
tion 8.2 specifies requirements for the qualifications, organizations, and.

training of operations and maintenance personnel.

Preventive Maintenance and Insnections

in Section 8.2.C.2 of the DSER for Chapter 1, the staff recommended that
specific codes and standards relating to inservice inspection and test
requirements be included in the Evolutionary Requirements Document. In
response, in Section 8.2.6.3 of Chapter 1 EPRI' requires that the preventivei

maintenance programs include the integration of equipment inspection and
testing requirements imposed by the codes and standards that apply at the time
of design. Also, EPRI specifies 10 CFR 50.55a in Table B.1-1 of Appendix B to
Chapter 1, which requires using Section XI of the ASME Code and addenda for
the inservice inspection requirements. The staff concludes that these
requirements for the preventive maintenance program follow the ASME Code and
are acceptable. Therefore, this DSER confirmatory issue is closed.

Radiation Exposurg

Section 8.3.2 of Chapter 1, to reduce worker radiation exposure, EPRI states
that temperature and humidity in radiation areas will be controlled by the

-All plant areas will be adequately illumi-heating =and ventilation' system.
nated to minimize the time and exposure associated with the installation of
temporary lighting in work areas. To. reduce worker doses, equipment will be
oriented to facilitate maint1 nance operations. These provisions are intended
to maintain worker doses as low as is reasonably achievable (ALARA) and,
therefore, are acceptable.
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Personnel and Staffins

in the DSER for Section 8 of Chapter 1, the staff stated that EPRI had
indicated that it would add a statement to the Evolutionary Requirements
Document regarding the qualification of plant operating personnel. In its
letter dated May 5,1991, EPRI stated that qualifications and training
requirements for the plant operating personnel were the responsibility of the
plant owner and were outside the scope of the Evolutionary Requirements
Document. EPRI added Section 8.2.6.5, which indicates that these personnel
will meet the requirements of ANSI /ANS 3.1, " Selection and Training for
Nuclear Power Plants." ANSI /ANS 3.1 excludes the selection and training of
site security personnel, the staff concludes that there are no conflicts with
the security training requirements of 10 CfR 73.55(b). The staff concludes
that thi:. Is in accordance with Regulatory Guide 1.28, " Quality Assurance
Program Requirements," and is acceptable. Therefore, this DSER confirmatory
issue is closed.

Acoustical Monitoring

In Section 8.2.B of the DSER for Chapter 1, the staff recommended that
appropriate noise level requirements concerning acoustical monitoring require-"

ments be added to Chapter 1 because noise is a major contributor to operator
fatigue and ineffectiveness. In Revision 1 of Section 8.2.4.4.3 of Chapter 1,
EPRI added noise level requirements that ensure that the designer of the plant
will consider both reduction and attenuation of noise sources to reduce noise
exposure of operators to levels specified by the Occupational Safety and
Health Administration (OSHA). 1he staff did not find the revision acceptable
because OSHA standards reflect maximum permissible exposures and not necessar-
ily the sound levels required for operations and maintenance personnel to
perform their jobs. By letter dated March 19, 1992 EPRI revised the r, tate-
ment to read:

The design of the plant shall consider both reduction and attenua-
tion of noise sources to reduce exposure to operation and mainte-
nance personnel. Personnel shall be provided with acoustical
environments which will not cause personal injury, interfere with
voice or other communications, cause fatigue, or degrade overall
system effectiveness.

The staff concludes that the statement is acceptable. Therefore, this DSER
confirmatory issue is closed.

Human Factors Considerations

In Section 8.2.B.4 of the DSER for Chapter 1, the staff recommended that
IEEE P1023-1988, " Guide for the Application of Human Factors Engineering to.
Systems, Equipment, and Facilities of Nuclear Power Generating Stations," and
EPRI-2360, " Human Factors Methods for Assessing and Enhancing Power Plant-
Maintainability," be referenced in this section. Although EPRI has not
referenced these documents in the Evolutionary Requirements Document, the
staff will evaluate an individual application for FDl./DC or a combined license
to ensure that these documents have been considered. This DSER open issue is
closed.
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60-Year life

Section 8.2.3.3 of Chapter 1 states that components will be designed ' *

j operating period of 60 years (minimum) or in accordance with Sect' J
t Chapter i of the Evolutionary Requirements Document. As discuss ,

tion 3.3 of this chapter, the staff will review the ALWR design < or"
,

life notwithstanding the fact that a 40-year limit is specifitoi n W .:
| Energy Act and NRC's regulations.

! 8.3 Minimizino Dose levels to Personnel |
|

Section 8.3 of Chapter 1 of the Evolutionary Requirements Document specifies '4

i the general requirements and design features that will be used to minimize
radiation levels and to maintain personnel doses ALARA. Specific design'

criteria are addressed in other chapters of the Evolutionary Requirements,

] Document, primarily Chapter 6.

| To achieve its dose goal of 100 person-rem per year for the ALWR, EPRI
established several basic requirements that must be met. These include the!

control of materials selection (including the elimination of cobalt to the
extent possible); the use of adequate temporary and permanent shielding; the

i design of components to permit cleaning and chemical decontamination; the
application of robotics for cleanup, maintenance, and inspection tasks; the
packaging of equipment in modules for rapid disassembly for inspection and
maintenance; and the design of heating and ventilation systems to control|

temperature and humidity in radiation work areas.
'

In Section 8.3.3 of Chapter 1. EPRI states that the plant designer will
consider the use of electropolished surfaces for those areas of the plant
(e.g., large-diameter reactor coolant system piping, steam generator channel
heads) where this treatment will significantly reduce the dose to personnel
during maintenance.

Section 8.3.4 of Chapter 1 states that the plant designer will perform an
analysis to determine the effectiveness of using robotic applications in the
ALWR, Inspection and surveillance functions will include reading of instru-
ments and gauges, performing radiation surveys and measuring radiation levels,
and taking smear surveys. Maintenance functions will include steam generator
inspection and maintenance, control rod drive removal, radwaste drum handling,

i spent fuel consolidation, equipment decontamination, and routine surveillance-
and maintenance tasks. The Evolutionary Requirements Document specifies that
the ALWR will include design features such as wider doors and aisles, ramps,
and modular construction of equipment and systems (for ease of equipment
removal and replacement) to facilitate the use of robotic devices. Table 1.8-
4 includes " verify security locks" as one of several functions to be evaluated
by the plant designer as a candidate for robotic inspection and surveillance.
However, in its letter of May 17, 1991, EPRI stated that details of the
security functions to be performed and replacement of a security officer were
outside the. scope of the Evolutionary Requirements Document. The staff,
therefore, will address _ this matter during its review of an individual
application for a combined license.

The staff concludes that the design features in this section are intended to
minimize dose levels to plant personnel, are in compliance'with Regulatory
Guide 8.8, and are, therefore, acceptable.

EPRI Evolutionary Plant SER 1.8-3
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8.4 facility Reouirements

Section 8.4 of Chapter 1 of the Evolutionary Requirements Document specifies
that the plant will be designed to provide adequate support facilities for
personnel and equipment. This sec$.on addresses general requirements for
controlling personnel access to the plant and, particularly, to radioactive
work areas. It provides requirements for plant services, contaminated and
clean work shops, and spare parts control and includes requirements for the
design of the plant's personnel access portal.

In its letter dated May 13, 1991, EPRI committed to change some of the
security terms in Sections 8.4.1.1 and 8.4.1.2 of Chapter 1 to be consistent
with the terminology in Section 5 of Chapter 9 of the Evolutionary Require-
monts Document. The staff has verified that these changes have been accept-
ably included in EPRI's June 11, 1991, markup.

EPRI states that the ALWR will be designed to allow controlled access to the
plant for the number of personnel needed to perform the required activities.
Changing rooms will be located away from radiation sources and will have
lockers for at least 1,000 people. Radioactive work areas will be separated
' rom clean work areas. To the extent possible, the ALWR design will incorpo-
rate ramps or steps instead of ladders for personnel movement between floors !

in areas where personnel are required to wear anticontamination clothing.
Such measures are intended to facilitate the processing and movement of large
numbers of personnel through the plant during major maintenance outages. The

staff concludes that these features do not conflict with the Commission's
regulations and guidance and are, therefore, acceptable.

8.5 Provisions for Replacement of Maior Components

Section 8.5 of Chapter 1 of the Evolutionary Requirements Document specifies
requirements to facilitate the replacement of all major components other than
the reactor vessel and basic plant structures. The plant design will also
include plans for the transportaticn and storage of major plant components
that may be contaminated and contaminated special tools and equipment removed
from the buildings. Designing the plant so that major components can be
easily removed and transported out of the buildings without major structural
modifications will shorten plant outage time and will, therefore, result in
lower overall personnel exposures. The staff concludes that these features do
not conflict with the Commission's regulations and guidance, and are, there-
fore, acceptable,

8.6 Jnspection and Testina

in Section 8.2.8 of the DSER for Chapter 1, the staff requested that a
qualifying statement be added to Chapter 1 s)ecifying that the plant designer
will select pumps and valves that can meet tie requirements of Sections IWP
and IWV of ASME Code, Section XI, which contain rules for inservice testing of
pumps and valves. _In-response to this request, Revision.1 of Section 8.6.1 of
Chapter 1 was added to provide this commitment. Therefore, this DSER confir-
matory issue is closed. However, a more detailed discussion by the staff of
inservice testing is contained in Section 12 of this chapter.

|
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Oneration Problem Areas

in the section entitled " LWR Operation Problem Areas To Be Addressed in ALWR
Design" of the DSER for Chapter 1, the staff requested that EPRI add the
following item to Table B-2 of the Evolutionary Requirements Document:
" Insufficient structural integrity and mechanical reliability of pump compo-
nents." This item was added to the renumbered Table 1.8-2 in Chapter 1.
Therefore, this DSER confirmatory issue is closed.

8.7 Hazardous and Toxic Chemicals

Section 8.7 of Chapter 1 of the Evolutionary Requirements Document specifies
that the use of hazardous and toxic chemicals in the plant will be minimized
to the extent practicable. This section excludes the use of hazardous
chemicals in radiation-controlled areas, unless there is no practical alterna-,

' tive to their use. Requirements for the use of such substances are also
provided. The staff concludes that these requirements do not conflict with
the Commission's regulations and guidance and are, therefore, acceptable.

8.8 Conclusion !

The staff concludes that the requirements of Section 8 of Chapter 1 of the
Evolutionary Requirements Document do not conflict with the Commission's
regulations and are, therefore, acceptable. However, certain details regard-
ing human factors engineering and physical security were insufficient to
enable a final determination regarding compliance with regulatory guidance.
Therefore, the staff will review an individual application for FDA/DC to
ensure that this guidance has been met,

i
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'
9 QUALITY ASSURANCE

1

'j Section 9 of Chapter 1 of the D olutionary Requirements Document identifies )
the major elements of an overall quality assurance (QA) program for an ;

evolutionary ALWR plant. EPRI specifies the requirements for the supporting <

QA programs for the primary organizational entities involved in and supporting
design, procurement, construction, and preoperational testing of an evolution-
ary ALWR plant. EPRI has also affirmed that this section is intended to be in
accordance with all current regulatory requirements for QA at the level of
detail provided.

In the DSER for Section 9 of Chapter 1, the staff stated that EPRI's responses
i to earlier staff comments had not been incorporated into the Evolutionary

Requirements Document. EPRI has incorporated the changes in Sections 9.2.3;

1 and 9.2.4 of Revision 1 of Chapter 1. The staff concludes that these sections
: are in accordance with Regulatory Guide 1.28, " Quality Assurance Program
| Requirements (Design and Construction)," and are, therefore, acceptable.

Therefore, this DSER confirmatory issue is closed.

In the DSER for Section 9 of Chapter 1, the staff stated that two line items
i needed to be added to T 61e 9-1. EPRI has incorporated the requested changes

in Table 1.9-1 of Revision 2 of Chapter 1. The staff concludes that this,

table provides an acceptable list of typical quality and quality assurance2

i problems experienced during the design and construction of currently operating
nuclear plants. Therefore, this DSER confirmatory issue is closed.

1 In the DSER for Section 10 of Chapter 1, the staff stated that the cross-
i references in Table B.1-1 were incorrect. As discussed by the staff in

Section 10 of this chapter, this table has been correctet in the area of4

quality assurance, Table 8.1-1 lists 10 CFR 50.34(f)(3)(ii), 50.34(f)(3)(iii),
50.55(e), 50.55(f), and 50.55a; General Design Criterion (GDC) 1 of Appendix A
to 10 CFR Part 50; and Appendix B to 10 CFR Part 50. In each case, Table B.1-
1 indicates that the ALWR will be designed to comply with these requirements

: and that the lead chapter for this subject is Chapter 1 of the Evolutionary
Requirements Document. Table B.1-2 also lists Regulatory Guides 1.26 (Rev.
3), 1.28 (Rev. 3), 1.29 (Rev. 3), 1.30 (Rev. 0), 1.37 (Rev. 0), 1.38 (Rev. 2),
1.54 (Rev 0), 1.94 (Rev. 1), and 1.116 (Rev. 0-R) and SRP Section 17.1 (Rev.
2). Revision 4 of Table B.1-2 indicates that the ALWR will be designed to
comply with this guidance and that the lead chapter for this subject is
Chapter 1 of the Evolutionary Requirements Document. The staff concludes that
these references are acceptable. Therefore, this DSER confirmatory issue is
closed.

In Section 6.1.2 of the DSER for Chapter 10, the staff raised a concern
regarding the QA program for software. In its letter dated January 28, 1992,
EPRI provided its response to this concern. However, EPRI limits its software
QA program to safety-related software. S'lilarly, as discussed in Section 7
of Chapter 1 of the Evolutionary Requirements Document EPRI appears to limit

-its- QA to safety-related items. The staff is concerned that the Evolutionary
Requirements Document could be interpreted as not requiring a commitment to
apply pertinent QA program requirements to software, facilities, structures,
systems, and components that have some safety importance or have some impor-
tance to safety even though they are not safety related.. The staff concludes
that pertinent QA provisions should be applied to these activities and items
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in accordance with the requirements of GDC 1 of Appendix A to 10 CFR Part 50.
Applicants for FDA/DC or a combined license will have to acceptably describe a
QA program for these activities and items. The staff will evaluate this
matter during its review of an individual application for FDA/DC or a combined
license.

The staff concludes that, with the exceptions noted above, the requirements of
Section 9 of Chapter 1 of the Evolutionary Requirements Document do not
conflict with the Comm'.ssion's regulations and are, therefore, acceptable, s
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10 LICENSING

Section 10.1 of Chapter 1 of the Evolutionary ReqMrements Document specifies
EPRI-proposed licensing r quirements for future .u.WRs. EPRI states that
Section 1 of Appendix B to Chapter 1 contains a list of NRC regulations and
guidelines currently applicable to LWR design and identifies its position with
respect to each. EPRI states that Section 1 of Appendix B to Chapter 1 will
represent the regulatory requirements it believes are applicable to the ALWR
design at the level of detail consistent with that of the Evolutionary
Requirements Document when that document is completed.

Section 10.2 of Chapter 1 states that the ALWR will be designed to comply with
the NRC regulatory requirements and guidance in effect on January 1,1990,
consistent with the commitments in Section 1 of Apaendix B to Chapter 1 of the
Evolutionary Requirements Document. EPRI states t1at these requirements and
guidance include applicable Commission regulations specified in 10 CFR,
general design criteria, NRC policy statements, regulatory guides, the
Standard Review Plan (NUREG-0800), and other documentation that resolves
unresolved and generic safety issues. Although the staff understands EPRI's
need to " freeze" the requirements it addresses to those in effect on
January 1, 1990, the staff expects that the design certification applications
will be in compliance with the Commission's regulations and guidance that are
applicable and in effect at the time the certification is issued. The staff
will evaluate this compliance during its review of an individual application
for FDA/DC.

In addition, issue resolutions that are different from those arrived at during
the staff's review of the Evolutionary Requirements Document may be developed
as the staff completes its reviews of the detailed design information arovided
in the applications for FDA/DC and as these designs are subjected to tie
design certification rulemaking process. Therefore, the staff expects that
the ALWR plant designers will comply with the issue resolutions adopted by the
NRC staff during its reviews of applications for FOA/DC in accordance with the
requirements of 10 CfR Part 52. The staff will evaluate this compliance
during its review of an individual application for FDA/DC.

In the DSER for Section 10 of Chapter 1, the staff stated that the cross-
references in Table B.1-1 were incorrect. Because EPRI had committed to
update the Table, the staff identified this as a confirmatory issue. The
staff has verified that EPRI has corrected this table. Therefore, this DSER
confirmatory issue is closed. Should EPRI make additional revisions to the
Evolutionary Requirements Document, the staff will ensure that Table B.1-1 is
upated appropriately.

Section 10.2.4 of Chapter 1 states that the plant designer will provide an
ALWR design that is consistent with the disposition of the regulatory require-
ments and guidance identified in Section 1 of Appendix B. EPRI defines the
commitment specified in Appendix B as follows:

Compiy*

The " comply" designation indicates that the ALWR design will comply
fully with all regulatory requirements and guidance provided by the
reftience.

EPRI Evolutionary Plant SER 1.10-1
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Dotimization Sub.iect+

" Optimization subjects" are EPRI-initiated proposals to deviat om

regulatory requirements. EPRI proposes to resolve these issuc
providing technically supportable alternatives to current regt. y
requirements. EPRI specifies that the ALWR design will comply v o ?ll
regulatory requirements and guidance for a regulatory item a:socn.ted
with an optimization subject, except as described in Section 2 of
Appendix B to Chapter 1 of the ivolutionary Requirements Document.

Section 10.2 of Chapter 1 states that the plant designer will provide a design
that is consistent with Sections 2 and 3 of Appendix B to Chapter 1. These
sections include EPRI-proposed resolutions for optimization subjects and
generic safety issues, respectively.

In the DSER for Section 10 of Chapter 1, the staff indicated that NRC approval
of the Requirements Document implies general agreement with the design
criteria in the document, but such approval is not meant to imply that the
document is a complete and adequate set of requirements for a nuclear power
plant. The heaning of NRC's approval of the Requirements Document was listed
as an open issue. As EPRI has stated, the Requirements Document is intended
for use with companion documents, such as utility procurement specifications,
that cover the remaining technical requirements for a specific plant. As
discussed by the staff in Section 1 of Volume 1 of this report, the Recuireme-
nts Document has no legal or regulatory status and is not intended to cemon-
strate complete compliance with the Commission's regulations, regulatory
guidance, or policies. It is not intended to be used as a basis for support-
ing design certification for a specific design application, nor is it to be
used to substitute for any portion of the staff's review of an individual
application for FDA/DC. On the basis of the above discussion, this DSER open
issue is closed,

inspections. Tests. Analyses artd Acceptance Criteria

As stated in 10 CFR 52.47(a)(1)(vi), applications for design certification
must include proposed inspections, tests, analyses, and acceptance criteria
(ITAAC) that are necessary r.nd sufficient to provide reasonable assurance
that, if the inspections, tests, and analyses are performed and the acceptance
criteria met, a plant that references the design is built and will operate in
accordance with the design certification. Section 3.3.5 of Volume 1, " Policy
and Top-Tier Design Requirements," of the Requirements Document requires the
plant designer to prepare a set of ITAAC, with technical basis provided, that
will demonstrate that the plant has been constructed and will be operated in
conformity with Commission regulations, the combined license, and the Atomic
Energy Act. The section also requires the nature and level of detail of
acceptance criteria to be sach as to allow the NRC staff to verify that the
acceptance criteria have been met. Although Section 7.9 of Chapter 1 speci-
fies certain requirements related to system completion and startup testing,
the overall requirements in Chapter 1 do not provide guidance regarding the
scope and content of ITAAC. In its letter dated May 13, 1991 EPRI indicated
that it did not plan to provide ITAAC guidance, but was supporting the
development by the Nuclear Management and Resources Council of industry
guidance regarding ITAAC for design certification. Each plant designer will
submit ITAAC for the specific design for NRC' review using the industry's
guidance.
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The design detail to be developed by an applicant for design certification can
be embodied in three parts: (1) Tier 1 information that will be submitted in
the application and certified by rulemaking, (2) Tier 2 information that will
be submitted in an application but not certified, and (3)_information not
submitted but available for NRC audit. The two-tiered = approach is to stan-
dardize design details to the maximum extent practicable, but allow the
flexibility needed to finalize the design and construct the facility consider-
ing the procurement and design reconciliation process. In SECY-90-377,
" Requirements for Design Certification Under 10 CFR Part 52," dated
November 8,1990, the staff states that Tier 1 will include information
developed during the conceptual phase, such as design criteria and bases, and
certain information developed during the preliminary and detailed design
phases, such as descriptions of systems and key components, functional and

" performance requirements for plant systems, simplified electrical single-line
diagrams, simplified piping and instrumentation drawings, general arrangement
drawings, and ITAAC.

The staff is dedoping additional guidelines for the scope and content of
ITAAC and is evC " t; pilot 17AAC submittaD based on the General Electric
advanced boiling i _;.er reactor design. As described in SECY-91-178, "Inspec-
tions, Tests, Analyser, and Acceptance Criteria (ITAAC) for Design Certifica-
tions and Combined 1.icenses," dated June 12, 1991, Tier 1 ITAAC will be at a
level of detail corresponding to the Tier 1 design idormation of the certi-
fied design rule. The staff expects that the Tier-1 verification requ'irements
will be high level in nature and will address the design at a system function-
al performance level of detail. Numerical acceptance criteria values will
only be specified when failure to meet the stated acceptance criteria would
clearly ind'r: ate a failure to properly implement the design. Al t. hough
including appropriate guidance on scope and content for ITAAC submittalt U
the Evolutionary Requirements Document would ensure that each design submictal
will include a complete and adequate ITAAC package for staff review, ITAAC is
clearly the responsibility of the plant designer. The staff will evaluate the
proposed ITAAC during its review of an individual application for FDA/DC or a
combined license.
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11 DESIGN PROCESS

11.1 Introduction

In Section 11 of Chapter 1 of the Evolutionary Requirements Document, EPRI
proposes requirements for the design process for an ALWR. This process will
include such activities as development, testing, analyses, preparation of
specifications and drawings, modeling, documentation, and support of ot'ners as
rt ired to complete the licensing, construction, and startup of the plant,
including turning the plant over to the operator. EPRI states that "licens-
ing" is intended to include compliance with all Federal, State, and local
regulations, including environmental impact reports.

11.2 Technoloav Baig

In Section 11.2 of Chapter 1 of this Evolutionary Requirements Document, EPRI
states that ALWRs should be designed using systems, components, and equipment
proven through several years of acceptable service in LWR plants. EPRI
defines proven systems, components, and equipment to be those that have the
same characteristics and that use materials proven under the same environmen-
tal and working conditions as those that have been successfully applied for at
least several years in existing LWRs or similar operating environments :a4
applications. Although the Evolutionary Requirements Document does not
preclude the use of advanced technologies, EPRI states that unproven systems
or equipment may be used only if sufficient justification is provided to
support their use.

The staff concludes that these requirements do not conflict with the
Commission's regulations and guidance. In the regulatory departure analysis
in Appendix B to this chapter, the staff discusses the process it will use for
determining the need for a prototype or other demonstration facility for the
ALWR.

11.3 Desian Life

Section 11.3 of Chapter 1 of the Evolutionary Requirements Document provides
requirements to be used to design for a plant life of 60 jears. The staff
concludes that these requirements do not conflict with the Commission's
regulations and guidance. As discussed in Section 3.3 of this chapter, if
requested by the applicant, the staff will review the ALWR designs for a
60-year life, notwithstanding the fact that a 40-year license term limitation
is specified in the Atomic Energy Act and NRC's regulations.

In Section 8.2.C.3 of the DSER for Chap .er 1, the staff recommended that EPRI<

require using the experience gained from two pilot plant studies (for Northern
States Power and-Virginia Electric Power plants) in the plant life extension
piogram sponsored by EPRI and the Department of Energy. Section 11.3.4.5 of-

Chcpter 1 of the Evolutionary Requirements Document appropriately references
these studies. Therefore, this DSER confirmatory issue is closed.

s
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11.4 Plant Simolification

Section 11.4 of Chapter 1 of the Evolutionary Requirements Document states
that the ALWR design will be simpler than that of current operating plants
because a minimum number of mechanical components (valves, pumps, heat
exchangers, snubbers) and a minimum of instrumentation and controls will be
used. EPRI specifies that the plant will be designed to simplify operations
during all modes of operation, includir.g operator actions to diagnose and
manage abnormal and accident conditions.

The staff agrees with the overall objective to simplify systems and operations
and will ensure that this objective has been implemented in accordance with
the Commission's regulations and guidance during its review of an individual

'

application for FDA/DC.

11.5 Standardization

Section 11.5 of Chapter 1 of the Evolutionary Requirements Document states
that the ALWR design will be developed as a standard plant design, including,
as a minimum, a standard design basis, standard site envelope, standard

. equipment, and standard technical documentation.

e staff suoports the concept of standardization, as can be seen in the
;

amulgation of 10 CFR Part 52, the Commission's standardization policy, and
e staff's review of the EPRI Requirements Document. It, therefore, will

7
i sure that this concept has been implemented in accordance with the
\ :mmission's regulations and guidance during its review of an individual
4 .oplication for FDA/DC.

11.6 Specific ALWR Desian Process Reauirements

Section 11.6 of Chapter 1 of the Evolutionary Requirements Document specifies
that the plant designer will use design methods required by applicable
standards, codes, and regulations, as well as those based on the designer's
own experience, methods, and design tools. EPRI specifies that the designer
should use the special studies, evaluations, and design approaches that are
provided throughout the Evolutionary Requirements Document.

In the regulatory departure analysis in Appendix B to this chapter, the staff
discusses the applicable codes and standards to be used in the ALWR designs.

11.7 Pro.iect Information Network

Section 11.7 of Chapter 1 of the Evolutionary Requirements Document requires
that a project information network (PIN) based on the guidelines and methodol-
ogy of EPRI NP-5159, " Guidelines for Specifying Integrated Computer-Aided
Engineering (CAE) Applications for Electric Power Plants," be established to
define the activities, entities, attributes, and relaticnships for the total
plant cycle, EPRI specifies that this network will be used by all ALWR plant
design participants ir: nrganizing and identifying the products of the design
process.

EPRI specifies that the PIN will segment the design into a number of systems
and system groups, modeling, maintenance of the technical data base,
systematic retrieval of information, standard identification of data, and
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provision of a single source of technical data. The staff's evaluation of the
PIN and its relationship to the information management system that EPRI
specifies is provided in Section 11.12 of this chapter,

11.8 Desian Development Plan

Section 11.8 of Chapter 1 of the Evolutionary Requirements Document specifies>

that the plant designer will develop a plan for the development and implemen-
tation of the plant design, including the responsibilities and authorities of
the design organization, implementation plan, and schedules. These require-
ments do not conflict with the Commission's regulations and guidance, and are,
therefore, acceptable,

11.9 Confinuration Manaaement

Sed 'on 11.9 of Chapter 1 of the Evolutionary Requirements Document states
that he plant designer should develop a configuration management program to
be used throughout all phases of the plant's life, including the design phase.
The program is intended to ensure that documents used in defining the design
basis, technical baselines, as-built configuration, and procedures will be
available over the life of the plant.

This section originally included information about the plant security system.
In its letter dated October 9, 1991, EPRI elected to remove documents and
information that would require protection as safeguards informat' - from the
lists of plant documentation specified in Attachments 1 and 2 to oection 11. t

The staff concludes that this deletion addressos its concern raised in its
letter dated August 19. 1991, and is, therefore, acceptable.

The requirements in this section do not conflict with the Commission's regula-
tions and guidance and are, therefore, acceptable.

11.10 Desian Intearation
4

In Sections 2.2.F.3 and 2.2.F.4 of the DSER for Chapter 1, the staff recom-
mended that the use of "living" probabilistic risk assessment (PRA) models in
developing the overall design be required in the Evolutionary Requirements
Document. The staff's evaluation of Appendix A to Chapter 1. which discusses
EPRI's proposed PRA guidelines,.is provided in the corresponding appendix of
this report and supersedes this issue. Therefore, this DSER confirmatory
issue is closed.

I Section 11.10 of Chapter 1 of the Evolutionary Requirements Document specifies
requirements to ensure that the design of systems and subsystems of an ALWR
will be acceptably integrated to minimize the need for redesign and back-
fitting, to minimize failure rates, and to minimize planned and unplanned
outage times. EPRI specifies the use of modeling, plant simPation,- documen-
tation, and evaluation of operating' experience to achieve suco minimization.
These requirements do not conflict with the Commission's regulations and
guidance and are, therefore, acceptable.
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11.11 Interdisciplinary Desian Reviews

Section 11.11 of Chapter 1 of the Evolutionary Requirements _ Document requires
that an interdisciplinary design review be conducted by a number of highly
skilled groups of distinct disciplines, in order that participation in the
design reviews by a wide range of experts will help to uncover potential
problems during the design stage,

in its letter dated March 1,1991, the staff stated that although experts in
many disciplines were specifically mentioned as being required to participate
in the review group, experts in physical security were not included, in its
letter dated May 13, 1991 EPRI noted that the makeup of the design review
team was limited to the major engineering disciplines and activities because
it was impractical to list all possible specialties that will be required for
the review. Nevertheless, in its June 11, 1991, markup, EPRI modified
Section 11.11.2 to specify that additional special disciplines will be
included as appropriate for the subject under review. The staff concludes
that this change resolves its concern and is acceptabla.

The requirements in this section do not conflict with the Commission's regula-
tions and guidance and are acceptable.

11.12 Information Manaaement System

Section 11.12 of Chapter 1 of the Evolutionary Requireinents Document specifies
that the plant designer will use appropriate computer hardware and toftware to
establish, manage, and operate an information management system (IMS) during
the design process and will provide the IMS to the plant owner for use during
construction and operation. EPRI states that the objectives of the IMS are
the following:

provide an effective means to acquire, store, retrieve, and manipulate*

the documents and data necusary to design, construct, start up,
operate, and maintain the plant

make effective use of computer-aided design and engineering-duringa

design, construction, and operation

provide for implementation of a PIN as discussed by the staff ina

Sectian 11.7 of this chapter

use the computer in configuration managemert*

ensure that information needed for construction and operations is*

available

Attachment 1 to Section 11 of Chapter 1 gives the functional and operational
requirements for the IMS.

In its letter dated May 13, 1991, EPRI committed to revise the computer and
network security provisions of Section 5.9-of Attachment 1 to clarify that
these provisions apply to protection from unauthorized disclosure of sensitive

~ information as well as data loss or contamination. The staff has verified
that these changes were included in Revision 3 of this section,

i
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The staff discussed EPRI's proposed requirements for this system in
SECY-91-226, "NRC Use of Computer and Computer Graphics-Aided Reviews for
Advanced Reactor Designs and Nuclear Facilities," dated July 29, 1991. The
industry is beginning to develop programs to define the requirements for
information management systems for designing and operating new reactors and
nuclear facilities. The staff is establishing an advanced technology group to
develop strategies to ensure that the staff understands how the industry will
use computer technologies to design, construct, and operate advanced reactors
and nuclear facilities and to ensure that the NRC establishes an effective
regulatory process to be consistent with the industry's approach to the use of
these technologies.

11.13 Desian/ Construction Intearation

Section 11.13 of Chapter 1 of in Evolutionary Requirements Document states
that the construction schedule should be based on a standard plant design that
is essentially complete, except for required site-specific engineering. The
requirements of this section are intended to ensure that design documentation
is completed on a schedule that minimizes its effect on the corstruction
schedule.

Attachment 2 to Section 11 of Chapter 1 summarizes ALWR design activities.
Item I in that attachment originally listed activities to be completed for
design certification and safety determination, In its letter dated May 17,
1991, EPRI stated that because design certification and combined license
rulemaking were beyond the scope of the Evolutionary Requirements Document, it
would remove the reference to design certification. The staff has verified
that this change was made in Revision 3 of this section and is acceptable.
Item 2 in Attachment 2 summarizes in detail design engineering required to
support the construction schedule. Some of the detailed design items in
Item 2 have asterisks to indicate that parts o' those items will be completed
in the standard plant design, rather than by the plant owner. In its letter
dated May 13, 1991, EPRI agreed to revise item 2 to indicate that portions of
the security plan (layout and detail drawings) will be part of the standard
plant design. These changes were included in EPRI's June 11, 1991, markup;
however, EPRI later elected to delete the security plan (layout and detail
drawings) from Attachment 2 in response to the staff's concerns regarding
protection of the information from unauthorized disclosure. The staff
concludes that this is acceptable because it satisfies its concern regarding
protection of safeguards information.

These requirements do not conflict with the Commission's regulations and
guidance. However, as discussed by the staff in Section 7 of this chapter,
the owner / builder must ensure that construction activities permit verificatiun
of the acceptability of the plant configuration in accordance with the
requisite NRC Inspection Manual chapters. The staff will address this matter
during its review of an individual application for a combined license,

11.14 Enaineerina Field Verification of As-Built Conditions

Section 11.14 of Chapter 1 of the Evolutionary Requirements Document states
that the plar.t designer should identify and perform necessary engineering
field verification activities to confirm the adequacy of the installation.
The requirements in this section do not conflict with the Commission's
regulations and guidance and are, therefore, acceptable.
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11.15 Conclusion

The staff concludes that, with the exceptions noted above, the requireme.nts in
Section 11 of Chapter 1 of the Evolutionary Requirements Document do not
conflict with the Commission's regulations and guidance and are, therefore,
acceptable.

o
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12 HECHANICAL EQUIPMENT DESIGN REQUIREMENTS

12.1 Introduction

Section 12 of Chapter 1 of the Evolutionary Requirements Document specifies
requirements for the mechanical equipment used in many systems of a nuclear
plant.

12.2 Inservice Testino of Pumns ad Valves

In Section 2.2 of the DSER for Chapter 1, the staff stated that EPRI had
agreed to include an appropriate reference to ASME Code, Section XI, in a
future revision of Chapter 1. This reference has been acceptably added to
Chapter 1. Therefore, this DSER confirmatory issue is closed. However, as a
result of its review of the detailed information in Chapter 1 relative to
inservice testing of pumps and valves, the staff requested that EPRI supply
additional information, as discussed below. This discussion addresses issues .

'

identified by the staff in Chapters 5, 6, and 8 of this report.

Sections 12.2.7.1 and 12.4.3.2 of Chapter 1 of the Evolutionary Requirements
Document state that system designs will include prosisions for inservice
testing of essential pumps and valves in accordance with American National
Standards Institute /American Society of Mechanical Engineers (ANSI /ASME) OH-6,
" Inservice Testing of Pumps," and OH-10, " Inservice Testing of Valves." These
two standards are now referenced in ASME Code, Section XI, " Rules for Inserv-
ice Inspection of Nuclear Pcwer Plant Components."

In SECY 90-016, the staff concluded that the requi. aments of Section XI of the
,

ASME Code provide information on the operational readiness of the components,
but, in general, do not necessarily provide for the verification of the
capability of the components to perform their intended safety functions. It

concluded that the ASME Code does not ensure the level of component opera-
bility that is desired for the evolutionary ALWR designs (see the staff's
regulatory departure analyses in Appendix B to this c'. apter).

Accordingly, in SECY-90-016,. as supplemented by the staff's April 27, 1990,
response to coments by the Advisory Committee on Reactor Safeguards (ACRS),
the staff recommended criteria to the Commission to be used to supplement
Section XI d the ASME Code. In its staff requirements memorandum on
SECY-90-016, dated June 26, 1990, the Commission approved the staff's position
for evolutionary LWRs. In addition, the staff agreed with the recommendation
of the ACRS.that the guidelines of Generic Letter 89-10, " Safety-Related
Motor-0perated Valve Testing and Surveillance," be applied to evolutionary LWR
designs. The ACRS also recommanded that.the staff rasolve the check valve
testing and surveillance issue and that consideration be given to industry-
proposed alternative ways of meeting-inservice testing and surveillance
requirements. The staff's review of the inservice testing programs for pumps
and valves in both the evolutionary and passive ALWR designs is based on these
guidelines.

In its letter dated December 22, 1989, EPRI responded to the staff's questions
on Chapter 8 of the Evolutionary Requirements Document. In these responses,
EPRI committed to modify Section 12 of Chapter 1 to address the staff's
concerns. However, in Section 3.2 of the DSER dated January 15, 1991, for
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Chapter 8 of the Evolutionary Requirements Document, the staff concluded that
EPRI's responses were not entirely acceptable. To satisfactorily implement
the enhanced criteria discussed above, the staff concluded that additional
modifications should be made to the Evolutionary Requirements Document. In
its letter dated May 17, 1991, the staff requested additional information on
the Evolutionary Requirements Document. The staff noted in that letter that,
with certain exceptions, the request for additional information (RAI) was
applicable to both evolutionary and passive plants. EPRI responded to that
RAI in its letter dated August 1, IS91. The evaluation that follows is based
on the information submitted in Revision 3 of the Evolutionary Requirements
Document and on EPRI's August 1, 1991, response.

12.2.1 Scope of the Inservice Testing Program

In its response to the staff's request to clarify the term " essential" in
regard to the scope of the inservice testing (IST) program for pumps and
valves, EPRI stated that for its ALWR program, an " essential" component or
system is viewed by the utilities as important for safety, reliability, and
availability and for protecting their investment. This response is consistent
with the staff's position that all safety-related equipment, including non-
Code class safety-related pumps and valves, should be tested in accordance
with ASME Codes, Section XI, and is, therefore, acceptable.

P_umo and Valve Reliability

In its letter dated May 17, 1991, the staff requested that EPRI provide a
commitment to undertake a reliability assurance program to identify key
components, to assess the applicability of existing data to these components,
and to develop reliability estimates for these components, in its letter
dated August 1,1991, EPRI referred to several sections in Chapter 1 and one
section in Chapter 5 of the Evolutionary Requirements Document. These
sections generally require the piant designer to develop reliability estimates
for key components and to perform sensitivity studies to better understand the
impact of data uncertainties. This response is too broad to be completely
acceptable. Specifically, with respect to existing data, the staff requires a
commitment to assess the applicability of such data to safety-related compo-
nents, furthermore, where existing reliability data are not applicable, the
expected reliability of those components will have tc be developed through
testing. Pending such a commitment, the staff will evaluate individual
applications for FDA/DC in accordance with the above position. On the basis
of the above discussion, this issue is closed.

In its letter dated May 17, 1991, the staff requested that the ALWR
reliability program be used to determine actions necessary to improve compo-
nent reliability and to maintain the desired component reliability level
through the life of the plant. In its August 1, 1991, response, EPRI referred
to several sections in Chapter 1 that were related to reliability and avail-
ability. In particular, it referred to Section 6.2.3 of Chapter 1, Revi-
sion 3, which states that the plant designer will prepare an analysis showing
that the designs of the plant systems and supporting maintenance systems,
recommended spare parts, surveillance tests, and test intervals will be
adequate to meet the availability requirements. In the rationale portion of
that section, EPRI stated that analyses relating plant system and component
reliability to availability for the ALWR are necessary for making adequate
decisions about plant system design. EPRI states that the sections referenced
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in its August 1, 1991, response provide requirements to ensure that appropri-
ate actions wil' be taken to improve reliability and that component reliabili-
ty levels will be maintained. This response provides the requested informa-
tion and is, therefore, acceptable.

In its letter dated May 17, 1991, the staff requested that testability of
safety-related valves be provided for early in the design phase. The valve
testability issue is discussed in Section 12.2.2 below.

12.2.2 Valves

During its review of Chapter 8 of the Evolutionary Requirements Document, the
staff requested that EPRI propose a frequency of disassembly and inspection of
safety-related check valves and motor-operated valves. EPRI stated that the
frequency of valve inspections was beyond the scope of the Evolutionary
Requirements Document. As discussed in Section 3.2 of the DSER for Chapter 8,
the staff concluded that EPRI's response was not acceptable. In its May 17,
1991, letter, the staff again requested, as a minimum, a commitment to develop
a program that will establish the frequency and extent of disassembly and
inspection of safety-related valves, including the basis for the frequency and
extent of each disassembly. In Revision 3 of Section 12.2.7.8 in Chapter 1 of
the Evolutionary Requirements Document, EPRI provided a commitment that is
consistent with the staff request.

In its letter dated August 1, 1991, responding to a concern raised on check
valve testing requirements and testability, EPRI stated that the requirements
in Section 12.2.7 of Chapter 1 of the Evolutionary Requirements Document were
in compliance with the Commission's guidance in the staff requirements
memorandum dated June 26, 1990, on SECY-90-016, and that a detailed design
analysis considering such factors as component design, application, PRA
insights, and design alternative was the appropriate method to determine the
best valve for the application and the best testing method. EPRI stated
further that for safety-related check valves that require testing, the plant
designer will submit the details for NRC approval at the FDA/DC phase of each
passive ALWR. The staff concludes that this response is not entirely accept-
abl e . Although this issue is applicable to both the evolutionary and passive

-

ALWRs, EPRI has not addressed it for the evolutionary plant design. The staff
disagrees with EPRI's position that a commitment to check valve testing
methods require: a detailed design analysis and concludes that a commitment-to
check valve testing methods should be part of the Evolutionary Requirements
Document. In addition, a requirement should be added to the list of guide-
lines from EPRI NP-5479, " Application Guidelines for Check Valves in Nuclear
Power Plants," in the requirement portion of Section 12.2.6.1 of Chapter 1 to
state that, in the selection and application of valves, the plant designer
should also consider parts clearance, disc stability, and wear relative to
actual operational flow conditions. Pending-such changes, the staff will

,

! review individual applications for FDA/DC in accordance with the above
positions. On the basis of the above discussion, this issue is closed.

In its letter dated May 17, 1991, the staff requested that EPRI revise Sec-
tion 12.2.7.2 in Chapter 1 to reflect the staff's position on full-flow
testing of check valves as described in the letter. In its August 1, 1991,
response, EPRI referred to its position as provided in its responses to_RAI
210.39(b) and (f). For reasons similar to those discussed above, EPRI's,

| response is not acceptable. The staff maintains that testing method and
| \
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testability are important parts of reliability assurance and that a commitment
to the staff's position on full-flow testing of check valves should'be part of
the Evolutionary Requirements Document. Pending such a commitment, the staff
will review individual applications for FDA/DC in accordance with the above
position. On the basis of the above discussion, this issue is closed.

In its letter dated May 17, 1991, the staff requested additional information
regarding the use of nonintrusive diagnostic techniques for check valves. In
Revision 3 of Section 12.2.7.4 of Chapter 1 of the Evolutionary Requirements,

Document, EPRI states that check valve and system design will include provi-'

sions for the use of nonintrusive diagnostic techniques. This commitment is
; consistent with the staff's May 17, 1991, request and is, therefore, accept-
" able.

In its letter dated May 17, 1991, the staff requested additional information
on motor-operated valve (M0V) testing requirements. Revision 3 of Sec-
tions 12.2.7.6 and 12.3.2.3.4 of Chr.pter 1 reflects the staff's comments

,
~ relative to demonstrated design-basis capability. In particular, where
; in situ design-basis testing is not practical, MOVs with well-understood

performance characteristics will be used. Also, requirements for
preinstallation testing have been expanded to include full and partial design-
basis conditions. Justification will be required to show that qualification

,

tests apply to all other valves of the same type, -size, and conditions. The"

staff concludes that the above commitments are consistent with staff positions
| relative to this issue and are, therefore, acceptable.

In its May 17, 1991, letter, the staff requested additional information on
4 qualification testing of active and nonactive MOVs. In its August 1, 1991,
I response, EPRI stated that nonactive MOVs should be designed for potential
{ mispositioning, but qualification testing was not required. This statement
,

does not completely agree with the current staff-guidelines on valve misposi-
tioning. The staff concludes that nonactive MOVs in a safety-related system'

either should be designed to prevent mispositioning or should be required to
be subjected to qualification testing to demonstrate their capability to
recover from mispositioning. Mispositioning may occur through actions taken

i at any time locally (manual or electrical), at a motor control center or in
the control _ room, and includes deliberate changes of valve position for
performing surveillance testing. Therefore, the staff will review individual
applications for FDA/DC in accordance with the above position. On the basis
of the above discussion, this issue is closed.

Recent industry experience and the results of NRC inspections of MOV programs
indicate several areas require attention in the EPRI document. Specifically,

,
' in addition to the technical information described in Section 12.2.2.5 of

Chapter 1 of the Evolutionary Requirements Document that is .to be provided
with each valve, operator loads as a function of fluid temperature (sub-
cooling) and seismic / dynamic effects, as well.as precise internal dimensions
of the valve, should be provided. In addition to consideration of stem-
leakage in establishing the proper globe valve orientation described in
Section 12.2.2.6.2 of Chapter 1, any reliance on a globe valve to isolate flow
or the use of the valve for throttling flow should also be considered in
establishing proper orientation. In addition to ensuring that the valve
bontat and disc will be designed _to prevent pressurization due to heatup of
fluid trapped in the bonnet as described in Section 12.2.2.8.2 of . Chapter 1,
the bonnet should be designed so that its internal pressurization is not
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greater than that of both the upstream and downstream piping, or the motor
operator should be designed to overcome such pressurization. EPRI should
revise Section 12.3.2.3.3 of Chapter 1 to require that provisions be made for
measuring both stem thrust and actuator torque because of the importance of
information regarding the conversion of torque to thrutt (i.e., stem factor).
As a clarification of Section 6.2.2.1.4 of Chapter 5 regarding the capability
of isolation valves to close against conditions that may exist during events
requiring containtrent isolation, the isolation valves should be designed and
test-qualified to be able to isolate flow resulting from a pipe break at the
worst-case differential pressure (e.g., a condition resulting from a failure
to scram the reactor in a timely manner), because the potential for a break in
a line from the reactor vessel would likely be greatest when the reactor
pressure was abnormally high. Penuing modification of these sections, the
staff will review individual applications for FDA/DC in accordance with the
above positions. On the basis of the above discussion, this issue is closed.

in it<, letter dated May 17, 1991, the staff requested that EPRI address
compliance with General Design Criterion (GDC) 54 of Appendix A to 10 CFR
Part 50 with respect to containment isolation valve (CIV) design and to commit
to leak test these valves to appropriate limits. GDC 54 includes requirements
to design for the capability to leak test CIVs in all piping systems penetrat-
ing the containment. This requirement applies to the primary and secondary
systems penetrating the containment. In its letter dated August 1, 1991, EPRI
referred to Table B.1-1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document, which states that the design will meet GDC 54.

In its May 17, 1991, letter, the staff also discussed some limitations of the
Type C leak rate testing requirements of Appendix J to 10 CFR Part 50 for
CIVs. In particular, Appendix J Type C leak rate testing adequately deter-
mines the containment leaktightness provided by the valves included in this
test program. However, these tests do not require that individual valve
leakage limits be defined, nor is corrective action required based on individ-
ual valve leakage rates. ASME/ ANSI OM-10 only requires CIVs to be tested in
accordance with Appendix J. Therefore, the staff requested that EPRI revise
the Evolutionary Requirements Document to require analyses of leakage rates
and corrective actions for CIVs. Acceptable requirements for the analysis of
leakage rates and corrective action are contained in either Paragraph IWV
3421-3427(a) of Section XI of the ASME Code or Paragraph ISTC 4.3.3 of
ASME/ ANSI OM-10, 1990.

In its response dated August 1, 1991, EPRI explained that the requirement in
Section 6.2.2.2 of Chapter 5 of tha Evolutionary Requirements Document was
intended to require the plant designer to minimize the number of valves that
will be subjected to Type C testing in accordance with Appendix J to 10 CFR
Part 50 rather than to set down the ty.9 of testing required for CIVs. EPRI's
response also referred to Section 12.2.7.1 of Chapter 1 of the Evolutionary
Requirements Document, which requires the plant designer to provide for
testing of essential valves in accordance with ASME/ ANSI OM-10. Furthermore,
EPRI stated that the designation of specific inservice testing requirements
was beyond the scope of the Evolutionary Requirements Document and properly
belonged in FDA/DC documentaticn. The staff disagrees with EPRI's position
that the designation of specific inservice testing requirements " beyond the
scope of the Evolutionary Requirements Document. For the reasons discussed
above, the staff has also determined that EPRI's response will not result in
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individual CIV leak rate testing and is, therefore, not acceptable. The staff
will review individual applications for FDA/DC in accordance with the above
position.

12.2.3 Pumps

As stated in Section 3.2 of the DSER for Chapter 8 and the staff's letter
dated May 17, 1991, it is the staff's position that the pumps for AtWR designs
shoul 'e provided with instrumentation to verify that the net positiveo
sucth... head (NPSH) is greater than or equal to the NPSH required during all
modes of pump operation. In Section 12.4.3.2 of Chapter 1 of the Evolutionary
Requirements Document, EPRI indicates that its provision to test pumps in
accordance with ASME/ ANSI OH-6 will ensure that sufficient instrumentation and
test connections are provided to monitor pump performance and trend degrada-
tion. However, OM-6 does not address the above staff position. Therefore,
the staff requires a more explicit commitment to provide instrumentation to
measure suction pressure. Since EPRI has not responded to this staff concern,
the staff will review individual applications for FDA/DC in accordance with
the above position. On the basis of the above discussion, this issue is
closed.

in its letters dated December 22, 1989, and August 1, 1991 EPRI responded to
the staff requests for additional information regarding the capability for

. EPRI committed to modify Section 12 of Chapter 1 inpump flow testing.
accordance with the staff position that system design should provide the capa-
bility for pump flow testing at rates at least as large as the design flow
rate. However, in the revised Section 12.4.3.1 of Chapter 1, EPRI states that

,

system design will provide the capability for pump flow testing on a periodic
basis at a flow rate that P.dequately verifies operability and will not result
in pump degradation, it further states that, if practicable, the capability
for system flow testing during normal operation will be provided and that, as
a minimum, the capability will be approximately 60 pert.ent of the design flow
rate. However, 60 percent of the design flow rate is not acceptable.

- Therefore, the staff will review individual applications for FDA/DC in
accordance with its position that the capability to test at 100 percent of the"

design flow rate should be provided. On the bacis of the above discussion,
this issue is closed.

in response to the staff's concern regarding the adequacy of the mini-flow
system as discussed in Section 3.2 of the DSER for Chapter 8, EPRI deleted the
phrase "25 percent of the pump design flow" from the rationale portion of
Section 12.4.1.3 of Chapter 1 of the Evolutionary Requirements Document. In
addition, EPRI states that system designs will be such that the pumps will not
operate below the minimum flow required for pump protection for all operating
modes. If minimum recirculation flow lines are required, these lines will be
-sized to ensure that degradation will not occur-as a result of continuous
operation on bypass. The design of the minimum flow lines, if installed, will"

permit periodic testing to verify the flow is in accordance with design. This
commitment addresses the staff's concern, conforms to the applicable staff
guideline, and is, therefore, acceptable.

In Section 3.2 of the DSER for Chapter 8 and in its letter dated May 17, 1991,
the staff requested that EPRI provide a commitment to periodically disassemble
and inspect all safety-related pumps. The staff requires, as a minimum, a
commitment to develop a program that will establish the frequency and the

|
EPRI Evolutionary Plant SER 1.12-6 |

- _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _



.
-

_ ._ _ _ . . .__ __

,

extent of disassembly and inspection of-safety-related pumps, including the
basis for the frequency and extent of each disassembly. EPRI has not

; responded to this request for the evolutionary plant. Pending such a commit-
; ment, the staff will review individual applications for FDA/DC in accordance

with the above position. On the basis of the above discussion, this issue is
closed.

.
12.2.4 Conclusion

1

The staff concludes that, with the exceptions noted above, Section 12 of
; Chapter 1 of the Evolutionary Requirements Document satisfies the staff
: guidelines discussed in Section 12.2 of this chapter relative to inservice

testing of pumps and valves and is, therefore, acceptable,

j 12.3 Epdiation Protection Considerations

! PLmps
1

Section 12.4 of Chapter 1 of the Evolutionary Requirements Document states
that pumps will be designed with flanged connections to facilitate removal and
replacement. Pumps in radiation areas will have long-life bearings and-
permanent-type lubrication where practical. Pumps in nuclear service will be
provided with drain and flush connections to facilitate decontamination.-

Tanks

: Section 12.6 of Chapter 1 states that all tanks will be designed to prevent
i the unintended retention of particulate material by the incorporation of one

or more of the following features: sloped or cone-shaped tank bottoms,
grinding of internal welds to minimize crud traps, tank flushing capability,-

and lancing or chemical cleaning capability.

Filters and Ion Exchance_n

Section 12.9 of Chapter 1 states that process vessel manways will be sized to
accommodate personnel wearing anticontamination clothing and remote or semi-,

remote tools will be available to facilitate maintenance of vessel internals..

Filters used will require minimal time and effort to keep in service.
; Cartridge filters that will have high radiation levels will be designed to be

changed remotely. Standardized techniques for filter handling will be used'

i throughout the plant to ensure that doses will be.ALARA during filter ma>te-
nance and changeout. Bag filter housings will be designed for ease of
removal. Such features are intended to minimize the personnel radiation
exposure associated with changing filters and, therefore, are acceptable.

Ion exchangers will have downstream resin traps to prevent the escape of
resins in the event of a failure of an internal screen in _the ion exchanger.
These resin traps will be located outside the ion exchanger enclosure-(in a
lower radiation area) and will be provided with a remote backwash capability.
This remote backwash capability will permit the resin traps to be cleaned
remotely from a low-dose-rate area, thereby eliminating.the associated
personnel radiation exposure normally accrued during cleaning of- resin traps.

EPRI Evolutionary Plant SER 1.12-7,

I



-. . . _ . - . . - . .- - . .. ..

:

Conclusion
,

The staff concludes that the design features of Section 12 of Chapter 1 of the
Evolutionary Requirenents Document do not conflict with the applicable
guidance in Regulatory Guide 8.8 for minimizing personnel exposures,.and SRP
Sections 12.1, " Assuring That Occupational Radiation Exposures Are as low as
is Reasonably Achievable," and 12.3-12.4, " Radiation Protection Design Fea-
tures," and, therefore, are acceptable.
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13 CONCLUSION

Chapter 1 of the Evolutionary Reouirements Document

On the basis of its review, subject to resolution of the identified outstand-
ing issues, the staff concludes that the requirements in Chapter 1 of the
Evolutionary Requirements Document do not conflict with current regulatory
guidelines and are acceptable. However, Chapter 1 contains requirements that
are so general in nature that it is difficult for the staff to determire
whether their implementation will meet the Commission's regulations, guidance,
and practices. The staff's review of the remainder of the document is
discussed in detail in the chapters that follow, providing a clearer picture
of the extent to which the Evolutionary Requirements Document complies with
the Lammission's regulations. - The conclusions regarding the staff's review of
the entire Evolutionary Requirements Document are prnvided below. Applicants

i referencing the Evolutionary Requirements Document will be aquired to demon-
strate compliance with the additional guidance in the Standard Review Plan
(NUREG-0800) or provide justification or alternative means of implemnting the

; associated regulatory requirements.

Evolutionary Reouirements Document,

On the basis of its review, subject to resolution of the identified outstand-
ing issues listed in Section 1.4 of each chapter of this report, the staff
concludes that the requirements in the Evolutionary Dequirements Document
(Volume II) do not conflict with current regulatory guidelines and are
acceptable. However, by themselves, they da not provide sufficient informa-,

tian for the staff to determine if the evolutionary design will be adequate..

Therefore, applicants rcferencing the Evolutionary Requirements Document will
be required to demonstrate coinpliance with the additional guidance in the
Standard Review Plan or provide justification or alternative means of imple-
menting the associated regulatory requirements.

In staff requirements memoranda (SRM), the Commission instructed the staff to
provide an analysis detailing where the staff proposes depat ture from current
regulations or where the staff is substantially supplementing or revising
interpretive guidance applied to currently licensed LWRs. -The staff considers

i wese to be policy issues. Appendix 8 to this chapter provides that analysis.
The staff ferwardad tnese issues to the Commission in SECY-90-016,
SECY-91-078, and a draft Commission paper issued on February 27, 1992.

In its SRM dated June 26, 1990, and August 15, 1991, the Commission provided
its decisions on SECY-90-016 and SECY-91-078, respectively.<

After the staff issues the February 27, 1992, draft Commission paper in final
; form, the Commission will complete its review of the basis for the approach

that the staff is proposing for those issues and, accordingly, may at some
future point in the review determine that those issues involve policy ques-
tions that the Commission may wish to consider. Because the Commission has
not reviewed the approaches to resolving these issues, they do not represent
agency positions. In addition, certain technical issues still have to be
resolved before the staff car. complete its review.
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Therefore, the staff concludes that the Evolutionary Requirements Document
(Volume II) specifies requirements that, subject to the resolution of the
identified open issues and vendor- and utility-specific items, if properly
translated into a design and constructed and operated in accordance with the
NRC regulations in force at the time the design is submitted, should result in
a nuclear power plant that will have all the attributes required to ensure
that there is no undue risk to the health and safety of the public or to the
environment. In addition to complying with existing regulations, such a
facility would also be consistent with the Commission's policies on severe-
accident protection.

i

i

|
l
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CHAPTER 1, APPENDIX A, "PRA KEY ASSUMPTIONS AND GROUNDRULES"

l IN1RODUCTION

This appendix of the SER documents the NRC staff's review of Appendix A, "PRA
Key Assumptions and Groundrules," to Chapter 1 of Evolutionary Requirements
Document through Revision 3, Appendix A to Chapter 1 was prepared, under the
project direction of EPRI and the ALWR Utility Steering Committee, by Duke
Power Company; Jack R. Benjamin Associates; SAROS; TENERA, L.P.; and EPRI.

On June 30, 1989, EPRI submitted Appendix A to Chapter 1 for staff review. By
letters dated April 10, July 13, and August 17 and 23, 1990, the NRC staff
requested that EPRI supply additional information. EPRI provided the informa-
tion in its response dated November 7, 1990.

On November 4, 1991, the staff issued its DSER for Appendix A to Chapter 1.
On December 11, 1991, the staff and EPRI met with the Advisory Committee on
Reactor Safeguards (ACRS) Subcommittee on Improved Light Water Reactors to
discuss this appendix, the staff's corresponding DSER, the outstanding issues
from the staff's review of the appendix, and EPRI's approach to resolving each
issue.

On September 7,1990, E'*" submitted Revision 1 of the Evolutionary Require-
'

ments Document. Revisio, 2, 3, and 4 were docketed on April 26 andi

November 15, 1991, and April 17, 1992, respectively. This appendix documents
the staff's review of Appendix A to Chapter 1 of the Evolutionary Requirements
Document through Revision 3, as well as its review of EPRI's responses to the
staff's DSER that were docketed as pen-and-ink changes-to the Evolutionary
Requirements-Document by letter dated January 24, 1992. EPRI has incorporated
these changes as Revision 4.

Use of the Probabilistic Risk Assesspent in Future Desians

It is not the Commission's intent that probabilistic risk assessments (PRAs)
for evolutionary plants merely be used to validate an already frozen design,
but rather that the PRAs be used as a design tool to improve the design,-

enhance safety, and help provide valtsle insights into specific plant
vulnerabilities. Consistent with this philosophy, the Commission expects
evolutionary-plant vendors to make use of PRA insights to help in ensuring
that designs have an appropriate balance of prevention and mitigation from a
severe-accident standpoint and that the designs benefit from PRA safety
insights. .The staf f intends that its reviews of evolutionary plant PRAs will-,

| not focus on checking only the quality of the PRA, but also how well the-

' vendor or. utility continues the use of the PRA tool to minim!ze the estimated
core damage frequency and offsite consequences.

In its DSER for Appendix A to Chapter 1, the staff identified the use of PRA .I
in design as an open issue. In resp'onse to the staff's DSER, EPRI modified

i

the Evolutionary Requirements Document to indicate that the design-specific
PRA will be integrated into the design process to enhance and improve the

-l
'
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design (including meeting EPRI's core damage frequency and public risk
objectives). Although the EPRI response is generally acceptable, FDA/DC
applicants must also submit a description of the followingi

how PRA insights specifically influenced the design process*

what design features, if any, were added to or removed from the design*

as a result of PRA insights

how plant operating experience was #actored into the design-specifica

PRA

how it was determined (including criteria) if there were any*

vulnerabilities in the plant design for internal and external events

how the PRA was used to develop an appropriate balance of prevention--

and mitigation

The staff concludes that EPRI has proviced guidance to vendors and designers
on the use of a PRA during the design process and, ti,erefore, this open issue
is closed.

FDA/DC certification of a design will be based in part on a PRA of that ,

design. Since the validity of a PRA is highly dependent on the assumed I

reliability of systems, structures, and components, the staff has determined j
that the plant designer should provide a reliability assurance program (RAP) i

as part of the FDA/DC application. This issue is discussed in this report in
Section 6 of Chapter 1 and under Item II.M of the February 27, 1992, draft
Commission paper on policy issues continued in Annex C of Appendix B to
Chapter 1.

There will be three phases of the PRA for ALWRs:

(1) The development of the design-specific PRA by the ALWR vendor for
FDA/DC.

(2) The updating of the PRA (or the use of PRA techniques) at-the combined
license stage to include site-specific external events.

(3) The updating of the PRA after the combined license has been issued to
include as-built information such as actual equipment capacities,
control room details, and updated human factors analysis. This phase is
expected to be completed before startup of the plant hnd to continue-
through the life of the plant with the PRA being maintained- as part of
the RAP.

The PRA will be a u .ful tool in developing appropriate plant maintenance
activities. The NRC has recently promulgated the maintenance rule (10 CFR
50.65), which requires commercial power plant licensees to monitor the
effectiveness of maintenance for safety-significant plant equipment in order
to minimize the likelihood of failures and events caused by lack of effective
maintenance. The' rule, which will become effective in July 1996, requires
licensees to monitor the performance or' condition of certain systems, struc-
tures, and components (SSCs). Licensees are to compare monitoring results
against licensee-established goals in a manner sufficient to provide reason-
able assurance that those SSCs will be capable of performing their intended
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functions. The goals are to be established commensurate with the safety
significance of each SSC. Key assumptions in the plant-specific PRA and the
PRA insights are to be considered with respect to how the assumptions and
insights should affect plant maintenance. The rule encourages licensees to
develop "living" PRAs.

The issue of a living PRA was identified as a confirmatory issue in the DSER
for Chapter 1 because Appendix A had not yet been submitted when the staff
prepared the DSER. The staff concludes that EPRI's key assumptions and
groundrules rovide guidance to vendors on the conduct of a PRA. However, the
staff will have to review the issue of a living PRA during its combined
license review and during plant operation. Therefore, this confirmatory issue
is closed.

1.1 Review Criteria

Section 1 of Volume 1 of this report describes the approach and review
criteria used by the staff during its review of Appendix A to Chapter 1 of the
Evolutionary Requirements Document.

1.2 Scope and Structure of ADoendix A to Chapter 1

Appendix A to Chapter 1 of the Evolutionary Requirements Document defines the
ALWR Utility Steering Committee's overall requirements for conducting a
PRA.

The key topics addressed in the staff's review of Appendix A to Chapter 1
include

scope of the PRA=

initiating events-

success criteria-

uncertainty analysis*

plant modelinga

human reliability*

containment analysisa

reliability dataa

reliability assurance program*

seismic analysesa

fire analysesa

internal and external flood analyses-

use of PRA in design.

1.3 Policy Issugi

During its review of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, the staff did not identify issues that involve policy questions for
the technical areas discussed in this appendix, other than those already
identified in the Commission papers listed in Appendix B to Chapter 1 of this
report.

1.4 Outstandina Issues

The DSER for Appendix A to Chapter 1 of the Evolutionary Requirements Document
contained the following outstanding issues: |

|
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Open Issues

(1) use of PRA in design (1)

(2) events other than those initiated during full-power operation (1.6)

(3) consideration of reactivity accidents (1.7)

(4) definition of core damage (1.7)

(5) uncertainty treatment (1.9)

(6) form of the results (1,10)

| (7) initiating events-(2.2)

(8) truncation (2.5),

(9) nested solution process (2.5)

i (10) mission time (2.10)

(11) use of EPRI-proposed failure data (2.11)'

(12) instrumentation and controls reliability data (2.11)
;

(13) tornadoes and extreme winds (3.2)*

(14) external flooding (3.2)

(15) internal fires (3.2)
1 (16) internal flooding (3.2)

| (17) quantitative uncertainty analysis for seismic events (3.3)
1

(18) hazards analysis for ground response spectrum (3.3)
;

(19) in-plant sequence assessment (4.5)
,

(20) containment event analysis (4.6),

(21) details of uncertainty-analysis (4.6)

) (22) implementation of EPRI's public-safety requirements (5.1)

.
(23) analysis of systems and sequences (6.1)'

(24) assessment of' containment response'(( 2)

(25) analysis of source terms (6.3)
,

(26) use of physically based source- tert.. (6.3)
i

(27) human reliability analysis considerations (7.1)

EPRI Evolutionary Plant SER 1A.1-4
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(28) function, task, timeline, and link analyses (7.3)

(29) performance shaping factors (7.3)

(30) evaluation tools for performance shaping factors (7.3)

(31) quantification methods for human reliability analysis (7.3)

(32) reliability data base for consideration of loss of offsite power
(Annex A)

(33) failure rate for the main step-up transformer (Annex A)

(34) Al.WR reference site data (Annex B)

Confirmatory issue

(1) generic data sources (7.3)

The final disposition of each of these issues is discussed in detail in the
appropriate section of this appendix, as indicated by the parenthetical
notation following each issue. All issues identified in the DSER for
Appendix A to Chapter 1 have been resolved.

1.5 Vendor- or Utility-Soecific Items

The vendor- or utility-specific items, with references to appropriate sections
of this appendix given in parentheses, are listed below. The designators in
front of each issue provide a unique identifier for each issue. The letter-
"E" indicates that the issue applies to evolutionary plant designs. The first,

number designates the chapter (or appendix) in which it is identified. The
letter "V" designates that it is a vendor- or utility-specific item. The

6 final number is the sequential number assigned to it in the appendix.

E.lA.V-1 use of PRA in design
E.lA.V-2 modeling of a PRA (1.6)
E.lA.V-3 shutdown and low-power events (1.6)
E.lA.V-4 external events.(1.6, 3.3, and 6.1)
E.1A.V-5 core damage frequency (1.7)
E.lA.V-6 uncertainty treatment (1.9 and 6.1)
E.lA.V-7 documentation of method of truncation of accident sequences (1,10'

and 2.5)
E.lA.V-8 low-frequency accident initiators leading to core damage (2.2)
E.lA.V-9 mission time (2.10)
E.lA.V-10 failure rate for components (2.11)
E.lA.V-Il tornadoes and extreme winds (3.2)
E.lA.V-12 external river flooding (3.2)
E.1A.V-13 hurricanes and storm surges (3.2)
E.1A.V-14 tsunami (3.2)
E.lA.V-15 internal fires (3.2)
E.1A.V-16 site-specific external events
E.1A.V-17 internal flooding (3.2)
E.lA.V-18 sehm_ic hazards analysis (3- 3).

E.1A.V-19 core-damage-sequence binning (4.1)
E.1A.V-20 plant damage state definition (4.2)
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E.lA.V-21 containment isolation assumptions and criteria (4.3)
E.lA.V-22 in-plant sequence assessment (4.5)
E.lA.V-23 containment event analysis (4.6)
E.lA.V-24 details of uncertainty analysis (4.6)
E.lA.V-25 source term definition (4.7)i E.lA.V-26 event tree binning (4.8).

E.lA.V-27 risk measures related to containment performance (4.8)
E.lA.V-28 use of mean values for characterization of risk results (5.1)

: E.lA.V-29 assessme-t cf risk measures (5.2)
calculatt a, r f offsite consequences (5.2).E.lA.V-30 a

E.lA.V-31 impcrtance analysis for input to reliability assurance program
(6.1)

E.lA.V-32 assessment of containment response (6.2)
E.lA.V-$3 source term (6.3)
E.lA.V-34 scopn and objective of human reliability analysis HRA (7.1)
E.lA.V-35 process and criteria to confirm adequacy of human reliability

analysis (HRA) (7.2)
E.lA.V-36 impact of advanced technologies on HRA (7.3)
E.lA.V-37 function, task, timeline, and link analyses (7.3)
E.lA.V-38 generic data sources (7.3)
E.lA.V-39 performance shaping factors and their evaluation tools (7.3)
E.lA.V-40 quantification methods for HRA (7.3)
E.lA.V-41 less of offsite power frequency (Annex A)
E.lA.V-42 site data (Annex B)

1.6 Overall Scope and Methods of Acendix A to_C_hanter 1 '

Appendix A to Chapter 1 of the Evolutionary "equirements Document defines the
ALWR Utility Steering Committee's requirements for the PRA to be performed for
evolutionary ALWRs. It defines the purpose and scope of the PRA, identifies
previously developed methods to be used, identifies new or improved methods to
be used, and defines procedures to be used if existino . .ocedures are incom-
plete or conflicting. Such a PRA is required to be performed to satisfy the
regulatory requirements in 10 CFR Part 52. The staff concludes that the
overall scope and methods described in Section 1.1 of Appendix A to Chapter 1
are acceptable, except as described below.

Scope of Structures. Systems. and Components Modeled in PR6

It is unclear whether the Evolutionary Requirements Document requires the PRA
modeler to include all important plant equipment. As clarification, the staff
requires that ALWR vendors submit a PRA that models all equipment (1) that the
NRC requires evolutionary plants to have available to prevent or mitigate
severe accideni.s and (2) that an operator is likely to attempt to use to
prevent or mitigate.any initiating event that may lead to core damage. This
must include consideration of accident management measures or- strategies for
preventing and mitigating severe accidents and for establishing and maintain-
ing long-term cooling and containment heat removal.

Modes of Operation Other Than Full Power -

Revision 1 of Appendix A to Chapter 1 called for (at a minimum) a qualitative
screening evaluation to be performed for events during modes other than full
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power. In the DSER for Appendix A to Chapter 1, the staff concluded that a
qualitative evaluation alone was not adequate and identified this as an open
issue.,

In its January 24, 1992, response to the DSER (which referenced EPRI's letter
dated December 16, 1991, responding to the staff's request for additional
information dated September 5,1991), EPRI modified the Evolutionary Require-
ments Document to address shutdown risk in more detail. EPRI stated that the
Evolutionary Requirements Document will evaluate "all operating conditions
(including shutdown ones)." In addition, it will require that the plant-
specific PRA performed for shutdown conditions evaluate core damage frequency
(only Level 1 PRA required) with a simplified evaluation of release frequen-
cies and magnitudes. The study will attempt to identify potential vulnerabil-
ities so that evolutionary plant designers can remedy the most important ones.
The staff concludes that the snutdown analysis guidelines proposed by EPRI are
well thought out and generally acceptable with the following exceptions:

Although it is necessary to develop assumptions that limit the scope of-

a shutdown PRA in order to make the analysis tractable, in reality it is
impossible to predict all combinations and permutations of maintenance
activities that might occur during outages. However, on the basis of

_

inspections performed at operating plants, it is apparent that the risks
associated with planned outages can be significantly reduced when plant
personnel are aware of the risk potential of certain configurations.
Use of the simplified shutdown PRA can help outage planners eliminate
configurations that are particularly risk significant, sensitize
shutdown planners to the need to minimize the time of exposure for risk-
significant configurations that r.annot be avoided, and provide the
planners with safety insights that can be shared with those performing
plant maintenance. Therefore, at each planned outage, combined license
applicants should reevaluate the expected shutdown configurations using -
the simplified shutdown PRA to bey |n configuration control, mainte-
nance, and outage scheduling.

Potential initiating events should not be excluded from consideration on*

the basis that safety functions are available and _the window of risk is
of short duration. For example, these criteria would screen out mid-
loop operation if taken literally, even though mid-loop operation has
been shown to be a potentially important contributor to shutdown risk.

When determining the list of shutdown initiators to be considered, the.

analysts must consider existing (NRC) information notices that pertain
to shutdown events and must consider internal flooding and fires.

When making a functional assessment ..e plant's response to a-

shutdown event, not only the effectiveness and types of alarms expected
tc be actuated should be analyzed, but also instrumentation pertaining
to such things as vessel level and reactor coolant system temperature
and all instrumentation specific to decay heat removal system perfor-
mance (e.g., pump amperage). - Quantitative analysis of the operator's
ability to respond to a shutdown initiator. requires an evaluation of the
instrumentation available.

i

|

|

|

|
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Consideration must be given to including insights from the shut-*

down PRA analysis in the accident management program guidance the
vendors will develop for combined license applicants and in the
technical specifications for modes other than full power.

Therefore, the staff concludes that the issue involving events other than
those initiated during full-power operation is closed.

External Events

At the FDA/DC stage, ALWR vendors must address seismic events, tornadoes,
fires, and internal flooding. At the combined license stage, P te-specific
external events such as river flooding must be addressed. If a bounding
analysis has not been performed by the ALWR vendor, combined license appli-
cants must provide a site-specific analysis, using PRA techniques, that
evaluates these external events. From the staff's viewpoir.t. the importance
of these analyses comes not from bottom-line numbers, but rather from insights
into plaat design robustness, potential severe-accident vulnerabilities, and
areas in which reliability and/or maintenance are particularly safety signifi-
cant. In Section 3 of this appendix, the staff provides additional details
regarding external events.

1.7 Definition of Core Damage

Section 1.2 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that core damage from events involving loss of coolant
inventory and/or loss of core heat removal will be assumed to have occurred
f, and only if, both of the following have occurred:

The collapsed level in the reactor has decreased so that active fuel in.

the core has been uncovered.

A fuel cladding temperature of 2200 *F or higher is reached in any node*

of the core as defined in a best-estimate thermal-hydraulic calculation.

In its DSER for Appendix A to Chapter 1, the staff stated that EPRI's charac-
terization of core damage was incomplete in that reactivity accidents were not
considered and identified this as an open issue. In response to the open
issue, EPRI added a criterion for defining core damage resulting from
reactivity accidents. For reactivity accidents, core damage is assumed to
occur if the axial peak, radial average energy exceeds 280 cal /g. The staff
concludes that the definitions of core damage due to loss of coolant inventory
and or loss of core heat removal and due to reactivity accidents are accept-
able for purposes of the PRA; therefore, this DSER open issue is closed.

Section 1.2.2 of the original version of Appendix A to Chapter 1 stated that
the plant design will be such that a realistic assessment of the mean core
damage frequency will produce a best estimate no higher than IE-5 event per
reactor-year, including both internal and external events. In the DSER for
Appendix A to Chapter 1, the staff noted that this requirement was inconsis-
tent with the requirements of Chapter 1 that refer to a mean annual core
damage frequency and identified this discrepancy as an open issue. In
response to the DSER, EPRI modified Section 1.2.3 of Appendix A to require
that the plant design be such that a realistic assessment of the core damage
frequency will produce an estimate no higher than IE-5 ever oer reaci.or-years
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(including both internal and external events). The wording proposed here is
still unclear, since there is no rigorous statistical definition of an
" estimate" or " annual core damage frequency." These could be represented by
the mean, median, mode, or some other parameter. In addition, point estimates
do not permit investigation of the effect that uncertainties may have on the
insights from a risk assessment.

Although the staff concludes that the goal of IE-5 event per reactor-year is
useful for designers and for potential customers of evolutionary plant
designs, the Commission has stated that it does not intend to regulate
advanced plants to a specific numerical core damage frequency goal. Although ,

many measures of central tendency exist, the Commission has chosen "mean
values" as the appropriate measure for safety goals and other Commission and
staff risk targets. Therefore, when reporting core damage frequency and other
risk results, "mean values" should be reported to the extent possible, in
Section 1.9 of this appendix, the staff discusses further uncertainty analy-
ses. ALWR vendors and combined license applicants may submit other m!asures
of central tendency or statistical estimates, but the staff will use mean
values (with their corresponding uncertainty distributions) for gain %g
insights and making decisions. Therefore, this OSER open issue is closed.
The staff's further evaluation of EPRI's public safety goal is provided in
Section 5.1 of this appendix.

1.8 Point-Estimate Ouantification

Section 1.3 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that for each primary event input into the PRA model, a point
estimate will be derived to represent that event in calculating the frequency
of event sequences. Section 1.3 also states the mean value will be the point
estimate used for this purpose. These mean values will be propagated through
the PRA models, and point-estimate frequencies will be obtained for core-
damage sequences and radionuclide release categories of interest.

1.9 Uncertainty Treatment

Internal Fvent Uncertainties

Revision 1 of Section 1.4 of Appendix A to Chapter 1 of the Evolutionary
Requirements Document stated that a qualitative uncertainty analysis will be
performed as part of the PRA, and that this analysis will, as a minimum,
involve the identification and description of the potentially important
sources of uncertainty, and an assessment of the significance of these
uncertainties with respect to the results and conclusions of the PRA. The
docu.nent also stated that where necessary, the qualitative analysis will be
supplemented by quantitative evaluations of the sensitivity of the results to
key uncertainty issues to aid in investigating the significance of these
sources of uncertainty. However, it did not distinguish between the uncer-
tainty and sensitivity analyses that would be ' performed for the Level 1 versus
the Level 2 and 3 portions of the analysis, or for internally versus external-
ly initiated events.

In the DSER for Appendix A to Chapter 1, the staff concluded that uncertainty
analyses should be such that the staff has reasonable assurance that the PRA
reflects variability in (1) the significance of key actions, events, and
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phenomena for the plant design; (2) the effectiveness of the accident mitiga-
tion systems and potential design improvements; and (3) the estimates of risk
measures related to public health and safety. This was identified as an open
issue in the DSER.

In response to this DSER open issue, EPRI proposed modifications to Sec-
tion 1.4 vf nppendix A to Chapter 1 that provide further guidance on how
uncertainty is to be considered in the PRA and that more clearly require that
the qualitative uncertainty analysis be supplement ed by a series of quantita-
tive sensitivity studies. The revision also emphasizes the importance of
analysts giving careful, systematic consideration to the sources of uncertain-
ty that could be important, and the impact that each of these sources might
have on the results.

The EPRI response represents an improvement in the Evolutionary Requirements
Document but falls short of adequately addressing the full range of the
staff's concerns. In particular, Appendix A still does not require a quanti-
tative assessment of uncertainty or provide guidance on how uncertainties
should be addressed for the different portions of the analysis (Levels 1, 2,
and 3) and for internal versus external events. The staff recognizes the
difficulty in performing uncertainty analyses and, in some areas such as
Level 2, the limitations of such analyses. Nevertheless, given the inadequate
state of knowledge of severe accidents and the considerable benefits of
performing an uncertainty analysis (particularly for Level 1), the staff
considers the present guidance on uncertainty analyses in the Evolutionary
Requirements Document to be insufficient.

The staff requires that a full uncertainty analysis be performed for the
Level 1 portion of the PRA, with uncertainties propagated from basic events,
including initiating event frequencies, data, common cause/ mode failure,
success criteria, and human errors. The Level 1 uncertainty analysis is to be
performed in such a manner that the most important uncertainties that contrib-
ute to core damage frequency are determined. Uncertainty analyses should be
such that the staff has reasonable assurance that the PRA reflects variability
in (1) the significance of key actions, events, assumptions (such as those
related to success criteria), and phenomena for the plant design and (2) the
effectiveness of the accident prevention systems and potential design improve-
ments.

With regard to Level 2 uncertainties, the staff agrees with the rationale
portion of Section 1.4 of Appendix A to Chapter 1 that many of the most
important sources of uncertainty do not readily lend themselves to meaningful
quantitative treatment and may be similar to what have been labeled "modeling"
uncertainties. Furthermore, the staff recognizes that the evolutionary plant
designs will incorporate features intended to minimize or eliminate the
challenges posed by certain severe-accident phenomena, and that such features
will reduce the significance of uncertainties in related severe-accident
phenomena by reducing the frequency of occurrence and/or magnitude of the
challenge. Examples of such features include reactor depressurization systems
to reduce the frequency of reactor vessel f ailure at high pressure, inerting
of the containment to minimize the potential for hydrogen combustion, and
incorporation of reactor cavity flooding systems to minimize concerns regard-
ing core-concrete interactions. Accordingly, a full, quantitative uncertainty
analysis will not be required for the Level 2 portion of the PRA. Rather, the

staff requires (1) the implementation of a systematic process for identifying
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issues and phenomena of greatest risk significance for the advanced designs
and (2) a more thorough treatment of those issues and phenomena and their
associated uncertainties as part of the level 2 analysis, for example, in the
containment event trees (CETs).

The objectives of the Level 2 uncertainty treatment are to acknowledge and
represent, within the context of the containment analysis, the full range of
outcomes for those issues that ar- highly uncertain. This is in contrast to a
more simplified approach where uncertainty issues (perhaps bimods) in nature)
are represented in the CET by a single, "best-estimate" outcome. It should be
noted that this treatment of uncertainty is distinctly different from the type
of uncertainty analysis described in NUREG-ll50 (" Severe Accident Rates, An
Assessment for Five U.S. Nuclear Power Plants") in which probability distribu-
tions are developed for key branch points and propagated through the CET to
obtain statistical information such as 5 and 95 percent confidence limits.

If an ALWR vendor does not choose ta perform a NUREG-1150-type Level 2
uncertainty analysis, the vendor's process for addressing Level 2 uncertain-
ties should contain the following three major elements: (1) initial screening
of issues for applicability to the ALWR design, (2) sensitivity analyses to
further delineate issues of greatest risk significance, and (3) systematic
analysis of issue uncertainty as part of the level 2 analysis. The staff
considers the EPRI guidance, which calls for a qualitative uncertainty
analysis and supplementary quantitative sensitivity analyses, to be an
acceptable starting point for this analysis. However, the evaluation called
for by the Evolutionary Requirements Document must be structured in such a way
as to identify and develop insights on key issues and phenomena, and then
augmented by a more de' iled treatment of the risk-significant issues in the
quantitative analysis.

The staff will address the acceptability of the Level 2 uncertainty treatment
as part of its review of an application for FDA/DC. The adequacy of the
analysis will be judged on the basis of the completeness of issues considered,
reasonableness of parameter ranges and screening criteria for sensitivity
analyses, and the methodology for decomposing and propagating the range uf
potential issue outcomes in the analysis. The treatment of uncertainties for
Level 2 must provide the staff reasonable assurance that the PRA reflects the
significance of key actions, events, and phenomena for the plant design, as
well as the effectiveness of the accident mitigation features.

Therefore, the staff concludes that the DSER open issue concerning uncertainty
treatment has been resolved. It discusses this issue in greater detail in
Sections 4, 5, 6, and 7 of this appendix.

External Event Uncertainties

External event uncertainty analysis requirements are discussed by ,the staff in
Section 6.1 of this appendix. Either a limited sensitivity or a limited
uncertainty analysis will be performed for all external events analyzed using
PRA techniques. The staff does not expect ALWR vendors or combined license
applicants to perform detailed and complete uncertainty analyses for external
events.

EPRI Evolutionary Plant SER 1A.1-11
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1.10 Form of Restili

in the DSER for Appendix A to Chapter 1, the staff identified an open issue
concerning documentation of a PRA. The staff concluded that the documentation
of the PRA must be adequate for its review. The Evolutionary Requirements
Document shculd proslde an analyst with guidance that ensures that the PRA
documentation provides a traceable path and that enough information is
presented so that a competent PRA analysis team can duplicate the results.
The staff stated that it did not expect that a review would duplicate the
analysis in all details. Review of the PRA could be facilitated by including,
in addition to the written material, material on magnetic media, such as the g

fault trees, event trees, data, and dominant cutsets. in response to the DSER
'

open issue, EPRl's guidance in Section 1.5 of Appendix A on presenting *he
results of the PRA has been significantly expanded, including models and<

quantification. The staff concludes that the guidance in the revised Evolu-
tionary Requirements Docunient is adequate. Therefore, this open issue is
closed. However, in addition to comple'ng with the expanded guidance on
documentation in Section 1.5, vendors must submit a description of the method
of truncation used in the quantification process.

9
,

?
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2 PLANT H0DELING

2.1 Model Structure

Section 2.1 of Apaendix A to Chapter 1 of the Evolutionary Requirements
Dccument states t1at tb plant will be modeled in terms of a set of initiating
crents, event consequences composed of function or system success or failure
states, and logic models that describe combinations of basic events that
define the possible success and failure states. Containment functions whose
failure could influence whether or not core damage occurred and/or the
frequency el core damage will be included in the event trees. Each end state
of each event tree will be designated either " success" or " core damage." The
core-daninge uguences, when combined with success or failure of systems needed
to preserve containment integrity, will be categorized and grouped into plant-

p damage states for downstream modeling of the containmett processes. The staff
fireds the proposed modeling structure to be adequate.

2.2 Initiatiim Events

Section 2.2 of Apaendix A to Chapter 1 of the Evolutionary Requirements
Document states t1at the analyst will develop a coi..prehensive list of poten-<

tial initiating events for consideration in the PRA. EPRI states that the
analyst should consider input from summaries of operating experience for

* current-generation plants, PRAs for plants with similar design characteris-
tics, and review of the system designs. In the DSER for Appendix A to

- Chapter 1, the staff stated that EPRI did not indicate that_ initiating events
that degrade mitigating or core-damage-prevention systems should be comprehen-
sively identified and realistically quantified. An example of such an
initiating event is failure of a de bus, which may result in a reactor
transient and, at the same time, fail one train of one or several safety
systems. This was identified at an open issue in the DSER.

In response to the staff's DSER, EPRI modified Section 2.2 by providing
guidance so that analysts will rwiew each ALWR plant system to identify any
fM1ure that could both initiate a plant trip and degrade one or more systems
that would otherwise be available to prevent core damage or mitigate conse-
quences. The staff concludes that this revision is acceptable and this open
i s s t.. is closed.

However, in addition, the Caff will review applications for FDA/DC to ensure
that ALWR vendors consider (1) low-frequency accident initiators (usually
screened out in ce.*tentional PRAs) leading to core damage that could signifi-
cantly challenge prevention and/or mitigation equipment and (2) low-frequency
events with very high consequences. The search for these new initiating
events must be conducted in such a way that events that are capable of
affecting plant safety can be identified even at frequencies about a few
percent of the core damage frequency. Since it is expected that evolutionary
plant designs will systematically reduce the expected frequency of
" traditional" initiating events that lead to core damage, it is-important to
look for initiators that have been ignored previously by analysts or were
considered to have been boundad by " traditional" initiators. Two examples
illustrate initiators not normally considered in PRAs but which may be ;

important for ALWRs: (1) tit,ltiple initiators (e.g., a loss of service water
followed by an independent loss of offsite power before service water has been
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recovered) and (2) low-frequency loss-of coolent accidents (LOCAs} (e.g.,
multiple steam generator tube ruptures). The process used to make this search
for initiators should be submitted.

2.3 Success Crtigtig

in Section 2.3 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI requires that a definition of success and failure for each
function be provided cased on realistic analysis of slant response. if

conservative data are used to economize resources, tie analysts are cautioned
to identify conservative assumptions and to review the results to ensure that
use of censervatisms does not obscure insights from the results. The analysts
must also exercise care to ensure that any assumption or criterion considered
to be conservative in one context does not introduce a nonconservatism in some
other area (e.g., it is consarvative to assume that containment pressure is
high following a LOCA for co.itainment analyses, but it is a nonconservative
assumption for emergency core cooling system pump runout calculations). The
staff agrees that these measures are prudent and t'elieves the basis for these
measures given by EPRI is valid.

hq.ence lonical Identity2.4 u

Section 2.4 of Appendix A to Chapter 1 of the Evolutionary Requireme s
Document states that the plant model and the solution and quantificc. ten
techniques will retain the logical identity of the basic events that cor :ti-
tute each sequence, it is necessary to specifically identify which basic-
event combinations contribute to the frequency of the dominant event sequences
in order to understand and check the realism of the results. EPRI does not
consider it sufficient to calculate sequence frequencies only and states that
the specific equipment conditions cust be known in order to determine whether
recovery by the operations staff is possible and to judge how likely such
recovery may be. This approach is logical and defensible. The NUREG-1150
studies, as well as some earlier studies, showed that recovery actions must be
identified and quantified at the cutset level; this is in essential agreement
with the EPRI approach.

2.5 Quantification

Truncation

Section 2.5.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document discusses the truncation of accident sequence cutsets. The staff
agrees with the statements in this section calling for retaining information
regardins 'ow-frequency sequences. This may be important for identifying
those sequences with a relatively higher potential for containment failure, as
well as for preserving the ability to subsequently assess the effects of
certain risk-sensitive areas. In the DSER for Appendix A to Chapter 1,
however, the staff stated that the guidance did not provide assurance that a
large number of cutsets, each of which is a small contributor but which in
their aggregate form an appreciable contribution, would not be eliminated from
further consideration. The staff further stated that there was no mention in
Section 2.5.1 of whether the truncation would be performed before or after
recovery actions (which are cutset dependent in many cases) are accounted for.

.
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In response to the staff's DSER, EPRI modified the requirements of Section 2.5
to provide assurance that large numbers of cutsets, each of which is a small
contributor but which in their aggregate form an appreciable contribution, are
not eliminated from further consideration. Section 2.5.1 was modified to
state explicitly that truncation will be performed after recovery actions
(which are cutset dependent in many cases) are accounted for. The staff
concludes that this revision addresses its concern and is, therefore, accept-

1

able. This open issue is closed.

Nested Solution Process

Section 2.5.2 of Appendix A to Chapter J discusses the nested solution
process, which is a method of truncating certain cutsets of support systems
before the support system is incorporated into the fault trees of systems
depending on the support system. In the DSER for Appendix A to Chapter 1, the
staff stated that the guidance given by EPRI was not sufficiently complete to
determine whether the process was a source of significant error. The staff
requires assurance that the truncation technique used does not result in
underestimating common-mode failures between trains of the su) port system or
between different systems. Also, the truncated cutsets must >e demonstrated
to be negligible, not only individually, but in their aggregate, even after
recovery actions are taken into account on the dominant cutsets, to ensure
that important insights are not lost.

In response to the staff's DSER, EMI modified the roluirements of Sec-
tion 2.5.2 to ensure that truncation limits at intermediate steps in the
quantification process are selected to ensure that sufficient event combina- '

tions are retained, consistent with the truncation guidance in Section 2.5.1.
This is acceptable to the staff; therefore, this open issue is closed.

In addition, the staff will review applications for FDA/DC to ensure that
individual PRAs carefully document the method of truncation of the accident
sequences, so that the method can be evaluated.

2.6 tiodelino of Dependencies
,

:

l Section ? A of Appendix A to Chapter 1 of the Evolutionary Requirements
| Document requires that the potential for dependent failures be considered

comprehensively and treated quantitatively using the best available methods. -,
' EPRI lists the following five types of dependencies that it requires be

treated expilcitly:

sequence functional dependencies*

intersystem dependencies*

intercomponent dependencies*

dependencies due to human actions J*

dependencies between core-cooling systems and containment systems+
,

|
EPRI recognizes that dependencies have the potential to / deat redundancy in,

| the design and, therefore, deserve-careful attention in NA. Because of the
' greater degree of redundancy in the design requirements for an ALWR, it is

pa'rticularly important to understand the potential effects of dependencies on
an integrated level for the plant. The staff agrees that the proper modeling
of dependencies is essential when conducting any PRA.
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2.7 Interaction and Modelina of the Containment Systemi

Section 2.7 of Appendix A to Chapter 1 of the Evolutionary Requirements o

Document requires that the delineation of core-damage ,equences be coordinated
with the assessment of containment response to ensure that any effect, of
containment phenomena on the availibility of the systems needed to prevent
core damage are appropriately reflected in the event trees, lhe staff agrees
with EPRI that these steps are necessary in the performance of the PRA to
avoid a possible source of erior.

2.8 (_ommon-Cause Failures

Section 2.8 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document requires that direct component-to-component and system-to-system
functional dependencies be sp cifically addressed in the plant model. This
section applies to root-caused events leading directly to multiple component
outages from the shared cause. Common-cause iutiating events are explicitly
addressed under external events and specific internal events in Sections 3 and
4 of Appendix A to Chapter 1 of the Evolutionary Requirements Document. The
staff agrees that these dependencies must be included in the plant model if a
realistic estimate of the core-damage sequence frequencies is to be obtained,
and that neglect of these dependencies leads to an underestimate of the core
damage frequency.

2.? liuman Interaction

Section 2.9 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document provides guidance on modeling human interactions in the PRA. The
staff's evalua+. ion of this aspect of the EPRI document is given in Section 7
of this appe d1x.

2.10 Mission Time

Section 2.10 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that a mission time of 24 hours will be used for equipment
required to remain operable for successful core cooling after an initiating
event. Recent PRA studies by the French indicate that long-term (up to
1 year) reliability of post-LOLA core cooling using recirculation from the
containment sump can contribute appreciably to core melt frequency. On the
basis of their findings thot post-LOCA decay heat removal through emergency
core cooling system operation can extend over a period of months, the French
have identified system modifications and developed contingency procedures to
improve the long-term reliability of recirculation cooling. Although the risk
significance of long-term core cooling may not be as great for ALWR designs in
absolute terms, the French studies suggest that greater attention should be
paid in the PPA to events outside the 24-hour time window traditionally
assumed in PRA. In the DSER for Appendix A to Chapter 1, the staff concluded
that mission times greater than 24 hours should be quantitatively considered
for key systems required for long-term cooling. This should include consider-
ation of accident management measures or strategies for establishing.and
maintaining long-term cooling, A quantitative bounding analysis may be
adequate and may eliminate the need to consider in detail mission times
grester than 24 hours for transients. This was identified as an open issue in
the DSER.
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Although EPRI made minor modifications to Section 2.10 in response to the
st:ff's DSER, the staff continues to consider the EPRI guidance on mission
time to be inadequate. Therefore, on the basis of the considerations dis-
cussed above, as well as in Section 1.6 of this appendix, the staff concludes
that ALWR vendors must include the following in their PRAs:

(1) The scope of the PRAs performed for ALWR designs must be extended to
include treatment of the plant evolutions and system functions necessary
to bring the reactor to cold shutdown and to maintain this condition for
the long term.

(2) Mission times are to be determined and justified by the ALWR plant
vendor consistent with this expanded sco>e. This will necessitate
consideration of mission times consideraaly longer than 24 hours, as
well as explicit treatment of actions by onsite operating staff and
offsite support organizations (i.e., all recovery actions) which may
need to be accomplished within this timeframe.

Determination of an appropriate mission time should be based on consideration
of system performance and reliability late in an event, availability and
reliability of available backup systems and components, actions required to be
taken by operating staff and offsite response organizations, and provisions
that would be in place to ensure such actions could be taken in a timely
manner. Mission times and success criteria will have to be justified by the
plar designer and will be evaluated by the staff when it reviews the ALWR
design-specific PRA as part of its review of an application for FDA/DC. This
DSER open issue is closed.

2.11 Reliability. Data

Section 2.11 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document discusses reliability data and suggests the use of the data base
given in Annex A of_ Appendix A. In the DSER for Appendix A to Chapter 1, the
staff concluded that Annex A of Appendix A to Chapter 1 should be modified to
state that the analyst will have to review-the failure data for applicability
to each particular design,- considering the o)erational environment of the
equipment and the procedures applicable to tie equipment. This applies to all
the reliability data, including common-cause-failure parameters. This wcs
identified as an open issue.

In response-.to the staff's DSER, EPRI modified Annex A of Appendix A of
Chapter 1 as stated above. The staff finds this acceptable; therefore, this
DSER open issue is closed.

in the DSER, the staff also stated that Annex A of Appendix A should be
expanded to include data for systems anticipated in the ALWRs such as multi-
plexors, microprocessors', and cathode ray tube displays and identified this as
an open issue.

In response to the staff's DSER, EPRI stated in a letter dated January 24,
1992, that generic data for the types of components cited were not widely
available. In particular, failure rates for microprocessors varied substan-
tially, depending on the complexity of ie device and the specific applica-
tion. In these cases, EPRI proposed to leave it to the analyst to identify
the most applicable source of data. The staff concludes that EPRI's response
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is acceptable and this open issue is closed. The staff will review FDA/DC
applications to ensure 11at vendors provide detailed failure rate data for
components that perform the essential functions of instrumentation and control
systems.

At the combined license stage, the staff will review the site-specific loss-
of-offsite-power frequency and estimates of the site-specific probability of
recovery of offsite power as a function of time after its loss. Loss-of-
of(site-power frequency and failure rates of high-voltage transformers are
discussed by the staff in Annex A of this appendix.

The staff requires that test and maintenance intervals be considered when
estimating the reliability of equipment. However, it may not be possible to
test the full or integrated functions of some evolutionary design features.
Some iunctions will never be tested in the as-built-systems for reasons such
as that their testing would result in the emptying of primary coolant into the
containment. In some cases, safety-significant equipment will have long test
intervals. As an example, since fad ures of motor-operated valves (MOVs) are
well represented by a standby stres s model, any MOV thd has a long test
interval is expected to have a high estimated failure probability. The
testability of individual components is thernfore an issue in addition to the

,

testability of the whole function. On the other hand, testing at power of
some components may lead to significant challenges to safety systems if
additional random failures or human errors should occur.

Reliability data for non-safety-grade (but normally safety-grade in tradi-
tional PWRs and BWRs) components must be justified on the basis of the quality
of the equipment purchased, test intervals, capability to perform its intended
function in an adverse environment, experimental data, and applicable techni-
cal specifications.

1

1
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3 EXTERNAL EVENiS

3.1 identification of Initiatina Eventi
Section 3.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document requires that the list of potential external initiating events taken
from American National Standards Institute /American Nuclear Society (ANSI /ANS)
2.12, "American Nuclear Society Guidelines for Combining Natural and Han-Made
Hazards at Power Reactor Sites," be con.tidered for an ALWR PRA. EPRI has
selected a single source for methodology to ensure consistent treatment of
external events in PRAs.

3.2 Events That May Be Excluded Based on Qualitative Evaluation

EPRI has proposed that the following external events be excluded from a
quantitative PRA analysis.

Tornadoes and Extreme Winds

in Section 3.2.3 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI states that, except for loss of offsite power, tornadoes and
extreme winds may be excluded on the basis of a qualitative evaluation. The
staff disagreed and identified this issue as open in its DSER for Appendix A
to Chapter 1. In response to the staff's DSER, EPRI modified its guidance for
evaluating tornadoes. The new guidance in Section 3.3.1 of Appendix A to
Chapter 1 requires ALWR vendors to provide a simplified cuantitative assess-
ment of tornadoes. This assessment is to take into account the potential for
a tornado to cause an extended loss (at least 24 hours) of non-safety-grade
systems that could play a role in core cooling. In addition, the analysis
will consider independent random failures of safety equipment if the failure
on demand is IE-3 or greater. The staff concludes that EPRI's proposed
approach is acceptable and this DSER open issue is closed. The Staff will
review the site-specific hazard data at the combined stage. As this issue is
addressed in the staff's February 27, 1992, draft policy paper, the staff's
final position is contingent on approval by the Commission.

External River Floodina

Section 3.2.17 of Appendix A-to Chapter 1 states that external river flooding
may be excluded on the basis of a qualitative evaluation. The staff disagreed
and identified this issue as open in its DSER for Appendix A to Chapter 1.
Subsequent submittals by EPRI were not sufficient to resolve the staff's
concern. It is recognized that there are large uncertainties in the estimate
of the river flood hazard, whether one is attempting to extrapolate from
streamflow records or use runoff modeling methods. The National Research
Council, in its publication, " Estimated Probabilities of Evtreme Winds," dated
1988, states that "any method for estimating probabilitie', of floods greater
than about the 100-year flood must include some form of extrapolation, a
process that can, at best, introduce errors and, at worst, strain credulity."
Therefore, the staff will review applications for a combined license tn ensure
that, at a minimum, the potential for large river floods is addressed explic-
itly in a bounding risk assessment. The staff will also accept a realistic
assessment, using probabilistic techniques, of the chance of river flooding
r.msing core damage at a particular site. Therefure, this DSER open issue is

EPRI Evolutionary Plant SER 1A.3-1

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _



closed. As this issue is addressed in the staff's February 27, 1992, draft
policy paper, the staff's final position is contingent on approval by the
Commission.

Hurricanes and Storm Suraet

At some coastal sites, it is possible that very large hurricanes could
generate winds and/or storm surges that would damage sufficient plant equip-
ment to lead to core damage. As a minimum, the potential for hurricanes and
storm surgas causing core damage at coastal sites will have to be analyzed in
a bounding risk assessment. It is also acceptable to submit a realistic
probabilistic risk analysis of hurricanes and storm surges. The analysis
submitted will be evaluated by the staff at the combined license stage.

Tsunami

for some coastal sites, it is possible that tsunamis could generate waves of
sufficient height that they would damage sufficient plant equipment to lead to i

core damage. As a minimum, the potential for tsunamis causing core damage at
coastal sites must be analyzed in a bounding risk assessment. It is also
acceptable to submit a realistic probabilistic risk analysis of tsunamis. The
analysis submitted will be evaluated by the staff at the combined license
stage. )

Internal Fire

Section 3.2.19 of Appendix A to Chapter 1 states that internal fires may be
excluded on the basis of a goalitative evaluation. The staff disagreed and
identified this issue as open in its DSER for Appendix A to Chapter 1. In
response to the DSER, EPRI revised the Evolutionury Requirements Document to
state that except for the main control room, a qualitative evaluation cf
severe-accident internal fires can exclude areas from consideration on the
basis of a qualitative argument. The level of detail of a quantitative
analysis of fires in the main control room would be a func. tion of the esti-
mated risk, based on first performing at least a bounding analysis. The staff
concludes that the EPRI-proposed requirements in Sections 3.2.19 and-3.3.3 are
still unacceptabic. Therefore, it will review applications for FDA/DC to
ensure that AtWR vendors perform either (1) a severe-accident fire analysis
usir.g the Fire- Induced Vulnerahility Experiment methodology or (2) a fire
PRA. These analyses are to be periormed to gain insights into the adequacy of
the design rather than as an exercise in determining the absolute value of
estimated core damage frequency from internal fires. When performing the
severe-accident fire analysis, AtWR vendors must address the following areas:

Any fire area pinch point where multiple trains or divisions (including.

power or control cabling) are located in the same fire area must receive
a quantitative assessment similar to that for the control room. In the
fire analysis, the alternative shutdown capability must be analyzed and
quantified from a human factors, systems function, and reliability
standpoint.

The fire analysis must evaluate whether safe shutdown can be achieved*

(and with what conditional probability) assuming that all equipment in
any one fire area will be rendered inoperable by fire ar.d that re-entry
into the fire area for repairs and operator actions is not possible.
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,

i

i Because of its physical configuration, the control room is excluded from
: this approach, provided (1) an independent alternative shutdown capabil-
! ity that is physically and electrical,y independent of the control room

is included in the design and is reliably capable of shutting down the ;

reactor and (2) the likelihood of hot shorts involving power and control:

: wiring associated with the remote shutdown panel function is negligibly
small.a

The fire analysis must evaluate the probability that given a fire, fire.

i protection for redundant shutdown systems in the reactor containment
building will ensure that at least one shutdown division will be free of

! fire damage,
,

j The fire analysis must evaluate the likelihood that smoke, hot gases, or+

fire suppressant will migrate into other fire areas to the extent that,

i they could adversely affect safe shutdown capabilities, including
operator actions.2

1

1 * The underlying assumptions used in the fire analysis (especially those
: related to barriers between divisions) are to be documented and submit-
; ted to the NRC staff.
:

The fire analysis must evaluate barrier penetration reliability, because*

barriers can be compromised or be deficient.
'

In a fire analysis, spatial separation in accordance with the require-*

ments of Appendix R to 10 CFR Pa-t 50 will not be considered adequate to-
,

prevent damage to equipment in the same fire area.4

! The staff will confirm the validity of the assumptions in the fire portion of
| the PRA during its review of a specific application for FDA/DC and again when
: the plant is in its final stages of construction. Therefore, this DSER open
4 issue is closed. As this issue is addressed in tha staff's February 27, 1992,
! draft policy paper, the staff's final position is contingent on approval by

the Commission.

Other Site-SDecific External Events

; For a particular site, there may be specific external events that warrant
i severe-accident analysis such as accidents at nearby industrial or chemical
; plants, vulcanism, and transportation accidents. On a judicious basis at the

combined license stage, applicants must address applicable site-specific,

external events either on the basis of a bounding risk analysis or a realistic
probabilistic risk analysis.

,

Internal rioodina

Section 3.2.20 of Appendix A to Chapter 1 states that internal flooding may be
excluded on the basis of a qualitative evaluation. The staff concluded that
this was unacceptable and identified this issue as open in its DSER fort

] Appendix A to Chapter 1. Subsequent submittals b) EPRI were not sefficient to
: resolve the staff's concern. Even if the ALWR is better designed to prevent
i the initiation and spread of internal; flooding than present-day plants,

internal flooding could still contribute an appreciable amount to the esti-
mated core damage frequency. Therefore, the staff will review applications.
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J

j for FDA/DC to ensure that Al.WR vendors provide either a systematic PRA of
1 internal flooding or some simplified risk assessment that is capable of

identifying vulnerabilities to internal floods in the design. However, the
.

i staff is unaware of any acceptable simplified method for evaluating internal
i floods other than that performed in the Yankee Rowe individual plant examina-
i tion. This DSER open issue is closed. As this issue is addressed in the
j staff's feoruary 27, 1992, draft policy paper, the staff's final position is
j contingent on approval by the Commission.
;
4 3.3 Events That Will Reauire Ouantitattye Assessa nt for Each AlWR

j Seismic Events

i The seismic design certification is based on a free field vibratory ground
j motion characterized by a response spectrum with a peak ground acceleration of
j 0.39 as described in Regulatory Guide 1.60, " Design Response Spectra for

Seismic Design of Nuclear Power Plants." At the combined license stage, the
i applicant is required to demonstrate that the site parameters are enveloped by

the_ design certification values. If the site parameters exceed the design4

; certification parameters, the combined license applicant will have to show
sufficient seismic margin in design to meet the site-specific demand, ina

conformance with Section 2.5.2, " Vibratory Ground Motion," of the SRP.:
l

I

! Section 3.3.2 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that a seismic risk analysis must be performed at part of the |:

4 PRA. It is the staff's position that a seismic PRA is not required.
|
| The severe accident policy statement calls for the completion of a PRA and the
; consideration of severe-accident vulnerabilities exposed by the PRA in order-
I to add to the assurance of public health and safety. The policy statement

calls for the staff to review evolutionary designs for the purposes of
,

j concluding that the derign is acceptable with regard to safety; it stresses
the use of deterministic engineering analysis and judgment complemented by

,

i PRA. In addition, the policy statement calls for evolutionary plant vendors
i to use the PRA as a tool to-consider a range of alternatives and combination
| of alternatives that address unresolved and generic issues and to search for-
! cost-effective reductions in the risk from severe accidents.

In response to the policy statemtnt, existing plant licensees were given the
e choice of using either a probabilistic risk or a margins methodology to search
j for potential vulnerabilities in the capability of the facility to deal with
i :eismic events. A margins approach can provide a measure of the capability of
i the plant to withstand seismic events beyond the design basis or for some ,

other specified external event.

Seismic PRAs and seismic margins assessments-both-have limitations and offer
different insights about the capability-of a plant- to withstand severe

,

j accidents initiated by seismic events. PRAs can provide estimates of the
frequency of severe accidents due to seismic events and can provide insightsi

about the capability of the plant to survive seismic events. Two major
,

i advantages of PRA are that the response of all important systems is included-
! in the analysis and failures in addition-to seismic failures can be consid-
! ered. The major disadvantage of a seismic PRA for a particular site is large
| uncertainties in the seismic hazard. The uncertainties would be even greater

for a generic site. In light of these large uncertainties in seismic hazard,
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the staff concludes that a seismic PRA for design certification should not b,
required. However, it believes insights about the capability of the plant to
withstand a seismic event can be obtained from a margins analysis. I

Saismic margins analyses typically calculate a high confidence / low probability
of failure (HCLPF) for components or systems within the plant. This parameter
represents an estimate of the seismic acceleration that the component could
withstand and still aerform its intended function. Past seismic margins

.

analyses show that tie HCLPF value for nuclear power plants is typically twice
the design value. By determining the HCLPF for all the important components
required to bring the plant to some stable state (typically hot < hutdown for
events initiated with the plant initially at power), the plant HCuf, as well
as the components or systems limiting the capability of a plant to survive a
seismic event, can be determined. There are some limitations to a pure
margins approach, some of which are magnified when there is a lack of design
detail and no plant to physically examine. Limitations include the need to
make assumptions about which systems and equipment would be required following
a seismic event and the lack of accounting, in the methodology for non-seismic
(i.e., random and human) failures. However, margins methoas can be enhanced
by using PRA insights to select success paths that likely would be used and to
ensure that equipment reliability is considered in the analyses.

The staff intends to determine the adequacy (i.e., the robustness) of ALWR
designs by using a modified margins analysis to identify seismic or other
external event vulnerabilities. Insights about the seismic capability of the
plant can be best obtained by merging PRA and margins apprcaches to take
advantage of the strengths of each. This approach allows for a compre$ensive
and integrated treatment to understand the plant response to an earthquake.
Plant logic models covering the various systems that could be used to prevent
core damage are constructed typically by mdifying internal events PRA models
to include logic important to consideration of seismic failures. Neither
site-specific nor generic seismic hazard curves are used as input for this

,

approach. All siinificant operational sequences leading to safe shbtdowni

(success paths) are identified using the event trees and fault trees based on
| fragility data for each component for each success path. The minimum HCLPF
'

for each system determines the system and plant HCLPF. If the plant HCLPF is
less than about twice the design ground motion zero period acceleration, a,

! more detailed evaluation should be performed to determine if a vulnerability
exists that should be strengthened. The HCLPF calculated in this manner

| provides a measure of the robustness of t..e plant in that it estimates with
| high confidence the earthquake ground motion the plant is expected to be ab1n

to survive without core damage. HCLPF calculations also provide insights
about which components and systems limit the plant seismic capability.

; A seismic PRA rather than the PRA-based margins aporoach described above was
the primary approach used to evaluate the advanced boiling water reactor:

i (ABWR) seismic design. The staff compared the hazard estimates derived by
Lawrence Livermore National Laboratory (LLNL) using the historical earthquake
method (NUREG/CR-4885, " Seismic Hazard Characterization of the Eastern United
States: Comparative Evaluation of the EPRI and LLNL Studies") and by EPRI with
the results obtained using the ABWR bounding seismic hazard curve. The ABWR

I bounding hazard curve was exceeded by the LLNL mean hazard' curves for the
| Pilgrim, Seabrcok, and Watts Bar sites. These three sites in the Eastern

United States were selectea ceca" 3 of their relatively high seismic hazard.
The three LLNL curves were arithmetic mean ha:'ard curves using input from five
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:
,

ground motion experts. The staff used both the LLNL and EPRI seismic hazard
estimates to quantify core damage frequency. The use of the LLNL hazard
curves resulted in the prediction of much higher core damage frequencies than
did the use of the EPRI hazard curve. However, the ABWR design was found to
be capable of resisting earthquakes significantly larger than a safe shutdown
earthquake of 0.3g based on an estimated plant HCLPF of about 0.69 using the
seismic margins methodology.

;

Recent analyses of the seismic input *, to the LLNL hazard program suggest that
uncertainties may be reduced in future LLNL results. As an example of reduced
uncertainty in the LLNL estimates, the staff compared the LLNL hazard esti-

,' mates of four (rather than five) ground motion experts. Results that included
the estimates of the fifth ground motion expert were generally higher. Thus,,

using the estimates of only four ground motien experts might provide a means
of showing the effect of reduced uncertainty. However, the LLNL results using
the estimates of the four ground motian experts still exceeded the EPRI

: bounding curve, Thus, it is the staff's conclusion that the LLNL hazard
results suggest the EPRI bounding curve for rock sites is not
conservative.

In Section 3.3 of the DSER for Appendix A to Chapter 1, the stcff identified
quantitative uncertainty analysis for seismic events as an open issue, it

,

i

also identified an open issue associated with the requirement in Section
3.3.2.4 to use a logarithmic standard deviation of 0.2 to reflect variability
in the response spectrum. A seismic PRA is not required for seismic design ,

certification. Tt.e staff will use the margins approach involving HCLPF '

values, as discussed above, in its review. Therefore, both of these DSER open
issues are closed. However, when a specific site is selected for an evolu-

' n totionary plant, the staff will review the combined license appI*~ i

ensure that the plant-specific probabilistic seismic hazards an, is in

conformance with Section 2.5.2 of the SRP.

I

W
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4 CONTAINHENT ANALYSIS

Section 4 of Appendix A to Chapter 1 of the Evolutionary Requirements Document
discusses the containment analysis. The staff's conclusions on how the
guidance should be modified are given here. However, it will still be
necessary for the staff to review the containment analysis portion of a PRA
submitted for the ALWR designs in some detail during its review of an individ-
ual application for FDA/DC.

4.1 Core-Damaae-Seouence Binning

in Section 4.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI states that core-damage sequences are expected to be binned
(grouped). If core-damage bins are used, ii.:y must be defined to that all
sequences within a particular bin lead to similar effects with respect to
containment sequence and source term phenomena. EPRI requires that tM
definition of bins provide a means to ensure that the delineation of care-
damage sequences is discriminated sufficiently to afford the proper lesel of
coordination with the containmut analysis. This is intended to provide a
means of managing the number of accident sequences and to provide an addi-
tional means of gaining information needed for the in-plant analysis. The
binning of sequences is an acceptable precedure to limit the number of
containment analyses performed. It is necessary that, as EPRI states, all
sequences within a bin lead to similar effects with respect to containment and
source term phenomena. The staff will be evaluate sequence binning when it
reviews an evolutionary design PRA as part of its review of an application for
FDA/DC.

4.2 Containment System AnalYs{ji

Section 4.2 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document requires that a containment systems analysis be developed to explic-
itly account for any common-mode failures between the core-dan. age-prevention
systems and the containment systems. To reduce the number of deterministic
analysis runs necessary to develop the containment event tree branch point
probabilities, EPRI made a simplifying assomption. The frequency dominant
accident sequence for each plant damage state will be used to define in-plant
phenomenological analysis parameters for use in determining containment
performance source terms. EPRI cautions that the plant damage states must be
sufficiently and uniquely defined to ensure that they adequately reflect the
characteristics important to the containment response and release magnitudes
in order to avoid introducing uncertainties that could otherwise be avoided.
This p*ocedure is a generally accepted part of PRA methodology. The staff
will evaluate the actual groupings of the accident sequences into plant damage
states when it reviews an evolutionary design PRA as part of its review of an
application for FDA/DC.

,

4.3 Containment Isolation

Section 4.3 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document requires that contain.nent penetrations be acceanted for ir. the
evaluation of containment leahge paths. EPRI requires that penetrations be
analyzed for the following types of release pathwa; s:

.

EPRI Evolutionary Plant SER 1A.4-1

- _ - - _ _ _ _ _ _ _ - _ - _ _ _ _ - - _ - _ _ _ - _



failure to isolate normally open lines or normally closed lines that*

might be open at the time of an accident (e.g., because of the misposi-
tioning of valves)

1eakage through a penetration where no pathways should be present*

(leakage past the seat of a closed valve, through an elactrical penetra-
tion, past the seal of a personnel airlock, etc.)

EPRI allows containment penetrations to be screened from the analysis if they
can meet one of the following criteria:

small conditional probability of leakage or of failure to be isolated*

(i.e., less than IE-3 per event)

low consequence (e.g., release thet must take place through a line that*

will remain filled with water throughout the accident)

closed loop inside or outside the containment*

small in size (e.g., instrumentation lines)*

EPRI's rationale is that not all containment penetrations have the potential
to be important pathways for releases from the containment and the use of
screening criteria is ap)ropriate to focus the PRA effort on the penetrations
that are most likely to >e important. These simplifications are acceptable. -

but the staff will evaluate the actual implementation of these assumptions
when it reviews an evolutionary design PRA as part of its review of an
application for FDA/DC.

4.4 Containment Byoass

Section 4.4 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document requires that containment bypass sequences be assassed and include
all connections to_the reactor _ coolant system. EPRI states.that containment
bypass sequences can result in significant releases frcm the containment and
have the potential to be important risk contributors. Bypass sequences that
have been identified as important in past PRAs include.

steam generator tube rupture (PWR only)*

residual heat removal isolation failure*

high-pressure coolant injection (BWR only)*

core spray (BWR only)'
*

feedwater and main steam (BWR only)=

suppression system bypass (BWR only)*

In the NUREG-ll50 studies for Surry and Sequoyah, bypass sequences dominate
early fatality risk. The staff agrees that containment bypass sequences are
important and, therefore, agrees with the EPRI requirement to assess such
sequences.

4,5 In-Plant Seouence Assessment

Section 4.5.2 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that the MAAP code will be the primary tool used to assess the
thermal-hydraulic and other physical processes involved in the accident
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progression. While recognizing the value of MAAP ss an integrated code for
severe-accident analysis, the staff concludes that this requirement places an
undue reliance oa the MAAP code and fails to establish a requirement
dealing with deficiencies of this code. More specifically, the staff - ;

concerned that for best-estimate calcu'ations, the 'iALP code (or other codes '

for that matter) will not adequately treat certala pt.y.1cally important
severe-accident phenomena, and that the models and assumptions made in the
MAAP code will not i.e generally accepted by the experts in the field. In the
DSER for Appendix A to Chapter 1, the staff stated that the Evolutionary
Requirements Docu aent should require that best-estimate MAAP calculations be
supplemented by alditional analyses that take into account alternative
outcomes of poten".ially risk-significant issues and phenomena recognized by
the nuclear safety community as containing large uncertainties. This was
identified as an open issue in the DSER.

In response to the staff's DSER, EPRI proposed a modification to the Evolu- ,

tionary Requirements Document to further clarify, by example, the situations
in which use of codes other than MAAP might be more appropriate. These
examples are "to develop realistic success criteria for core cooling, or to
investigate specific phenomena that are not addressed by MAAP or that may be
subject to large uncertainties." This modification partially addresses the
staff's concern regarding use of the MAAP code for accident analysis.
However, the document still fails to recognize the limitations and deficien-
ries of the MAAP code, such as those revealed through the recent industry /NRC
MAAP 3.B familiartration effort.

In view of the remaining concerns regarding the use of codes for severe-
accident analysis, the staff will review an application for FDA/DC against the
codes most recently endorsed and approved by the NRC at that time, and will
evaluate the acceptability of the plant designer's analyses on a case-by-case
basis. This DSER open issue is closed.

The staff notes that the treatment of certain severe-accident phenomena within
the scope of a PRA and the use of the MAAP code for this purpose is a related
issue. This is discussed in Section 4.6 of Appendix A to Chapter 1 of the
Evolutionary Requirements Document and in Sections 1.9 and 4.6 of this

; appendix.

4.6 Containment Event Analysis
e

Section 4.6.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document states that the containment event tree (CET)-will comprise the
important phenomenological issues associated with containment loading and/or
source term evolution. As supporting rationale indicates, the CET provides an'

excellent means to identify and quantify important phenomena. The document;

! lists ir. sues and phenomena that should be considered by the ALWR designer in
l the development of the CET. In the DSER for Appendix A to Chapter 1, the

staff stated that the CE1 should be expanded so that the adequacy of accident
mitigation systems and cf the estimation of risk measures related to public
health and safety can be determinea. This was identified as an open issue.

In a subsequent revision, EPRI added a notation that the issues to be consid-
ered are not limited to those listed. The staff concludes that the list of
phenomena provides a reasonable characterization of the types of issues that
should be addressed by a plant designer in the development of the CETs and
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uncertainty analysis, but cautions that this set 01 poenomena may not neces-
sarily be complete. For example, Section 6.6.2.6 of Chapter 5 of the Evolu-
tionary Requirements Document states that a containment overpressure protec-
tion system (vent) system may be provided in ALWRs, yet no mention is nde in
Section 4.6.1 of Appendix A to Chapter 1 of the need to consider the impact of
containment venting on containment success criteria or to treat containment
venting in the CET. Therefore, the staff will evaluate how these issues were
treated by the plant designer when it reviews an evolutionary design PRA as
part of its review of an application for FDA/DC. Tnis OSER open issue is
closed.

Section 4.6.2 of Appendix A states that potentially important phenomena that
arc not currently addressed in the MAAP code will also be addressed in the
containment event nalysis and identifies five such phenomena in tre rationale
section. The staff agrees with this requirement, but noted in the DSER tnat
the requirement should not apply only to phenomena that are not explicitly
treated using the MAAP code. Rather, PRA analysis should consider all
potentially risk-significe.nt phenomena for possible inclusion in the contain-
ment event analysis. In response to this concern, EPRI modified the wording
in Section 4.6.2 of Appendix A so as to not re .rict consideration to onlyv
those phenomena that are not currently addressed in the MAAP code. The staff
concludes that the revised guidance is acceptable, but notes that the pheno-
mena identified in this section are not complete; for example, core debris
coolability should aiso be addressed, since MAAP models for this phenomenon
are highly questionable. The staff discusses this matter further in
Section 1.9 of this appendix.

Section 4.6.3 of Appendix A states that the CETs will be quantified u.;ing
best-estimate point values. The staff indicated in the DSER that the guidance
in this section was insufficient, given that risk estimates nny be dominated
by uncertainties in modeling and assumptions related to severe-accident
progression and phenomenology.

In response to the staff concerns in the DSER, EPRI proposed modifications to
Section 4.6.3 of Appendix A that clarify, to some extent, the development of
bust-estimate values. The revised guidance states that for phenomenological
events that could be important to the potential for releases and are subuct
to large uncertainty, the best estimates should reflect an appropriate
assessment of expert opinion or other relevant input, in addition to the
deterministic result obtained using MAAP. The document further states that
the outcome of a deterministic code may not properly reflect the best estimate
for some branch points, and that the deterministic outcome, together with
other characterizations of the phenomena, should be used to arrive at a best
estimate. An example provided in the document of one approach is "to develop
a probability distribution for an event, reflecting the available inputs, with
subjective weights assigned to etch input. The mean value of such a distribu-
tion would then he used as the best estimate in the quantification process."

The staff considers that the proposed modifications partially address its
concerns regarding 1.evel 2 uncertainty analysis, but f all short in that they
(1) fail to emphasize the importance of reflecting the rar.ge of possible issue
outcomes in the containment analysis, particularly when an outcome may be
bimodal in nature, such as debris coolability, and (2) fail to acknowledge
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that it may be appropriate to perform a full, explicit treatment of uncertain-
ties in selected Level 2 issues and phenomena. (This might be done as a
limited extension of the Level 1 uncertainty analysis.) The staff discusses
this matter in greater detail in Section 1.9 of this appendix.

Consideration of a range of >ossible uncertainties is especially important in
the design phase to assess tie adequacy of proposed severe-accident mitigation
features and to minimize the potentia impact of particular uncertainties
through design modifications and/or accident management strategies. Such
consideration is also important when the uncertainty range can envelop
important measures of containment performance, such as the probability of
containment failure given the (postulated) occurrence of certain poorly
understood phenomena. The staff concludes that this uncertainty analysis must
be performed in sufficient detail so as to provide reasonable assurance that
potential design improvements and/or accident management strategies to deal
with key uncertainties can be identified and their effectiveness estimated.

.

The staff's recent work discussed in NUREG-ll50 represents the most extensive
uncertainty analysis performed t date. However, the staff does not require a
classical statistical analysis of this magnitude and believe2 that the safety-
significant insights from a Level 2 analysis can be gained with approaches
that require fcwer resources than that cf the NUREG-ll50 approach. Toward
this end, the staff supports use of NUREG-ll50 data, modified where necessary,
in vendor uncertainty analyses to reduce the number of parameters included in
uncertainty analysis and/or to provide probability distributions, modified as
recessary, for individual parameters. Inis was identified as an open issue in
the staff's DSER for Appendix A to Chapter 1. Subsequent revisions of
Appendix A by EPP.1 have not provided adequate guidance to vendors that
addresses the staff's concerns. Therefore, the staff will review an individ-
ual application for FDA/DC as described above. This DSER open issue is
closed.

4.7 Source Term Definition

Section 4.7 of Appendix A to Chapter 1 of the Evolutionary Requirementsi

Document requires that the analyst use the most current version of the MAAP
code available at the time for source term calculations. However alternative,

! codes may be used if justification is provided. in any case, EPRI states that
an integrated model of the core melt and the containment is required to

,

| address generation, effects of steam inerting, containment geometry, and
' containment pressurization. The staff agrees with the use of integrated
| models, but has a number of technical concerns regarding the use of the-MAAP

code. (The staff's concerns regarding the use of the HAAP code are discussed,

in Section 4.5 of this appendix.) Accordingly, F,a staff will address source'

term definition during its review of an indi,Wal application for FDA/DC.

I 4.8 Plant Release Cateaories

Section 4.8 of Appendix A to Chapter 1 of the Evolutionary Requirenents
Document states that similar end points of the containment analysis may be
grouped into release categories for use in the ex-olant coasequence analysis.
EPRI states that past PRAs hava shown that CET end pcints may be grouped to
simplify the analysis and reduce the number of ex-plant runs required.
Elements to be considered in., grouping process iaclude
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time of release+

duration of release+

energy of release+

types and amounts of isotope fractions released+
,

The staff agrees that CET end points may be grouped. The type of grouping
suggested by EPRI is similar to those used in past PRAs and is acceptable to
the staff. The staff intends to review the details of the binning process as
part of its review of an individual application for FDA/DC to confirm the
process has been properly implemented.

Although the binning of CET end states is acceptable, the staff notes that
Appendix A fails to provide guidance to ALWR designers regarding the use of
the CET end state / release category information to develop risk measures
related to containment performance, such as conditional containment f ailure
probability and frequency of large releases. The staff will require ALWR
designers to provide this type of information for their designs and will
address this aspect of the aralysis when it reviews an evolutionary ALWR PRA
as part of its review of an application for FDA/DC. The staff's evaluation of
EPRI's requirements regarding containment performance is provided in Chapter 5
of this report. 1
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5 0FFSITE CONSEQUENCES

Section 5 of Appendix A to Chapter 1 of the Evolutionary Requirements Document
discusses the assumptions for the offsite consequence analysis portion of the
PRA.

E.1 Imolementation of the Public-Safety Renuirement

In Section 5.1 of Appendix A to Chapter 1 of the Evolutionary RequC?ements
Document. EPRI requires that a complementary cumulative distribution function
(CCDF) be developed for whole-body dose for a 1/2-mile radius. This must
include all core-damage sequences with a frequency greater that IE-8 per year
from both internal and external initiitors. EPRI proposes that the design
will be considered to have met the EPRI risk goals if this CCDF falls outside
the region bounded by a lower limit for frequency at IE-6 per year and by a
lower limit for the consequences of a 25-rem whole-body dose at 1/2 mile. The
staff agrees that the CCDF is a well-accepted method of visually displaying
risk curves. However, it displays only a point-estimate CCDF intended to
approximate the mean CCDF and providts an incomplete picture of risk. In the
DSER for Appendix-A to Chapter 1,-the staff stated that uncertainties must be
propagated through the analysis, and a family of CCDFs must_be displayed, each
associated with their confidence limit, in adfition to the mean CCDF. This
was identified as an open issue.

The staff concludes that uncertainties must be propagated through the analy-
sis, as discussed in Section 1.9 of this appendix, and a family of CCDF curves
developed, each with their degree of belief (in addition to the mean CCDF
curve). This information will be evaluated by the staff as part of the design
certification review of each evolutionary ALWR PRA.

Although the Commission finds the goal of IE-5 per year useful for designers
and for potential customers of ALWR plant designs, it has stated that it does
not intend to regulate advanced plants to a specific numerical core damage
frequency goal. Although many measures of central tendency exist, the.
Commission has chosen 'mean values" as the appropriate measure for safety
goals and other Commission and staff risk targets. Therefore, when reporting
core damage frequency and other risk meatures, the staff concludes that "mean
values" must be reported to the extent possit'e. Therefore, the staff will
review an individual application for FDA/DC using the guidance stated above.
This DSER open issue is closed.

5.2 Method for Offsite Conseogence Analysis

h Section 5.2.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI states that a reference site with the characteristics listed in
Annex B will be used for calculating offsite consequences for the ALWR.
Annex B.contains meteorological data developed by EPRI to be representative of-
a bounding (80th percentile) site. This calculation of offsite consequences
would be performed by each ALWR vendor to demonstrate that the plant design
meets EPRI's goal for dose at the site boundary. The' staff concludes that the i
use of a standardized set of meteorological site' data is reasonable for the -
limited purpose of demonstrating that EPRI's de.ign goal for dose at the site
boundary has been met. The staff addresses the adequacy of'the specific
reference site data proposed by EPRI in Annex B of this appendix.
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As part of FDA/DC for each evolutionary ALWR, the staff will require each ALWR
vendor to provide an assessment of additional rir'< measures (such as person-
rem and early and latent fatalities) to support the vendor's assesscent of
e,evere-accident mitigation alternatives for the ALWR design. Meteorological
data alone are insufficient to calculate these cdditional risk measures and
will need to be supplemented with bounding population data, such as those
provided in Regulatory Guide 4.7, " General Site Suitability Criteria for
Nuclear Power Stations."

Section 5.2.2 of Appendix A to Chapter 1 states that either MACCS or CRAC2, or
another suitable code, will be used for calculatir.g offsite consequences.
Although the CRAC2 code provides an acceptable characterization of the
consequences of severe accidents, the MACCS cade represents an imprnvement
over CRAC2 and is preferred by the staff fur cancer risk calculations. lhe
present version of MACCS (Versien 1.5) uses the results of the BEIR 111 study
by the Committee on the Biological Effects of lonizing Radiation, "The Effect
on Population of Exposure to Low Levels of lonizing Radiation," July 1980, in
the calculation of health effects. However, the B:lR 111 study has baen
superseded by the BEIR V study. The BEIR V results indicate a higher cancer
risk from lew levels of ionizing radiation than did the earlier BE'.i 111
report. The results of the BEIR V study must be taken into accoura in the
calculation of health effects. The itaff is preparing an addendur.. to
NUREG/CR-4214, " Health Effects Models for Nuclear Power Plant Consequence
Analysis," Revision 1, Part II, to address the modification of modeh result-
ing from recent reports on the health effects of ionizing radiation. The risk
coefficients for fatal cancers would be approximately doubled or tripled by
the model modifications. Until these modifications are incorporated into
MACCS, the staff cor.cludes that use of CRAC2 is acceptable, but that the-

effect of model differences must be taken into account in interpreting risk
results. The staff will address this issue during its reslew of an individuti
application for FDA/DC.
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6 UNCERTAINTY AND SENSITIVITY ANALYSES

In Section 6 of Appendix A to Chapter 1 of the Evolutionary Requi,>ements
Document, EPRI requires that sensitivity studies be performed for those issues
or parametert that are judged to have relatively large associated uncertainty
or that are particularly important to the PRA results. These sensitivity
studies must include important aspects from each of the areas discussed below.
EPRI indicates that the sensitivity studies may be qualitative or quantita-
tive, depending on the nature of the issue being addressed, and are intended
to provide adequate perspective with respect to uncertainty in the PRA results
and the significance of potential contributors to risk,

in general, the staff accepts the scope defined for analysis (with a number of
reservations stated below). However, it believes that the guidance in Section
6 is incomplete. For example, EPRI does not provide any details about the
manner and range of variation for the parameters selected for back end
sensitivity studies analysis. Moreover, the staff does not agree that
sensitivity studies alone are in all cases an adequate substitute for uncer-
tainty analysis. As discussed in Section 1.9 of this appendix, it is the

istaff's view that sensitivity acalyses supplement urcertainty analysis by
integrating areas of subjectivity in the analysis and by helping the analyst
characterize major contributions to uncertainties in the results. The staff
concludes that the uncertaintj and sensitivity analyses required by Section 6
of Appendix A to Chapter 1 of the Evolutionary Requirements Document should be
augmented as described below.

6.1 Analysis of Systems and Sequences

In Section 6.1 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI lists areas that may be of particular importance with respect
to the estimated frequency of core damage, including

frequencies of rare initiating evants that are important contributors to+

risk and any initiating events whose frequencies are assessed to be low
relative to similar events for other nuclear power plants

common-cause parameters, especially those whose assessment relied=
'

heavily on engineering judgment to compensate for a lack of experimental
data

human interactions following an initiating evente

seismic hazarda

EPRI states that the list of areas represents those areas that may be most
uncertain or are likely to be important to the frequency of core damage. In
the DSER for Appendix A to Chapter 1, the staff stated that although it agreed
that these areas should be considered, it believed there were other important
areas of uncertainty that must explicitly be recognized. The staff concluded
that the flood hazard (Section 3.2 of Appendix A to Chapter 1) must be
included as well as failure rates for equipment items different from those
used in current plants or subject to different operational conditions, such as
advanced instrumentation and control components. This was identified as an
open issue.
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EPRI responded to the staff's DS[R by indicating that the list was not
intended to be exhaustive and by modifying the list to also include failure

,

rates for equipmert different from that used in current plants. The staff has'

considered the adequacy of EPRI's new guidance in terms of its consistency
with (1) the scope of analyses that the staff wi'l consider during its review
of an application for IDA/DC, as described in Section 1.9 of this appendix;
(2) the requirements placed on the PRA by the reliability assurance program;
and (3) the guidance for external events provided in Section 3 of Appendix A
to Chapter 1. As discussed in the following three sections, the staff
concludes that EPRI's response is acceptable and will review an application
for FDA/DC to ensure that these issues are adequately addressed.

(gni W fncy of Scone

As discussed in Section 1.9 of this apperidix, the staff will review an
application for FDA/DC to ensure that ALWR vendor PRAs include a full uncer-
tainty analysis for the Level 1 portion of the PRA, with uncertainties
propagated from basic events, including initiating event fregr.ncies, data,
common cause/ mode failure, success criteria, and human error. The staff
concludes that the areas identified in Section 6.1 of Appendix A to Chapter 1
of the Evolutionary Requirements Document are consistent with the staff
positions described in Section 1.9 of this appendix regarding treatment of
uncertainties, provided the following areas are also addressed by the ALWR
vendor in the uncertainty analysis:

failure rates for equipment subject to operational conditions different*

from those in conventional PWRs and BWRs

initiating events that are unique to evolutionary designse

success criteria*

lhe staff will evaluate the adequacy of the vendor's treatment of uncertainty
in each of the aforement%ned areas when it reviews a design-specific PRA as
part of its review of an upplication for FDA/DC.

Lmportance Analyses for inoyLlo Reliability Assurance Procram

The staff requires the ALWR vendors, in addition to systematically assessing
the significance of uncertainties in risk results, to use the ALWR PRAs to
provide insights into equipment that should be included in the design-specific
reliability assurance program (RAP) and for which each vendor will formulate
guidance. Such equipment will be identified using importance analysis of the
PRA model.

EPRI has provided guidance in Section 6 of Chapter 1 of the Evolutionary
Requirements Document on conducting a RAP; however, this guidance lacks
specificity regarding how a utility is to determine what specific equipment
should be included in f' RAP. The staff will review applications for FDA/DC
to ensure that ALWR ven u s provide a list of equipment they believe should be
included in the RAP, and requires that the ALWR vendors prov.de guid nce to
combined license applicants on how the applicants should determine what
additional equipment should be includcd in the program, on the basis of the
as-built plant. Although the specific NRC review criteria for the RAP are
still evolving, it is clear that the design-specific PRA should be used to
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provide a technical basis for many aspects of the RAP and should be integrated
into RAP development and application. Accordingly, the staff requires that
ALWR vendors calculate and submit (for their RAP) the results of importance
analyses for each of the basic events in the PRA, using "importance measures"
to rank systems, structures, and components (SSCs). Appropriate "importance
measures" should be chosen so that they, as a group, provide all the needed
information on the SSCs' effect in controlling end reducing risk. The risk-
based ranking of SSCs for the RAP can be achieved by using importance measures
such the risk achievement (or risk increase worth), the risk reduction worth,
os equivalent measures of importance such as Fussel-Vesely and Birnbaum. The
risk achievement (or ris'. increase worth) importance measure is of special
interest in RAP because it measures the relative importance of features that ,

contribute to achieving the risk level assumed in the PRA and toward which
reliability assurance activities should be directed. The risk reduction worth
is of special interest in ranking activities aimed at reducing risk, such as
modifications in plant operations or design.

The staff concludes that vendors must provide two sets of analyses as part of
an application for FDA/DC - the first to reflect the relative importance of
systems, components, and actions to core damage from internally initiated
Events, and the second to reflect the importance when all initiators are
considered (i.e., internal and external events combined). The use of two sets
is to prevent the possibility that insights from considering external initia-
tors may swamp insights from considering internal initiato<s, since the staff
believes that external initiators have larger uncertainties than many internal
initiators and since the ALWR designs have significantly reduccd the absolute
value estimates of frequency of core damage from internal initiators,
importance analyses for external events analyzed with bounding or margins-type
analyses will have to i,e evaluated in a qualitative manner.

The risk significance of equipment important to the Level 2 analysis may not
be readily identified through traditional importance analyses, which focus
only on core damage frequency. Accordingly, in screening systems, structures,
and components for inclusion in the RAP, the vendor (and subsequently the
combined license applicant) must also consider equipment important to accident
progression, containment performance, and releases. The staff would expect
the vendor to develop a syst1matic method that uses the Level 2 portion of the >

PRA, and the associated sensitivity and uncertainty analyses, to perform this
additional assessment.

In general, the ALWR vendor must (1) provide insight into what systems,
structures, and components should be included in tSe RAP and (2) give guidance
to combined license applicants on how to determine which systems, structures,
and components should be included in the RAP on the basis of the as-built
plant. Vendor guidance needs to address situations in which bounding or r.on-
probabilistic analyses are used by the ALWR vendor, since importance analyses
may not accurately reflect the importance of equipment. Similarly, there may
be areas and equipment that are in the plant or are site specific and that are
safety significaat, but are not modeled in the PRA (e.g., structures, passive
components, a heater for a borated tank, or heat tracing for piping with
highly borated wi.ter). Importance analysis would provide no insights in these
areas. The staff will evaluate the adequacy (,f the verdor's importance
analyses at the FDA/DC and combined license stages for each evolutionary
design PRA.
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External Events

The staff intends to use high confidence / low probability of failure (HCLPF)
values (both for the plant and by event sequence) obtained from the seismic
margins analysis to help make regulatory and licensing decisions. Additional
regulatory and licensing insights will be gained from evaluating sequences
ranked by HCLPF values. Therefore, the staff will not require that hazard
curve uncertainties be addressed in the design-specific PRA or its updates, as
discussed in Section 3.3 of this appendix.

A severe-accident fire analysis must include at least a qualitative evaluation
of uncertainties including fire initiation frequency and the chance that
smoke, hot gases, and/or fire suppressant will cross 3-hour fire barriers that
separate divisions.

A severe-accident internal flooding analysis rust include at least a qualita-
tive evaluation of the uncertainties, incivfing flood initiation frequency,
flow rates, detection failure and detection timing, and migration of water to
other divisions or floors.

For external flooding, as discussed by the staff in Section 3.2 of this
appendix, a detailed uncertainty analysis-is not required because the return
period uncertainties dwarf those of random equipment failure or equipment
capacities. For external flooding, if the expected frequency with which river ,

floods will exceed the probable maximum flood (PMF) is IE-5 per year or
greater, the combined license applicant should perform an analysis of the
conditional probability of being unable to maintain core cooling, containment
integrity, and reactivity control. It is expected that there would be
adequate warning time in case of a flood so that the plant would be shut down
before the flood exceeded the PMF.

6.2 Assessment of Containment Response

in Section 6.2 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI lists the following important parameters that could affect the
frequency of serious releases that must be considered in the sensitivity
studies:

paramcers related to hydrogen burn*

core debris coolability*

pressure capacity of the containment and the location and size of*

pressure-induced failure of the containment

parameters that could affect high-pressure melt ejection*

parameters associated with the production of combustible gas outside the*

reactor vessel

operator actions that could affect accident progressione

EPRI states that these are among the most important uncertainties that could-
-affect the assessment of conditional frequency of releases due to core-damage
accidents. In the DSER for Appendix A to Chapter 1, the staff agreed that
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I

uncertainties in these and other parameters were important but stated that I
sensitivity studies alone were not adequate, and must be supplemented by a
full, quantitative uncertainty snalysis.

The staff has reconsidered the issue of uncertainty analyses and concludes
that a full, quantitative uncertainty analysis is not required for the Level 2
portion of the PRA analysis, which covers the aforementioned areas. Instead,
the staff requires (1) the implementation of a systematic process for identi-
fying issues and phenomena of greatest risk significance for the advanced
designs and (2) a more thorough treatment of those issues and phenomena and
their associated uncertainties as part of the Level 2 analysis, for example,
in the containment event trees. (See Section 1.9 of this appendix for addi-
tional discussion.)

The staff concludes that the list of issues and phenomena in Section 6.2 of
Appendix A is a reasonable set, but notes that this set is not necessarily
complete. For example, containment bypass and aerosol plugging may be
important for some ALWR designs, but these are not included on the list.

' The staff will address the acceptability of the ALWR designer's treatment of
severe-accident issues and phenomena as part of the design certification
review for each ALWR design. The adequacy of the analysis will be judged on
the basis of the completeness of issues considerad, reasonableness of parame-
ter ranges and screening criteria for sensitivity analyses, and the methodol-
ogy for decomposing and propagating the range of potential issues outcomes in
the analysis. The analysis must provide the staff reasonable assurance that
the PRA reflects the significance of key actions, events, and phenomena for
the plant design, as well as the effectiveness of the accident mitigation fea-
tures. This DSER open issue closed.

6.3 Analysis of Source Terms

In Section 6.3 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document, EPRI lists the following parameters that could affect the magnitude
of accidental radionuclide releases that muet be investigated in appropriate
sensitivity studies:

the effectiveness of containment scrubbing mechanisms+

the form of iodine and the corresponding amount of iodine available fora

release

EPRI states that these are some of the most important parameters associated
with the behavior of fission products in the reactor coolant system and in the
containment that could affect the amount released to the atmosphere after
containment failure. The staff indicated in the DSER that it was appropriate
to consider these parameters in sensitivity studies, but stated that sensitiv-
ity studies alone were insufficient and must be supplemented by a quantitative
uncertainty analysis.

The staff has reconsidered the issua of uncertainty analyses and concludes
that a full, quantitative analysis of uncertainty is not required for the
Levels 2.and 3 portions of the PRA.
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As stated by the staff in Section 1.9 of this appendix, ALWR vendors must use
a more systematic process for identifying risk-significant issues of relevance
to the ALWR plant designs. This would include the conduct of sensitivity
analysis to screen issues and identify those with significant impact on risk.
Although the thrust of this systematic process is on Level 2 issues, it is
also important that plant designers identify and assess those Level 3 issues
that may result in a shif t of accident frequencies from relatively begin
accident release classes to the category of "large release," and consider the
need to incorporate uncertainties in these issues in the context of the full
uncertainty analysis,

in a February 7, 1991, response to an NRC question concerning plant certifica-
tion issues contained in SECY-90-016, " Evolutionary Light Water Reactor
Certification issues and Their Relationship to Current Regulatory Require-
ments," EPRI stated that the plant designers must confirm as part of the PRA
that the source terms for representative accident sequences for their actual
standard plant designs are bounded b; the physically based source term in the
Evolutionary Requirements Document. However, no mention of the need for PRA
analysts to perform this source term assessment is made in Appendix A to
Chapter 1. This was identified as an open issue in the DSER.

Responding to this DSER open issue in a letter dated May 1, 1992. EPRI stated
that it has modified Appendix A to Chapter 1 of the Evolutionary Requirements
Document and has left the choice of using either the current source term a
specified in Atomic Energy Commission document TID 14344 or the updated ,i
physically based source term to the designers. At this time, both General a
Electric and ASEA Brown Bovlai/ Combustion Engineering have indicated tuat
their evolutionary designs can meet 10 CFr Part 100 dose limits with the
TID 14844 source term. However, the ver. dors have also indicated that they may
wish to apply the revised source term 6 their designs when it becomes
available. Should a designer elect to use the physi: ally bated source term
for licensing calcu'ations, EPRI stated that it will develop and incorporate a
requirement in the Evolutionary Requirements Document for the designer to
compare the physically based source term with and the PRA source term at that
time. The staff enncludes that this is acceptable. Therefore, this DSER open
issue is closed.

.

<
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7 HUMAN RELIABILITY ANALYSIS

Guidance on the analysis of human interactions is provided in Section 2.9 of |

Appendix A to Chapter I of the Evolutionary Requirements Document. This
section specifies that the EPRI Systematic Human Action Reliability Proceuure
(SHARP) analysis framework will be used for considering human interactions in
the PRA and requires that the analysis deal explicitly with the fellowing:

(1) definition of human actions
(2) screening for importance
(3) task breakdown .

(4) representation in relation to systems logic models
(5) iteration between human and hardware modeling
(6) quantification
(7) documentation

EPRI's SHARP analysis requires that human interactions be placed into the
following categories:

interactions before an initiating event (Type A)*

actions related to the initiating events (Type B)e

'

interactions following an initiating event. including actions dictated+

by procedures (Type CP), and actions to recover equipment or systems to
terminate a sequence (Type CR)

High-level guidance on the required scope of the human reliability analysis.

(HRA) and the review, classification, and quantification of each of these
types of human interactions is provided in subsequent section, of Appendix A.

The staff, in-its DSER for Appendix A to Chapter 1, identified several major
shortcomings in the EPRI guidance. These included inadequacies-in the
document with regard to the following:

incorporating HRA considerttions throughout the PRA requirements process.

and providing mechanisms to ensure that credible and auditable results
are obtained

providing guidance and approaches for the conduct of fuistion, task, and+

timeline analyses

providing systematic guidelines for| selecting and for evaluating person-*

centered, task-centered, and environment-centereo performance shaping
factors (PSFs) |

provic'ing information on state-of-knowledge PSF evaluation tools :to*
' ensure ti.at the PRA results are credible, auditable, and consistent

across sequences and systems '

i

providing information on state-of-knowledge quantification methods :*

I !

|
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In a letter dated January 24, 1992, regarding these concerns, EPRI proposed
modifications to the Evolutionary Requiremerits Document. The staff has
reviewed Appendix A and EPRI's responses t a the DSER it, terms of the (1) scope
and objectiveu of the required analysis, (2) f ramewnrk or pt ' cess for validat-
ing the HP.A to reflect the detailed design, and (3) guidance nd requirements
for conducting the specific elements of the HRfi. The results uf this evalua-
tion are provided below.

7.1 Scoce and Ob.iectives of HRA

In its DSER for Appendix A to Chapter 1, the staff identi'ied inadequacies in
incorporating HRA considerations throughout the PRA requirements process and
providing mechanisms to ensure that credible and audittble results are
obtained as an open issue. EPRI's proposeo revisions to Section 2.9 of
Appendix A are primarily aimed at further clarifying the intended scope and
objectives of the HRA. The thrust of the modifications is to more clearly
reflect that the plant design will not be complete when the HRA is performed
by the vendor and that because of tne state of the plant design, there will be
limitations on the analysis beyond those vormally encountered in conducting an
HRA. EPRI states that when the HRA is p rformed there wili be no operating or
emergency procedures for the plant. no control room, and no directly applica-
ble e::perience with a like plant. As a result, EPRI's stated objectives of
the HRA are "tc obtain a nominal assessment of the human interactions to
support the overall risk assessment, and to ensure that the assessment is
accomplished in a consistent and traceable fashion." The revisions establish
that the assessment of .,uman interactions will be sufficient to accomplish the
following:

identify the types of human ir.teractions that may be i- mt to risk*

for the ALWR design

provide a nominal quantification of the human interactions sufficient to*

support the overall assessment of core damage frequency and frequency of
severe release

provide a mechanism to investigate the potential effects of varying thea

reliability assessed for the human interactions

establish a fraework for performing a more extensive HRA when the=

design progresses to the state of an actual plant, with operating
procedurer, :yout, etc.

Consistent with the reduced scope, EPRI has redefined those items that the
analysis must explicitly addrets to consist of the following in lieu of
Items (1) through (7) in Secticn 7 above:

plant logic model construction=

quantification.

analysis of recovery actions (i

internal review.

The staff recognizes that it is not possible to conduct a meaningful detailed
HRA in the absence of such specific items as emergency operating procedures
control room design layout and staffing, and plant simulators. Acr edingly,
the scope, objectives, and level of detail of an analysis performed at this
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stage of plant .asign would be distinctly different from, and more limited
than, those associated with an HRA for a completed plant design. The staff
considers the HRA objectives set forth by EPRI in the revised Evolutionary
Requirements Document to be reasonalle for a " scoping analysis" or "approxi-
mate quantification" for a partially completed plant design. Hcwever, the
staff will review applications for FDA/DC or a combined license to ensure that

,

vendors and applicants provide a more detailed and defensible treatment of
human reliability after the design details have been devuloped and beiore
plant operation. Such details include the design of the control room and man-
machine interface, control room staffing, emergency procedures, and operator
training. This process is discussed in greater detail in Sections 7.2 and 7.3
below. TM s DSER open issue is closed.

7.2 Process for Validatino the HRA

Section 2.9 of Appendix A to Chapter 1 of the Evolutionary Requirements
Document provides no specific requirements or g idance concernir.g refinement
and validation of the scoping HRA to reflect the details of the final design,
such as the use of advanced technology and automation, and its impact on human
per formance and the HRA.

The staff will review applicatiers for F W co ensure that the vendor for
each ALWR design est^11sM the proess ...d criteria by which the combined
license applicant will w.tirni the adequacy of the HRA treatment and, if
appropriate, upgrade the analysis. It is the staff's expectation that this
HRA implementation plan will establish an iterative process (involving a
limited number of iterations) by which information developed as the control
room design matures (and possibly other aspecti af the design) is assessed
against the HRA assumptions, and conversely, HRA insights are factored into
the control room design. Inputs to the HRA would come from several elements
of the plant design process, such as the control room function analysis, task
analysis, and man-in-the-loop testing. These inputs are expected to be
qualitative in nature, but would provide a basis for judging certain quantita-
tive aspects of the HRA. Outputs from the HRA would provide insights into
other el m nts, such as the development of the man-machine interface and plant
procedures. The staff will evaluate the HRA implementation plan or process
when it reviees an ALWR design-specific PRA as part of its review of an
individual application for FDA/DC.

7.3 Guidance on Specific Elements of the HRA

Use of New Technolooies

Increased automation (automation of tasks traditionally performed by an
operator) and enhanced decision aids in ALWRs will resu' in a shift of the
operator's role from a direct manual controller to a sus .visory controller
and system mo dtor. The shift in role away from direct control is typically
viewed as positive from a reliability standpoint, since the operator is
considered one of the more unpredictable components in the system. It has
been observed in other industries, however, that although some errors mhy be
reduced or eliminated, such a change has frequently been associated with a
shift of hume error to higher levels in the system that are more difficult to
detect and quantify. Examples of such errors include (1) errors in attempting
to recover from the failure of an automated system; (2) errors in the setup of
automated systems, such as keying the wrong information or data into an
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automated system; (3) actions taken in response to a false alarm (provided by
an intelligent system and not adequately checked); and (4) failure to properly
monitor the automated system (loss of vig P ance because of overreliance on the
automated system). The potential for these "new" types of errors that can
occur in an advanced system must be considered in the human action modeling
and HRA for ALWRs.

The staff has reviewed the degree to which the Evolutionary Requirements
Document addresses, or at least recognizes, the potential for advanced
technologies (e.g , digital displays, touch screens, automatic decision aids)
anticipated in ALWR plant desions, and their implications for the design-
specific PRA. These include the impact on human performance due to increased
automation, changes in the human-system int.. face and methods of operator
interaction with the system, and advanced control room data management

i systems. The staff concludes that EPRI's guidance is deficient insofar as
taking note of and providing contingencies for dealing with new technologies
anticipated and currently being incorporated into ALWR designs. However, it

s

is unclear if state-cf-knowledge HRA modeling, data gathering, and performance
quantification tools are adequate to handle anticipated designs and the
technologies they embrace, such as automated decision aids. This suggests the
need for more empirical approaches to modeling and quantification, such as
part-task prototyping and full-scale control room prototypes,

in the staff's view, the impact of advanced technologies on the HRA is an
issue that is best addressed by the vendor and combined license applicant
during the iterative process of designing the control room, rather than as
part of the scoping HRA. In this regard, the staff requires that combined
license applicants pay particular attention to the effects of system automa-
tion, decision aids, and artificial intelligence on human performance and
errors as part of control room design process. A possible method for ascer-
taining the impact of the advanced technologies would be to perform accident
simulations or walk-through, talk-through exercises with plant operators as
part of the development of the cor. trol room prototype and of the detailed
control room design. A final evaluation of the impact of advanced technology
on the HRA must be made after the control room design and plant-specific
simulator are available, as part of the subsequent effort to validate the HRA.
In either case, the focus of these evaluations would be on observing the
impact of the advanced features on operator performance and error potential,
and confirming that potentially significant errors are included in the HRA.

The staff will review applications for FDA/DC to ensure that ALWR vendors
define the process and acceptance criteria to be used by the combined license
applicant to address the impact of new technologies on human performance.
This process should ensure that potentially significant new human errors
(i.e., not considered in the scoping HRA) are identified during the detailed
development of the control room and addressed early in the design process
either by adoption of alternative design approaches or by modification of the
HRA to better reflect the potential for additional errors. The process should
also provide guidance to the combined license applicant regarding the use of
the plant-specific simulator in validating the assumptions and models in the
HRA for the PRA. The staff wili evaluate this process when it reviews an ALWR
design-specific PRA as part of its review of an application for FDA/DC.
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Function. Task. and Timeline Analyses

The staff has evaluated the degree to which Appendix A to Chapter 1 estab-
lishes requirements and provides guidance on.the conduct of function,-task,
and timeline analyses. These analyses provide a mechanism for characterizing
human actions and human action sequences and identifying potential problems in
operator performance. This is especially important in areas where individual
cognitive errors and combinations of human errors are possible during dynt'ic
accident sequences. In its DSER for Appendix A to Chapter 1, the staff
identified the lack of guidance in this area as a deficiency in Appendix A to
Chapter 1. In response, by letter dated January 24, 1992, EPRI idicated that
function, task, timeline, and link analyses were inappropriate. given the
state of the plant design at the design certificttion stage.

The staff concludes that Appendix A of Chapter 1 still does not provide
adequate guidance in this area. Moreover, the document fails to establish a
process for performing a more detailed assessment of human performance using
appropriate analysis techniques once the plant design datails have been
established. The staff considers the EPRI guidance on he modeling of human
interactions to be adequate for scoping-type analyses of human performance.
However, the staff will review applications for a combined license to ensure
that a reassessment of the HRA is performed befor? plant operation that is
based on function and task analyses that reflect the final design. (These
analyses are typically performed as part of the detailed control room design
process and the development of operating procedures.) The staff will review
an application for FDA/DC to ensure that the ALWR vendor has developedI

i guidance for a process and criteria to be used by the combined license
| applicant to perform this rear.sessment. The staff will evaluate the process

and criteria when it reviews an ALWR design-specific PRA as part of its review
of an application for FDA/DC. The DSER open issue related to function, task,

,

timeline, and link analyses is closed,
l

Generic Data Sources

The staff has reviewed the degree to which generic data sources are identified
in Appendix A to Chapter 1. These data are needed as bounding and anchor
values for quantifying individual human actions and more complex human action
sequences involving several interdependent actions by individuals or groups of
individuals. In the DSER for Appendix A to Chapter 1, the staff stated that
EPRI had committed in a letter dated November 7, 1990, to add other sources of
generic data in addition to the THERP (Technique for Human Error Rate Predict-;

! ion) handbook (NUREG/CR-1278, " Handbook of Human Reliability Analysis With
! Emphasis on Nuclear Power Plant Applications"). This was identified as a

confirmatory issue in the DSER.,

!
| The staff has confirmed that Appendix A has been revised to reference a nw.ber
; of additional sources of generic data, including the following:

more recent work by Swain performed as part of the NRC Accident Sequence*

Evaluation Program (NUREG/CR-4772, " Accident Sequence Evaluation Program
Human Reliability Analysis Procedure")

the revised SHARP document (EPRI NP-7183-SL)*
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more recent work by Par?y (EPRI TR-100259) performed as part of the EPRI*

Operator Reliability Experiment project

The staff considers the data sources identified in Appendix A to Chapter 1 to
be an acceptable but minimal set. It expects ALWR vendors to support the use
of the data contained therein by comparisons with data from additional sources
(e.g., other peer-reviewed HRAs). The NRC-sponsored Nuclear Computerized
Library for Assessing Reactor Reliability provides one such source of both
human and hardware component failure data that might.be used by ALWR plant
designers to support their PRA and HRA. The staff will assess this aspect of
the HRA when it reviews an ALWR design-specific PRA as part of its review of
an application for FDA/DC, in conjunction with the issues of quantification
and performance shaping factors. This confirmatory issue is closed.

Performance Shapina Factors and Evaluation Tools

The staff has evaluated the degree to which Appendix A to Chapter 1 provides
(1) systematic guidelines for selecting person-censered, task-centered, and
environment-centered performance shaping factors (PSFs) to ensure that the
task actions are adequately characterized and (2) information on PSF evalua-
tion tools to ensure that the HRA results are credible, auditable, and
consistent across sequences and systems. In the DSER for Appendix A to
Chapter 1, the lack of guidance in this area was identified as an open issue.

In respor:se to staff concerns, EPRI modified Section 2.9 of Appendix A to
Chapter 1 to refer to more recent work by Parry (EPRI TR-100259) for
quantification of human interactions. The recent work provides two distinct
methods of quantification, either of which can be used depending on the level
of information available. One method uses a time-reliability correlation, and
the other focuses on assessing PSFs such as the nature and content of proce-
dures and level of training. These methods provide approximations of human
performance derived from data that implicitly reflect the effects of PSFs
without attempting to characterize individual contributing factors. EPRI also
contended in its response that detailed treatment of PSFs would require
information that cotild not be specified until after an actual plant was built,
or at least a very good simulator was available.

The staff concludes that the guidance and approach in Appendix A to Chapter 1
of tha Evolutionary Requirements Document regarding PSFs art adequate
performing scoping analyses of human interactions, but insufficient with
regard to the types of analyses that are needed after ALWR design details have
been established and the plant-specific simulator is available. Explicitly

identifying and evaluating specific PSFs is a key factor in any HRA. Without
a clear understanding of the PSfs as they pertain to a particular plant, the
credibility of the quantitative results is reduced, as is the potential to
gain insights into remedial actions required for reducing human contributions
to risk. Accordingly, the staff will review applications for FDA/DC to ensure
that combined license applicants will perform a further assessment of PSFs and
their impact on the HRA results after the ALWR control room design details
have been established. The staff will also review applications for FDA/DC to
ensure that ALWR vendors have developed guidance on the process and criteria
to be used by the combined license applicants to assess the impact of PSFs on
HRA results. Information on preparing this type of guidance is available from
documentation developed by EPRI (Reports NP-309, " Human Factors Review of
Nuclear Power Plant Control Room Design"; NP-2411, " Human Engineering Guide
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for Enhancing Nuclear Control Room"; and NP-1982, " Evaluation of Proposed
Control Room Improvements Through Analysis of Critical Operator Actions") and
that developed under a variety of control room design, training, and operating
procedures programs of the NRC. The staff will evaluate this process when it
reviews an ALWR design-specific PRA as part of its review of an application P

for FDA/DC. The DSER open issues concerning PSFs and their evaluation tools
are closed.-

Quantification Methods

The statf has reviewed the degree to which Appendix A to Chapter 1 provides
guidance on state-of-knowledge quantification methods to ensure that the HRA
results are credibl., auditable, and consistent across sequences and systems.

In the DSER for Appendix A to Chapter 1, the staff indicated that the guidance
i in Appendix A did not adequately address the numerous quantification methods

that have been developed and tested over the past 4 to 6 years by various
domestic and international organizations involved in HRA. As mentioned in the
two preceding subsections, EPRI has revised Appendix A to refer to more recent
work performed by EPRI (Parry et al.). The more recent work by Swain (NUREG-
/CR-4772) has also been referenced. Methods in either of these references
could be used for assessing the nominal probabilities of human interactions
for the ALWR PRAs and should produce results that can be readily traced. In
either case, it would be necessary to document the timeline for the human
interactions, as well as any other relevant feature:.

The staff concludes that the guidance in Appendix A still provides a less than
complete picture of alternative quantification methods, some of which address
dynamic modeling and cognitive error issues more comprehensively than the
methods identified in the Evolutionary Requirements Document. However, the
staff also recognizes that these alternative techniques are not a panacea fore

the difficulties in human performance quantification, because large uncer-
tainty and variability are inherent in the application of any of these
techniques. This has been demonstrated in EURATOM's Human Reliability
Benchmarking study.

Most critical to the quality of an HRA is that all significant human actions
are represented in the analysis and that the relative importance of human
actions in the risk profile of the plant is determined. The particular
numerical values assigned to human actions, in and of themselves, are of
second order importance. With regard to the adequacy of the HRA quantifi-
cation, ALWR vendors are required to further assess human error probability
values as part of the sensitivity and uncertainty analyses called for in
Sections 1.4 and 6.1 of Appendix A to Chapter 1. The staff will review
applications for a combined license to ensure that applicants reassess the
adequacy of the HRA quantification as part of the HRA validation process after
the control room design details have been established. In this context, the
staff would expect combined license applicants to make use of the control room
prototype and plant-specific simulator to the extent necessary to confirm the
adequacy of tne HRA in terms of completeness of human interactions represented
in the analysis and reasonableness of assumed human error probability values.
With the design-specific considerations described above, th taff concludes
that the EPRI guidance on quantification is adequate for the purpose of ALWR
HRAs and this DSER open issue is closed.

EPRI Evolutionary Plant SER 1A.7-7
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Documentation and Reportino-

i

The staff has reviewed the degree to which Appendix A to Chapter 1 provides
guidelines for developing and maintaining " running" documentation on HRA work
in progress and for reporting the results of the HRA.

i

The SHARP framework discussed in Section 2.9 of Appendix A provides an outline
'

for documenting the HRA. Although general, the outline does provide a
mechanism for documenting the HRA to allow users and reviewers to judge the
degree to which each of the following has been achieved:

,

credible quantitative results (point estimates, uncertainty bounds,e

confidence intervals)

quantitative and qualitative results that are fully auditabl(, that is,|
*

: provide traceable relationships between the error probability estimates
j and human factors information on which the estimates are based

'

qualitative results that can support causal analyses of problem areasj *

and attendant remedial actions

quantitative and qualitative data that are reproducible and lend"

*

themselves to issues that transcend individual sequences snd pik t
systems

state-of-knowledge computational methods, data, and procedures for-*

conducting HRA within the context of a PRA
1

*

contingencies for dealing with new technologies anticipated and cur-*

rently being incorpora*.ed into ALWR designs
,

The staff concludes that the guidelines provided by EPRI .for developing andi

maintaining documentation on HRA work in progress and for reporting the*

results of 133 PRA are acceptable,
i

<

!

J

.
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8 CONCLUSION

The staff concludes that the EPRI requirements established in Appendix A to
Chapter 1 ef the Evolutionary Requirements Document for conducting a PRA do
not conflict with current regulatory guidelines and are acceptable. However,
by themselves, they do not provide sufficient information for the NRC staff to
determine that the design-specific PRAs will be adequate. Individual appli-
cants for FDA/DC referencing the Evolutionary Requirements Document will be
required to submit a design-specific PRA for review by the staff.

Therefore, the staff concludes that Appendix A to Chapter 1 of the Evolution-
ary Requirements Document specifies requirements that, subject to resolution
of the identified vendor- and utility-specific items, if properly translated
into a design and constructed and operated in accordance with the NRC regula-
tions in force at the time the design is submitted, should result in a
facility that will have all the attributes required by the regulations to
ensure that there is no undue risk to the health and safety of the public or
to the environment. In addition to complying with existing regulations, such
a facility would also be consistent with Commission policies on severe-
accident protection and public safety goals.
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ANNEX A - RELIABILITY DATA BASE FOR ALWR PRAs

4

Annex A of Appendix A to Chapter 1 of the Evolutionary Requirements- Document.

describes the development of the initiating event frequencies and component
? reliability data to 've used in develcping the PRA. Section Al of Annex A
: outlines the methods used in obtaining initiating event frequencies for loss-

of-coolant accidents and for most transient events. Section A2 of Annex A
describes the treatment of the frequency and recovery of losses of offsite

,

power in greater detail.
,.

; Section A3 of Annex A summarizes the sources of data used to arrive at the
recommended hardware failure rates, maintenance unavailabilities, and common-'

| cause factors.
i

Annex A, Part 2, contains the results of a survey of component failure rates
'

for evolutionary ALWRs.
d

Section A2. " loss of Offsite Power"'

This section provides background information on how the loss-of-offsite-power
frequencies were established for the reliability data base to be used in the

| ALWR PRAs. In the DSER for Appendix A to Chapter 1, the staff stated that the
total loss-of-offsite-power frequency established by EPRI for the ALWR (0.0077e

) loss per site-year) is an order of magnitude less than the long-term histori-
: cal average for total loss of offsite power at U.S. nuclear plants (0.07 loss

per site-year) and is approximately 23 percent of the 3-year average (0.033
loss per site-year for 1986,1987, and 1988) found in Nuclear Safety Analysis'

Center Report NSAC/147, " Losses of Off-site Power at U.S. Nuclear Power'

Plants: Through 1989." In the DSER, the staff recommended that EPRI work
j with the staff in resolving differences between NSAC/147 and the staff's data

for loss-of-offsite-power events and identified this as an open issue.i

1

i In a letter dated January 26, 1992, EPRI stated that data related to loss of
offsite power will be revised to include consideration of the NRC Office for

i Analysis and Evaluation of Operational Data (AEOD) data after the policy issue
! on alternative source of power for non-safety loads is resolved with the
j :taff. The staff concludes that EPRI's response is acceptable and will ~ review

individual applications for FDA/DC to ensure that design-specific PRAs use4
'

data that accurately characterize the nature of-the offsite power system,
including a loss-of-offsite-power frequency of 0.033 per site-year. There-
fore, this DSER open issue is closed.

;

( Annex A. Part 2. " Survey of Component Fai?ure Rates for Evolutionary ALWRs"
.

Item No. 65, Transformer (high voltage): fails to continue operating
* Under this item, failure rates of high-voltage transformers taken from several
; sources are provided. The failure rate selected for ALWR PRAs is 1.2E-6
'

failure per hour. In the DSER for Appendix A to Chapter 1, the staff noted
that the failure rate appeared to be low for main step-up transformers judging#

,
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from the number of reports the staff has received on main transformer fail-
ures, In response, EPRI modified Annex A to address main step-up transformers
explicitly with a failure-to-continue-operating frequency of 5.4E-6 per hour.
This value is acceptable to the staff. Therefore, this issue is closed.

.

b

.
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. ANNEX B - ALWR REFERENCE SITE

Annex B of Appendix A to-Chapter 1 of tta Evolutionary Requirements- Document ,

originally included reference site data on meteorology, population density and
distribution, and evacuation and sheltering. When the DSER for Appendix A to--

' Chapter 1 was issued, the staff' understood that- EPRI was evaluating whether to
modify or delete the reference site data. In the DSER, the staff stated that
it would review any revisions upon submittal, as appropr.iate, and identified
this as an open issue. Consistent with the desire to decouple the plant
design from siting considerations, all but the meteorological data were
deleted in a subsequent revision. The staff concludes that this is acceptable
because the population and-evacuation data are not needed to estimate dose at
the site boundary. The meteorological data were also updated to be more
representative of a bounding (80th percentile) site.

By letter dated April 9,1992, EPRI submitted a summary of the methods and
assumptions used in the development of the ALWR 80th percentile meteorological
data base. The staff has reviewed this information and concludes that the
methods and assumptions used by EPRI in the development of the ALWR.80th
percentile meteorological, data base are consistent with current practice and
methodology. Therefore, this DSER open issue is closed. As'part of the
FDA/DC review for-each ALWR PRA,'the staff will evaluate the site data used by
the vendor in estimating dose at the_ site boundary to-ensure that these data
are representative of most potential ALWR sites.

t

~
1
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ANNEX C - COMPONENT SEISHIC CAPACITIES

Annex C of Appendix A to Chapter 1 of the Evolutionary Requirements Document
describes the process by which generic seismic capacities were estimated for
the evolutionary ALWR designs. These generic capacities, defined in terms of
median spectral accelerations, were generated by reviewing available seismic
PRAs, seismic fragility analyses, seismic margins analyses, and generic
equipment ruggedness data.

EPRI states that the component capacities do not represent the highest or
'owest capacities that can be identified in the literature. Rather, the
values represent what EPRI considers reasonable capacities for the ALWR
design. If the fragility values generated from the use of these data result
in overly conservative results, a component-specific capacity may be developed

,

that is based on design-specific or vewJu.-supplied information.

Annex C also describes the methodology and assumptions used in developing
generic component fragilities.

The generic fragilities presented in this document mry not be applicable to
some of the advanced instrumentation and control components that may be used
in ALWR reactors. The staff cautions ALWR vendors to this effect and requires

, that they justify the use of generic fragilities in their seismic analyses.

.

f

.
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CHAPTER 1, APPENDIX B. "LICENSIWG AND REGULATORY
j REQUIREMENTS AND GUIDANCE"

1 INTRODUCTION

This appendix of the SER documents the NRC staff's review of Appendix B,
" Licensing and Regulatory Requirements and Guidance," to Chapter 1 the

'

Evolutionary Requirements Document through Revision 3. Appendix B to Chap-
ter I was prepare 3, under the project direction of EPRI and the ALWR Utility
Steering Committee, by Grove Engineering, Inc.; MPR Associates, Inc.; S. Levy4

'

Inc.; TENERA, L.P.; and EPRI.

Although Appendix B to Chapter 1 was not submitted as part of the original
Evolutionary Requirements Document, it t;as included in Revision 1, which EPRI
submitted en September 7, 1990. This appendix consolidates the resolutions
proposed by EPRI for its proposed optimization subjects and certain unre nlved
and generic safety issues. Revisions 2, 3, and 4 of the Evolutionary Require-'

: ments Document were docketed on April 26 and November 15, 1991, and April 17,
1992, respectively. EPRI submitted additional information regarding this
appendix by letters dated February 12 and December 6,1991, and March 3,1992.

1

Because EPRI had not originally submitted Appendix B to Chapter 1, the staff
aid not develop a DSER for it, However, many of the topics now contained in
Appendix B were discussed throughout the 13 chapters of the original document.

,

Accordingly, the staff's original review of many of these topics war discussed
in the corresponding chapters of the DSER.-

1,1 Revigx Criteria

Section 1 of Volume 1 of this report describes the approach and review
criteria used by the staff during its review of Appendix B to Chapter 1 of the

,

Evclutionary Requirements Document.;

1.2 Scope and Structure of Aooendix B to Chapter 1

Appendix B to Chapter 1 of the Evolutionary Requirements Document is a
compilation of the regulatory requirements and guidance that EPRI believes are
applicable to the design of evolutionary ALWRs. In addition, it cives EPRI's
justification for deviations from current criteria and its proposed resolution
of unresolved and generic safety issues that are considered applicable to' the
evolutionary ALWR design.,

The key topics addressed in the Appendix B review include EPRI-proposed
requirements for

|'
.

compliance with the Commission's regulations and regulatory guidance.

EPRI-proposed optimization subjects
resolution of certain unresolved and generic safety issuesa

resolution of policy issuesa

4
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1.3 Regul gory Reauirements and Guidance

in Section 1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document lists all NRC regulations and guidance that EPRI believes are
currently applicable to LWR designs. EPRI states that this section identifies
the regulatory requir9ments (Table B.1-1) and guidelines (Table B.1-2) it
believes are applicable to tha design of the ALWR at the level of detail
consistent with that of the Evolutionary Requirements Document when the
document is completed. Tables B.1-3 and 8.1-4 identify those requirements and
guidelines that EPRI believes are not applicable to the ALWR design.

Section 10.2 of Chapter 1 of the Evolutionary Requirements Document states
that the ALVR will comply with the NRC regulatory requirements and guidance in
effect on January 1,1990, consistent with the commitments in Section 1 of
Appendix B to Chapter 1. EPRI states that these requirements and guidance
include applicable Commission regulations in Title 10 of the Code of Federal
Reaulations (10 CFR), general design criteria, NRC policy statements, regula-
tory guides, NUREG-0800 (" Standard Review Plan [SRP) for the Review of Safety
Aralysis Reports for Nuclear Power Plants") and other documentation that
resolves unresolved and generic safety issues. Although the staff understands
EPRI's need to " freeze" the requirements its addresses to those in effect on
January 1,1990, as stated in Section 10 of Chapter 1 of this report, the
staff expects that the design certification applications will be in compliance
with the Commission's regulations and guidance that are applicable and in
effect at the time the certification is issued. In addition, issue resolu-
tions that are different from those arrived at during the staff's review of
the Evolutionary Requirements Document may be developed as the staff completes
its reviews of the detailed design information provided in the applications
for final design approval and design certification (FDA/DC), and as these
designs are litigated in the design certification hearings. Therefore, the
staff concludes that the ALWR plant designers will comply with the issue
resolutions adopted by the NRC staff during its reviews of applications for
FDA/DC in accordance with the requirements of 10 CFR Part 52. The staff will
evaluate this compliance during its review of an individual application for
FDA/DC.

Sec^ ion 10.2.4 of Chapter 1 states that the plant designer will provide an
ALL design that is consistent with the disposition of the regulatory require-
ments and guidance identified in Section 1 of Appendix B. EPRI defines the
commitment specified in Appendix B as follows:

Comply=

The " comply" designation indicates that the ALWR design will fully comply
with all regulatory requirements and guidance provided by the reference.

00timization Sub.iect.

" Optimization subje..ts" are proposals initiated by EPRI to deviate from
regulatory requirements. EPRI proposes to resolve these issues by
providing technically supportable alternati;as to current regulatory re-
quirements. EPRI specifies that the ALWR design will comply with all
regulatory ree.uirements and guidance for a regulatory item associated
with an optimization subject, except as described in Section 2 of
Appendix B to Chapter 1 of the Evolutionary Requirements Document.

EPRI Evolutionary Plant SER 1B.1-2 i
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The staff concludes that, except as discussed throughout this report,
Table B.1-1 through Table B.1-4 of Appendix B are generally acceptable for the
evolutionary plant designs. The staff's review of the entire Evolutionary
Requirements Document provides a clearer picture of the extent to which the
document complies with the Commission's regulations.

1.4 Outstandina Issues

As stated previously, Appendix B to Chapter 1 was not submitted as part of the
original Evolutionary Requirements Document package. Therefore, the staff did
not develop a DSER for this appendix and no outstanding issues were associated
with it. However, many of the topics naw contained in Appendix B were
discussed throughout the 13 chapters of the original document. Accordingly,
the staff's original review of many of these topics was discussed in the
corresponding chapters of the DSER.

On September 7, 1990, EPRI submitted Revision 1 of the Evolutionary Require-
ments Document, which included Appendix B to Chapter 1. During its review of
Appendix B to Chapter 1, the staff identified several items that f all into the
category of an outstanding policy issue on which the staff has taken a
position, but for which the Commission has not had the opportunity to provide
guidance.

^
The outstanding issues, with references to appropriaf.e sec.tions of this
appendix given in parentheses, are listed below. The designators in front of
each issue provide a unique identifier for each issue. The letter "E"
indicates that the issue applies to the e'rolutionary p nnt design. The first
number designates the chapter in which it is identified, and the letter that
follows designates the appendix. The letter "0" designates that it is an open
issue. The final number is the sequential number assigned to it.

Ooen Issues

E.lB.0-1 impact of the elimination of tae operating-basis earthquake from
the design process (2.1.1, Item IV.A of Annex A, and Itet. I.M of
Annex C, Item C of Annex D)

E.lB.0-2 applicability of industry codes and standards (2.1.1 and item II.A '

of Annex C)

E.lB.0-3 tornado design basis (2.1.2 and Item II.F of Annex C)

E.18.0-4 main steamline classification (2.3.1.1 and Item II.E cf Annex C)

E.1B.0-5 simplification of postaccident sampling system (2.3.2 and Item II.I
of Annex C)

E.18.0-6 containment leak rate testing (2.5.1 and Item II.H of Annex C)

E.18.0-7 source term (2.5.2.1, 2.5.2.2, Item I.B of Annex A, and Item I.A of
Annex C)

E.18.0-8 seismic hazard curves (Item II.C of Annex C)

E.lB.0-9 leak before break (Item II.D of Annex C)
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E.18.0-10 containment bypass (Item II.G of Annex C)

E.lB.0-11 prototyping (Item II.K of Annex C)

E.lB.0-12 reliability assurance program (Item II.M of Annex C)

E.18.0-13 defense against ccmmon-mode failures in digital instrumentation and
control systems (Item A of Annex D)

E.18.0-14 analysis of external events beyond the design basis (Item B of
Annex D)

E.lB.0-15 control room annunciator reliability (Item G of Annex 0)

Confirmatory issues

i None
4

: 1.5 Vendor- or Utility-Soecific Items

] The vendor- or utility-specific iteme, with references to appropriate sections
of this appendix given in parenthesos, are listed below. The designators in

: front of each issue provide a unique identifier for each issue. The letteri

; "E" indicates that the issue applies to the evolutiona.y plant designs. The
first number designates the chapter in which it is identified, and the letter
that follows designates the appendix. The letter "V" designates that it is a
vendor- or utility-specific item. The final number is the sequential number ,-

assigned to it. |
,

i E.lB.V-1 compliance of FDA/DC applications with Conmission's regulations hnd
guidance (1.3)

.

! E.lB.Y-2 issue resolution for FDA/DC reviews (1.3)

1 E.lB.V-3 elimination of missile provisicns (2.1.2)
i

E.18.V-4 dynamic seismic analysis of main steam piping and condenser

!. (2.3.1.1 and Item II.E of Annex C)

E.lB.V-5 main steamline classification (2.3.1.1 and Item II.E of Annex C)
i

E.18.V-6 seismic analysis and plant _walkdown of turbine building (2.3.1.1
and Item II.E of Annex-C)

i

E.18.V-7 plateout considerations for main steam piping and valves (2.3.1.2
| and Item III.F of Annex C)

E.1B.V-8 reactor pressure vessel level instrumentation system (2.4.1).

F 18.V-9 source term (2.5.2.1, 2.5.2.2, Item 1.B of Annex A, and Item I.A of
,

Annex C)
,

E.18.V-10 compliance with Branch Technical Position MTE8 6.1 (2.5.2.2)
s

E.18.V-11 fission prod sct cleanup analysis (2.5.2.2)
"
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E.lB.V-12 deletion of charcoal adsorbers (2.5.2.2)

E.lB.V-13 dedicated containment vent penetration (2.5.3 and Item I.K of
Annex C)

E.lB.V-14 decoupling of operating-basis earthquake (0BE) from safe shutdown
earthquake (SSE) in seismic design of structures (Generic Safety
Issue A-40) (3.2.7)

E.lB.V-15 deletion of OBE damping values in ;eismic design of structures
(Generic Safety Issue A-40) (3.2.7)

E.lB.V-16 use of algebraic sum method for modal combination of high-frequency
modes for vibratory lends (Generic Safety Issue A-40) (3.2.7)

E.lB.V-17 use of spectral peak Aifting techniques in lieu of spectral
broadening (Generic a fety issue A-40) (3.2.7)

E.lB.V-18 plant-specific design and arrangement of control systems (Generic
Safety Issue A-47) (3.2.9)

E.lB.V-19 conformance to 10 CFR 50.34(f) hydrogen control requirements
(Generic Safety Issues A-48 and 121) (3.2.10 and 3.2.46)

E.lB.V-20 reliability of emergency diesel generators (Generic Safety Is-
sue B-56) (3.2.14)

E.lB.V-21 resolution of Generic Safety Issues 2 and 110 (3.2.18 and 3.2.42)

E.lB.V-22 resolution of Generic Safety Issue 15 (3.2.It)

E.1B.V-23 independent reactor coolant pump seal ecosa. during stat!on
blackout (Generic Safety Issue 23) (3.2.20)

E.lB.V 24 resolution of Ceneric Safety Issue 24 (3.2.21)

E.lB.V-25 design details on threaded fasteners (Generic Safety Issue 29)
(3.2.22)

E.lB.V-26 reduction of biofouling in open-cycle service water and component
cooling water systems (Generic Safety Issue 51) (3.2.23)

E.lB.V-27 resolution of Gr.neric Safety Issue 57 (3.2.24)

E.lB.V-28 resolution of Generic Safety issue 73 (3.2.26)

E.1B.V-29 equipment classification and vendor interface for reactor trip
system components (Generic Safety Issue 75) (3.2.27)

E.lB.V-30 2-week requirement for corrective maintenance (Generic Safety
Issue 75) (3.2.27)

E.lB.V-31 preventive maintenance and surveillance program for reactor trip
breakers (Generic Safety Issue 75) (3.2.27)
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E lB.V-32 resoluttor. of Generic Safety issue 76 (3.2.28)
'

2.lB.V-33 cooldown rate in natural convection cooldown analysis (Generic
Safety Issue 79) (3.2.29)

E lB.V-34 low-density storage racks in spent fuel pool for mort recently dis-
charged fuel (Generic Safety Issue 82) (3.2.30)

E.lB.V-35 piant-specific design and errangement for control room heating,
entilating, and air conditioning (HVAC) system (Generic Safetyv

Issue 83) (3.2.31)

2.lB.V-36 design of emergency filter units (Generic Safety Issue 83) (3.2.31)

E.lB.V-37 design details for-control room capacity following a design-basis
accident (Generic Safety Issue 83) (3.2.31)

E.1B.V-38 design details for control room HVAC systems in the smoke removal
mode (Generic Safety Issue 83) (3.2.31)

E.lB.V-39 resolution of Generic Safety Issue 87 (3.2.33)

E.lB.V-40 adequacy of low-temperature overpressure protection design (Generic"

Safety Issue 94) (3.2.34)

E.lB.V-41 adequacy of 8WR water level redundancy (Generic Safety issue 't )
(3.2.37)

' E.lB.V-42 interfacing system design details (Generic Safety Issue.105)
(3.2.39)

E.lB.V-43 inservice testing prcgrams and technical specifications for appro-
priate pressure isolation valves (Generic Safety Issue 105)
(3.2.39)

E.lB.V-44 resolution of Generic Safety Issue 106 (3.2.40)<

*
- E.1B.V-45 environmental qualification and inservice inspection and testing of

large-bore hydraulic snubbers (Generic Safety Issue 113) (3.2.43)

E.lB.V-46 use of prestressed concrete containments (Generic Safety Issue 118)
(3.2.44)

E.18.V-47 reliability, operability, and on-line testability of protection
system final actuation contacts (Generic Safety issue 120) (3.2.45)

E.lB.V-48 operator training program and emergency operating procedures
-related to initiating feed-and-bleed cooling (Generic Safety
Issue 122.2) (3.2.50)

E.lB.V-49 auxiliary feedwater analyses (Generic Safety Issue 124) (3.2.52)

E.lB.V-50- operational aspects of electrical- power reliability (Generic Safety
Issue 128) (3.2.56)
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E.lS.V-51 resolution of Generic Safety Issue 130 (3.2.57)
,

.

| E.lB Y-52 resolution of Generic Safety Issue 132 (3.2.58)
t

.
E.lB.V-53 resolution of Generic Safety Issue 135 (3.2.59)

1

| E.lB.V-54 resolution of Generic Safety Irsue 142 (3.2.60)
1

] E.lB.V-55 resolution of Generic Saftt.y '.ssue 143 (3.2.61)
.

j E.lB.7-56 resolution of Generic Safety Issue 151 (3.2.62)
i

; E.lB.V-57 assessment of safety service water system failure modes and contri-
{ butions to core damage frequency and identification of dominant
g accident sequences (Generic Safety issue 153 (3.2.63)
'

E.18.V-58 resolution of Generic Safety issue HF 4.4 (3.2.64),

! E.lB.V-59 resolution of Generic Safety Issue HF 5.1 (3.2.65)
|

E.18.V-60 resolution of Generic Safety Issue HF 5.2 (3.2.66)'

1

}

1

4
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2 PLANT OPTlHlZATION SUBJECTS

Plant optimization subjects are proposals initiated by EPRI to deviate from
regulatory requirements. EPRI proposes to resolve these issues by providing
technically supportable alternatives to current regulatory requirements.
Table 1.2 of Volume 1 of this report lists EPRI's proposed plant optimization
subjects and their applicability to the evolutionary and passive plant
designs. These issues are identified for the evolutionary plant design in
Section 2 of Appendix B to Chapter 1 of the Evolutionary Requirements Docu-
ment. The staff's evaluation is given in this section under the corresponding
sections in Appendix B to Chapter 1 of the Evolutionary Requirements Document.
The regulatory departure analyses discussed in Section 4 and provided in
Annexes A through C of this appendix provide additional information on these
subjects.

2.1 Issues Related to Chapter 1 of the Evolutionary Reouirements Document

2.1.1 Operating-Basis Earthquake and Dynamic Analysis Methods

In Section 2.3.C of Revision 0 of Chapter 1 of the Evolutionary Requirements
Document, EPRI proposed to define the peak ground acceleration of the
operating-basis earthquake (OBE) to be one-third that of the safe shutdown
earthquake (SSE). In Section 2.3.C of the DSER for Chapter 1, the staff
stated that it had not completed its review of this matter. As a result of
discussions with the staff and the Advisory Committee on Reactor Safeguards,
EPRI modified its position. In Section 2.1.1 of Appendix B to Chapter 1 of
the Evolutionary Requirements Document, EPRI now proposes to eliminate the OBE
as a design-basis event and to use alternative criteria for dynamic analysis
methods. In SECY-90-016, " Evolutionary Light Water Reactor Certification
Issues and Their Relationship to Current Regulatory Requirements," dated
January 12, 1990, and the draft Commission paper, " Issues Pertaining to
Evolutionary and Passive Light Water Reactor and Their Relationship to Current
Regulatory Requirements," issued on February 27, 1992, the staff stated that
it agreed that the OBE should not control the design of safety-related
systems. As a result, the staff is in the process of rulemaking for Appen-
dix A to 10 CFR Part 100 to decouple the DBE from the SSE in siting consider-
ations. The staff is also evaluating the possibility of redefining the OBE in-

order to satisfy the OBE's' function without explicitly analyzing responses.
This change would diminish the role of the OBE in design by establishing a
level that, if exceeded, would require that the plant.be shut down for inspec-
tion activities. The staff agrees in principle with EPRI regarding the
deletion of the OBE from plant design.

The implementation of this optimization-subject will have a broad impact on
many technical issues and will result in changes to many existing staff
positions. For example, Section '2.1.1 of Appendix B to Chapter 1 suggests
changes to Appendix A to 10 CFR Part 100, 13 regulatory guides, and 12 sec-
tions of the Standard Review Plan (SRP, NUREG-0800). Most of the technical
issues pertaining to-this optimization subject have been addressed by the
staff as a part of its review of Section 4 of Chapter 1 of the Evolutionary
Requirements Documer,t. As discussed in various parts of Section 4 of Chap-
ter 1 of this report,- the staff is not in complete agreement with the Evolu-
tionary Requirements Document on several of the dynamic analysis issues. In
addition, in Section 4.4,3 of Chapter 1 of this report, the staff states that i

l
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it is still evaluating the impact of the elimination of the OBE from the
design process. Therefore, because of the broad nature of this plant optimi-
zation subject and the lack of complete agreement between the staff and EPRI
on many of the issues involved, the staff concludes that the information in
Section 2.1.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document is not completely acceptable. Although the staff has identified its
position on this matter in the draft Comission paper issued on February 27,
1992, its approa,.'. to resolving this issue has not been reviewed by the
Comission arid, therefore, does not represent an agency position. Therefore,
the staff regards this is an open issue that must be satisfactorily resolved
before it can complete its review of the Evolutionary Requirements Document.
The staff's review of applicable issues is contained in Section 4 of Chapter 1
of this report. This optimization subject is discussed further in this report
in Section 4.4.3 of Chapter 1 and under item IV.A of SECY-90-016 contained in
Annex A, Item I.M of the draft Commission paper issued on February 27, 1992,
contained in Annex C, and Item C of the draft Commission paper issued on
July 6, 1992, contained in Annex 0 of this appendix.

The concerns about the use of the OBE in the design that were raised by the
staff in its letter dated April 24, 1991, are no longer applicable to its
review of the Evolutionary Requirements Document because of its position
regarding this optimization subject. Hewever, as discussed in the DSER dated
September 1987 for Chapter 1, certain issues related to the treatment of
earthquake cycles for piping and equipment fatigue evaluations, seismic anchor
motion effects, and concrete structure design also need to be resolved.

EP;.1 also proposes to reduce the conservatism in current seismic analysis
techniques such as the damping values, algebraic combination of high-frequency
modes, broadening of the response spectrum, spectral shifting analysis
technique, multiple response spectrum analysis technique, and classification
of piping stresses. Most of these issues are discussed in this report (see
Chapter 1).

In its letter acted April 24, 1991, the staff questioned the appropriateness
of classifying seismic stress as secondary stress. EPRI agreed that seismic
stress was not self-limiting and was a load-controlled stress. In Revision 3
of the Evolutionary Requirements Document, EPRI deleted the sentence classify-
ing seismic stress as secondary stress. The staff concludes that this
modification is acceptable and this issue is closed.

Revision 3 of Section 2.1.1 of Appendix B to Chapter 1 indicates that ASME
Code Cases N-451 and N-462 provide alternative rules on allowable seismic
stresses for Class 1 and Class 2/3 piping. It also states that these code
cases have not been accepted by the staff and that the ASME Code Committee is
implementing changes to the code. However, until these code cases or the
changes in the ASMt Code are accepted by the staff, current rules acceptable
to the staff should be followed. The staff's position on the applicability of
industry codes and standards for the AlWR designs is provided under Item II.A
of the draft Commission paper issued on February 27, 1992, contained in
Annex C of this appendix. Basically, the issue of allowable seismic stresses
for systems and components is not associated with civil structures. Although
the staff has identified its position on this matter in tha draft Commission
papers of February 27 and July 6,1992, its approach to resolving this issue
has not been reviewed by the Commission and, therefore, does not represent an
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agency position. This is an open issue that must be satisfsctorily resolved
before the staff can complete its review of the Evolutionary Requirements
Document.

2.1.2 Tornado Design

Section 2.1.2 of Appendix B to Chapter 1 and Section 4.4.3.3.8 of Chapter 1 of
the Evolutionary Requirements Document state that the plant dcsigner will use
American National Standards Institute /American Nuclear Society (ANSI /ANS) 2.3,
" Standard for Estimating Tornado and Extreme Wind Characteristics at Nuclear
Power Sites," to define tornado effects, using a probability of 10E-6 per
year. This is an exception to Regulatory Guide 1.76, '' Design Basis Tornado
for Nuclear Power Plants." The staff's evaluation of this issue is given in
this report in Section 4.5.2 of Chapter 1 and under Item II.F of the draft
Commission paper contained in Annex C of appendix. Although the staff has
ident;fied its position on this matter in the draft Commission paper of
February 27, '192, its approach to resolving this issue has not been reviewed
by the Commissa. and, therefore, does not represent an agency position. This
is an open issue that must be satisfactorily resolved before thc staff can
complete its review of the Evolutionary Requirements Document.

Elimination of Missile Provisions

Section 2.1.2.3 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document states that certain missile provisions, such as labyrinths in
neating, ventilating, and air conditioning inlets and exhausts will be elimi-
nated. EPRI states this elimination will lower construction costs and enhance
maintenance.

Regulatory Guide (RG) 1.117. " Tornado Design Classification," and SRP Sec-
tion 3.5.2, " Structures, Systems, and Components To Be Protected from Exter-
nally Generated Missiles," describe a method acceptable to the staff for
identifying those structures, systems, and components that should be protected
from the effects of the design-basis tornadc, including tornado missiles.
Depending on the nature and source of the externally generated missiles,
protection may be provided by missile barriers for individual components, by
placing independent redundant systems in compartments located in a missile-
protected structure, or by a subgrade location at a sufficient depth. The
staff concludes that the EFRI-proposed elimination of certain missile provi-
sions may be acceptable, provided sufficient justification is provided on a
case-by-case basis regarding compliance with RG 1.117 and SRP Section 3.5.2.
The staff concludes that EPRI's generic justification of reduction in cost and
maintenance is not sufficient for eliminating missile-protection measures.
The staff will evaluate this matter during its review of an individual
application for FDA/DC.

2.2 issues Related to Chapter 2 of the Evolutionary Reauirements Document

There were no plant optimization subjects associated with Chapter 2 of the
Evolutionary Requirements Document.
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2.3 Issues Related to Chapter 3 of the Evolutionary Reouirements Document

2.3.1 BWR Main Steamline Isolation Valves and Leakage Control and Classifica-
tion of Main Steamline of Boiling-Water Reactor

j in Section 2.3.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document, EPRI proposes to eliminate the BWR main steam isolation valve
leakage control system and provide an alternative leakage pathway (i.e., the
main steamline and the condenser) to the main condenser downstream of the
isolation valves in the event of a loss-of-coolant accident (LOCA). This
issue is also related to Section 3.3.2 in Appendix B to Chapter 1, Sec-
tion 3.4.1.5 in Chapter 2, Sections 5.3.3 and 5.4.1.5 in Chapter 3, Sec-
tion 1.2.3 in Chapter 5, and Section 3 in Chapter 13 of the Evolutionary '

Requirements Document. In its letters dated May 17 and August 29, 1991, the
staff stated its positions on the quality group and seismic classifications of
the BWR main / extraction steam system, main steamline, main turbine system,
condenser, and related non-seismic structures that resulted from the proposed
elimination of the main steam isolation valve leakage control system. The
objective of these staff positions is to establish adequate measures to ensure
that the above systems and structures will maintain their struc'. ural integrity
during an<i following an SSE. Although this issue involves information in
Chapters 1, 2, 3, 5, 6, and 13, for the sake of continuity, the basis'for the
staff's positions and the staff's evaluation of all of EPRI's responses are
discussed below.g

Main Steamline Classification

Background

The main steamlines in BWR plants contain dual quick-closing main steam
isolation valves (MSIVs). These valves function to isolate the reactor system
in the event of a break in a steamline outside the primary containment, a.
design-basis LOCA, or other events requiring containment isolation. Although
the MSIVs are designed to provide a leaktight barrier, it is recognized that
some leakage through the valves will occur. The current technical specifica-
tion liml* for MSIV leakage is typically 11.5 standard cubic feet per-hour
(scfh) rar valve. Operating experience indicates that degradation has
occasir nally occurred in the leaktightness of MSIVs and the specified low-
leakage. h.s not always been maintained.

Because of recurring problems with excessive leakage of MSIVs, the staff
recommended in RG 1.96, " Design of Main Steam Isolation Valve Leakage Control
Systems for Boiling Water Reactor Nuclear Power Plants," the installation of a
supplemental leakage control system (LCS) to ensure that the isolation
function of the MSIVs is in accord with the specified limits.

In response to the MSIV leakage concerns, the BWR Owners Group (BWR0G)
commissioned a program of studies to determine the causes of high leakage
rates and the means to eliminate them. The results of these studies were
submitted to the NRC in General Electric proprietary reports NE00-31643P
(dated November 1988) and NED0-31858P (dated February 1991), both entitled
" Increasing Main Steam Isolation Valve Leakage Rate Limits and Elimination of
Leakage Control Systems."

EPRI Evolutionary Plant SER 1B.2-4

- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _



- _ _ _ - _ _ _ _ _ _ _

|

In addition, the NRC has recently reviewed the desirability of the MSIV LCS
requirement. Because the LCS may not be effective for controlling tiSIV
leakage rates greatly in excess of technical specification limits because of
limitations in its design, the staff established Generic Issue C-8, " Main
Steam Line Valve Leakage Control Systems," to address these concerns for
currently operating plants.

The staff's position on the EPRI-proposed resolution for both evolutionary and
passive BWR designs follows. It is based on the assumed capability of the
main steam piping (including its associated piping to the condenser) and the
condenser to remain structurally intact so they can act as a holdup volume for
fission products.

Evaluation

The MSIVs do not provide a leaktight containment pressure boundary as intended
in the plant design. Although substantial progress has been made in recent
years to identify the causes of the leakage and to reduce the amount of
leakage, the current typical technical specification limit of 11.5 scfh per
valve is still difficult to achieve when the valve is rapidly closed against
full-flow conditions at full reactor pressure and temperature.

The current assumption for operating plants in calculating the dose reference
values specified in 10 CFR Part 100 is based on a conservative assumption that
the leakage allowed by the technical specifications of 11.5 scfh per valve is
released directly into the environment. No credit is currently taken for the
pressure integrity of the main steam piping and condanser.

The proposed approach developed by EPRI and the BWROG would allow higher
leakage limits and would take credit for the main steam piping and condenser
to plate out the fission products following core damage. In this way, the
main steam piping (and its associated piping) and the condenser would be used
to mitigate the radiclogical consequences of an accident that could result in
potential offsite exposures comparable to the dose reference values in 10 CFR
Part 100.

Seismic Oualification: Appendix A to 10 CFR Part 100 requires that struc-
tures, systems, and components necessary to ensure the capability to mitigate
the radiological consequences of accidents that could res. ult in exposures
comparable to the dose guideline exposures of Part 100 be designed to remain
functional during and after a safe shutdown earthquake (SSE). Thus, the main
steamline, portions of its associated piping, and the main condenser are
required to remain functional if the SSE occurs. As such, these components
are required to be analyzed to demonstrate their capability to maintain their
structural integrity. Appendix A to 10 CFR Part 100 requires that the
engineering method used to ensure that the safety functions are maintained
during and after an SSE involve the use of either a suitable dynamic analysis
or a suitable qualification test.

Non-Nuclear Experience: In Appendix 0 to NED0-318E8P, BWROG submitted a
report to the staff entitled " Performance of Condensers and Main Steam Piping
in Past Earthquakes," Report No. 50032.02-R-01 dated September 1990 by EQE
Engineering. The report provided a summary of data on the performance of non-
seismically designed main steam piping and condensers in past earthquakes
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around the world. These data were used to evaluate the capability of main
steam piping and condensert in typical General Electric (GE) Mark I, II, and
III BWRs in the Unitad " 'ci to withstand design-basis earthquakes.

The EQE report showed that piping and condensers exhibited substantial seismic
ruggedness even when they were not designed for earthquake loadings. No
failures of main steam piping were found. The report concluded that (1) the
possibility of significant failure of GE BWR main steam piping or condensers
in the event of a design-basis earthquake in the Eastern United States was
highly unlikely and (2) any such failure would be contrary to the large bodyj
of histarical earthquake experience data.*

As a result of its review of the EQE report for condensers, the staff con-
cludes that, in general, the experience data base is applicable to BWR
condensers in U.S. plants. Overall, condensers in nuclear plants are similar
to condensers in non-nuclear plants. However, because the pipe wall thickness
is typically about I inch for main steam piping in BWRs, whereas the pipe wall
thickness is typically much greater than 1 inch, and as much as 4 inches, for
main steam piping in fossil plants, the staff concludes that the generic study
for the main steam piping is not appropriate for BWRs.

Pioina Failure Mqdn: The staff recognizes that welded piping systems exhibit
seismic ruggedness even under loadings several times greater than a design-
basis earthquake loading. -The staff has also investigated the actual failure
modes of piping due to earthquake loadings. In NUREG-1061, Volume ? Addendum, 6

"Sumary and Evaluation of Historical Strong-Motion Earthquake Seismic
Response and Damage to Above-Ground Industrial Piping," dated April 1985, the
staff found that the observed failure of piping can be divided into three
primary categories:

(1) failure of pipe due to excessive displacement of attached equipment'

(2) failure of branch piping due to excessive displacement of attached piping
mains .

(3) failure of piping associated with loss of pipe supports

Another observed category of pipe failure (beyond the scope of NUREG-1061) is
that caused by the failure of the supporting or enclosing building which, in
turn, causes the failure of the pir .

Classification of Main Steamline of BWRs: Because of the lack of evidence
provided by the EQE report to support generic acceptability of the BWR main
steam piping to withstand an SSE, the staff concludes that seismic analyses.
are required to ensure that the failure modes described above will not occur-
in BWR main steam piping. -The staff also concludes that no undue burden
exists for the Al.WRs to require its main steam piping and branch lines to the
first isolation valve to be classified as safety-related, seismic Category I
piping with the appropriate quality assurance requirements imposed by Appen-
dix B to 10 CFR Part 50 before-the plant is constructed. Appendix A to SRP t
Section 3.2.2, " System Quality Group Classification," provides guidelines on i
the safety classification of BWR main steam piping. The SRP recommends that 1

the main steamline from the second isolation valve up to, but not including, ;

i

EPRI Evolutionary Plant SER 1B.2-6

_ - - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ -



_

the turbine stop valve including branch lines to the first' valse be classified
as Quality Group B (Safety Class 2). RG 1.29, " Seismic Design Classifica--
tion," designates such pioing as seismic Category 1.

The staff's position is that the main steam piping from the outermost isola-
tion valve up to the seismic interface restraint and branch ~ lines up to the
first closed valve must conform to Arpendix A to SRP Section 3.2.2 and
RG 1.29. The main steamline from the seismic interface restraint up to, but
not including, the turbine stop valve (including branch lines to the first
normally closed valve) must be classified as Quality Group B and inspected in
accordance with applicable portions of ASME Code, Section XI, " Inservice
Inspection," but may be classified as non-seismic Category I if it has been
analyzed using a dynamic seismic analysis to demonstrate its structural
integrity under SSE loading conditions. However, all pertinent quality
assurance requirements of Appendix B to 10 CFR Part 50 are applicable to
ensure that the quality of the piping material is commensurate with its
importance to safety during both operational and accident conditions.

The seismic interface restraint must provide a structural barrier between the
seismic Category I portion of the main steamline in the reactor building and
the non-seismic Category I portions of the main steamline in the turbine
building. The seismic interface restraint will be located inside the seismic

,

Category I building. The main steamline in the turbine building must be-

classified as non-seismic Category I to be consistent witi the classification
of the turbine building. Therefore, the quality and safety requirements
proposed by the staff for the main steamline from the outermost isolation -
valve up to the turbine stop valve are equivalent to the staff guidelines in
Appendix A to SRP Section 3.2.2-and RG 1.29

Classification of Pioino Associated With the Main Steamline: The BWROG has
identified several interconnected alternative leakage pathways to allow MSIV
leakage to drain to the condenser. Of these, the BWROG has proposed to use_
the drain line downstream of the HSIVs to provide a non-safety-grade leakage
pathway to the condenser. In accordance with the BWROG recommendations,
Section 2.3.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document proposes the use of the main steamline drains for MSIV leakage-
control.

'

However, GE has indicated 'that the bypass piping of the main steamline is
another appropriate leakage pathway that the designer may use for MSIV leakage-
control. The staff concludes that use of'either pathway is an acceptable
approach to resolving this issue, provided the chosen pathway is seismically
analyzed to withstand SSE loading conditions, as discussed below. In addi----

tion, because these pathways are interconnected,-the_ designer will have-to
seismically qualify all pathways up to the first normally closed valve to
ensure this piping maintains its integrity during an SSE.

For ensuring the integrity of the MSIV leakage pathway (i;e., drain line or
bypass line) from the first valve to the main condenser hotwell, the staff and
EPRI both agree that preventing structural failure of the piping and hotwell
would provide assurance that leakage'from:the MSIVs following a: design-basis
accident would not result in potential offsite exposures that exceed the dose -
guidelines of-10 CFR Part 100.__ The staff's position regarding the classifica-
tion of the MSIV leakage pathway between the first normally closed valve and-
the condenser hotwell' and the hotwell itself is as follows.
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The staff proposes that (1) the HSIV leakage pathway from the first valve up
to the_ condenser inlet and--(2) the piping between the turbine stop valve and
the turbine inlet _ not be classified.as safety related or as seismic Cate-
gory _I, but should be analyzed using a dynnic seismic analysis to demonstrate
their structural integrity under' SSE 1oading . conditions.

EFRI's proposal to use the-seismic experience data base in lieu of a sosaic
analysis for the line from the first valve of the MSIV leakage pathway to the
condenser is not consistent with the staff's position discussed above and is,
therefore, not acceptable. Although this portion of_the MSIV leakage pathway
does not have to be seismic Category I, the-experience data. base does not'
provide adequate assurance'of seismic integrity for such piping. In addition,
EPRI's proposal to use the simplified seismic analysis' procedure described in
RG 1.143, " Design Guidance for Radioactive Waste Management Systems, Struc-
tures, and Components Installed in Light-Water-Cooled Nuclear Power Plants,"
is not acceptable for the first valve of the MSIV leakage pathway up to and
including the condenser. To satisfy Item II.k of SRP Section 3.9.2,- " Dynamic
Testing and Analysis of Systems, Components, and tquipment," this piping and
the condenser should be analyzed to the SSE loading condition using the same-
criteria as those that are applicable to seismic Category-I items. The-
guidelines in RG 1.143 allow a simplified analysis using only the OBE loading
conditions and are unacceptable. Therefore,-the staff will evaluate this
piping:and the condenser during its review of an individual application for
FDA/DC in accordance with the positions in Appendix A to SRP Section 3.2.2 and
Regulatory Guide 1.29.

Turbine Ston Valve and Associated Pioina and Structures: The staff's evalua-
tions of EPRI's responses relative to the turbine stop valve, the piping-
between the stop valve and the turbine, and the structures associated with
this issue are given in Section 3.1.1 of Chapter 13 of this report.

Condenser Desian: Because the Evolutionary Requirements Document dcu not
address the condenser design details and no ALWR plant has been constructed,
the staff cannot evaluate the applicability of the generic seismic experience -
data base for the ALWR condenser. Thus, it_ requires that the_ condenser be
seismically analyzed 5y the cabined license applicant- to enwre that it is
capable of maintaining its structural -integrity during and ai;er an- SSE. The
condenser is not required to be classified-as seismic Category I or as a
safety-related component. The staff concludes that the = additional- safety-
related and seismic Agory I requirements (e.g., the quality assurance-
requirements in Appsndix R to 10 CFR Part 50 or the inservice inspection-
requirements ~in the ASME Code) are excessive and unnecessary for ensuring the
structural _ integrity of the condenser under seismic loadings with no signifi-
cant-increase in safety if-they were to be imposed. -However, applicants-

seeking to take advantage of the main steam piping, its associated piping, and
the_ condenser as an alternative-leakage path will be required to submit a
reyest'for an exemption from the quality assurance requirements _of Appendix B.
to 10 CFR Part-50 for the MSIV leakage. pathway and the main condenser.

Turbine Buildino Desian: _ As discussed in Section:3.1.1 of Chapter 13 of this
report,_ the turbine building should be seismically analyzed.for the SSE to
ensure that it will not adversely affect the structural integrity of the main
steam piping,-its associated piping, and the main condenser. The staff'
requires that plant-specific walkdowns be conducted before commercihl opera-
tion to assess- the potential failures of non-seismically designed systems,-
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structures,.and components overhead, adjacent to, and attached to the main
steam piping, its associated piping, and the condenser. For the walkdowns, an
appropriate seismic experience data base should be used for identifying,

potential failure modes in order to provide high confidence that the main
steam piping, its associated piping, and the main condenser in ALWRs can'

retain their structural integrity during and following an SSE.

Conclusion.

'

The approach described above for ALWRs to resolve the BWR main steamline issue
'

provides reasonable assurance that the main steam piping from the outermo.s,

isolation valve up to the turbine stop valve, the MSIV leakage pathway
' (i.e., the drain line or bypass line) up to the condenser, and the main

condenser will remain structurally intact, so that' they can act as a holdup
volume for fission products during and following an SSE. The final closure of;

the BWR main steamline issue will be verified through plant-specific walkdovas
during the combined license phase. Although the staff has identified its
position on this matter in the draft Commission paper issued on February 27,
1992, its approach to resolving this issue has not been reviewed by the

| Commission and, therefore, does not represent an agency position. This is an
j open issue that must be satisfactorily resolved before the staff can complete

its review of the Evolutionary Requirements Document. This issue is also'

discussed under Item II.E of the draf t Commission paper of February 2/,1992,
! contained in Annex C of this appendix.
i

Plateout;

i Plateout of radioactive iodine on the main steam pipe and condenser surfaces
; can result in significant dose mitigation. Several technical references
! indicate that particulate and elemental iodines would be expected to deposit
i on surfaces, and the rates of deposition would vary with temperature, pres-

sure, gas composition, surface material, and particulate s'ze. The staff is
i evaluating the extent to which credit for the fission product attenuation in

the main steamlines and in the isolation condenser is appropriate and reason-,

| able for BWRs even though the main steamlines downstream from the MSIV and its
condenser are not designed to withstand the SSE as defined in Sect.on III.C of
Appendix A to 10 CFR Part 100. Since product attenuation in the main steam-

: line and in the isolation condenser depends on the design of the plant, the
staff will evaluate'this issue during its review of an individual application
for FDA/DC.

2.3.2 Simplification of Postaccident Sampling System

The regulations and guidance regarding the design of the postaccident sampling*

system (PASS) are given in 10 CFR 50.34(f)(2)(viii), RG 1.97 (" Instrumentation 1
e

' for Light-Water-Cooled Nuclear Power Plants To Assess Plant and Environs j
Conditions 2. ring and Following an Accident"),'and NUREG-0737 (" Clarification i.

2 of THI Action Plant Requirements"). Section 2.3.2 of Appendix B to Chapter 1
_ of. the Evolutionary Requirements Document gives EPRI's proposed deviations |;

from the design requirements-for the PASS in several areas. The staff's
evaluation of this issue is provided under Item II.I of the draft Commission.

,

paper dated February 27, 1992, contained in Annex C of this appendix. I
4

Although the staff has. identified its position on this. matter in the draft'

Commission paper, its approach to resolving this issue has not been reviewed
,

.
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subcooling margin monitor and core exit thermocouples, meets the established
recuiremants. The same cannot be said for reliance on pressurizer level
inc icat As discussed in early versions of Section 2.4.1 of Appendix B to
Chapter ,f the Evolutionary Requirements Document, the pressuri Ai level
increases for breaks in some locations and decreases for breaks in other
locations. The positive indica * ion provided by the RVLIS, rather than
diverting the operator's attention, may provide the information for the
operator to make a proper decision.

The RVLIS has already Deen shown to be a useful instrument in operating
reactors. For example, at North Anna Unit 1, between June 17 and June 21,
1981, approximately 17,000 gallons of reactor coolant system (RCS) inventory
was removed from the RCS. The pathway for the loss was through the pump
backseat of the "A" reactor coolant pump, up the shaft, and out through the
seals into the containment sump. -The pump had been decoupled from the motor
for stator replacement. The inventory loss was not detected because the
pressurizer had been allowed to cool down, a vacuum had developed in the
pressurizer, and a bubble had formed in the reactor vessel head. In this
condition, pressurizer level indication did not provide an adequate represen-
tation of RCS inventory. Indication was available via the RVLIS portion of
the integrated cora cooling monitoring system. Even though the RVLIS had not
been declared operational and operator action to terminate the condition was
not taken on the basi; of that information, it did alert the operators, and
action was finally ;aken when the vatuum in the pressurizer was also detected.
At that time, the RVLIS was used to track the vessel level during venting of *

the reactor head and refilling of the system,

The staff has also identified other eve < e 'ng which the RVLIS (if it had
been installed) could have resulted in Detter operator response. .These events
included a natural circulation cooldown event at St. Lucie Unit 1, during
which a bubble had formed in the reactor vessel head, even though there was
continued indication of adequate subcooling margin.-

In addition to the staff requirements for vessel level instrumentation as part
of an ICC detection rystem, such instrumentation provides very useful informa-
tion to be considered during accident-management activities. Although
accident-management guidelines are being developed by vendor owners groups,
the staff expects that indication of vessel level will be an important
parameter for_ preventing core damage or possibly arresting core-melt progres-
sion before vessel failure. Therefore, the staff concludes that all ALWR
tesigns must havt. a RVLIS.

>

In Revision 4, EPRI modified Section 6.3.3.2 of Mapter 4 of the Evolutionary
-

Requirenents Document to require a RVLIS and proposed general requirements for
such a system. The staff concludes that these requirements are-acceptabl9 3

However, because little specific information on the RVLIS system was provided,
the staff requires that each PWR ALWR designer idedify system design and
performance criteria including the system's )otential accident-mtnagement role
and the resulting severe environmer.t to whic1 it may be subjected. The staff
will evaluate the specific design during its- review of an individual applica-
tion for FDA/DC.

~
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2.5 1ssues Related to Chapter 5 of the Evolutionary Reouirements Document

2.5.1 Containment teak Rate iesting

Section 2.5.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document proposes that the maximum interval between Type C leak rate tests be
30 months instead of the 24 mcnths maximum currently required in Appendix J to
10 CFR Part 50. EPRI originally proposed this optimization subject in
Section C.1 of Revision 0 of Chapter 5 of the Evolutionary Requirements
Document.

"
EPRI states that ALWRs will have a refueling cycle of 24 months. Therefore,
it believes that a Type C test interval of at least 30 months is needed to
avoid the necessity of shutting down the facility solely to perform Type C
local leak rate tests, Othe mise, it may be necessary to subject the facility
to the increased risks, and p sonnel to the increased exposure, associated
with testing at power. EPRI cites the economic benefits of a 24-month
refueling cycle, the nduced occupational radiation exposure associated with
longer test intervals, and the relatively minor overall effect on risk should
the longer test interval result in increased containment leakage. In the
latter regard, EPRI cites NUREG/CR-3539, " Impact of Containment Building
Leakage on LWR Accident Risk," which states that an increase in containment
leakage from 0.1 percent to 1.0 percent every 24 hours would increase the

,

overall risk by 1.5 percent.

In addition, in its letter dated Mr.rch 3, 1992. EPRI provided hand-marked page
changes requesting additional chariges to the coritainment leak rate testing

hrequirements of Appendix J to 10 CFR Part 50 as contained in ANSl/ANS 56.8,
" Containment System L:akage Testing Requirements," such as relief from the
test interval for air locks. The staff's evaluation of these issues is given
in this report under item II.H of the draft Commission paper dated Febru-
ary 27, 1992, contained b Annex C of this appendix and Section 6.3 of
Chapter 5. Although the si..ff has identified its position on the issue of the
24-month Type C test interval in the draft Commission paper, its approach to
resolving this issue has not been reviewed by the Commission and, therefore, ,

does not represent an agency position. This is an open issue that must be
satisfactorily resolved before the staff can complete its review of the
t.volutionary Requirements Document.

2.5.2 Physically Based Source Term

General Discussion

-Section 2.4.1.2 of Chapter 1 ef the Evolutionary Requirements Document
requires the use of a more realistic severe reactor accident source term for-
the offsite radiological consequence assessment than the current source term
specified in U.S. Atomic Energy Commission report TID-14844, " Calculation of

'Distance Factors for Power and Test Peactor Sites," Herch 23, 1962, and in
RGs 1.3, " Assumptions Used for Evaluating the Potential Radiological Conse-
quences of a loss of Coolant Accident for Boiling Water Reactors," and 1.4,
" Assumptions Used for Evaluating the Potential Radiological Consequences of a
loss of Coolant Accident for Pressuriad Water Reactors." -Section 2.5.2 of
Appendix B to Chapter 1 lists source term treatment for the evolutionary ALWR
as a plant optimization subject.+
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i in addition to the discussion in these sections, EPRI submitted to the NRC two l
i !technical reports '.,mled " Evolutionary Plant Source Term Report (October

1990)" and " Passive ALWR Source Term (february 1991)." In these sections and,

i reports, EPRI points out that ALWR licensing-design-basis requirements as well
: as design enhancements related to severe accidents should be based on the full
~

body of current knowledge re7arding accident source terms. EPRI believes that
i the evolutionary designs should be evaluated on the basis of a realistic
1 treatment of the fission product source term, including the extemive research
i that has been done on fission product behavior since TID-14844 was issued, and
4 especially since the accident at Three Mile Island Unit 2 (THI-2) in 1979.

EPRI's view is that tl.is approach will result in designs that are improved and,

j provide enhanced safety protection.

\ In SECY-89-341, " Updated Light Water Reactor Source Term Methodology and
Potential Regulatory Applications," dated November 6,1909, SECY-90-016, and

; SECY-90-341, " Staff Study on Source Term Update and Decoupling Siting From
] Design," dated October 4, 1990, the staff discussed an integrated set of its
j activities involving regulatory development and implementation of updated

source term information in connection with its review of the Evolutionaryi

j Requirements Document and the evolutionary ALWR designs. In tMse papers, the
j staff also discussed revisions of 10 CFR Parts 100 and 50 thn will decouole
j reactor siting from plant design.

j Both the NRC and the industry have expended a great deal of effort to obtain a
i better understanding of the fission product transport and release mechanism

following a severe reactor accident. The accident source terms proposed by,

l EPRI are based on a single, enveloping value for a bounding severe reactor
accident sequence, using release data obtained from the severe fuel damage,

tests at the Power Gurst Facility, source term measurements at the loss ofi

i Fluid Test (LOFT) Facility, and data from the THI-2 postaccident examination.
The NRC source term developed by the staff is based primarily on source ter'n

"

! calculations performed by the Source Term Code Package (STCP) for individual
j accident sequences selected in NUREG-ll50, " Severe Accident Risks: An

Assessment for Five U.S. Nuclear Power Plants." The STCP has been demons-*

trated and has emerged as an integral tool for the analysis of the fission
! product transport and release nrdanism in the reactor coolant system and in

the primary containment in ALWRs ander severe reactor accident conditions.;

,

i The staff finds that there is good agreement between EPRI's pioposed source
j terms for the passive plants and those of the staff in most areas, erept for

the magnitude of nuclides with low volatility, where the staff's values are
about an order of magnitude higher than those proposed by EPRI. However,,

j there is less agreement between EPRI's proposed source term for the evolution-
! ary plants and those of the staff, because EPRI's evolutionary plant source
; term is based on a partial core melt, whereas the staff's proposed source

terms as well as those for EPRI's passive plants are based on a complete core:

i melt. In either case, the staff concludes that the' differences between the
staff's and EPRI's estimates for the nuclides with low volatility will not,

have a major effect on offsite riose assessment.- In SECY-92-127, " Revised4

! Accident Source Terms for Light Water Nuclear Power Plants," the staff-
| proposed a revised severe accident source term in a draft NUREG report, "In-

Containment Accident Source Terms for Light Water Nuclear Power Plants." The
draft HUREG report provided the types, timing, and quantities of fission
products that would be released into the containment on the basis of a rangea

; of core-melt-accident stenarios, including failure of the reactor pressure
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! vessel and subsequent core-concrete interactions. After SECY-92-127 was
l written, the staff issued NUREG-1465, " Accident Source Terms for Light-Water

Nuclear Pou r Plants," (June 1992) for a 90-day public comment period. The'

staff will evaluate the entire source term-related issue during its review of
the Requirements Document t.nd individual applications for FDA/DC. This is an
open issue tha' must be satisfactorily resolved before the staff can complete
its review of the Evolutionary Requirements Document. See Ite'n 1.B of
SECY-90-016 contained in Annex A and item 1.A of the draft Commission paper
dated february 27, 1992, contained in Annex C of this appendix for additional
discussion of this issue.

Specific Son,rg Jentissxc3

In Section C.2 cf the DSER for Chapter 5, the staff discussed several specific
issues related to the source term. The following is the staff's evaluation of
these issues.

Deletion of PWR Containment Spray Additive

in Section 1.2.3.1 of Chapter 5 of the Evolutionary Requirements Document,
EPRI notes that previous regulatory practice called for a chemical additive in
PWR containment spray solutions to raise the pH of the spray solution to
enhance the solubility of elemental iodine in the spray droplets. EPRI also
states that recent research shows that the vast majority of volatile fission
products released will be in particulate form and that the containment spray
additive is unnecessary and should be deleted. Also. EPRI believes that rates
for fission product removal by the spray should be established on the basis of
current research,

f The review of the PWR spray system as a fission product remcval system is
|

covered in SRP Section 6.5.2, " Containment Spray es a Fission Product cleanup
System." The staff issued a revisior of SRP Section 6.5.2 in December 1988,
in which it acknowledges that a chemical additive is not necessarily required
during spray injection, but that pH control should be maintained for the sump
solution during postaccident conditions. The deletion of a spray additive for
the ALWR is consistent with the revised SRP and is acceatable. Revised SRP
Section 6.5.2 provides fission product cleanup models t1at can be used with
either RG 1.4 or current best-estimate fission product releases.

| The Evolutionary Requirements Document does not specify chemical additives for
! long-term c0stainment sump pH control. This feature is normally provided by
! baskets of trisodium phosphate suspended in the sump. Although the proposed

design of the ALWR does not include a recirculation sump, chemicals could be
readily located in other locations where they would be dissolved by contain-
ment spray. In Section C.2.1 of the DSER for Chapter 5, the staff stated that

;
- EPRI should address Branch Technical Position (BTP) HTEB 6-1 (SRP Sec-

tion 6.1.1, " Emergency Safety features Materials"), which requires containment
sump pH control, and identified this as an open issue. The staff will
evaluate this matter during its review of an individual application for FDA/DC
to ensure that the designer acceptably addresses BTP HTEB 6-1. On the basis
of the above discussion, this DSER open issue is closed. The staff's evalua-
tion of this issue can be found in Section 8.2 of Chapter 5 of this report.
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Revised SRP Section 6.5.2 states that for sump solutions having a pH less than
, molecular iodine should be conservatively assumed to evolve into the cen-'

tainment atmosphere. In Section C.2.1 of the DSER for Chapter 5, the staff
stated that EPRI should include a requirement that the ALWR fission product
cleanup analyses reflect the effect of reduced pH consistent with the method-
ology in revised SRP 3ection 6.5.2 and identified this as an open issue. The
staff will evaluate this matter during its review of an individual application
for FDA/DC to ensure that the effect of reduced pH is properly reflected in
the cleanup analysis. On the basis of the above discussion, this DSER open
issue is closed.

Deletion of Charcoal Adsorbers

in Section 1.2.3.2 of Chapter 5 of the Evolutionary Requirements Document,
EPRI states that activated charcoal filters in BWR standby gas treatment
systems and other PWR ventilation systems are required for many areas in which
fission products could be released, it also states that these filters are
required solely for removing organic and elemental iodine, are complex, and
have been difficult to operate and test. EPRI states that recent research
shows th2t the amount of elemental iodine expected to be rele& sed in an '

accident is small enough that charcoal filtration is unnecessary, and that the
reference to charcoal filters has been deleted in the Evolutionary Require-
ments Document with regard to fission product filtration systems.

| In SECY-86-76, the staff identified air filtration systems as an area of
pctential change based on source term research. Recent research indicates
that the fraction of fission product iodine present in elementti and organic
forms may be lower than that specified in present regulatory _ guidance (RGs 1.3
and 1.4), but may still be at a level at which some charcoal filtration is
warranted. Further, this research also indicates that the quantity of
airborne material (radioactive and nonradioactive aerosols) expected to be
produced in accident sequences of interest could be large in comparison to the
retention capacity of the high-efficiency particulate air filters in present
engineered safety features air filtration systems. Finally, many filter
systems are also used t. process activity released during normal operation

| during which charcoal may be useful. The staff intends to consider potential
| changes in air filtration systems based on the proposed revised source term
; discussed in SECY-92-12), but concludes that the complete removal of charcoal
| in air filtration systems, as stated in EPRI's position, is currently unjusti-
i fied. in particular, the staff notes that there are large uncertainties with
| regard to gaseous iodine production due to pH changes in the in-containment-

refueling water storage tank, hydrogen burns, and irradiation of other
| chemical forms of iodine.. Therefore, in Section C.2.2 of the DSER for

Chapter 5, the staff concluded that the need for activated charcoal filters in|

appropriate ALWR ventilation systems must be evaluated as part of the overall
I

development of the updated analytical methodology for the source term to be
|

used for ALWRs and identified this as an open issue. The staff will evaluate
this matter during its review of an ir.dividual application for.FDA/DC. On the'

basis of the above discussion, this DSER open issue is closed.

BWR Suppression Pool Fission Product Scrubbing

In Sections 1.2.3.3 and 7.3.11 of Chapter 6, EPRI states that previous
| licensing practice did not recognize scrubbing of fission products by a BWR
j suppression pool and that recent research has shown such scrubbing to be

, EPRI Evolutionary Plant SER 18.2-15
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effective. EPRI originally took the position that a decontamination factor
for radionuclide scrubbing by BWR suppression pools should be credited on the
basis of evaluations of accident sequences using the MAAP code and decontami-
nation factors determined by SUPRA, SPARC, or other technically defensible
methods.

RG 1.3 (Position C.1.f) allows no credit for retention of iodine by a BWR
suppression pool. However, as discussed |n Section C.2.3 of the DSER for
Chapter 5, the staff has issued a revised SRP Section 6.5.5, " Pressure
Suppression Pools as Fission Product Cleanup Systems," dated December 1988.
The essential feature of this revised section is that it recognizes that
suppression pools are capable of scrubbing non-noble gas fission products and
it would be an undue conservatism to ignore this capability. On the basis of
the revised SRP Section 6.5.5, the staff concluded that credit may be given
for suppression pool fission product removal, provided suppression pool
decontamination factors are evaluated in accordance with the methodology
prescribed in the revised SRP section and identified this as an open issue.

The staff concludes that this criterion is reflected in Table B.1-2 of
Apper.dv B to Chapter 1 of the Evolutionary Requirements Document, in
addition, u.ction 1.2.3.3 of Revision 1 of Chapter 5 has been modified to
delete the reference to specific alternative methodologies. A statement to
use SRP Section 6.5.5 methodologies was addud to Section 7.3.11 of Chapter 5.
These changes are consistent with the staff's position and are acceptable.
Therefore, this OSER open issue is closed.

Timing of Fission Product Release

In current licensing practice, the assumption is that design-basis-accident
fission product releases to the containment atmosphere occur virtually
instantaneously. EPRI claims this assumption results in closure times of-
containment isolation valves that are shorter than necessary and capacities of
ventilation fans that are larger than necessary, on the basis of analysis of
senuences expected to dominate the likelihood of core damage. In Sec-
tion 1.2.3.4 of Chapter 5 of the Evolutionary Requirements Document, EPRI
takes the position that an accidental release of fission products into the
containment should be assumed to occur no sooner than about I hour after
reactor scram.'

The basis for this assumption is given in EPRI's technical reports entitled-

" Evolutionary Plant Source Term Report (October 1990)" and " Passive ALWR
Source Term (February 1991)." These reports state that the initial fission
product release from the reactor coolant system to the containment atrosphere
(gap activity) occurs more than 30 minutes after scram for existing plants.
The reports-further state that allowing for the enhancements provided by the
ALWI design requirements, significant radioactive release (fuel-activity) to
the (ontainment will occur no sooner than about 50 minutes after reactor scram
for a plant designed to meet the Evolutionary Reyirements Document.

For licensing purposes, timing of accident fission product releases into the
containment is given by Positions C.I a of RGs 1.3 and 1.4. These positions
indicate that fission product releases should be assumed to be "immediately"
available for leakage from the containment. In practice, the staff has<

! typically taken this to mean "within 15 seconds" in order to allow for closure
of containment isolation valves. The assumption of the release of the
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quantity of fission products contemplated by RGs 1.3 and 1.4 within about j
15 seconds is generally recognized as highly conservative for many accident !

sequences. This timing appears to be dependent on the accident sequence as !

well as the reactor type. Furthermore, the staff has not, at this time,
decided whether certain sequences should be excluded from consideration
because they are unlikely to dominate the overall likelihood of core damage.
For these reasons, the staff believes that some relaxation in the assumed
timing of large fission product releases into the containment associated with
fuel degradation and melting may be warranted, but cannot support the specific
value (1 hour after scram) proposed in the Evolutionary Requirements Document. l

in SECY-92 127, the staff indicated that the revised source term may make it
possible to relax the closure time of certt n containment isolation valves on
the basis of the longer time interval before fuel failure, it may also make
it possible for plants vith secondary containments (e.g., BWRs) to relax the
time needed to attain a negative pressure within the secondary containment
because initial fission product releases from the primary containment will be
relatively small. The staff negards the issue of timing of the fission
product release to be part of the overall open issue regarding the souice
term. The staff will evaluate this matter during its review of the Require-
ments Document and individual applications for FDA/DC.

2.5.3 Dedicated Containment Vent Penetration

in Section 2.5.3 of Appendix B to Chapter 1 EPRI states that it has provided
a criterion for protecting the containment from long-term overpressurization
solely through the containment design or, alternatively, the use of pressure
relief.

In SECY-90-016, the staff recommended that the Commission approve the use of
an overpressure protection system that uses a dedicated containment vent for
the Advanced BWR (ABWR) to avoid gross containment failure resulting from
postulated slow-rising-overpressure scenarios that could result from postu-
lated multiple safety system failures. In its staff requirements memorandum
of June 26, 1990, the Commission approved the use of the containment over-
pressure protection system for the ABWR, subject to a comprehensive regulatory
review to weigh the "downside" risks with the mitigation benefits of the
system. In addition, the Commission directed the staff to ensure that full
capability to maintain control over the venting process is provided in the
design.

In Section 6.6.2.6 of Chapter 5 of the Evolutionary Requirements Document,
EPRI provides requirements for protecting the containment from long-term
overpressurization through the containment design or, alternatively, the use
of pressure relief. The staff concludes that these requirements are consis-
tent with the above guidelines and are acceptable. However, because the
Evolutionary Requirements Document does not provide detailed design require-
ments, the staff will evaluate this matter during its review of an individual
application for FDA/DC.

2.5.4 Anticipated Transients Without Scram

in Section 2.5.4 of Appendix B to Chapter 1 of Revision 1 of the Evolutionary
Requirements Document, EPRI stated that the Evolutionary Requirements Document
fully addressed the regulatory requirements of 10 CFR 50.62 and General Design
Criterion 26 in Appendix A to 10 CFR Fart 50 regarding reduction of the
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probability of an anticipated-transient-without-scram (ATWS) event and
enhanceme. ~ of the mitigation capability shoulu such an event occur in the
evoluttor- BWR. EPr,I stated that, because cf the increased margins, reduced

re.:tur protection syste.5, and the enhanced reliability of thedemands m. $

control rod u !ve system, automatic initiation of the standby liquid control
system (SLCS) .s required by 10 CFR 50.62 was not necessary for the evolution-
ary BWR.

However, in its December 6, 1991 letter, EPRI stated that it had determined
that automatic actuation of the SLCS was appropriate for the evolutionary BWR
design. In Revision 4, EPRI deleted Section 2.5.4 from Appendix B to Chap-
ter 1 of the Evolutionary nirquirements Document because it no longer considers
this to be a plant optimization subject for the evolutionary plant design. In
addition, EPRI modified Section 4.6.3 of Chapter 5 to require automatic
initiation of the SLCS.

The staff concludes that these changes are in accordance with 10 CFR 50.62 and
are, therefore, acceptable. Therefore, this issue is closed. This issue is
also discussed in this report under item II. A of SECY-90-016 contained in
Annex A of this appendix and Section 4.2 of Chapter 5.
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3 GENERIC SAFETY ISSUES

3.1 Introduction

in the DSER for the various chapters of the Evolutionary Requirements Docu-
ment, the staff addressed 62 generic safety issuas. Table 38.1 in this
appendix lists these issues and gives the status of each as provided in the
appropriate DSER chapter. The table shows that 29 of these issues remained
open as a result of the staff's review at the DSER stage and 3 were confir-
matory issues. Eleven issues had vendor items. The staff's final evaluation
of these issues is provided in Section 3.2.

In Section 3.1 of Appendix B to Chapter 1 of the current version of the
Evolutionary Requirements Document, EPRI addresses 24 generic safety issues
for which there was no generic resolution as of January 1990 in the NRC's
generic issues management control system (GIMCS) and which EPRI determined
were technically relevant to the ALWR avolutionary plant design using the
criteria in NUREG-1197, " Advanced Light Water Reactor Program - Program
Management and Staff Review Methodology." These issues are the following:

1.D.3 29 84 128
B-17 57 87 130
B-56 70 94 135
C-8 75 105 HF 4.4
15 79 113 HF 5.1
23 83 121 HF 5.2

Seven of these issues (l.D.3, B-56, 15, 57, 83, 87, and 135) were not ad-
dressed in the staff's DSERs; since January 1990, eight (29, 70, 75, 79, 84,
87, 94, and 135) have been technically resolved by the staff. The staff will
evaluate the proposed elements for resolving these issues on the basis of t'le
final agency issue resolution.

A note to Table B.3-1 of Appendix B to Chapter 1 of the Evolutionary Require-
ments Document states that the screening criteria of NUREG-Il97 were used to
determine that issues I.D.5(3), II.H.2, ll.J 4.1, B-55, B-61, B-64, 106, and
HF 4.4 were not 8,chnically relevant to the ALWR design. The Evolutionary
Requirements Document, however, does not give the reasons why EPRI determined
specifi: issues were not technically relevant to the ALWR design. The
inclusion of Issue HF 4.4 in this note, for instance, appears to be in error
in view of the fact that the Evolutionary Requirements Document proposes
elements of resolution that include this issue. In addition, although the
document does not propose elements for resolving Issue II.J.4.1, it includes
commitments to comply with the revised regulations that form the basis for the
staff's resolution of the issue.

| To confirm and update EPRI's list, the staff used Appendix B, " Applicability *

of NUREG-0933 Issues to Operating and Future Plants," to NUREG-0933, "A
; Prioritization of Generic Safety Issues." The-staff supplemented the
: information in Appendix B to NUREG-0933 with status information on various
| safety issues contained in the first-quarter fiscal year 1992 update of the

*The issue titles and status are given in Section 3.2.
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GlHCS report (memorandum for J. Taylor from E. Beckjord dated March 11, 1992).
In confirming and updating EPRl's list, the staff identified 28 unresolved
issues in Appendix B to NUREG-0933 as of December 31, 1991. Of these 28, for
various reasons, five issues (1.D.5(3), II.J.4.1, R 45, B-61, and B-64) are
not applicable to the ALWR Program. These five issues are also identified in
the note to Table B.3-1 of Appendix B to Chapter 1 of the Evolutionary>

Requirements Document as noted in the preceding paragraph and are discussed by
the staff in Sections 3.2.2, 3.2.5, 3.2.13, 3.2.15, and 3.2.16 of this
appendix. During its review, the staff noted that the current version of
Appendix B to Nt' REG-0933 may not prcperly include all the generic safety
issues applicable it .uture plants. The staff is evaluating the applicability'

of these issues to future designs and may need to modify Appendix B to
NUREG-0933 as a result of this review.

Two issues (C-8 and 84) identified in the Evolutionary Rcquirements Document
are not included in Appendix B to NUREG-0933. These issues were included in
Appendix B to NUREG-0933 as of December II,1989, but were later dropped.
They are discussed in Sections 3.2.17 and 3.2.32, respectively, of this appen-
dix. issue 135, which was resolved by the staff in March 1991, is no'
included in Appendix B to NUREG-09?3. However, since proposed elements of
resolution are provided in Appendix B to Chapter 1 of the Evolutionary
Requirements Document, it is evaluated in Section 3.2.59.

In Section 3.2 of this appendix, the staff provides either an evaluation of
each of these issues and the status of the staff's review or an explanation as
to why the issue is not specifically evaluated. Since the generic agancy
resolution has not yet been identified for many of the issues, the stsff may
have to reevaluate the FDA/DC applicant's proposed resolution of individual
issues once the generic resolution is determined. Where an issue's elements
of resolution as proposed in the Evolutionary Requirements Document do not
ampletely address the generic agency resolution of an issue or where the
staff has postponed its evaluation of an issue until it reviews individual
applications, the staff expects the applications for FDA/DC to address the
final resolution in accordance with 10 CFR 52.47(a)(1)(iv) for the staff's
review.

In its review, the staff identified 40 issues that are considered to be
applicable to future plants (since they are listed in Appendix B to NUREG-
0933), but that have not yet been prioritized. These are identified by number
and title in Table 38.2 of this appendix. Although five of these issues (2,
76, 110, 118, and 132) have not been prioritized, the staff evaluated each in
the DSER. In addition, as of December 31, 1991, the staff has identified six
new issues, whu.n are identified by number and title in Table 3B.3. However,
it has not received specific information on these issues or whether it has
been determined that they are applicable to future plants.

Although the staff is not considering the unprioritized and new issues at this
time, it will monitor their safety status. The vendors will be required to
address, in accordance with 10 CFR 52.47(a)(1)(iv), any that are applicable to
the ALWR evolutionary plant designs and that are prioritized as high or
medium. For the five unprioritized issues that the staff evaluated in the
DSER and that contained open or confirmatory issues, the staff will defer
their further evaluation to its review of applications for FDA/DC.
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Irrespective of the specific issues addressed in this evaluation and in tha
Evolutionary Requirements Document, FDA/DC applications are required by 10 CFR

,

52.47(a)(1)(iv) to contain proposed technical resolutions of those unresolved
safety issues and high- or medium-priority generic safety issues that are
identified in the version of NUREG-0933 current 6 months before the applica-
tion and that are relevant to the design.

3.2 Staff Evaluations of Generic Issues

3.2.1 1.D.3, Safety System Status Monitoring

issue: This issue concerns the performance of a study to determine the need
for all licensees and applicants not committed to Regulatory Guide (RG) 1.47,
" Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety
Systems," to install a bypass and inoperable status indication system or
similar system.

EPRI Proposal: Section 3.10.4.4 of Appendix B to Chapter 1 and Table B.1-2 in
Appendix B to Chapter 1 of the Evolutionary Requirements Document shcw an ALWR
Program comnitment to comply with RG 1.47, Revision 0.

Staff Evaluation: The commitment to comply with RG 1.47 satisfies the staff's
primary concern regarding this issue at this time. Issue I.D.3 has not yet
been generically rasnived by the staff and has a medium safety priority.
Should final agency resolution of this issue dictate additional actions for

; ALWR evolutionary plant designs, the staff w111 expect the FDA/DC applicant to
address the resolution of issue I.D.3 for staff evaluation.

3.2.2 1.D.5(3), Improved Control Room Instrumentation Research - On-Line
Reactor Surveillance System

Issue: The objective of this issue is to (1) perform research to determine
; the feasibility of detecting and diagnosing nuclear power plant operating-

anomalies using a continuous on-line noise surveillance system; (2) demon-t

strate such a system in an NRC-licensed commercial BWR plant (which has been
done); and (3) prepare a report summarizing the conclusions and recommen-
dations from the research.

! EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
| Evolutionary Requirements Document EPRI states that Issue I.D.5(3) was
| ' determined, through the NUREG-1197 screening process, to be not technically
| relevant to the ALWR design.

Staff Evaluation: The staff considers this issue to be a researc5 item that
i has no r.pparent effect on ALWR evolutionary plant designs at this time.
| Appendix A to NUREG-1197 identifies issues that the staff determined were not

applicable to tiis ALWR Program according to six categories. Although Is-
sue I.D.5(3) is not specifically listed in any of the categories, the staff
believes that it should be considered a Category (or Code) 2-item. Category 2
includes issues that address NRC training programs, policy developments,
organizational changes, studies, code development and maintenance, and
research activities not directly affecting plant design.
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On the basis of its ongoing programs, the staff has identified a technical
l resolution for this issue. Should final agency resolution of this issue

dictate that this issue is otherwise applicable to ALWR evolutionary plant
designs, the staff will expect the FDA/DC applicant to address the resolution
of Issue 1.D.5(3) for staff evaluation.

3.2.3 II.E.4.3, Containment Design - Integrity Check

liste: Following an outage, a plant could inadvertently be returned to o) era-
tion without all access openings being closed. This issue originated wit 1 the
discovery at a nuclear power plant in 1979 that two 3-inch containment exhaust
valves had been left open for approximately 1% years. To ensure contalament
integrity, an independent means should exist for directly verifying contain-
ment integrity during plant operation.

EPRI Prop _QM l: The EPRI-proposed resolution of this issue is through the
incorporation of design features to enhance administrative control of contain-
ment integrity, in addition to the leak rate testing specified to satisfy
regulations, Chapter 5 of the Evolutionary Requirements Document states that
specific design features will focus on reducing the probability of a contain-
ment penetration being inadvertently left open. By clearly identifying all
isolation valves, ensuring easy access for verification, providing better
position indication, and including fail-safe design features, the prooability
of a large penetration being lef t open is substantially reduced. In addition,

Section 6.3.2.5 of Chapter 5 requires the means to enable the operator to
perform a periodic check for gross leakage of containment atmosphere during
normal operation. Instrumentation for other purposes (i.e., that used for
Type A integrity leakage rate testing and air or gas addition flow monitors)
will be used to the extent practicable for this function.

Staff Evaluation: In the DSER for Chapter 5, the staff reported that its
assessment (NUREG-1273, " Technical findings and Regulatory Analysis for
GSI II.E.4.3, ' Containment Integrity Check,'") of Issue II.E.4.3 generically
resolved the issue for operating reactors and. questioned the cost-benefit of a'

backfit for current operating plants that would require a continuous or short-
term periodic gross check of containment integrity. The staff indicated,
however, that such a system would not be a backfit for an ALWR and that it was
not evident, from the information in the Evolutionary Requirements Document,
that evolutionary ALWRs would have a significantly reduced number of contsin-
ment penetrations. The staff concluded that the next generation of LWRs
should have an improved capability to detect inadvertant containaant bypass
and that the Evolutionary Requirements Document snould address these concerns.
EPRI has revised the Evolutionary Requirements Document stating that such
improved detection capability will be available. Therefore, this open issue
is resolved.

3.2.4 II.H.2, Obtain Technical Data on the Conditior.s inside the Three Mile*

Island, Unit 2. Containment Structure

issue: This issue entails the collection of certain technical information on
the conditions of the facility at Three Mile Island, ijnit 2, as cleanup
operations proceed. The information is to be disseminated under another
generic safety issue (II.H.3). The.information obtained under this issue will
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be used in resolving other generic safety issues, such as issues A-45 and A-40
(former unresolved safety issues) and Issues ll.B.5, ll.B.7, II.B.8, and -

II.E.3.4.

EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that Issue ll.H.2 was deter-
mined, through the NUREG-1197 screening process, to be not technically
relevant to the ALWR d> ign.

Staff Evalurlign: This issue entails the collection of information that will
be used in resolving other specific generic safety issues and, therefore, is
not to be analyzed separately. Also, Appendix A to NUREG-1197 identifies
issues that the staff determined were not applicabic to the ALWR Program '

according to six categories. Issue 11.11.2 is listed as a Code (or Category) 5
item, that is, an issue that is not applicable ta plant design. In addition,

according t; Appendix B to NUREG-0933, Issue IT li.2 is not applicable to
future plants; therefore, an evaluation is not necessary.

3.2.5 II.J.4.1, Revise Deficiency Reporting Requirements

issue: The event reporting requirements of 10 CFR Pa'/t 21 and the deficiency
reporting requirements of 10 CFR 50.55(e) are being revised to ensure that
licensees report all reportable items promptly to the NRC and that the
information submitted is complete. The reports received as a result of the
anticipated rule changes are expected to (1) provide increased information on
component failures that affect safety (so that prompt and effective corrective
action can be taken) and (2) be used as input to an augmented role of the
NRC's vendor and construction inspection programs.

EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that issue II.J.4.1 was
determined, throuch the NUREG-1197 screening process, to be not technically >

relevant to the ALWR tign. This may be in error, however, since Table B.1-1
in Appendix B to Chap- 1 si'ows an ALWR Program commitment to comply with
10 CFR Part 21 and 50.55(e).

Staff Evaluation: The staff has ident<fied a resolution of Issuc II.J.4.1,
that is, to promulgate changes to 10 CFR Part 21 and E..a5(e). Final rule
changes were published in the Federal Reaister (56 FR 36081) on July 31, 1991.
EPRI's commitments to comply w.th 10 CFR Part 21 and 50.55(e) satisfy the
staff's primary concerns regarding this issue at this time.

The discussion in NUREG-0933 of Issue II.J.4.1 has not been updated to reflect
the recent rule changes. Should the final agency resolution of this issue
dictate additional actions for ALWR evolutionary piant designs, the staff will
expect the FDA/DC applicant to address those actions for staff evaluation.

3.2.6 A-29, Nuclear Power Plant Design for the Reduction of Vulnerability to
Industrial Sabotage

issue: Reduction of the vu'inerability of reactors to radiological sabotage is
currently treated as a plant physical security function and not as a piant

-

design requirement. Although present reactor designs provide a great deal of
inherent protection against industrial sabotage, cxtensive physical security
measures are still required to provide an acceptable level of protection. An
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alternative approach woald be to consider more fully reactor vulnerabilities
to sabotage during the preliminary design phase. Because emphasis is being
placed on star.dardizing plants, it is especially important to consider
measures that could reduce the vulnerability of reactors to sabotage. Any
design features to enhance physical protection must be consister.t with system
safety requirements.

E191 Proposal: Section 1.4.1 of Chapter 9 of the Evolutionary Requirements
Document states that substantial inherent resistance to sabotage will be
provided in an ALWR plant through rugged, reinforced-concrete external walls
and internal barriers that restrict access. It also states that further
resistance will be provided through physically separated, redundant safety
systems that provide a high reliability for the prevention of cora damage and
the mitigation of the consequences of initiating events, including sabotage.
The access control features of the physical security system and the vital area
barriers will provide the primary defense against the internal threat.

In addition, the Evolutionary Requirements Document indicates that the design
will ensure that the necessary security functions are provided without
unnecessarily constrainir.g plant operability or impeding access to nr egress
from vital areas under emergency conditions.

The Evolutionary Requirements Document includes the following key requirements
that are applicable to both BWRs and PWRs:

Section 2.2.5 of Chapter 5 requires that the design features, configura-*

tion, and divisional separation of the engineered safety systems be
integrated with the building design and the plant's security system to
enhance the plant's capability for protection against sabotage.

Section 2.3.2 of Chapter 5 requires that each division of safety system*

functions be totally independent and separated t'oth mechanically and
electrically except for areas in which it is physically impracticable or
less safe. Requirements for mechanical separation that enhance protec-
tion from sabotage include 3-hour-fire barriers, physical protection of
each division from flooding, and physical protection from pipe breaks
both inside and outside the containment. Additionally, the ph ical
barriers between divisions should be designed to enhance the p h nt's

- capability to r'sist sabotage. '

Section 1.5.2 of Chapter 6 summarizes EPRI's policy related to plant*

% arrangement and the physical separation of engineered safety systems to
reduce the vulnerability of ALWR plants to sabotage.

Sections 2.3.5.4 and 2.3.8 of Chapter 6 provide specific requirements for*

plant arrangement that provide for protection from external threats and
maximize security by enhancing sabotage resistance. EPRI states that the s

plant will be arranged to provide as much inherent protection as possi-
ble. Also, the plant designer will incorporate physical protection
measures, such as hardening of vital walls, floors, and ceilings, into
the design of the areas that house equipment performing vital functions.
Utility ports penetrating vital area boundaries will be minimized and
barriers will be designed to protect vital systems from sabotage.
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l

Section 5 of Chapter 9 provides the requirements for the site security*

system, including ensuring the compatibility of security system require-
ments with plant arrangement and safety system design, definition of
vital systems, layout of vital components, security barriers, intrusion
detection systems, isolation zone requirements, security alarms, access
control, security communications, power supply, and data management.

i

Staff Evaluation: In its DSER for Chapter 9, the staff concluded that the
Evolutionary Requirements Document had adequately addressed Issue A-29 with
respect to external sabotage, but that it had not adequately addressed inside:
sabotage. At that time, the discussion of this issue in Appendix B to
Chapter 9 of the Evolutionary Requirements Document made no reference to the
putential for sabode by a " knowledgeable insider" with authorized access or
to acts of sabotage that could occur during maintenance activities. In the
DSER, the staff noted that in a letter 5 the NRC dated August 18, 1989, EPRI '

had committed to expand Section 5.2.2.1 of Chapter 9 to require that ALWR
plant designers analyze the vulnerability of their designs to insider sabotage
before finalizing the designs. The staff has confirmed that this section of
the Evolutionary Requirements Document includes a requirement for the analysis
to consider both insider and outsider threats. Therefore, this confirmatory
issue is resolved.

l

! 3.2.7 A-40, Seismic Design Criteria (former unresolved safety issue)
I

inyt: Issue A-40 was formulated to identify and quantify conservatism or
nonconservatism inherent in seismic design criteria for nuclear power riants.
Several years of research and cooidination with the industry convinced the>

' <+aff that some changes in the-regulatory guidance in the Standard Review Plan
(SKP, NUREG-0800) for seismic design were warranted.

As the work on Issue A-40 progressed, the staff decid_d to modify the regula-
tory guidance for seismic design in the SRP by revising the appropriate
sections of the SRP to include the current state of knowledge in the licensing!

criteria. As a result of the resolution of Issue A-40, Revision 2 of SRP'

Sections 2.5.2. " Vibratory Ground Motion"; 3.7.1, " Seismic Design Parameters";
3.7.2, " Seismic System Analysis"; 3.7.3, " Seismic Subsystem Analysis"; and

| 3.7.4, " Seismic Instrumentation," was issued in August 1989. -All new appli-
| cants were required to comply with these revised SRP sections.

EPRI Proposal: Methods for operating-basis-earthquake (OBE) and dynamic
! analysis are addressed in Section 2 of Appendix B to Chapter 1 of the Evolu-
L tionary Requirements Document.

Staff Evaluation: EPRI's proposal for certain aspects of Issue A-40 differs
from_the staff's acceptance criteria in the SRP sections referenced above, as
follows:

The Evolutionary Requirements Document states that the requirement in*

Appendix A to 10 CFR Part 100 that structures, systems, and components be
designed to withstand an OBE should be eliminated, and that the OBE
should be decoupled from the safe shutdown earthquake-(SSE). Currently,
10 CFR Part 100, Appendix A requires that the magnitude of the OBE be at
least one-half that of the SSE.

I
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Although hppendix A to 10 CFR Part 100 is being revised, decoupling the
OBE from SSE is currently an exception to Appendix A to 10 CFR Part 100.
If an ALWR applicant wishes to decouple the OBE from the SSE, it needs to
specify the decoupling criteri&, which the staff will evaluate and
address as appropriate on a design-specific basis. This issue is dis-
cussed in this report in Section 4 of Chapter 1, Section 2.1.1 of
Appendix B to Chapter 1, under item IV.A of SECY-90-016 contained in
Annex A of this appendix, under Item 1.M of the draft Comtnission paper
issued on February 27, 1992 in Annex C, and under item C of the draft
Connission paper issued on July 6,1992, in Annex D.'

Since the Evolutionary Requirements Cocurr.ent does not provide sufficient
information to enable the str.ff to evaluate the design requirements in
this area, the staff will evaluate this area during its review of
individual applications fer FDA/DC.

)

Regarding the damping values for seismic design for the OBE and SSE given*

in RG 1.61, " Dam;Gng Values for Seismic Design of Nuclear Power Plants,"
the Evolutionary Recuirements Document states that since the SSE damping
values are based on conservative lower bounds, higher damping values
would b2 more realistic. Consequently, EPRI proposes to use the damping
criteria of American Society of Mechanical Engineers Boiler and Pressure
Vessel Code (ASME Code), Section III, Code Case N-411 and to delete the
use of the OBE damping values.

The Code Case N-411 damping values are meant to be used for piping and
equipment and not for seismic design of structures. The staff has
accepted the Code Case N-411 damping values for piping and equipment
supports provided the additional guidance of RG 1.84, " Design and
Fabrication Code Case Acceptability - ASME Section !!!, Division 1," is
followed. The use of the daniping values of Code Case N-411 for struc-
tures for SSE loads and the deletion of the OBE damping values of RG 1.61
is a deviation from the established ::trff position. Justifications for
such deviations must be provioed and can be accepted by the staff only
when the decoupling issue discussed above is resolved.

Since the Evolutionary Requirements Dccument does not provide sufficient
information ta enable the staff to evaluate the design requirements inw

this area, the staff will evaluate this area during its review of
individual applications for FDA/DC.

The Evolutionary Requirements Docunent states that the modal combinationh.-
*

A of high-frequency modes for vibratory loads with significant high-
frequency input (33 to 100 Hz) should be dune using the algebraic sum
method.

The algebraic sum method for modal combination of high-frequency modes
for vibratory loads is a deviation.from Ril 1.92, " Combining Modal
Responses and Spatial Comper.ents in Seismic Response Aralysis," and
Appendix A to SRP Section 3.7.2. Either Appendix.A to SRP Section 3.7.2
should be used, or additional justification for this position must be
provided for staff review.
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Since the Evolutionary Requirements Decament does not provide sufficient
informai,lon to enable the staff to evaluate the design requirements in
this area, the staff will evaluate this area during its review of
individual applications for FDA/DC.

The Evalutionary Requirements Document states that the use of the*

spectral Jeak shifting technique should be perritted as an alternative to
spectrum arcadenino.

The use of the spectral peak shifting techt. .ue rather than spectrum
broadening is a deviation from RGs 1.92 and 1.122, " Development of floor
Design Response Spectra for Seismic Design of Floor-Supported Equipment
or Components." The staff has accepted tne spectral peak shifting
technique on a case-by-case basis after evaluating the frequency content
and proximity of the peaks for riant-specific designs. Therefore, the
staff will evaluate this exception during its revlow of individual
applications for FDA/DC.

3.2.0 A-46, Seismic Qualification of Equipment in Operating Plants (former
unresolved safety issue)

Issue: The design criteria and methods for the seismic qualification of
mechanical and electrical equipment in nuclear power p1 nts have undergone
significant change during the commercial nuclear power 5 ogram. Consequently,
the margins of safety in existing equipment to resist seismically induced
loads and perform the intended safety functions may vary corsiderably. The
seismic qualification of the equipment in operating plants must, therefore, be

i reassessed to ensure the capability to bring the plant to a-safe shutdown
condition after a seismic event. The objective of this issue was to establish
an explicit set of guidelines that could be used to judge the adequacy of the
seismic qualification of mechanical and electrical equipment at all operating
plants in lieu of attempting to backfit current design criteria for new
plaats.

EPRI Jeoop n l: Section 12.6.2 of Chapter 1 of the-Evolutionary Requirements
Document requires that-anchor bolts for flat-bottomed. tanks be extended at
least 2 feet above the concrete foundation level and that the anchor bolt *

chairs be extended full height and continuously welded to the tank wall.
These requirements are intended to distribute seismic forces and to develop
ductility.

Staff Evaluation: In the DSER for Chapter 6, the staff stated that the Maine
Yankee Seismic Margin Study and the resolution of Issue A-46 showed that the
anchorage of the safety-related tanks was a weakness at operating plants and
concluded that EPRI should emphasize tank anchorage decign and installation.

-The-staff has reviewed the requirements in Section 12.6.2 of Chapter 1 of the
Evolutionary Requirements Document pertaining to the extension of anchor-bolts
and anchor bolt chairs for flat-bottomed tanks and the welding of anchor bolt
chairs to tank walls and concludes that they adequately address the DSER open
issue regarding tank anchorage design a,d installation. Therefore, this open
issue is resolved.

,
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,

| 3.2.9 A-47, Safety laplications of Control Systems (former unresolved safety
J issue)

hag: Concerns have been raised regarding the potential for accidents or
transients being made more severe as a result of control system failures,,

including control and instrumentation power supply faults. During the
licensing review process, the staff performs an audit review of the non-
safety-grade control systems to ensure that an adequate degree of separation
and independence is provided between these non-safety-grade systems and the
safety systems. On this basis, it is generally believed that control system
failures are not likely to result in loss of safety functions that could lead
to serious events or result in conditions that the safety systems are not able
to mitigate. However, indepth studies for all non-safety-grade systems have
not been performed.

EPRI Proposal: Table B.1-2 in Appendix B to Chapter 1 of the Evolutionary
Requirements Document shows an ALWR Program commitment to comply with Generic
letter (GL) 89-19, " Request for Action Related to Resolution of Unresolved
Safety issue A-47, ' Safety implication of Control Systems in LWR Nuclear Power
Plants.'">

Staff Evaluation: The staff has resolved issue A-47 and has issued GL 89-19.
GL 89-19 contains several recommendations regarding protection from certain ,

fcontrol system failures and modification of selected emergency procedures to
ensure that plant transients resulting from centrol system failures do not
compromise public safety.

in its OSER for Chapter 10, the staff concluded that EPRI's commitment (letter
to the NRC dated December 21, 1990) to include a requirement that the ALWR

,

designer comply with GL 89-19 was acceptable and that it would confirm that ,

this commitment was acceptably incor> orated into tne Evolutionary Requirements
Document. The staff has confirmed t1at Table 8.1-2 in Appendix B to Chapter 1
inJicates a commitment to comply with GL 89-19. Therefore, this confirmatory
issue is resolved.

The staff also concluded that the Evolutionary Requirements Document did not
provide the necessary design details to be able to determine if the plant-
specific design and arrangement will be adequate to resolve this issue.
Therefore, the staff will evaluate re; olution of issue A-47, including
aspect > of digital control and safety systems, during its review of
individual applications for FDA/DC. See also the evaluation of 1ssue ~6
in Section 3.2.28.

3.2.10 A-48. Hydrogen Lontrol Measures and Effects of Hydrogen Burns on
Safety Equipment

Issue: As a result of the accident at Three Mlle Island, Unit ?- (TM1-2), the
Commission promulgated regulatory iequirements on hydrogen control in 10 CFR i

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. Plants
covered by this rule included only those whose construction permits had not
been issued at the time of the THI-2 accident. The issue is whether this,

requirement applies to the evolutionary plants.
! EPRI Evolutionary Plant SER 1B.3-10
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EPRI proposA1: In Section 3.5.3 of Appendix B to Chaptar 1 of the Evolution-
ary Requirements Document, EPRI proposes that the evolutionary plant design t

have the capability to ensure that necessary accident prevention and mitiga-
tion functions can be performed during and after events in which hydrogen is
produced. The Evolutionary Requirements Document requires the design to
accommodate an amount of hydrogen equivalent to that generated by oxidation of
75 percent of the fuel cladding surrounding the active fuel. This is to be
accomplished for a PWR dry containment by containment volume and mixing so
that the uniformly distributed hydrogen gas concentration in the containment
does not exceed 13 percent under dry conditions. For a BWR, the Evolutionary
Requirements Document permits provision of a noncombustible containment
atmosphere as an acceptable alternative approach.

31aff Evaluation: In Appendix B of its DSER for Chapter 5, the staff conclud-
ed that EPRI's proposed approach to resolving this issue was unacceptable. On
the basis of the proposed resolution now in the Evolutionary Requirements
Document, the staff agrees with EPn!'s proposal on hydrogen control for BWRs,
which indicates thei. inerting is an acceptable approach. This will meet the
requirements of 10 CFR 50.44, the issuance of which resolved Issue A-48.

In SECY-90-016, the staff recommended to the Commissi c that the hydrogen .
control requirements for evolutionarv plants be.ident.;al to those stated in-
10 CFR 50.34(f). The Commission approved the staff's recommendation in a
staff requirements memorandum dated June 26, 1990, in its letter to the NRC
dated December 6,1991. EPRI stated that the Evolutionary Requirements
Document would be modified to fully comply with the staff position of
100 percent active fuel cladding and a maximum containment hydrogen gas
concentration of 10 percent. This commitment is acceptable and resolves the
o>en issue in the DSER. However, since the staff position in SECY-90-016 is

'

t1at the plant-specific design must comply with 10 CFR 50.34(f) for combusu-
ble gas control, the staff will review relevant design features for confor-
mance to 10 CFR 50.34(f) during its review of individual applications for
FDA/DC. See also the evaluations in Sections 2.3 and 6.5.1 of Chapter 5 of
this report and the evaluation of Issue 121 in Section 3.2.46 of this appen-
dix.

3.2.11 B-17, Criteria for Safety-Related Operator Actions

Issue: Issue B-17 entails the development of criteria for safety-related
operator action (SROA) during the response to or recovery from transients and
accidents. The criteria would include a determination of actions that are to
be automated in lieu of operator action and the development of a time criteri-
on for SROA. Of particular concern is consideration of the need te automate
emergency core cooling system (ECCS) realignment following a loss-of-coolant
1ccident (LOCA), which currently requires manual operation in some PWRs. Such
a realignment is dependent on break size and must be done before the borated
water storage tank is depleted. Implementation of this criterion may-result
in changes and additions to the design of the engineered safety features
control systems.

EPRI Proposal: Section 3.10.2.4.1 of Appendix B to Chapter- 1 of the Evolu-
tionary Requirements Document states thet the ALWR plant design requires
automation of the initiation of protect-~n and safety systems and that the
automation of the operation of these systems precludes the need for operator
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action for at least 30 minutes after the initiation of an event. The capabil-
ity for manual initiation and operation is not precluded, and adequate 'information and control capabilities are required so that operators can
effectively provide backup for automated actions.

Section 3.10.2.4.2 of Appendix B to Chapter 1 states:

Sections 2.3.2.9, 2.3.3.5, and several places it. Table 1.2-5 of Chapter 1*
of the ALWR Requirements Document specify the ALWR overall requirements
for the time after an event is initiated in which the operator must act
as not less than 30 minutes, assuming a single failure. *

Section 2.1.1 of Chapter 10 states the objective of the ALWR design shall*

be to take full advantage of operator capabilities, but not to challenge
operator limitations.

Section 2.2.9 of Chapter 10 states the policy for the design of the ALWR*

M-MIS Lman-machine interface system] which requires that each monitoring,
control, and protection function be evaluated as part of the design
process to determine the appropriate level of automation. Consideration
is required of such factors as operator workload, system response, opera-
tion complexity, level and duration af the operator's attention, and
failure of the automatic features.

Section 3.4.3 nf Chapter 10 requires that the design choice on automatic*

versus manual control or monitoring is to be based on evaluations which
specifically include consideration of operator workload, operator capa- -

bility, past experience with automatic or manual controls or monitoring
in similar applications, operator vigilance and the need to keep the
operator involved and knowledgeable as to the plant status, amount and
complexity of M-MIS equipment (including software) and the resulting
maintenence and testing burden, the consequences of and pntential for
malfunctions of the automatic equipment and for operating errors, and
regulatory requirements.

Section 8.2.3 of Chapter 10 defines the control and monitoring strategies*

which shall be used for protection and safety systems. This includes the
requirement that startup or actuation of those systems shall be automatic
but with an effective manual backup. It also requires that these systems
operate automatically after actuation for at least 20 minutes and that
manual operations be limited so that essentially continuous manning for
extended periods of time, e.g., hours or days, is not required.

The part of this issue concerning automatic versus manual ECr.a realign-*

ment does not apply to the ALWR PWR. The PWR safety injectton system
(SIS) man tains inventory by pumping water from an in-containment refuel-
ing water storage tank (IRWST) to the reactor vessel. The IRWST provides
a continuous source of water to the SIS pumps because water collects in
the IRWST and thus eliminates the need for realignment of the SIS pumps
for long-term post-LOCA recirculation.

Section 3.10.2.4.3 of Appendix B to Chapter 1 states that "the ALWR design
will satisfy NRC requirements concerning automation of safety-related operator
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actions and operator respons: times. Since that part of the issue concerning
automatic realignment of ECCS is not applicable to the ALWR by design, this
issue is considered resolved for the ALWR."

Sectie 3.2.2 of Chapter 5 states that "the source of core coolant inventory
makeup .nall be adequat. 'or at least 36 hours without need for manually
switching suction sources for non-LOCA events."

Staff Evaluation: In the DSER for Chapter 10, the staff concluded that EPRI
hart not provided the technical basis or specific requirements that support its
assertion that the quantitative standards and the process requirements in the
Evolutionary Requirements Document are significantly more limiting than those
in American National Standards Institute /Americar, Nuclear Society
(ANSI /ANS) 58.8-1984, " Time Response Design Criteria for Safety Related
Operator Actions at Nuclear Power Plants." In response to the DSER, EPRI has
modified the Requirements Document to provide the necessary technical basis
and specific requirements. In addition, EPRI has committed to satisfy NRC
requirements concerring automation of safety-related operator actions and
operator resprnse times. Since the revision to ANSI /ANS-58.8 (now expected to
be issued in iyri'i 1993) is not expected to alter the time response criteria
of the 1984 edition of the standard, the staff cor.cludes that EPRI has.

presented an appropriate resolution of this issue for ALWR evolutionwy plant
designs.

Issue B-17 has not yet been generically resolved by the staff and has a medium
safety priority. Should the final agency resciution of this issue dictate
additional actions for ALWR evolutionary plant designs, the staff will expect "

the FDA/DC appl 4 cant to address resolution of issue B-17 for staff evaluation.

3.2.12 B-32, Ice Effects on Safety-Related Water Supplies

issue: The service water system (SWS) rejects heat to the ultimate heat sink,
which, during an accident or transient, cools the component cooling water heat
exchangers. This in turn cools the residual heat removal heat exchangers, as.

well as provides cooling for safety-related pumps and area cooling coils.
Blockage of the SW' ficw intake structure by ice has led to plant shutdowns,
reduced power operation for repairs and modifications, and degraded modes of
operation.

EPRI Proposal: EPRI states that the problems associated with unreliable water
flow from ultimate heat sinks as a result of fouling, blockage, and pump
failure are addressed by the design requirerents and guidance in the Evolu-
tionary Requirements Document. The plant designer is given specific direction
throughout Chapter 8 of the Evolutionary Requirements Document to design the
ultimate heat sink and related water systems for both safety-related and non-
safety-related functions to minimize or avcid these problems. The require-
ments in Chapter 8 that are intended to resolve the issue of ice blockage of
the SWS flow intake include the following:

Section 7.3.1.3 requires that the safety heat C & be capable of perform-*
- ing its intended function during freezing weather. System features will.

be provided to prevent the pond from freezing. The plant designer will
provide the utility with supporting analyses showing that the safety heat
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sink will not freeze during the winter. Weather conditions from the site
survey will be used for this analysis, and the effects of icing of the
intake structure will be considered.

Section 7.3.2.2 requires the recirculation of warm water through the*

intake structures for anti-icing protection.

The Evolutionary Requirements Document also directs the plant designer to
further investigate the problem of ice as a flow-blockage mechanism and to
provide provisions for disposing of and/or dissolving such ice, as required,
and to design the ultimate heat sinks and water flow systems to avoid or
minimize, as achievable, this problem.

Staff Evaluation: This issue has been subsumed by issue 153. See Sec-
tion 3.2.63.

3.2.13 B-55, improved Reliability of Target Rock Safety / Relief Valves

issue: The majority of valves in BWR pressure relief systems are Target Rock
safety / relief valves, and a significent number of failures of these valves
have occurred. Failures ';nclude valves (1) failing to open properly on
demand, (2) opening spuriously and then failing to rescat properly, and
(3) opening properly and then failing to reseat properly.

In the late 1970s, the NRC staff concluded that the inadvertent blowdown
events that had occurred as a result of malfunctions of pressure relief system
valves had neither significantly affected the structural integrity or capabil-
ity of the reactor vessel or its internals or the pressure-suppression
containment system, nor resulted in any significant radiation releases to the
environment. Even if such events were to occur more frequently, there would
not likely be any significant effects. The performance of these valves,
however, is under continual surveillance and the consequences of their
failures are subject to review.

EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that Issue B-55 was deter-
mined, through the NUREG-1197 screening process, to be not technically
relevant to the ALWR design. ,

Staff Evalua_tiqrj: Appendix A to NUREG-1197 ider.tifies issues that the staff
determined were not applicable to the ALWR Program according to six catego-
ries. Issue B-55 is listed as a Code (or Category) 3 item, that is, an issue
that is applicable only to reactor types and design features not included in
current standardized designs, it is the staff's understanding that Target

iRock safety / relief valves are not to be used in any ALWR evolutionary plant
designs.

Issue B-55 has not yet been generically resolved by the staff and has a medium
safety priority. Should the final agency resolution of this issue dictate
that it is otherwise applicable to ALWR evolutionary plant designs or
indicate additional actions, or should Target Rock safety / relief valves be
used in any evolutionary plant designs, the staff will expect the FDA/DC
applicant to cddress the resolution cf issue B-55 for staff evaluation.
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3.2.14 B-56, Diesel Reliability

Issue: If a loss of normally available (ac) power occurs at a nuclear power
plant, redundant onsite emergency ac power sources provide power for necessary
safety functions, which include reactor core decay heat removal (General
Design Criterion (GDC) 34 of Appendix A to 10 CFR Part 50), emergency core
cooling (GDC 35), and containment heat removal (GDC 38). The systems perform-
ing these functions are essential for preserving the integrity of the reactor
core, reactor coolant system, and containment. Although reactor core decay
heat can be removed for a limited time by systems that are independent of ac
power, most licensees hwe selected Class IE emergency diesel generators.
(EDGs) as the long-term ac power sources in most plants for meeting the
requirements of 10 CFR 50.63. Therefore, the reliability of EDGs is a major
factor in ensuring acceptable plant safety.

ffRI ProDosal: Section 3.11.2 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states:

The NRC is currently in the process of upgrading Regulatory*

Guide 1.9, Selection, Design, cnd Qualification of Diesel-GeneratorI

Units Used as Standby (Onsite) Electric Power Systems and (sic]
Nuclear Power Plants, to incorporate improvements in diesel reli- .

ability programs. Regulatory Guide 1.108 will be withdrawn, and
revisions to SRP sections and Technical Specifications are being
prepared. NUMARC (Nuclear Management and Resources Council] plans
to revise Appendix D or NUMARC-87-00 to assure consistency with the
emergency diesel generator reliability program described in Regula-
tory Guide 1.9.

The ALWR is committed to improving the reliability of their EDG*

units over current experience and have required a minimum target
reliability of 0.98. This will be achieved by only using EDG units,
including auxiliary and support and control systems, that have
demonstrated this reliability cr, for new designs, are qualified per
the latest revisions of ANSI /IEEE Standard 387 and IEEE (Institute
of Electrical and Electronics Engineers] Standard 323. Addition-
ally the reliability of the EDGs will be improved by a design that
allows longer start times, thus eliminating problems which adversely
affect reliability. Finally, the EDGs will be backed up by combus-

,

tion turbines which must also have a target reliability of 0.98.
These requirements should resolve this issue for the ALWR Require-
ments Document.

Staff Evaluation: EPRI identifies a minimum EDG target reliability of 0.98
and a backup from combustion turbines having a target reliability of 0.98.
However, targets alone do not ensure maintenance of acceptable reliability
level s.

In the course of resolving Issue B-56, the Commission recently directed the
staff to amend 10 CFR 50.63 to require monthly.EDG surveillance testing and
reporting of failures to start and load runs against criteria developed to
identify potential degradation of EDG performance. This performance-based
rule-(when issued) would apply to LWRs. Comparable performance monitoring
criteria would apply to ALWRs.

,
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Since the Evolutionary Requirements Document does not provide sufficient
information to enable the staff to fully evaluate the design requirements
related to this generic issue, the staff will evaluate the design features
for acceptability when it reviews individual applications Tor FDA/DC.

Issue B-56 has not yet been generically resolved by the staff and has a high
safety priority. Should the final resolution of this issue dictate additional
actions for ALWR evolutionary plant designs, the staff will expect the FDA/DC
applicant to address the resolution of Issue B-56 for staff evaluation.

3.2.15 B-61, Allowable Emergency Core Cooling System Equipment Outage Periods

issue: This issue entails the establishment of surveillance test intervals
and allowable equipment outage periods for operating nuclear power plants,
using analytically based criteria and methods for the technical specifica-
tions. The allowable outage and testing intervals in present technical
specifications were determined primarily on the basis of eng'aeering judgment.

EPRI Proposal: In-the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that issue B-61 was deter-
mined, through the NUREG-1197 screening process, to be not technically
relevant to the ALWR design.

Staff Evaluation: Appendix A to NUREG-1197 identifies issues that the staff
determined were not applicable to the ALWR Program according to six catego-
ries. Issue B-61 is listed as a Code (or Category) 5 item, that is, an issue
not appilcable to plant design, such as plant operation and operating proce-
dures, management of operations, accident management and emergency prepared-
ness, operator training and qualifications, inspection and maintenance, and
operating experience reporting. Since issue B-61 does not appear to address
plant design, the staff does not consider it to be applicable according to the
definitions of Appendix A to NUREG-1197.

Issue B-61 has not yet been generically resolved by the staff and has a medium
safety priority. Should the final resolution of this issue dictate that it is
otherwise applicable to ALWR evolutionary plant designs or indicate additional
actions, the staff will expect the FDA/DC applicant to address the resolution
of Issue B-61 for staff evaluation.

3.2.16 B-64, Deccmmissioning of Reactors

issue: This issue entails the need for rulemaking to provide regulations for
the orderly retirement of nuclear facilities from service and the safe
disposition of the remaining radioactivity.

EPRI Prooosal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that issue B-64 was deter-
mined, through the NUREG-1197 screening p_rocess, to be not technically
relevant to the ALWR design.

Staff Evaluation: According to Appendix B to NUREG-0933, Issue B-64 is not
applicable to future plants; therefore, an evaluation is not necessary.
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3.2.17 C-8, Main Steamline Isolation Valve Leakage Control Systems

issue: This issue was initiated to investigate the desirability of the ,aain
steam isolation valve leakage control system (MSIVLCS) recommended in RG 1.96,
" Design of Main Steam Isclation Valve Leakage Control Systems for Boiling
Water Reactor Nuclear Power Plants," for BWRs. After it was identified, the
staff determined that the issue as of little or no significance to plant
risk. New concerns arose from subsequent operational experience that indi-
cated a relatively high MSIVLCS failure rate and a variety of failure modes at
some BWR plants. Additional data on the magnitude and frequency of MSIV
leakage at BWRs renewed concerns about the viability of the MSIVLCS design.
N Oddition, the question of backfitting MSIVLCSs for BWRs was raised.

1EILL Proposal: Section 3.3.2 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states that issue C-8 is addressed in Section 2.3.1 of
Appendix B as an ALWR optimization subject. EPRI proposes to eliminate the
safety-related leakage control system to allow higher leakage rates through
the HSIV and to use an alternative MSIV leakage treatment method that takes
credit for the large surface volume in the main steam piping and the condenser
hotwell to plate out the fission products following core damage.

Staff Evaluation: As discussed in Section 3.1 of this appendix, Issue C-8 is
not included in Appendix B to NUREG-0933 because the staff had determined that
is was not applicable to future plants. in its DSER for Chapter 3, however,
the staff evaluated Issue C-8 and indicated that it did not expect to reach a
conclusion regarding EPRI's proposal until the issue is generically resolved.
The staff's review of the MSIVLCS is given in Section 2.3.1 of this appendix.
On the basis of that review, this irsue is resolved.

3.2.18 2, Failure of Protective Devices on Essential Equipment

Lmte: Essential equipment has experienced a large number of failures or has
been incapacitated as a result of either the failure or intentional bypass of
protective devices intended to trip active engineered safety features (ESFs)
for indications of equipment faults. The affected systems exist throughout
the plant and include the plant control system, the plant protection system,
and the ESFs. The staff is concerned that the reliability estimates for
essential equipment may not properly account for failure of the protective
devices. Because of the loss of redundant devices through failures of
circuits intended to be independent, there is an increased probability of
common-mode failure of redundant vital services. This issue needs to be
studied further to determine if failure rate estimates for essential equipment
have increased and if essential equipment could be made significantly more
reliable by improving the reliability of protective devices.

IfRI Prooosal: The Evolutienary Requirements Document includes a number of
specific design requirements to address the safety concerns of this issue.
Chapter 5 requires that

plant systems embody sufficient robustness of design to tolerate a*

conservative number of spurious or inadvertent engineered safety system
actuations without the need for followup tests or inspections to verify
the systems' intetf ity or operability (Section 2.2.7)

,
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each division of engineered safety systems be totally independent*
electrically unless it is otherwise physically impracticable or less safe
(Section 2.3.2)

Chapter 10 requires that

a robust system design, including segmentation of major funt ions,*

separation of redundant equipment within a segment, and fault-tolerant
equipment, be developed to achieve nigh reliability and protection
against the propagation of faults (Section . 2.3)

the man-machine interface system (M-MIS) equipment be designed ano*

configured to readily support inservice testing by providing built-in
test features, incorporating good human factors principles, and avoiding
the use of undesirable features such as test jumpers or lifting of leads
(Secticn 2.2.4)

the H-MIS design process explicitly consider the potential for and the*

consequent.es of failures of plant and M-MIS components (Section 3.1.3.4)

the capability for continuous on-lir.e self-testing of hardware integrity*

be provided for as much of the M-MIS as is practicable (Section 3.6.1)

on detection of a failure in the M-MIS, a system be designed so that it*

can be placed in such configuration that an additional single failure
will not prevent system-level protection or safety action (Section 3.6.4)

the mean time to detect and repair failures down to the lowest replace-=

able module, averaged across all types of M-Mis equipment for the entire
design life, be less than 4 hours and the maximum time for any module be
less than 8 hours (Section 3.7.4)

Staff Evaluation: Section 2.3.2 of Chapter 5 of the Evolutionary Requirements
Document states that each division of the ESF systems needs to be electrically
independent unless impracticable or less safe. In its DSER for Chapter 10,
the staff agreed that the implementation of the design criteria in the
Evolutionary Requirements Document would resolve this issue, with the excep-
tion of the staff's concern about lack of specific guidelines for exceptions
to the independence criteria for electrical systems. Since it has not
prioritized Issue 2, the staff will uefer further evaluation of the open issue
in the DSER to its review of individual apolications for FDA/DC.

3.2.19 15, Radiation Effects on Reactor Vessel Support

Issue: Neutron damage of r? actor vessel structural materials causes embrit-
tiement that may increase the potential for propagation of flaws that may _
exist in the materials. As long as the operating environment in which the
materials are used has a higher temperature than the materials * nil ductility -
transition temperature (i.e., the lowest temperature at which the materials
would not be susceptible to failure by brittle fracture), no failure by
brittle fracture is expected. When subjected to neutron irradiation, many
materials become more susceptible to brittle fracture at the operating
temperatures of interest, which shoulu have been accounted fnr in the design
and fabrication of the reactor vessel support structures,
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Research has indicated that the susceptibility of materials exposed to neutron
irradiation has been underestimated. Loss of material fracture toughness may
result in failure of the reactor vessel support structures and consequent
reactor vessel movement as a result of transient stress or shock, such as
would be experienced in a seismic event. Reactor vessel support structures in
nuclear power plants using particular types of supports (long-column, shield-
tank, short-column, suspension) are assumed to be susceptible to radiation
damage.

EPRI Proposal: Proposed elements for resolving this issue are included in
Section 3.4.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document.

Staff Evaluation: The elements of resolution proposed in the Evolutionary
Requirements Document appear to adequately address the safety concerns of this
issue. However, Issue 15 has not yet been generically resolved by the staff
and has a high safety priority. Since it has not yet finalized its position
on this issue for ALWRs, the staff will evaluate the applicant's proposed
resolution of Issue 15 during its review of individual applications for
FDA/DC.

3.2.20 23, Reactor Coolant Pump Set.1 Failures

Issue: This issue addresses the high rate of rev: tor coolant pump (RCP) seal
failures that challenge the makeup capacity of tc.? emergency core cooling
systems in PWRs.

EPRI Prooosal: Section 3.3.1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document provides the elements for resolving this issue. EPRI
revised Chapter 3 of the Evolutionary Requirements Document to require that
degradation of the shaft seal system be negligible following loss of both setl
injection and pump cooling water for up to I hour. Also, in the event of loss
of all ac power, reactor coolant system leakage through the RCP shaft will be
limited so that the reactor core remains covered and natural circulation is
maintained for at least 8 hours.

Staff Evaluation: In its DSER for Chapter 3, the staff concluded that some of
the design requirements proposed by EPRI might not be practical unless
adequate pump seals were developed and/or independent seal cooling was
provided. In particular, the staff pointed out that Section 3.4.2.2.5 of
Chapter 3 of the Evolutionary Requirements Document (at the time the DSER was
prepared) stated that during station blackout conditions, the system J- sign
leakage through the pump seals is to be limited to 8 gpm per pump to ensure
that the reactor core remains covered for 8 hours. The staff believes that
this requirement would be difficult to meet, given the present hydrostatic RCP
seal. This seal requires an injection cooling supply of approximately 8 gpm
and, if uncooled, the seal leakage flow could increase to 21 gpm. Hydrodynam-
ic-type seals might meet the 8-gpm limit with the leakage uncooled; however,
this could probably not be ensured for an extended station blackout. These
leakage figures are for an intact seal system. Without seal cooling, the seal
may fail (" pop open"), which could lead to leakage rates of several hundred
gallons per minute.
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lssue 23 has not yet been generically resolved by the staff and has a hiCh
safety priority. Unless the final agacy resolution of this issue dictates
other actions for ALWR evolutionary plant designs, the staff will expect the
FDA/DC applicant to submit a design that provides for independent RCP seal
cooling during station blackout or to provide adequate testing of the proposed
seal design to demonstrate integrity following extended loss of seal injection
and cooling.

3.2.21 24 Automatic Emergency Core Cooling System Switch to Recirculation

lintg: The emergency core cooling system (ECCS) has two different phases, the
injection phase and the recirculation phase. The iajection phase involves
initial cooling of the reactor core and replenishment of the primary coolant
following a loss-of-coolant accident - The recirculation phase provides long-
term cooling during the accident recovery period.

Switchover from the injection phase to the recirculation phase includes ,

alignment of a number of valves to the recirculation position. Switchover can
be achieved by a number of manual actions (manual option), by automating these
actions (automatic option), or by automatic realignment of certain valves and
manual completion of the switchover process (semiautomatic option). These
three switchover options are vulnerable in varying degrees to human errors and
hardware failures, as well as common cause failures. Although an automatic
system designed to control the whole switchover process or a portion of it can
reduce the impact of operator error in executing the switchover, automatic
systems may i subject to spurious actuaticn. Spurious switchover of ECCS and
containment spray pump suction to a dry containment sump can result in pump
damage and possible loss of safety function, resulting in potentially unac-
ceptable safety consequences. Review of past reactor experience indicates the
existence of a significant number of ECCS spurious actuations, such as the
tour that occurred in 1980 at the Davis-Besse Nuclear Plant, Unit 1.

EPRI Proposal: Not provided in Section 3 of Appendix B to Chapter 1 of the
Evolutionary Requirements Document.

_S_t3ff Evaluation: Section 3.1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states that it specifically addresses compliance with
high- and medium-priority and nearly resolved generic safety issues included
as of January 1990 in the NRC's generic issue management control system
(GIMCS). As of December 31, 1989, although issue 24 was identified in
Appendix B to NUREG-OS33 as being applicable to future plants, it had not yet
been prioritized.

As of the first-quarter fiscal year 1992 update of the GIMCS report, Issue 24
has a medium safety priority. Since this issue is not addressed in the
Evolutionary Requirements Document, the staff will evaluate its oroposed
resolution during its review of individual applications for FDA/DC.

3.2.22 29, Bolting Degradation or Failure in Nuclear Power Plants

issue: Issne 29 was established in 1982 to address staff concerns about the
number of events involving the degradation of threaded fasteners (bolt
cracking, corrosion, failure, etc.) in operating plants from 1964 to the early
1980s. Many of the events were related to components of the reactor coolant
pressure boundary (RCPB) and support structures of major components. This
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raised questions regarding the integrity of the RCPB and the reliability of
the component support structures following a ioss-of-coolant accident or a
seismic event.

Failures reported by licensees ir.volved a variety of threaded fasteners and
several causes. As a result, several aifferent 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; tne latter in structural bolting..- '

EPRI Proposal: Proposed elements for r ,'ving this it we are included in
Section 3.1.1 of Appendix B to Chapte. 1 o ~ the Evolutionary Requirements
Document.,

S$ Section 3.4.1.3 of Appendix B to chapter 1 provides a discussion and regula-
p?, tory status of Issue 29 and summarizes data on industry experience withs

boltino cegradation compi'ed by the NRC (NUREG-0943 and NUREG-1095) and theh ir tm,try (Institute of Nuclear Power Operations SOER 84-5, " Bolting Degrada-
+

t on or Failure in Nuclear Power Plants," and EPRI NP-3764, "A Survey of the
v. iter ature on low-Alloy Steel Fastener Corrosion in PW3 Pour Plants"). Also
mentioned is the cooperative industry effort of the Atomic Industrial
Forum /Netal Properties Council Task Group on Bolting and Ehll to resolve the
bolting issue (which rasulted in EPRI NP-5769, "Dcgradation and Failure of
Bolt:ng in Nuclear Power Plants"). Results of EPRI NP-5769 and its NRC >

evaluatinn (NUREG-1339, " Resolution of Generic Safety Issue 29: Bolting:.
Degradation or Failure in Nuclaar Power Plants") are summarized. NRC's int < ji.

to revise th' ndard Review Plan to provide criteria for evaluating the ibolting pract- proposed by applicants for new plants is also mentioned.
p

Section 3.1.1.4.2 of Appendix B to Ch 5ter ) r .vides requirements for all
ALWRs regarding Issue 29. These requiroments 'n Chapter 1 of the EvolutionA '

Requirnments Document are the following:

v , 3.2.3 requires that the use of best-availatile materials and water* ;

e +1stry be specified, based on the extensive LWR operating experience.

Section 3.2.1.' requires that the materials used be selected from inateri-*

C: proven in service in LWR plants. Proven mnertals arr those with the-

same nomir.at composition and subsequent processing steps and same
ex;.osure conditions as those used successfully for at least several years

' in existing LWRs.

Section 5.2.4.3 requires that ALWR designs avoid very high strength*

fastener traterials and make use of conventional materials applied well
within the limits and for which successful experience has been obtained.
In particular, the use of high-strength bolts or fasteners will be
eliminated, where practicable, and sufficiently robut; designs will be
used so that special, high-strength materials are not required.

Section 5.3.3.1 requiras that the materials for threaded fasteners used*

to maintain pressure boundary integrity in the reactor coolant ;.'.d
related systems and in the steam, feed, and condensate systems; threeded
fasteners used inside those systems; and threaded fastenurs used in pipe
and component structural mountings for those systems be selected and
specified on the basis of their previous satistactory performance in
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similar applications. Similarity will be based on comparable temperature
and environment; comparable stresses; comparable service cycles; compara-
ble f abrication and installation; and comparable inspection during
f abrication and installation and while in service. The application of
threaded fasteners will be in accordar.ce with the requirements of
Section 12.7 of Chapter 1 and with the guidelines of EPRI NP-6316,
" Guidelines for Threaded-Fastener Application in Nuclear Power Plants."

Section 5.3.3.2 requires that the lubricants used on all threaded fasten-*

ers that maintain pressure boundary integrity in the reactor coolant and
related systems and in the steam, feed, and condensate systems; threaded
fasteners used inside those systems; and threaded fasteners used in pipe
and component structural supports for those systems be completely
specified by the plant designer in appropriate drawings and specifica-
tions; that is, field selection of thread lubricants is not permitted.
The thread lubricants will be selected on the basis of experience and
test data that show they are effective, but do not cause or accelerate
corrosion of the fast .ier. Where leak sealants are used on threaded
festeners or can contact the fastener in service, their selection will be
based on satisfactory experience or test data. Possible adverse iMerac-
tion between sealants and lubricants should be considered

Section 5.5.1 requires that materials selected for use in the ALWR be*

compatible with the full range of environmental conditions that may be
encountered over the plant life. These enviranmental conditions include
chemical (e.g , fluids that contact the material), temperature, and
radiation factors. The plant designer will document ;he environmental
conditions used as the basis for the selection of ALWR materials. These
environmental conditions will be consistent with the specific require-
ments in other chapters of the Evolutionary Requirements Document.

Section 12.7.1.1 requires that bolted joints and t5readed fasteners be*

used only where a clear need for them has been establi-hed. The use of a
bolted joint should include consideration of the initial cost, the
subsequent maintenance effort, and the risk of service problems that such
joints introduce. Where a bolted joint must be used to satisfy func-
tional requirements, its adequacy should be achieved preferably by a
simple, rugged design that does not depend on bigh-strength or unusual
materials, precision parts, or specialized assembly and inspection
methods.

Section 12.7.1.4 requires that the configuration of bolted joints be*

based on their previous satisfactory performance in simile < applicat;ons
and the current practice at the time the plant is designsJ. Similarity

will be based on comparable materials; comparable bmperature and local
?nvironment; comparable stresses; comparable loading and service cycles;
comparable fabrication and installation; comparable inspection dering
fabrication and installation and while in service; and comparable methods
of locking or retention of tareaded fastes..:rs.

Section 12.7.2.1 requires that where the bolted joint provides sealing of*

a pre'sure boundary (and especially where the contained material is
radioactive, toxic, or corrosive), the joint configuration be designed to

1
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minimize the-potential for leakage, to minimize the consequences of such
leakage (e.g., by using corrosion-resistant materials), and to facilitate

) the detection of any leakage.

Section 12.7.2.1.1 requires that in those applications where gasket*

leakage can lead to corrosion and significant structural der adetion of
the joint (e.g., borated water leakage on carbon steel), joint parts with
adequate corrosion resistance be used. However, functional adequacy of
the joint must not be compromised; that is, the most important attribute
is that the joint be leaktight.

Section 12.7.2.1.2-- requiras that if corrosion-resistant fasteners cannot*

be used in a particular joint and leakage could result in corrosion,
inspection and maintenance capability be provided. Any suc' joints-must
be identified by the plant designer to the utility, in writing, along
with the basis for their acceptability and how inspection and maintenance
would be accomplished.

Section 12,7.2.2 requires that the joint t< figuration, including*

threadeo fasteners, facilitate inspection of the condition of the joint;
for example, direct visual inspection of the condition of the load-
carrying portions of the joint should be practical without disassembly.

'
Section 12,7.2.3 requires that the joint design specifically allow for*

-

tolerances in fabricction and variability in installed preload, as well
as changes in preload that may occur in service (e.g., relaxation).

Section 12.7.2.4 requires that where a bolted joint uses preloaded*

y fasteners, the plant designer specify, in appropriate documents (drawings
e or procedures), the preload required and how it is to be achieved,

including, for example, thread lubricants and torquing sequences. The
setting of preloads and the selection of methods of preloading should not
be left to the choice of shop or field attivities.

Section 12.7.3.1 requires the threuded futeners be locked under the-*

following u;viitions:

- where the threaded fasteners are subjected to alternating loads that
are a sign'ficant fraction of their minimum preload and especially
where the fastener's preload could be released by small deformations
of the fastener or joint parts

- where the threaded fastener cannot be preloaded significantly esen
though the expected loads arc small

Section 3.1.1.4.3 states that the Evolutionary Requirements Document-*

addresses all elements considered for the resolution of issue 29 and that
Issue 29 is resolved for the ALWR.

Staff Evaluation: The staff technically resolved Issue-29 in October 1991
( with the issuance of GL 91-17, " Generic Safety issue 29, ' Bolting Degradation

or Failure in Nuclear Power Plants,'" and NUREG-1339. The resolution is based
on (1) operating experience with bolting in both nuclear and conventional

j power plants; (2) actions already taken through bulletin:;, generic letters,

EPRI Evolutionary Plant SER 18.3-73

.

_ _ _ _ _ _ _ _ _ _ _ _



and information notices since 1982; and (3) industry-proposed recommendations
and adions, which are documented in EPRI NP-5769 and NP-5067, " Good Bolting i

Practicas, A Reference Manual for Nuclear Power Plant Maintenance Personnel."

Even though the EPRI proposal discussed above appears to have met most of the
recommendations in GL 91-17, the staff is not in total agreement with the
proposal, as discussed below.

Section 3.1.1.3 should reference GL 91-17 and discuss compliance with*

GL 91-17 as the basis for the technical resolution of Issue 29.

The leaktightness of a bolted joint that provides sealing of a pressure*

boundary is significantly affected by whether the joint is properly
assembled or not. If a bolted joint is to be successful, preloads
developed at assembly must be sufficient to maintain jo'nt integrity
throughout the service life under external loads and service conditions.
EPRI NP-5067, Volumes 1 and 2, provides, among other things, good bolting
practices for assembliq bolted joints and should be referenced in
Secti.,n 3.1.1.3, as was done ia GL 91-17.

When Issue 29 was being resolved, the staff addressed several specific*

issues on threaded fasteners in bulletins, generic 1".ters, and informa-
tion notices (e.g., P 6 coolant pressure boundary bd ting and component
degradation due to boric acid corrosion; stress corrosion cracking of
internal bolting in certain types of check valves; traceability and
material control of fasteners; and nonconforming, misrepresented,
counterfeit, and/or fraudule ;t bolting), the details of which can be
found in NUREG-1339. The pertinent information and requirements in these
NRC bulletins, generic letters, and information notice; issued to
operating plant owners regarding Issue 29 should be factored into the
discussion of the issue in the Evolutionary Requirements Document.

Since the Evolutionary Requirements Document does not provide sufficient
commitments or information regarding these concerns and since it does not
provide sufficieat design details about the selection _of bolting materials,
lubricants, and leak sealants, the staff will evaluate resolution of these
concerns during its review of individual applications for FDA/DC.

3.2.23 51, Improving the Reliability of Open-Cycle Service Water Systems

Issue: Issue 51 was established because fouling of safety-related service
.

water systems (SWSs) by either mud, silt, corrosion products, or aquatic
'' bivalves had led to plant shutdowns, reduced power operation for repairs and

modifications, and degraded modes of operation in nuclear power plants.

EPRI Proposal: The only generic safety issue related to SWS reliability
addressed in Appendix B to Chapter 1 of the Evolutionary Requirements Document

j is Issue 130, " Essential Service Water Pump Failures at Multiplant Sites" (see
1 Section 3.8.1 in Appendix B to Chapter 1 of the Evolutionary Requirements

Document and Section 3.2.57 of this appendix). However, ,'able B.1-2 in
Ab. - B to Chapter 1 indicates a commitment to comply with GL 89-13,
" Service Water Systems Problems Affecting Safety Related Equipment," the
closure document for the technical resolution of Issue 51 for existing plants.
EPRI considers GL 89-13 to be anpropriate for ALWRs.
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The requirements in Chapter 8 of the Evolutionary Requirements Document that
are intended to resolve this issue include the following:

Section 1.3.3 states that the SWS will be an open system with its*

functions classified as both safety related and un-safety related.

Section 1.3.5 states that the normal power heat sink will be the source*

for plant circulating water and non-safety service water. The ultimate
heat sink (VHS) will be the source for safety service water and will act
as the repository for heat rejected from safety-related and non-safety-
related reactor auxiliary plant systems and components during all modes
of plant operation. The UHS is assumed to be a cooling-pond.

Section 1.5.1 states that a goal of the designs referencing the Evolu-*

tionary Requirements Document will be io minimize the possible effects on
the plant cooling water systems of mud, silt, organisms, and harsh
chemistry of heat sink water.

Section 1.5.4 requires that direct service waten not be used for compo-*

nent cooling. A closed-loop component cooling water system (CCWS) will
be used to transfer heat from the component heat loads via a heat
exchanger to the SWS and the heat sink.

Section 2.2.6 requires that the cooling water piping from the heat sink*

to the SWS be equipped with a filtration system. Provisions for periodic
cleaning and backflushing, as necessary for the heat transfer and piping
surfaces of the SWS, will also be included. Where required, chemical
injection will be included for the removal of organisms.

Section 2.2.7 requires that the systems' designs provide.for periodic.

testing to ensure system adequacy and complete post-maintenance verifi-
cation of operability.

Section 2.2.11 requires that all systems be inspectable and testable for-.

cperability and cooling capability by using normal and/or periodic
testing

Section 3.3.2.1 specifies appropriate margin in the heat exchanger area*

to account for fouling and tube plugging. This margin permits a degrada-
tion in performance before tube cleaning or retubing is required.

Section 3.3.2.2 specifies high- and low-flow velocities in heato a

exchanger tubes to t .ze the potential for erosion or microbiologi-.

cally induced corrosion.

Section 3.3.2.4 reouires that in the shell and tube SWS heat exchanger*

design, the SWS flow be routed through the tube side to facilitate-the
control and removal of fouling.

Section 3.5.1 requires performance te;ts of key heat exchangers during.

preoperational testing if heat load is available. The plant designer is
required to identify all heat exchangers that cannot be performance
tested during preoperation tests and to os velop a test plan and schedule
for testing when heat load becomes availab'e.

1

C
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Sections 3.6, 3.7.2, and 3.7.3 require the plant designer to select*

materials and water chemistry for cooling water systems to account for
normal corrosion-erosion as well as those factors unique to cooling water
systems, such as microbiologically induced corrosion, high purity water,
r long layups. Additional requirements to address the issue rT 'orro-

sion-erosion include the following:

- Evaluate the addition of chemicals to the SWS to halt microbiolog-
ical corrosion or to kill organisms in the water.

- For the CCWS, provide for the addition of chemicals to the high
purity water to reduce corrosion, and recommend the use of wet layup
to reduce long-term corrosion of system heat exchangers.

- Evaluate the types of service water generally available for plant
cooling, and prepare a list of recommended system materials for
piping, pumps, and heat exchangers operating under those conditions.

The Evolutionary Requirements Document states that eliminating the possible
effects of fouling and blockage of the SWS and heat sinks is a design goal.
The plant designer is given specific requirements and guidance for achieving
this goal, including instructions to consider designs and new requirements
that further mitigate the effects of f ouling. The final design of the ALWR
heat sinks and water flow systems will avoid or minimize, as achievable, the
problems described in this section. EPRI's position is that implementation of
these requirements should resolve issue 51 for the ALWR.

Staff Evaluation: The staff's DSER for Chapter 8 contained two open issues
related to biofouling. Although the Evolutionary Requirements Document
includes a commitment to comply with GL 89-13, the concerns in the DSER, which
have not yet been addressed by EPRI, are as follows:

Enclesure 1 of GL 89-13 recommends that an ongoing program of surveil-*

lance and control (biocide, chemical) be implemented and maintained to
reduce fouling problems in open-cycle SWSs. Section 5.4.3 of Chapter 8
of the Evolutionary Requirements Document discusses surveillance for
reducing fouling, but not how to control it. Control of biofouling by
the addition of biocides or cnemicals should bc included in this section,
together with surveillance, as the two main elements fnr reducing
fouling. The addition of biocides and chemicals to ru service water is
discussed in Section 3.7 of Chapter 8 of the Evolutionary Requirements
Document, but that section should be referenced in Section 5.4.3, and
vice versa. Biocide injection into raw service water before long wet
layups is mentioned in Section 3.7.2. It should also be mentioned in
Section 5.4.3 as an effective means of preventing microbiological 1y

(influenced corrosion.

Since the Evolutionary Requirements Document still does not provide
sufficient commitments, information, or design details regarding this
open issue, the staff will evaluate its resolution during its review of
individual applications for FDA/DC.

Since GL 89-13 was issued, the staff became aware of the potential'

*

problems for plants in the Great Lakes area related to biofouling of SWS2
and CCt!Ss caused by a recently identified biofouling agent, the zebra
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mussel. The staff issued NRC Information Notice (IN) 89-16, "Biofouling
Agent: Zebra Mussel," to alert utilities to the tenacious nature and the
unusually swift spread of those mussels in the Great Lakes area since
they were first discovered there in 1988. Recently, a numbcr of nuclear
power plants in the Great Lakes area, including Fermi Unit 2 and D. C.
Cook, have experienced biofouling problems due to zebra mussels in their
cooling water systems and/or intake structures. The staff will review
the potential for biofouling of SWSs and CCWSs for plants sited in the
Great Lakes area on a case-by-case basis.

The DSER also contained an open issue related to heat excha.wer testing. In
the DSER, the staff concluded that the vendors should consider including the
capability for performance testing of key heat exchangers during the planning
and design stage. Section 3.5.1 of Chapter 8 of the Evolutionary Requirements
Document contains provisions that address the staff's concerns. Therefore,
this open issue is resolved.

In addition to the above, Table B.1-2 in Appendix B to Chaater 1 of the
Evolutionary Requirements Document should be corrected to now that Chapter 8_

is the lead chapter for GL 89-13 instead of Chapter 9. Also, " RESOLVED ISSUE
(51)" should be added to the comments column.

3.2.24 57, Effects of Fire Protection System Actuation on Safety-Related
Equipment

Issue: This issue addresses fire protection system (FPS) actuations that have
resulted in adverse interactions with safety-related equipment at operating
nuclear power plants. Events have shown that safety-related equipment
ajected to FPS water spray could be rendered inoperable and that numerous

spurious actuations of the FPS have been initiated by operator testing errors
or by maintenance activities, steam, or high humidity in the vicinity of FPS
detectors. The NRC issued Office of Inspection and Enforcement (IE) Informa-
tion Notice N-41, " Actuation of Fire Suppres:, ion System Causing Inoperability
of Safety-Related Equipment," to alert licensees and provide recent examples
ir, which FPS actuations caused damage or inoperability of systems important to
safety. In addition, the staff is considering the need for modifying FPS
requirements or licensing review procedures.

EPRI Proposal: Proposed elements for resolving this issue are included in
Section 3.9.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document.

Staff Evalut. tion: The elements of resolution proposed in the Evolutionary
Requirements Document that reference Chapter 9 are evaluated by the staff in
Section 3 of Chapter 9 of this report. These elements and the others in

y

Section 3.9.1 of Appendix B to Chapter 1 of the Evolutionary Requiremcnts
Document appear to adequately address the safety concerns of this issue.
However, Issue 57 has not yet been generically resolved by the staff and has a
medium safety priority. Since it has not yet finalized its position on this '

issue for ALWRs, the staff will evaluate the resolution of Issue 57 during its
review of individual applications for FDA/DC.
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3.2.25 70, Power-0perated Relief Valve and Block Valve Relir 'lity

issue: Power-operated relief valves (PORVs) and block valves were originally
designed as non-safety-grade components 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 required
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
steam generator tube rupture accidents and questioned the acceptability of
relying on non-safety-grade components to mitigate design-basis accidents.
This issue addressed assessing the need for improving the reliability of PORVs
and block valves.

EPRI Proposal: Proposed elements for resolving this issue are included in
Section 3.5.4 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document. Section 5.5 of Chapter 5 establishes requirements for a safety-
grade safety depressurization and vent system (SDVS) for ALWR PWRs.

Staff Evaluation: In its DSER for Chapter 5 (Febr dary 1990), the staff
concluded that EPRI's proposed resolution for issue 70 was consistent with the
staff's positions. However, the staff concluded that the Evolutionary
Requirements Document should specify a criterion for the depressurization rate
of the SDVS. In Section 6.6.4.3 of Chapter 5, EPRI specifies that the SDVS
will be capable of depressurizing the reactor coolant system below 250 psig
before reactor vessel melt-through as a means of precluding containment chal-
lenges through direct containment heating. In Section 5.4 of Chapter 5 of

'this report, the staff concludes that this is an acceptable design objective.
Therefore, this open issue is resolved.

The staff has resolved Issue 70 and has issued GL 90-16, " Resolution of
Generic Issue 70, ' Power-Operated Relief Valve and Block Valve Reliability,'"
and Generic Issue 94, " Additional Iox Temperature Overpressure Protection for
Light-Water Reactors" (requiring technical specifications revisions at PWRs
with PORVs and block valves), it has also drafted revisions of the Standard
Review Plan (Sections 3.2.2, " System Quality Group Classifications"; 5.2.2,
" Overpressure Protection"; and 5.4.7, " Residual Heat Removal System").

.

The ie -temperature overpressure protection (LTOP) function for the ALWR PWRs
is to be provided by the residual heat removal pressure-relief system. In a
letter to the NRC dated March 28, 1988, EPRI committed to revise appropriate
chapters of the Evointionary Requirements Document to provide information on
LTOP. The staff has confirmed the' incorporation of this information in
Section 3.3.2 of Chapter 3 of the Evolutionary Requirements Document, and the
staff evaluation is documented in Section 3.3 of Chapter 3 of this report.
fherefore, this confirmatory issue is resolved.

3.?. 26 73, Detached Thermal Sleeves

Issue: . Fatigue failure problems associated with notzle-thermal sleeve assem-
blies have been identified in piping systems of both BWRs and PWRs.

EPRI Proposal: None provided in Section 3 of Aprendix B to Chapter 1 of the
Evolutionary Requirements Document.
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Staff Evaluation: Section 3.1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states that it specifically addresses compliance with
the high- and medium-priority and nearly resolved generic safety issues
included as of January 1950 in NRC's generic issue management control system
(GIMCS). As of December 31, 1989, although Issue 73 was identified in
Appendix B to NUREG-0933 as being applicable to future plants, it had not yet
been prioritized.

As of the first-quarter iiscal year 1992 update of the GIMCS report, Issue 73
has a safety s riority of nearly resolved. Consequently, the staff will
evaluate the resolution of Issue 73 during its review of individual applica-
tions for FDA/DC.

3.2.27 75, Generic Implications of ATWS (Anticipated Transient Without Scram)
Events at the Salem Nuclear Plant

Issue: On two occasions in 1983, Salem Unit 1 failed to scram automatically
because both reactor trip breakers failed to open on receipt of an actuation
signal. In both cases, the unit was successfully tripped by manual action.
The failure of the breakers was attributed to excessive wear from improper
maintenance of the undervoltage relays that receive the trip signal from the
protection system and result in the breakers opening mechanically. Three
separate NRC actions were initiated to address this problem. One was plant
specific and was add essed before the restart of Salem Unit 1. The second
action was an investigation of the Sale'r. events and the circumstances leading
to them.

The third action was the formation of an NRC task force to study the overail
generic implications of this event. The results of the task force's work were
reported in NUREG-1000, " Generic Implications of ATWS Events at the Salem
Nuclear Power Plant.' This action resulted in the issue being broken down
into 16 parts. Four parts of the issue required actions by licensees and
applicants and were resolved with the issuance of GL 83-28, " Required Actions
Based on Generic Implications of Salem ATWS Events," and IF Bulletins 83-01,
" Failure of Reactor Trip Breakers (Westinghouse DB-50) To Open on Automatic
Trip Signal," and 83-04, " Failure ef Undervoltage Trip Function of Reactor-

Trip Breakers." The remaining 12 parts of the issue were staff actions that -

have been resolved through licensing actions (7 parts), coverage in the Human
Factors Program Plan (2 parts), issuance of IE Bulletin 83-08, " Electrical
Circuit Breakers With an Undervoltage Trip Feature in Use in Safety-Related
Applications Other Than the Reactor Trip System" (1 part), resolution of an
unresolved safety issue (1 part), and staff plans to revise RG 1.33, " Quality
Assurance Program Requirements Operation" (1 part).

EfRI Procosal: Proposed element: for resolving this issue are included in
Section 3.10.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Documer.t .

Staff Evaluation: The staff has resolved Issue 75 and has issued GL 03-28 and
IE Bulletins 83-01 and 83-04. Concerns regarding diversity issues resulting
from the ATWS rule are discussed in the DStR for Chapter 5 (February 1990),
SECY-30-016 (January 12, 1990), and the Commission's staff requirements
memorandum concerning SECY-90-016 (June 26, 1990) and are not addressed here.
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In the DSER for Chapter 10, the staff reported on its review of EPRI's propos-
als addressing this issue against the requirements for existirg plar.ts in
GL 83-28.

! With regard to GL 83-28, Item 1.1 (" Post-Trip Review - Program Description and
Procedure"), the staff stated that it would address this matter during its:
review of individual applications for FDA/DC, since EPRI stated that the>

j program and procedures used by the plant owner to assess unscheduled reactor
shutdowns were not within the scope of the Evolutionary Requirements Document.

_

Regarding GL 83-28, Item 2.1 (" Equipment Classification and Vendor Interface -
i Reactor Trip Syste.n Components") and Item 2.2 (" Equipment Classification and
i Vendor Interface - Programs for All Safety-Related Components"), the staft
|

concluded in the DSER that the design criteria in the Evolutionary Require-
ments Document were acceptable, but by themselves, did not provide sufficient

i information for the staff to complete its review of this issue. The staff
i stated that it would address these matters during its review of individual

| applications for FDA/DC.

} Regarding GL 83-20, Item 3.1 (" Post-Maintenance Testing - Reactor Trip System
Components") and Item 3.2 (" Post-Maintenance Testing - All Other Safety-

! Related Components"), the staff stated in the DSER that the EPRI requirements
for post-installation validation tests and long-term surveillance and mainte-.

nance were acceptable for the defir.ition-of-design phase. However, the staff
,,

asked EPRI to perform a quantitative analysis of plant risk to justify its i
;

; 14-day design objective for corrective maintenance of the man-machine inter-
face system equipment discussed in Section 3.5.2.3 of Chapter 10 of the'

Evolutionary Requirements Document, including the protection system, the plant
control system, and the plant information and monitoring systems. EPRI stated.

(letter to the NRC dated January 28,199'') that tr e 14-day requirement in1

i Section 3.5.2.3 was based on the premise that tne maintenance technicians will
perform a corrective maintenance operation every 2 weeks on the entire
population of these systems. Such a maintenance requirement would not be an

; unreasona' ale burden on the plant staff and did not subvert the stringent
~ requirements on system reliability. In addition, EPRI changed the first part
i of the first sentence of Eection 3.5.2.3 of Chapter 10 to read: " Corrective

maintenance of any of the foli aing major parts...." This change-is accept-
;

able because it does not conflict with current regulatory guidance. There-
fore, this open issue is closed. Ho.:ever, the staff will evaluate this item
in detail during -its review of individe.1 applications far FDA/DC.'

Regarding GL 83-28, Item 4.2 (" Reactor Trip-System Reliability _ Preventative
Maintenance and Surveillance Program for Reactor Trip Breakers") and Item 4.5
(" Reactor Trip Systea Reliability - System Functiond Testing"), the staff
concluded in the DSEP,that EPRI's-design criteria were acceptable (except as
noted in Sections 3.6 and 8.3.4 of Chapter 10 of_the DSER), but by themselves,-
did not provide sufficient information for the staff to complete its review of
these items. The staff stated that it would address these items during its
review of individual applications for FDA/DC.

3.2.28- 76, Instrumentaticn and Control Power Interactions

jny.g: Concerns have been raised regarding the potential for accidents or
transknts being made more severe as a result of control system failures,
irrMig control and i.)strcmentation power supply faults. During the
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) licensing review process, the NRC staf f performs an audit review of the non-
i safety-grade control systems to ensure tnat an adequate degree of separation
; and independence is provided between these non-safety-grade systems and the

safety systems. On this b? sis, it is generally believed that control system
failures are not likely to result in loss of safety functions that could lead

,

| to serious events or result in conditions that the safety systems are not able
to mitigate. However, indepth studies for all non-safety-grade systems had,

j not been performed.

| To address this issue, the staff performed an indep'th evaluation of the
: control systems that are typically used during normal plant operation. The
j staff has completed part of this evaluation and published the results in
i NUREG/CR-3958, " Effects of Control System failures on Transients, Accidents,
I and Core-Melt Frequencies at a Combustion Engineering Pressurized Water-

i Reactor" (March 31,1986), NUREG/CR-4385, "Effeus of Control System Failures
; on Transients, Accidents, and_ Core-Melt Frequencies at a Westinghouse Pressur-
; ized Wa'.er Reactor" (Novencer 30, 1985), NUREG/CR 13EG, "Ef fects of Control
! System Feilures ce Tran.cients, Accidents, and Core-Melt frequencies at a
i Babcock and Wilcox Pressurized Water Reactor" (December 31, 1985), and.

NUREG/CR-4387, " Effects of Control System failures.on Transients, Accidents,
and Core-Melt Frequencies at a General Electric Pressurized Water Reactor"

,

; (December 31,1988). In these reports, the staff identified several specific
j concerns with some possible solutions, including reduction of the
i
i potential for steam generator overfill in PWRs by including an automatica

{ high-water-level trip for the main and emergency feedwater systems

potential for spillover of reactor coolant into the main steamlines ofa

BWRs by providing a safety-grade high-water-level trip of feedwater
4

probability of a small-break loss-of-coolant accident (LOCA) by including=
1

automatic actuation of pil,_t-operated relief valve (P0RV) block valves to'

j protect against inadvertent PORV lifts

| probability of a small-brnak LOCA t'y providing increased injection*

j capability for the safety injection system-

[ Concerns have also been raised regarding the dc power systems, inc~,uding

the potential for a critical challenge to the standby engineered safetya

j- features (ESFs) by an instrumentation and control power supply fault

defeat cf some of the ESFs called on to mitigate an initiating event=

caused by the same instrumentation and control power supply fault
i

j
'

the_ potential for the mmplete or partial blinding of the operators to=

the .tatus of the p h by the same instrcmentation and control power
supply fault

These concerns have not yet been evaluated by the staff.

: EPRI Proposhl: The Evolutionary Requirements Document requires a highly
reliable safety-grade control system so that non-safety cont.rol system

:
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failures will-not pose an unacceptable risk. It concains a number of specific
design features to address the NRC concerns in regard to this issue, including
the following:

Adverse system interactions identified during the design or review*

process will be eliminated (Section 2.3.1.5, Chapter 1).

Safety systems will be provided with independent emergency power backup*

(Section 2.2.8, Chapter 5).

At least two independent connections will be made to offsite power*

(Section 2.2.9, Chapter 5).

Specified safety system functions will be ensured by redundant divisions*

(Section 2.3.1, Ch mter 5).

Each division wnl be independent and separated (Section 2.3.2, Chap-*

ter 5).
Depressurizeion and cooldown will be possibl using safety-grade equip--

ment, assuming an initiating event and the most limiting single failure
(Section 2.3.4, Chapter 5).

Active containment a stems will be safety grade ard single-failure proof*

(Section 2.4.1.2, Chapter 5).

Redundant safety-grade vessel water injection will be available (Sec- j*

tion 3.2.1, Chapter 5). )

The decay heat removal system will be redundant and safety grade (Sec-*

tion 3.3.1, Chapter 5).

The diverse reactivity controls will meet the applicable requirements of*

GDC 26 of Appendix A to 10 CFR Part 50_(Section 3.5, Chapter 5).

The design will include very high reliability and low failure propagation*

characteristics (Section 2.1.4, Chapter 10).

The design will possess sufficient segmentatien and independence charac-*

teristics (Section 2.2.3, Chapter 10).

Automatic control-system failures will be addressed (Section 2.2.9,*

Chapter 10).

Component failures will be evaluated (Section 3.1.3.4, Chapter 10).*

Apprupriate failure modes will be considered in the design (Sec-*

tion 3.5.I.1, Chapter 10).

Common sensing instrumentation will be minimized (Section 3.5.3.1.1,|
*

Chapter 10).

Each function will use different proces. ors (Section 3.5.3.1.2, Chap-*

! ter 10).
|

|
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Segmented equipment will be physically separated (Section 3.5.3.1.3,=

Chapter 10).

Multiplexers will use separate power supplies and be housed in separate-=

enclosures (Section 3.5.3.1.4, Chapter 10).
.,

The design of the isolation devices will maintain Class lE integrity in= -

accordance with RG 1.75, " Physical Independence of Electric Systems"
(Section 6.2.6.1, Chapter 10).

Software interfaces between safety-related and non-safety-related systems*

will be discouraged (Section 6.3.2.2, Chapter 10).

In addition, EPRI specifies requirements for BWR designs that the design
,

include three independent divisions of core coolant inventory control PCIC)
and decay heat removal (DHR) systems, the CCIC and DHR divisicas be separated,
and the CCIC and DHR divisions be independently powered.

EPRI also specifies additional requirements for PWR designs that the design
not include provisions for an automatic PORV, leak detection for each pressur-
izer safety vaise be provic'ed, the design include safety-grade actuation for
the emergency feedwater system, the design have two independent divisions for
CCIC a.1d DHR functions, the design include two independent residual heat
removal diviC ~1s, the design previde small-break LOCA coverage with the
safety injection system, and the safety depressurization and vent system have
two valves in series and leak detection capability.

Staff Evaluation: In its DSER for Chapter 10, the staff stated that EPRI's
commitment (letter to the NRC dited December 21, 1990) to comply with G'. 89-19
was acceptable and that it woulc. confirm that this commitmen* was acceptably* incorporated inte the Evtlutionary Requirements Cocument. Revision 2 of the
Evolutionary Requirements Document indicates a commitment to cc71y with
GL 89-19 in Table B.1-2 in Appendix B to Chapter 1, which resolves the DSER
confirmatory issue. The staff also stated that tha Evolutionary Requirements
Document did not provide the necessary design details to be able -to determine

' if the plant-specific design and arrangement will be adequate to resolve this
issue. In addition, Issue-76 has not yet been prioritized by the staff and
final resolution of this issue may dictate actions for ALWR evolutionary plant
designs. Therefore, the staff will evaluate the resolution of this issue and
the design details, if necessary, during its review of individual applications
for FDA/DC.

3.2.29 79, Unar.41yzed Reactor Vessel Thermal Stress During NatJral Convection
Cooldown

Jnua: The upper head region of a PWR reactor vessel (RV) is separated from
the lower portion by the upper internals support plate. During power opera-
tion, "ferced" reactor ccolant flow is provided by the reactor coolant pumps
(RCP3). For normal reactor shutdowns, RCPs are shut down sequentially as
power is reduced, allowing the entire RV to cool down at a controlled rate
without significant thermal gradients between the upper and lower portions of
the RV. However, sudden loss of forced reactor coolant flow, such as that
which occurs during a loss of offsite power, results in a natural cenvection
cooldown (NCC) condition,- with little or no cooling flow being supplied to the
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upper head. Additionally, if the NCC proceeds at an unacceptably high cooling
rate, substantial thermally induced stresses may occur in the RV closure d

flanges and studs, possibly exceeding ASME Code allcwable stresses.

EPRI Proposal _: EPRI recognizes the need to evaluate NCC events as part of
ASME Code RV evaluations and states in Section 3.4.2.4 of Appendix B to
Chapter 1 of the Evolutionary Requirements Document that an NCC event should
be considered to occur at least 30 times over the 60-year design life of the

-

RV.

Staff Evaluation: In the DSER for Chapter 4, Issue 79 was left open pending
generic agency resolution. Issue 79 has since been resolved. The staff's
efforts to resolve it have been based on a review of a Babcock and Wilcox
(B&W) NCC analysis and the results of an NCC analysis by an NRC contractor,
both of which were performed for the B&W 177 fuel assembly reactor vessel
(B&W 177).

The staff noted limitations associated with the complicated analysis tech-
niques and some calculated stresses as high as 98 percent of that allowed by
the ASME Code. Therefore, no definitive co'1clusion could be made regarding
compliance with applicable regulatory criteria for B&W 177s that might experi-
ence an NCC that was outside the bounds of tlie analysis assumptions or for
vessels other than BtW 177s and other PWR vessels that might experience a
significant NCC event in the future. However, on the basis of the analysis
results and qualitative extrapolation of these results, the staff concluded
the following:

The B&W 177 *.s considered analyzed for NCC e;ents that are bounded by the*

NCC transient profile shown in rigure 3 cf N'JREG-1374, " Technical
Findings Related to Generic issue 79."

It is extremely unlikely that a single NCC event will cause the failure*

of any existing U.S. PWR reactor vessel, even if a cooldown rate of
100 'F/ hour is exceeded.

An NCC event that did not exceed a total cool ?own of 100 *F, independent*

of rate, wnuld not be expected to compromise the safety of any existing
U.S. PWR raactor vessel; k.:ever, it might resalt in the reactor vessel
being outside its documentea design ba;is.

For the above reasons and since the Evolutionary Requirements Document does
not provide sufficient commitments regarding the cooldown rate to be used in
ALWR NCC analyses, the staff will evaluate this matter during its review of
individual applications for FDA/DC. An applicant's proposed rcsolution of
this issue will be acceptable if it includ:s a requirement to analyze an NCC
event from 100-pcrt.ent reactor power to cold shutdown as part of the reactor
vessel ASME Code design requirements and the analysis (1) assumos 30 NCC
events for the 60-year design life of the reactor vessel and.(2) uses the
maximum allowable cooldown rate specified h ALWR technical specifications.

In the DSER, the staff concluded that EPRI needed to recognize that the
reactor pressure vessel should be capable of withstanding multiple natural
circulatica cooldowns. Section 3.4.2.4 of Appendix B to Chapter 1 of the
Evolutionaiy Requirements Document adequately addresses this concert by
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stating that NCC events should be considered to occur at least 30 times over
the 60-year design life of the reactor vessel. Therefore, this open issue is
resolved.

Issue 79 has not been generically resolved by the staff. The final agency
resolution of this issue is included in Generic Letter 92-02, " Resolution of
Generic Issue 79, 'Unanalyzed Rehetor Vessel (PWR) Thermal Stress During
Natural Convection Cooldown'." The GL did not irrposa ary new requirements
on licensen or applicants. Rather, it edvised recipients (PWR licensees
and applicants) of the reporting requirements delineated in 10 CFR
50./3(a)(2)(ii)(B). These reporting requirements are also applicable to
ALWRs.

Specifically, for any PWR (including any PWR-type ALWR) that experiences a s

reportable NCC which may place the RV outside of its documented design basis,
the affected licensee may be required to provide confirmation that no applica-
ble regulatory design or fracture toughness criteria have been exceeded for
the RV.

3.2.30 82, Beyond-Design-Basis Accidents in Spent Fuel Pools

Issue: A typical spent fuel storage pool with high-density storage racks can
hold about five times the fuel in the core. If the pool were to be drained of
water, the discharged fuel from the last two refuelings might still be " fresh"
enough to melt unaer decay heat. Additionally, the zircaloy cladding of this
fuel could be ignited during the heatup. The resulti.ig fire, in a pool
equipped with high-density storage racks, could spread to most or all of the,

I fuel in the pool. This could cause a release of fission products' from the
I fuel matrix.

4

EPRI Proposal: The Evolutionary Requirements Document contains the following
requirements to decrease the likelihood of a loss of fuel pool cooling in the
ALWR spent fuel pool:

Section 4.3.2.1 of Chapter I requires that the spent fuel pool be a*

. seismic Category I structure.

Sectica 2.3.1.1.4.1 of Chapter 7 requires the spent fuel pool to be*

designed to withstand heavy load drops without pool leakage tnat would
uncover the top of the fuel.

Section 2.3.2.5.1 of Chapter 7 requires that the spent fuel pool be*

arranged to prevent cask movement over the pool.

Section 9.3.1.2 of Chapter 8 does not permit any connections to the pool*

that could allow the pool to be drained below the minimum level over the
spent fuel.

Staff Evaluation: In the OSER for Chapter 7, the staff concluded that the
design requirements were consistent with the guidance in SRP Section 9.1.2,
" Spent Fuel Storage," and were, therefore, acceptable. The staff stated,
however, that although the' likelihood of the complete draining of the spent
fuel pool was low, the-use of high-density storage racks increased the
probability of a zircaloy-cladding fire as compared with the use of low-
density or open frame racks. The staff concluded that the use of low-density
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storage racks was justified by a favorable value/ impact ratio for new designs
and recommended that EPRI make a commitment to use low-density storage racks,
at least for the m n t recently discharged fuel. Therefore, the staff will

expect the FDA/DC applicant to submit a design that uses low-density stora,e
racks in the spent fuel pool for, as a minimum, the most recently discharged

*

fuel.

3.2.31 83, Control Room Habitability
,

Issue: This issue addresses the significant discrepancies found by the staff
during a survey of existing plant control rooms. These discrepancies included
the ir. consistency of the design, construction, and operation of the control
room habitability systems with the descriptions in the licensing-basis
documentation. In addition, total system testing was inadequate and some
testing of the control systems was not in accordance with the technical
specifications.

EPRI Prooosal: Noposed elements for resolving this issued are included in
Section 3.5.1 of Appendix B te Chapter 1 of the Evolutionary Requirements
Document.

Staff Evaluation: The su.ff has determined that the design requirements in
Section 8.2.2 1 of Chapter 9 of the Evolutionary Requirements Document for the
control room envelope heating, ventilating, and air conditioning (HVAC) system ,

are consistent with the guidance in SRP Sections 6.4, " Control Room Habitabil- ,

ity Systems," and 9.4.1, " Con' rol Room Area Ventilation System," and are,
therefore, acceptable. S c c ~,- c., 8.2.2 of Chapter 9 of this repert. ,

However, the requirements by c.mselves do not provide sufficient information
to be able to determine if tne plant-specific design and arrangement will be
adequate. Therefore, FM/DC applicants will be required to demonstrate
compliance with the Witional guidance provided in the SRP or provide
justification for f:ernative means of implementing the associated regulatory s

requirements.

The open issue in the DSER for Chapter 9 concerning the design of air filtra-
tion systems is closed on the basis of the clarification in Section 8 '' l.1.8
of Chapter 9 of the Evolutionary Requirements Dccument that the intent was to
require application of the regulatory guides and reference standards to all
nuclear air treatment filtration systems, not just the filters.

The open issue in the DSER concerning charcoal filters in air filtration
systems is closed on the basis of EPRI's position that the use of charcoal
filters in the filtration systems will be determined by analyses and evalua-
tions on a plant-specific basis. The staff finds that Section 8.2.1.1.22 of
Chapter 9 addresses the provisions for the use of charcoal filters in HVAC
systems and provides design features to process activity from normal and off-
normal operation. Section 8.2.1.1.8 of Chapter 9 require that all safety-
related nuclear air treatment filtration systems be designed, fabricated,
installed, and tested in acccrdance with RG 1.52, " Design, Testing, and
Maintenance Criteria for Postaccident Engineered-Safety-Feature Atmosphere
Cleanup System Air Filtration and Ads ption Units of Light-Water-Cocled
Nuclear Power Plants," and ANSI /ASME H509, " Nuclear Power Plant Air Cleaning
Units and Components," and N510, " Testing of Nuclear Air Cleaning Systems."
Also, Section 8.2.2.1.8 requires that emergency filter units (EFUs), at a
minimum, consist of a prefilter, high-efficien particulate air (HEPA)
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filter, and a supply fan in accordance with ANSI /ASME N509 and RG 1.52.
However, RG 1.52 needs to be met by providing each EFU with the following
sequential components: (1) demister, (2) prefilter, (3) HEPA filter,
(4) iodine adsorber (impregnated activated carbon), (5) ducts and values,
(6) fan, and (7) related insteumentation. Heaters or cooling coils used in
conjunction with heaters should be used when the humidity is to be controlled
before filtration. The downstream HEPA filter is needed to collect carbon
fines from the upstream charcoal filter. The staff considers that it is
incorrect to assume the regulatory guide efficiencies for the removal of
elemental and organic iodine from the emergency outside air supply if there is
no HEPA filter downstream of the charcoal adsorber for collecting carbon
fines. The staff believes that an EFU, including a charcoal filter, should be
safety related and the port-filter following a charcoal filter should be a
HEPA filtei to collect carbon fines. The staff will review individual
applications for FDA/DC to the criteria in SRP Sections 6.4 and 9.4.1 to meet
the requirements of GDC 19 of Appendix A to 10 CFR Part 50.

The open issue in the DSER concerning the control room capacity following a
design-basis accident is closed because (1) Section 8.2.2.1.1 of Chapter 9 of
the Evolutionary Requirements Document has been revised to state that the main
control room HVAC system will be designed as a Safety Class 3, s.ismic
Category T system; (2) the same sectiv., he been revised to chnge the
occupanc) requirer it from 5 days to at least 6 days; and (3) Section 8.2.2 of'

Chapter 9 has been revised to include the requirement of 10 CFR 73.55(c)(6)
that the control room be bullet resistant. The staff will review individual
applications for FDA/DC to the criteria in SRP Secti...s G.4 and 9.4.1 to meet'

the requirements of GDC 19 during the entire d-ation of postulated accidents.

Section 8.2.2 of Chapter 9 states that the control complex will include the
main control room envelope, computer room, Class 1E switchgear room, Class 1E

) battery rooms, and HVAC equipment room. The HVAC system for the main control
) room w ll be seismic r tegory I, Safety Class J, and will conform to thei a

requirements of GDC 19 with regard to the radiation exposure guidelines ande

guidance of SRP Sections 6.4 and 9.5.1; RGs 1.78, "Assumpt.ons 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"; and
ANSI /ANS-59.2, " Safety Criteria for Nuclear Power Plant HVAC Systems located
Outside Primary Containment," for providing a safe working environment for
control room operating personnel. It will provide protection against (1) any

" airborne hazardous chemicals above permissible concentrations, smoke in the
control room, or accidental exposure of control room personnel to a high level
of airborne radioactivity during emergency or isolation modes and (2) dust,
smoke, and airborne radioactivity originating outside the pressure boundary
during normal operation. The control room envelope will be slightly pressur-
ized during normal operation and at least 1/8-inch water gauge will be
maintained with respect to the surrounding areas during radiological condi-
tions to prevent the entry of dust, smoke, and airborne radioactivity.

EPRI states that the control room HVAC system and other specific areas will be
designed in accordance with National Fire Protection Association (NFPA) 90A,
" Installation of Air Conditioning and Venulating Systems." As stated in<

Section 3.3.1 of Chapter 9 of this report, by ccmmitting to NFPA 90A, EPRI has
committed to use the HVAC systems for removing smoke from specific areas as a
means of satisfying the smoke control provisions of HRC fire protection
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guidelines. The staff will evaluate the design, installation, and operation
of the HVAC systems functioning in the smoke removal mode during its review of
individual applications for FDA/DC.

In Section 3.5.1.4 of Appendix B to Chapter 1, EPRI states that the resolution
of Issue 83, in general, is not design related. EPRI considers the concerns
of this issue to be concerns about operating plant activities in the areas of
maintenance, testing, installation, and training and, therefore, beyond the
scope of the Evolutionary Requirements Document. However, Issue 83 addresses
significant discrepancies found during a survey of existing plant control
rooms. These discrepancies included inconsistencies in the design, construc-
tion, and operation of the control room habittbility systems (compared with
the descriptions in the licensing-basis documentation). In addition, the

staff determined that total system testing was inadequate aad tha+ some
testing of the control systems was not in accordance with the technical
specifications.

The staff considers EPRI's proposed resolation of Issue 83 to be complete,
subject to the staff's plant-specific reviews, as applicable, of individual
applications for FDA/DC. During its reviews, the staff will ensure that the l

existing minimum requirements, including those mentioned above, have been met, |
_

by conforming to the guidance of SRP Sections 6.5 and 9.4.1 (to meet GDC 19). l

Appropriate requirements are identified in the Evolutionary Requirements
Document that include conformance with the applicable regulatory. guides
(RGs 1.52, 1.78, and 1.95) and industry standards (ANSI /ANS-59.2,
ANSI /ASME N509, and ANSI /ASME N510). However, during its plant-specific
reviews, the staff will also verify conformance with industry :tandards (ASME
Code AG-1, " Code on Nuclear Air and Gas Treatment," and American Society for
Testing and Materials (ASTM) D3803, " Standard Test Methods for Radiological
Testing of Nuclear-Grade Gas-Phase Absorbents") and evaluation methodology and
verify that technical specifications and surveillance requirements for the
control room habitability syste.L as a whole to meet GDC 4, 5, and 19 have been
prorosed. This will demonstrate that the control room will adequately protect
the control room operators and will remain habitable ir accordance with TMI
Task Action Plan Item III.D.3.4 (NUREG-0737, " Clarification of TMI Action. Plan
Requirements"). Additionally, the FDA/DC applicant will have to ensure that
the control rcom habitdlity design meets GDC 4, 5, and 19 and that operators
are protected in accordance with TMI Action Plan Item III.D.3.4. The combined
license applican will have to verify (1) thtc the as-built design and the
operating, mainte once, and emergency procedures and training and the perfor-
mance characteristics of the control room habitability system are consistent4

with the licensing-basis documentation and (2) that the technical- specifica-
tions and surveillance procedures are consistent with the-licensing-basis
documentation. The combined license applicant will also have to provide
adequate verification of system performance and integrity.

A-possible resolution of Issue 83 has been identified. This resolution is
documented in a staff report (H. Denton to W. Dircks, Executive Director for.

,
Operations) dated June 19, 1984, and a contractor report (T. Powers, Pacific
Northwest Laboratory, to W. Milstead, NRC) dated December 3,1984, both on'

control room habitability. Efforts included a survey of 11 plants and t',ie:

l isseance of several other contractor reports. Currant efforts include
preparation of a generic letter and SRP revisions. Should final agency

|
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j resolution of this issue dictate additional actions for ALWR evolutionary
plant designs, the staff will expect the FDA/DC applicant to address the

2 resolution of issue 83 for staff evaluation.

3.2.32 84, combustion Engineering Power-0perated Relief Valves

a Issue: Following the THI-2 accident, the purpose and use of power-operated
relief valves (PORVs) was the subject of considerable analyses and discussion.,

Although PORVs were originally installed to prevent challenges to the spring-'

: operated safety valves, plants designed by Westinghouse and Babcock and Wilcox
| (B&W) sometimes rely on PORVs for depressurization during certain design-basis

events (e.g., steam generator tube rupture). Another use of PORVs at some
plants is to provide low-temperature overpressure protection.

I When this issue was being evaluated, all Westinghouse and B&W and older
| Coiabustion Engineering (CE) PWRs had PORVs. However, the newer CE designs did
j not include PORVs. The staff's review of this issue in 1984 showed that

existing CE plants without PORVs met regulatory requirements, but that other;

! considerations, prima-ily accident management for beyond-design-basis events
and potential csre-melt risk reduction, required further study. However, the

: staff considered events for which PORVs could prove to be of benef t, to have a
low probability of occurrence and was unaware of any immediate safety concerns'

1 associated with the absence of PORVs in CE-designed plants.
I

EPRI Proposal: Proposed elements for resolving this issue are included in
| Section 3.5.4 of Appendix B to Chapter 1 of the E"olutionary Requirements-
: Document. PWR ALWRs will not have PORVs. Instead, the Evolutionary Requiro-
2 ments Document calls for a single-failu e-proaf mety depressurization and
i vent system (SDVS). The SDVS will be a dedicate ( safet'/-grade system that -

I will be capable of performing those safety-rclated functions, with the
exception of the low-temperature overpressure protection function, that can bei

performed by PORVs in the current generation of PWRs.

j Staff Evaluation: In its DSER for Chapter 5, the staff concluded that the
Evolutionary Requirements Document needed to specify a criterion for the3

'. depressurization rate of the SDVS. In Section 6.6.4.3 of Chapter 5, EPRI
specifies that the SDVS will be capable of depressurizing the reactor coolant

,

system below 250 psig before reactor vessel melt-through as a means of
precluding containment challenges through direct containment heating. In:

i Section 5.4 of Chapter 5 of this report, the staff concludes that this is an
' acceptable design objective. Therefore, this open issue is closed.

The staff has resolved Issue S4 and has established no o w requirementr. As
discussed in Section 3.1 of this appendix, ' Issue 84 is ett included ir.
Appendix B to NUREG-0933,

3.2.33 87, Failure of High-Pressure Coolant Injection Steamline Without
a Isolation

Jis_qe: This issue addresses a postulated break in-the high-pressure coolant
injection (HPCI) steam supply line and the uncertainty regarding the opcrabil-

j ity of the HPCI steam supply line isolation valves under those conditions. A
similar situation can occur in the reactor 9atar cleanup-(RWCU) system.

.
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The HPCI steam supply line has two containment isolation valves in series (one
inside 'the containment and one outside), both of which are normally open in
most plants (two plants do operate with the outboard isolation valve normally
closed). An HPCI supply valve located adjacent to the turbine an. the turbine
stop valve are normally closed. The RWCU system also has two normally open
containment isolation valves that must remain open if the system is to
function.

At the valve manufacturers' facilitMs, only the opening characteristics are
tested under operating conditions (because of flow limitations). Al% h the9

operation of the valves is tested periodically withod steam, the copability
of the valves to close against the forces created V

'.N
steam flow resulting

from a downstream line break har not been demonsi 4-

The valve type is not under General Electric's (bwk vendor) scope of control,
but is selected by the plant architect-engineer. This results in a diversity
of valves and valve types (Y-type glooe valves and gate valves) and increases
the difficultly of demonstrating valve operating capability.

EPRI Proposal: In Section 3,5.5.5 of Appendix B to Chapter 1 of the Evolu-
tionary Requirements Document, EPRI asserts that the motor-operated valve
(MOV) testing and surveillance issue raised by issue 87 should be considered
resolved for the ALWR evolutionary plant designs. EPRI gives two arguments as
a basis fer this statement.

i

First, EPRI asserts that the NRC concerns about the performance of safety-
related MOVs under design-basis conditions are addressed by the specific
requirements sections of the Evolutionary Requirements Document. Secowl, EPRI
states that it will take full advantage of its program to develop an NOV
performance predittion methodology.

Staff Evaluation: The staff has resolved Issue 87; it issued a closeout
memoeandum (E. Beckjord to J. Taylor) on December 9,1991.

The staff does not agree with EPR''s positica that the MOV issue should be
considered resolved for the Alb avolutionary plant. For example, as ois-
cussed in Section 12.2.2 of Chapter 1 of this report, the specific require-
ments sections of the Evolutionary Requirements Document have not fully
resolved NRC staff concerns regarding the performance of MOVs in the ALWR
evolutionary plant. Also, EPRI's MOV performance prediction program is in its
initial stages and cannot be relied on until successful results begin to be
obtained. Finally. the ALWR evolutionary plant designs contain a few highly
important MOVs (such as the RWCU system isolatic MOVs) that would need to
function properly in the event of an abnormal plant condition. |

!

The staff will evaluate this matter during its review of hdividual applica- o
tions for FDA/DC in accordance with the above position and its positions on
MOVs stated in Section 12.2.2 of Chapter 1 of this report. !

3.2.34 94, Additional Low-Temperature Overpressure Protection for Light-Water
! Reactors
!
'

Issue: Low-temperature overpressurization was originally identified as -a
safety issue in November 1978. The resolution of this safety issue was given
in a revision to SRP Section 5.2, " Overpressure Prot ctic- However, from'
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1979 to July 1983, 12 pressure transients were reported to the NRC. Of these
12 pressure transients, 2 overpressm-ization transients suggested potential
weaknesses in the existing overpressure protection criterion or in its
implementation. Specifically, these two overpressurization transients
suggested weaknesses relating to the operability and reliability of both
trains of low-temperature overpressure protection when the plant was in a
solid (water solid) condition.

Major overpressurization of the reactor coolant system, if combined with a
critical-siza crack, could result in a brittle failure of the reactor vessel.
Failure of the reactor vessel could make it impossible to provide adequate
coolant to the reactor and result in major core damage or a core-melt acci-
dent. This issue mainly affects the design and operation of PWRs.

EPRI Prooosal: In Section 3.3.3 of Appendix B to Chapter 1 of the Evolution-
ary Requirements Document, EPRI discusses low-temperature overpressure protec-
tion (LTOP) for ALWRs. EPRI's design objective is to minimize the need for
any specihl LTOP, while providing the capability for reliable LTOP should it
be required. To accomplish this objective, EPRI states that primary system
components are to be made of materials with a low nil ductility transition
temperature. In addition, adequate relief capacity is to be provided for
LTOP.

Section 2.2.2 of Chapter 4 of the Evolutionary Requirements Document specifies
that raterials, design, and fabrication methods for the reactor pressure
vessel are to selected so that the materials will not behave in a brittle
manner, be subject to rapidly propagating failure, or otherwise fail under
normal operations and specified plant transients or events. Section 2.3.1.2
of Chapter 4 requires that the reactor pressure vessel base material and
welding material chemistry be controlled so that material susceptibility to
neutron embrittlement is as low as practicable. Section 3.3.2 of Chapter 3
provides requirements for LTOP in PWRs. Section 5.2.3.3.1 of Chapter 5
requires that relief valves be provided to ensure that the residual heat
removal design pressure will not be exceeded as a result of the most limiting
event. In addition, guidelines for relief capacity for LTOP are specified in
Section 5.2.3.3 of Chapter 5.

Staff Evalu:Lt_i_pjl: In the DSERs for Chapters 3 and 4, the staff noted that
EPRI's additional requirements for LTOP for ALWRs appeared to be adequate and
reasonable. However, the staff was unable to make a final judgment on the
adequacy of EPRI's LTOP provisions because it was considering new requirements
as part of the resolution of Issue 94. Therefore, this was identified as an
open issue in both DSERs.

The staff has established guidance ror resolving the LTOP concerns for
operating reactors in NUREG-1326, "legulatory Analysis for the Resolution of
Generic Issue 94, ' Additional Low-Te,aperature Overpressure Protection for
Light-Water Reactors,'" but has not yet finalized its position for ALWRs.
Therefore, it will evaluate the adequacy of the specific design for LTOP
during its review of individual applications for FDA/DC.
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3.2.35 96, Residual Heat Demoval Suction Valve Testing (integrated into
Issue 105)

Issue 96 has been subsumed by issue 105. See Section 3.2.39 for the staff's
evaluation of Issue 105.

3.2.36 99, Reactor Coolant System / Residual Heat Removal Suction Line Valve
Interlock in PWRs

;

According to Appendix B to NUREG-0933, Issue 99 is not applicable to future
j pl ants. See the staff's evaluation of Issue 105 in Section 3.2.39.

3.2.37 101, BWR Water Level Redundancy<

: lu.tte: This 4 sue concerned the potential for a postulated break in an-
instrument line of a BWR in conjunction with the worst-case single failure.
Should one of two reference columns break, a single failure associated with

! the other reference column could completely defeat mitigation systems for the
i resulting transients. BWRs typically have two reference columns in the water

level instrumentation. Water level is measured by means of differential
,

pressure sensors connected between the reactor vessel and the reference i

columns, which are full of water. Should a reference column break, the water Jin it would flash to steam and the water level indication in all channels j
connected to the broken column would give a false "high" reading. Should one
of the reference columns break and should a worst-case single failure cause
the other column to indicate high water level, the false signals could result
in a low-water-level situation that could prevent mitigation systems, such as
the emergency core cooling system, from initiating. In some plants, this
specific scenario could lead to core uncovery. However, because there are
several designs among the operating plants, there is not a single, generic
solution to resolve the problem.

EPRI Proopjutl: Chapter 10 of the Evolutionary Requirements Document lists-
requirements for the design process and on reliability- that should ensure that
the designs complying with the Evolutionary Requirements Document will not be

-

subjected to the postulated scenario. Section 3.1.3.1 of Chapter 10 requires
that the man-machine interface system (M-MIS) designer review existing LWR
plant designs to identify problems and develop their solutions. EPRI states
that the requirements for availability and reliability of Section 3.5.1.2 will
ensure that no single random failure of any M-MIS equipment will cause a
forced outage. Sections 3.5.3 and 3.5.4.3 address multiple random failures of
M-MIS equipment. In addition, Section 3.3.3.2.1 of Chapter 4 requires four
divisions of wide-range level instruments with four spatially separated taps.
EPRI considers that implementation of these requirements resolves this issu2.

Staff Evaluation: In its DSER for Chapter 10, the staff concluded that EPRI's
commitment (letter to the NRC dated December 21, 1990) to include compliance
with the resolution of Issue 101 in accordance with GL 89-11, " Resolution of
Generic Issue 101, ' Boiling Water Reactor Water Level Redundancy,'" in the

j Evolutionary Requirements Document was acceptable. The staff has confirmed
| that Table B.1-2 of Appendix B to Chapter 1 of the Evolutionary Requirements-
| Document indicates a commitment to comply with GL 89-ll; .therefore, this

confirmatory issue is resolved. 'However, the Evolutionary Requirements
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Document does not provide sufficient information for the staff to complete its
review of this issue. The. staff will evaluate resolution of Issue 101 during
its review of individual applications for FDA/DC.

3.2.38 103, Design for Probable Maximum Precipitation

Issue: Lack of adequate drainage at reactor sites may render safety-related
equipment inoperable. New procedures for estimating the probable maximum pre-
cipitation )HP) result in a more severe design-basis probable maximum floods

than that determined using previous methodologies. In 1989, the staff revised
SRe Sections 2.4.2, " Floods," and 2.4.3, " Probable Maximum Flood (PMF) on
Streams and Rivers" (Revision 3) to incorporate the PHP procedures and
criteria contained in the latest National Weather Service publications. In
addition, on October 19, 1989,_ the staff issued GL 89-22, " Potential for
Increased Roof Loads and Plant Are. Flood Runoff Depth at Licensed Nuclear
Plants Due to Recent Change in Probable Maximum Precipitation Criteria
Developed by the National Weather Service," to inform the industry of these
revisions.

EPRI Proposal: Table 8.1-2 in the Evolutionary Requirements Document indi-
cates that the ALWR design will meet SRP Sections 2.4.2 ar.d 2.4.3 (Revision 3)
and GL-89-22.

Staff Evaluation: Section 3.3.2 of Chapter 6 of the Evolutionary Requirements
Document (Revision 0) re; renced ANSI /ANS-2.8-1981 as part of the resolution
of this issue at the time the DSER for Chapter 6 was issued. At that time,
the staff had not reviewed this standard for consistency with regulatory
requirements and staff guidance. Consequently, the staff did _not complete its
review of Issue 103 in the DSER and left review of this issue open.

On the basis of the commitment in the current version of the Evolutionary
; Requirements Document that the ALWR design will meet SRP Sections 2.4.2 and

2.4.3 (Revision 3) and GL 89-22, the staff concludes that EPRI has adequately
addressed the resolutien of Issue 103.

,

| 3.2.39 105, Interfacing Systems Loss-of-Coolant Accident at LWRs (subsumes
Issue 96).

| Issue: Either human errors, valve leakage, multiple valve failures, or a
i combination of these could permit overpressurization of low-pressure systems

connected to high-pressure systems. ' Pipe or component rupture resuiting from
overpressurization could result in loss of decay-heat removal if the rupture
was outside the contaiwant.

EPRI Proposal: Section 3.5.2 of Appendix B to Chapter 1 of the Evolutionary,
' Requirements Document states'that "the ALWR is being required to satisfy all

of the current regulatory requirements which are intended to assure an<

acceptable level of isolattor, capability." This section also indicates'that.

all ALWRs are reouired to satisfy the following additional requirements:'

All systems and subsystems connected to the reactor coolant system (RCS)*
-

that extend outside the primary containment boundary will be designed to
the extent practicable to an . ultimate ruptura strength (URS) at least
equal to full RCS pressure.
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For those interfacing systems or subsystems that do not meet the full.

reactor coolant system URS requirement, the plant designer will determine
by evaluation if the degree and quality of isolation or reduced severity
of the potential pressure challenges are low enough to preclude an
intersystem loss-of-coolant accident (ISLOCA).

Each of the high- to low-pressure interfaces (viz., those between the*

systems normally exposed to the RCS pressure and the interfacing lowen
pressure system) will include the following protective measures:

- the cr 'ility for leak testing of the pressure isolation valves

- valve position indication that is available in the main control room
even when isolation valve operators are deenergized

- high-pressure alarms to warn control room operators when rising RCS
pressure approaches the design pressure of the attached low-pressure
systems and both isc'ation valves are not closed

Additional requirements for BWRs are the following:

An inboard testable check valve and an outboard motor-operated valve are*

to be used on the decay heat removal (DHR) injection lines. High-
pressure piping and vaives are to be used through the outboard isolation
valve. Pressure interlocks are to protect low-pressure piping upstream
of the outboard isolation valve.

Check valves will be testable to verify free movement of the valve disk..

Relief valves are to be provided in the low-pressure pump discharge*

piping to protect against overpressure due to backleakage from the RCS.

The portions of the DHR system that connect directly to tne RCS will be.

designed to a URS at least equal to full RCS pressure.

Interlocks are to be provided as follows:.

- a two-way interlock so that it is not possible to have an open shut-
down connection to the vessel in any given loop whenever the pool
suction, pool discharge valve, or wetwell spray valves are open in
the same loop

- redundant interlocks to prevent the opening of the shutdown connec-
tions to and from the vesstl whe mver the pressure is above the
shutdown range with increasing pressure ccusing closure of these
valves

redundant interlocks preventing the opening or closing of the shut--

down suction connections to the vessel in any given loop and dis-
charge to radioactive waste whenever a low-reactor-water-level
signal is present
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Additional requirements for PWRs are the following:

The residual heat removal (RHR) system will be designed for a pressure of*

900 psig and a temperature of 400 *F and will use a minimum of Sched-
ule 40 piping.
Relief valves will be provided to ensure that RHR system design pressure*

will not be exceeded as a result of the most limiting event. The plant
designer is to define the most limiting event on the basis of a review of
experience w S. overpressure transients during RHR operation, including
such events as inadvertent startup of the safety injection system and
startup of reactor coolant pumps with coolant in the steam generators
that is above average RCS temperature.

;

Interlocks will be prcvided for the RHR suction isolation valves to*

prevent the valves from opening in the event RCS pressure exceeds RHR
design pressure. An interlock that automatically closes the isolation
valves on high pressure is rat to be. provided.

Portions of the RHR system that connect directly to the RCS will De*

designed to ensure that the URS will not be exceeded at full RCS pres-
sure.

Staff Evaluation: The staff's DSER for Chapter 5 contained an open issue>

relating to low-pressure system not designed to withstand full RCS pressure.
The staff recommended that evolutionary ALWRs provide

the capability for leak testing of the pressure isolation valves*

valve position indit:ation that is available in the control rootn when*

isolation valve operators are deenergized

high-pressure alarms to warn control room operators when rising RCS*

pressure approaches the design pressure of attached low-pressure systems
and both isolation valves are not closed

This recomendatinn is reflected by requirements in Section 2.2.14.3 of
Chapter 3 of the Evolutionary Requirements Document; therefore, this-open
issue is resolved.

SECY-90-016 discusses the ISLOCA, focusing on a 'vMS of systems and subsystems
connected to the RCS that is at least equal to the- full RCS pressure as a way
of reducing the probability of an ISLOCA outside the containment. In
SECY-90-016, the staff concludes that designing low-pressure systems to
withstand full RCS pressure, to the extent practicable, is an acceptable means 1

'

of resolving the-ISLOCA issue. (Section 2.14.1 of- Chapter 3 of the Evolu-
tionary Requirements Document provides a requirement to this effect.) Never-
theless, the staff considers alternative design approaches, such as inclusion
of pressure relief valves in low-pressure system piping, acceptable in
principle, provided i e consideration is given to ' elief capacity, effluent
conservation, poss"v.s defeat of pressure isolation valve in+erlocks, and
relief valve reli.w'.ity. - Also in this regard, the staff noted in SECY-90-016
that for some low-pressure systems attached to the RCS, it might not be
practical or necessary to provide a higher system ultimate pressure capability -
for the entire low-pressure system (this. is also noted in the DSER). However,
uniform criteria and design stresses allowable for ISLOCA conditions in low-

-EPRI Evolutionary Plant SER 18.3-45
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pressure piping systems have yet to be developed and approved by the staff for
ALWRs, although ASME has been asked to consider developing Boiler and Pressure
Vessel Code requirements for ISLOCA design in future reactors. In the
meantime, the staff will evaluate exceptions on a case-by-case basis during
its review of individual applications for FDA/DC.

In a staff requirements memorandum (SRM) dated June 26, 1990, the Commission
approved the staff's position in SECY-90-016 on ISLOCA, provided all elements
of the low-pressure system are considered (e.g., instrument lines, pump seals,
heat exchanger tubes, and valve bonnets).

The staff concludes that the Evolutionary Requirements Document contains
requirements that are sufficient to resolve this issue. However, since the
document does not specifically identify interfacing systems other than the DHR
or RHR systems, the staff will evaluate other interfacing systems designs
during its review of individual applications for FDA/DC. It will ensure that
all elements of low-pressure systems have been considereJ in accordance with
the SRM of June 26, 1990, particularly those to be evaluated under Sec-
tion 2.i 14.2 of Chapter 3 of the Evolutionary Requirements Document.

As noted in the DSER, for additional assurance that low-pressure systems will
not be exposed to RCS pressure, the staff will review inservice testing
programs and technical specifications for ALWR applications to ensure that the
appropriate pressure isolation valves are identified and adequately tested.>

Issue 105 has not yet been generically resolved by the staff und has a high
safety priority. Should the final resolution of this issue indicate addi-
tional actions for ALWR evolutionary plant designs, the staff will expect the
FDA/DC applicant to address the resolution of Issue 105 for staff evaluation.

3.2.40 106, Piping and Use of Highly Combustible Gases in Vital Areas

issue: Issue 106 addresses the risk assor.iated with the use of hydrogen and
other combustible gases, such as propane and acetylene, during normal plant
operation. It does not ccver the use of large quantities of liquid hydrogen
at hydrogen water chemistry (HWC) installations at BWRs or liquified petroleum
gases that are covered under Licensing Issue 136.

EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 o' the
Evolutionary Requirements Document, EPRI states that Issue 106 was detm r.ined,
through the NUREG-1197 screenir.g process, to be not technically rele, r, to
the ALWR deign.

Table B.1-2 in Appendix B to Chapter,1 of the Evolutionary Requirements
Document shows an ALWR commitment to ccmply with SRP Section 9.5.1, Revi-
sion 3, " Fire Protection Program."

Staff Evaluation: In 1987, the staff accepted licensing topical report EPRI
NP-5283-SR-A, " Guidelines for Permanent BWR Hydrogen Water Chemistry Installa-
tions," which provides guidelines for HWC installations. The guidelines give
a number of system design features and administrative controls that are in
addition to, or more restrictive than, those in SRP Section 9.5.1. These
include
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:
4 new relations for separation distances for gaseous and liquid hydrogen*

storage facilities
4

'

use of color-coded piping and warning signs (ANSI A13.1, " Scheme for the*

Identification of Piping Systems," and ANSI 235.1, " Specification for
Accident Prevention Signs")#

excess flow valves, system trips, and other design features (e.g.,*

; hydrogen detectors) to help mitigate the consequences of leaks or breaks
and to perform the intended design function with or without normal ,

; ventilation, and as a minimum, a system trouble alarm and/or annunciator l

i in the main control rnom
:

: periodic retesting to verify operability and functional performance of*

; equipment
4

! In its letter transmitting the safety evaluation report (SER) on Report
| NP-5283-SR-A to EPRI, the staff recommended that the report be modified to
: include hydrogen systems supplying hydrogen to the volume control tank at PWRs
i and for cooling electric generators at PWRs and BWRs. With the exception of
| information dealing specifically with the HWC application (e.g., certain

trips, injection points, main steamline radiation), most of the EPRI guide-
3 lines dealing with hydrogen are applicable to these other uses. Although EPRI

did not modify the report as suggested by the staff, the staff used the-

information in this report in evaluating Issue 106 for evolutionary ALWRs.,

$ The Evolutionary Requirements Document does not address the reasons for
; determining that this issue is not technically relevant and does not provide

sufficient information to enable the staff to fully evaluate EPRI's proposed'

requirements related to resolution of this issue. Consequently, the staff
! will evaluate the resolution of Issue 106 during its review of individual
i applications for FDA/DC. This issue may be resolved with respect to the
: volume control tank and generator applications by an applicant's commitment to
i comply with

| the current SRP Section 9.5.1, Branch Technical Position (BTP)*

CMEB 9.5-1, Part C.S.d(5), modified as shown below

the staff's SER and the guidelines in EPRI NP-5283-SR-A pertaining toi *

hydrogen that do not deal specifically with the HWC application

the following general guidance:a

; - BTP CHEB 9.51, Part C.5.d(5), modifiec' as follows: " Hydrogen lines
in safety-related areas should follow the guidance of Regulatory
Guide 1.29, ' Seismic Design Classification,' Section C.2. The lines
should (1) be equipped with an excess flow valve or equivalenti

protection located outside the building so that in case of a line
: break, the hydrogen concentration in affected areas does not exceed
' 2 percent volume or (2).be sleeved with the outer pipe vented-

directly to the outside.",

) - The hydrogen system piping and components should be-located to
reduce risk (e.g., by reducing piping length and proximity to.

| safety-related equipment).
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- Design features (e.g., removable spool pieces) and/or administrative
controls should be provided to prevent inadvertent bypass of small
or normally isolated hydrogen supplies, or flow-limiting devices
should be used to limit hydrogen releases to a leak or break.

- Equipment and controls to mitigate the consequences of a hydrogen
fire or explosion should be accessible and remain functional during
an event.

- Design feature., and/or administrative controls should be provided to
isolate the hydrogen supply if normal building ventilation is lost
(e.g., as a result of building isolation caused by operator actions
following a hydrogen fire or explosion in an auxiliary building).

- Backflow to a leak or break of hydrogen contained in components
(e.g., generator) should be considered in evaluating the conse-

'

quences of leaks or breaks, and measures should be taken to mitigate
these consequences.

- Threaded joints in the hydrogen distribution lines within safety-
related areas should be back welded.

- Safety-related equipment should not be located in the turbine-build-
ing because of the hazards associated with hydrogen fires or explo-
sions and large oil fires and the large uncertainties in estimating !

the consequences.

Issue 106 has not yet been generically resolved by the staff and has a medium
safety priority. Should the final resolution of this issue indicate addi-
tional actions for ALWR evolutionary plant designs, the staff.will expect the
FDA/DC applicant to address the resolution of Issue 106 for staff evaluation.

3.2.41 107, Generic Implications of Main Transformer Failures

issue: As a result of main transformer faults at the North Anna Power
Station, generic concerns were raised concerning the suppression of trans-
former fires and the impact of these fires on plant safety systems. A
transformer fire of sufficient magnitude (location dependent) has the poten-
tial for degrading plant safety equipment and safety systems. The generic

* concerns arising from this issue involve (1) the proper maintenance, storage,
and handling of transformers to prevent transformer failure and (2) the
mitigation and containment of transformer fires. The staff has determined
that there are four key areas in the prevention and contrcl of transformer
fires that should be addressed. These are the deluge system, drainage system,
fire barriers, and firefighting and related procedures. Other generic
concerns involve the layout and segregation of the transformer bay drains, use
of fire barriers, and hindrances to firefighting related to access, communica-
tions, mobility, training, and procedures.

EPRI Proposal: ' Chapters 1, 6, and 9 of the Evolutionary Requirements Document
provide design requirements for fire protection systems and include the
following specific design criteria to address the safety concerns of this
issue:
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Chapter 1 includes a general requirement that the evolutionary ALWR plant*

design provide for an integrated approach to fire prevention and mitiga-
tion of fire damage.

Section 2.3.3.11 of Chaptor 6 requires that outdoor oil-filled transform-*

ers have oil spill confinement features or drainage away from the
buildings. Such transformers are to be located at least 50 feet from the
building, or if building walls are within 50 feet of the oil-filled
transformers, these walls will not have openings and will have a fire-
resistance rating of at least 3 hours. The outdoor oil-filled transform-
ers are to be protected by deluge systems and drainage to accommodate the
flow of oil and water as determined by the fire hazard analysis.

Section 3.3.3.1 of Chapter 9 requires that the turbine-generator and*

associated areas described in NFPA 803, " Fire Protection for Light Water
Nuclear Power Plants," be protected in accordance with NFPA 803.

Section 3.3.3.3 of Chapter 9 specifies that automatic fixed water*

suppression over the fire area be provided for any equipment identified
by the fire hazard analysis as containing a sufficient quantity of
combustible material to warrant a fixed suppression system.>

Staff Evaluation: In its DSER for Chapter 11, the staff stated that Sec-
tion 2.3 of the DSER for Chapter 6 described an open issue regarding the
location of oil-filled transformers in relation to exterior building walls.
Section 2.3.3.11 of Chapter 6 of the Evolutionary Requirements Document
ptovides requirements for controlling transformer fires that may damage the
nearby buildings in an ALWR plant that the staff finds acceptable (see
Section 2.3 of Chapter 6 of this report). Therefore, this open issue is
resolved,

w

3.2.42 110, Equipment Protective Devices on Engineered Safety Features

Issue: Essential equipment has experienced a large number of failures or has
been incapacitated as a result of either the failure or the intentional bypass
of protective devices intended to trip active engineered safety features
(ESFs) for indications of equipment faults. Tne affected systems exist
throughout the plant and include the plant control system, the plant protec-
tion system, and the ESFs. The staft' is concerned that the reliability
estimates for essential equipment may not properly account for failure of the
protective devices. Because of the loss of redundant devices through failures
of circuits intended to be independent, there is an increased probability of
common-mode failure of redundant vital services. This issue needs to be
studied further to determine if failure rate estimates for essential equipment
have increased and if essential equipment could be made significantly more
reliable by improving the-reliability of protective devices.

EPRI Proposal: The Evolutionary Requirements Document includes a number of
specific design requirements to address the concerns of this issue. Chapter 5
requires that

plant systems embody sufficient robustness of design to tolerate a*

conservative number of spurious or inadvertent engineered safety system
actuations without the need for followup tests or inspections to verify
systems' integrity or operability (Section 2.2.7)
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each division of engineered safety systems be totally independent*

electrically unless it_ is otherwise physically impracticable or less safe
(Section 2.3.2)

Chapter 10 requires that:
,

a robust system design, including segmentation of ma.ior functions,*

separation of redundant equipment within a segment, and fault-tolerant
equipment, be developed to achieve high reliability and protection
against the propagation of faults (Section 2.2.3) ,

the man-machine interface system (M-MIS) equipment be designed and*

configured to readily support inservice testing by providing built-in
test features, incorporating good human factors principles, and avoiding
the use of undesirable features such as test jumpers or lifting of leads
(Section 2.2.4)

the M-MIS design process explicitly cons) der the potential for and the*

consequences of failures of plant and M-MIS components (Section 3.1.3.4)
>

the capability for continuous on-line self-testing of hardware integrity*

be provided for as much of the M-MIS as is practicable (Section 3.6.1)

on detection of a failure in the M-MIS, a system be designed so that it*

can be placed in such configuration that an additional single failure
will not prevent system-level protection or safety action (Sec-
tion 3.6.4).
the mean time to detect and repair failures down to the lowest replace-*

able module, averaged across all types of M-MIS equipment for the entira
design life, be less than 4 hours and the maximum time for a y module be
less than 8 hours (Section 3.7.4)

Staff Evaluation: In its DSER for Chapter 10, the staff agreed that the
implementation of the design criteria in the Evolutionary Requirements
Document would resolve this issue, with the exception of-the staff's concern
about lack of specific guidelines for exceptions to the independence criteria
for electrical systems. Since it has not prioritized Issue 110, the staff
will defer further evaluation of the open issue in the DSER'to its review of
individual applications for FDA/DC.

3.2.43 113, Dynamic Qualification Testing of Large-Bore Hydraulic Snubbers

Issue: Large-bore hydraulic snubbers (LBHSs) are active mechanical devices
used to restrain safety-related piping and equipment during seismic or other
dynamic events (e.g., high-energy line break), yet they also allow sufficient
piping and component flexibility to accommodate system expansion and contrac-
tion due to thermal transients, such as normal plant heatups-and cooldowns.
Dynainic qualification testing and periodic functional testing are important to
verify that the LBHSs are properly designed and maintained for the life of the
plant. The ALWR plant design is expected to be fully optimized with respect
to the use of LBHSs; that is, it is expected that as _few as possible will be
used and that there will be no redundancy.

- EPRI Evolutionary Plant SER 18.3-50
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EPRI Prooo gl: In Section 3.3.4.4.2 of Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI recognizes that the ALWR will not
make as extensive use of LBHSs as do some current plants. Furthermore, this
section states: "Section 4.2.3.5 of Chapter 6 of the ALWR Utility Require-
ments Document requires that test requirements for hydraulic snubbers shall be
established by the plant designer for their qualification for use -in the
ALWR." (In the elements of resolution, EPRI only commits generally to develop
dynamic tests for LBHSs.)

Staff Evaluation: In its DSER for Chapter 3, the staff concluded that EPRI's
commitment (in its topic paper dated July 9, 1987) that dynamic test require-
ments for the LBHSs will be consistent with the staff's observations on
dynamic qualification testing listed in the paper was adequate to consider
Issue 113 resolved for the evolutionary plants. However, this specific
commitment is not contained in the current version of the Evolutionary
Requirements Document.;

The staff's preliminary recommendations on the resolution of this issue at
this time include numerous recommendations for improving dynamic qualification
and testing in order to improve the reliability of LBHSs in hoth existing and
future plants. Additionally, an adjunct issue regarding s' ,cber single
failures is also being evaluated for application to ALWRs wht:re the use of
snubbers is expected to be reduced as much as possible.

For the above reasons and since the Evolutionary Requirements Document does
not provide sufficient detailed commitments.regarding this <ic , if snubbers
(including LBHSs) are used in ALWR evolutionary plant design'. . .he staff will
evaluate the environmental (including dynamic) qualification and inservice
inspection and testing requirements for conformance to NRC requirements that
are current at the time of the application during its review of individual
applications for FDA/DC.

Issue 113 has not yet been generically resolved by the staff and has a high
safety priority. Should the final agency resolution of this issue dictate
additional actions for ALWR evolutionary plant designs, the staff will expect
the FDA/DC applicant to address the resolution of Issue 113 for staff
evaluation.

3.2.44 118, Tendon Anchorage Failure

Issue: An inspection of a PWR prestressed concrete containment structure
showed that three lower vertical tendon anchor heads were broken. The
failures appeared to be caused by stress corrosion cracking. Quantities of-
water ranging from a few ounces to about 1.5 gallons were found in_ grease
caps.

EpRI Proposal: -Chapter 6 of the Evolutionary Requirements Document-states
that a freestanding steel containment for PWRs (Section 4.3.4.1) or a
reinforced-concrete containment for BWRs (Section 4.3.3.2) will be used.
-Since a prestressed concrete containment is not specified, no specific
requirements for tendon anchorage are provided.

Staff Evaluation: Since the Evolutionary Requirements Document indicates that
prestressed concrete containments will not be used for_ evolutionary plant
designs, this issue is not applicable. However, Issue 118 has not yet been
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prioritized by the staff, and should prestressed concrete containments be used
4 in any evolutionary plant designs, the staff will evalcate resolution of this

issue, as applicable, during its review of individual applications for FDA/DC.
,

3.2.45 120, On-Line Testability of Protection Systemsj

j Issue: During its 1985 review of several plant technical specifications, the
staff discovered that the design of protection systems of some plants did not

j provide as complete a degree of on-line (at-power) surveillance testing
capa'allity as other plants undergoing staff evaluation at that time. This
raised questions about the on-line testability of protection systems and the
possibility that some nuclear power plants might not provide complete testing'

; capability. Issue 120 was established to examine these questions. Protection
systems consist of the reactor protection system (RPS) and the engineered+

! safety featurn actuation system (ESFAS). The main concern of Issue 120,
i however, is the on-line testability of the actuation subgroup (slave) relays
j in the ESFAS.
t

The requirements for at-power testability of components are included in GDC 21
i of Appendix A to 10 CFR Part 50, RGs 1.22, " Periodic Testing of Protection
: System Actuation Functions," and 1.118, " Periodic Testing of Electric Power
i- and Protection Systems," and IEEE 338-1977, " Criteria for the Periodic Testing
: of Nuclear Power Generating Station Safety Systems," provide upplementary
4 guidance. This guidance is intended to ensure that protection (including
! logic, actuation devices, and associated actuated equipment) will be designed
! to permit testing while a plant is operating at power without adversely

affecting the plant's operation.*

EPRI Prooosal: Appendix 8 to Chapter 1 of the Evolutionary Requirements
Document does not address Issue 120. In a letter to the NRC dated Novem-

,

; ber 15, 1991, EPRI stated that Issue 120 was prioritized by the staff after
the January 1, 1990, cutoff date for consideration in Appendix B to Chapter 1.
EPRI further stated that Section 3.6 of Chapter 10 provides extensive require-
ments that appear to adequately address the technical concerns of this issue.

;

I Chapter 10 of the Evolutionary Requirements Document addresses the testability
requirements (Section 3.6) and the reactor protection and safety systems,' man-machine interface system (M-MIS) requirements'(Section 8) as follows:

;

Section 3.6.1 requires that the capability for continuous on-line self-i =

testing of hardware integrity be provided for as much of the M-MIS as is.

practical. This testing should not affect the system functionality and
should be performed on the module, as opposed to on-the-system basis.

; These tests may include, but are not limited to, RAM (random access
i memory) and ROM (read-only memory) failure checks, arithmetJc processing

unit failure checks, data-link buffer checks, and CPU (central processing
unit) reset of watch-dog timers.'

Section 3.6.2 requires that the capability for periodic functional-i *

testing of the systems be provided. This periodic testing should be
.

manually initiated, but automatically performed once initiated, and
! should meet the requirements of RGs 1.22 and 1.118 and IEEE 338.

Automatic initiation of periodic testing may be provided where the
3

testing does not degrade the system functionality.'
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Section 3.6.7 r j res that built-in, automated test features be provided*

for periodic functional testing, as necessary, to eliminate physis.&l
reconfiguration of systems (e.g., adding jumpers, lifting leads, swapping
cables) to perform the required tests. However, initiation of periodic,
automated functional tests should meet the requirements in Section 3.6.2.

Section 3.6.8 requires the safety-related sy* ems (e.g., reactor protec-*

tion and safety systems) to have automatic t st feature; that are sufft-
cient to meet the technical specification reouirements for periodic s

surveillance of the system's functionality as defined by RGs 1.22 and
1.118 and IEEE 338.

Section 3.6.9 requires that test features of the M-MIS be designed so*

that, to the degree practical, the tests can be performed with the plant
at power without causing spurious actuation of reactor trip devices or
safety system components. Where testing at power would upset plant

.

operation or damage equipment, provisions should be made to test the
equipment with the plant operating at reduced power or in a shutdown
condition. All tests required to be performed to keep the plant at-power
or increase power should be capable of being performed without shutting
down or reducing power.

Section 8.2.3.4 requires that the M-MIS for the protection and safety*

systems normally provide for testing to be initiated at the direction of
the operator, but the testing itself be largely automatic. For portions
of the M-MIS of these systems that can be tested without activation of
system components, the incorporation of automatic testing should be
evaluated by the M-MIS designer. Where automatic testing is impractical,
the M-MIS designer should provide operator aids or other features to
minimize the potential for operator errors. In no case should the
testirg impair the capability to carry out the protection or safety func-
tion. Where practical, the system should automatically realign itself
wbn its action is called for while it is being tested.

Section 8.3.2.3 requires that the RPS provide for automatic self-testing*

of as much of the system as is practical; that is, the RPS should require
initiation of testing by the operators only where automatic testing is
not practical.

Staff Evaluation: .The positions in Chapter 10 of the Evolutionary Require-
ments Document regarding the testability of protection systems appear, in
general, to be consistent with the staff's interim position on the resolution
of Issue 120. The staff, however, has a few concerns regarding the EPRI
proposal s.

In several places in Chapter 10 of the Evolutionary Requirements Document,
EPRI uses the wording "as much as practical." Since "as much as practical" is
subiact to wide interpretation, .more. precise wording should be chosen to avoid
co, ion and provide for extensive on-line testability.

On the basis of its review of Chapter 10 of the Evolutionary Requirements
Document, the staff is under the impression that there is a high likelihood
that the ALWR designer may choose to design the reactor protection and safety
systems instrumentation and control circuits to contain sensors, all digital
logic circuitry, and the combination of microprocessors and final actuation
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contacts that take the place of subgroup (slave) relays (the final actuation
.

contacts must change state in order to actuate the final actuated equipment).
) Should this be the case, the concern of issue 120 regarding the on-line test-

ability of the slave relavs for the current plants is changed to the on-line
testability of the microprocessors and the final actuation contacts for the

#

ALWR.
t

i Since the Evolutionary Requirements Document does not provide sufficient-
commitments, information, or design details regarding the above concerns, the

a

!
staff will evaluate resolution of these concerns during its review of inoivid-

; ual applications for FDA/DC.
1

! See Section 3.2.39 for resolution of the open issue addressed in the staff's
DSER for Chapter 5 (February 1990) for Issue 120.

;

Issue 120 has not yet been generically resolvi.d by the staff and has a medium
,

; safety priority, Should the final agency resuletior, of this issue dictate
.

additional actions for ALWR evolutionar; plant de;lans, the staff will expect

|1
the FDA/DC applicant to address resolution of Issue 120 for staff evaluation.

3.2.46 121, Hydrogen Control for Large, Dry PWR Containments4

$ Issue: As a result of the THI-2 accident, the Commission promulgated regula-
tory requirements on hydrogen control in 10 CFR 50.34 and 50.44. 10 CFR _l!

50.34(f) requires a hydrogen contrM 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 atmo-
i sphere that will not support hydrogen combustion. Plants covered by this rule

included only those whose construction pcrt its had not been issued at. the time
of the TMI-2 accident. The issue is whether this requirement applies to the

; evolutionary ALWR.
!
| EPRI Prorosal: In Section 3.5.3 of Appendix B to Chapter 1 cf the Evolution-

ary Requirements Document, EPRI originally proposed that the evolutionary,

i plant design have the capability to ensure that necessary accident prevention
: and mitigation functions can be performed during and after events in which
| hydrogen is produced. The Evolutionary Requirements Document originally

required that the design cecommodate an amount of hydrogen equivalent to that,
~ generated by oxidation of 75 percent of the fuel cladding surrounding the

active fuel. This was to be accomplished for a PWR dry containment by
containment volume and mixing so that the uniformly' distributed hydrogen gas
concentration in the containment does not exceed 13 percent under dry condi-

; tions. For a BWR, the Evolutionary Requirements Document permitted provision
i of a noncombustible containment atmosphere as an acceptable alternative

approach.

Staff Evaluation: In Appendix B of its DSER for Chapter 5, the staff conclud-;

ed that EPRI's _ proposed approach to resolving this issue was unacceptable.
The staff agreed with EPRI's proposal on hydrogen control for BWRs, indicating.

that inerting was an ' acceptable approach and would meet the requirements of.

10 LFR 50.44.;

In SECY-90-016, the staff recommended to the Commission that the hydrogen
control requirements for evolutionary plants be identical to those stated in
10 CFR 50.34(f). This regulation specifically requires a hydrogen control
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system that can safely accommodate an amount of hydrogen equivalent to that
generated by the reaction of 100-percent of-the fuel-cladding metaliand_ that
can ensure that uniformly distributed hydrogen gas concentrations in the
containment _do not exceed 10 percent by volume.- The Commission-approved the-

_

staff's recommendation in a staff requirements memorandum dated June-26, 1990.

In a letter Ated December 6,1991, EPRI stated that it-intends 'to fully
_

P
comply with she staff's position. Revision 4 to the_ Evolutionary Requirements
Document revised Section 3.5.3. of Appendix B_ to Chapter 1 of the Evolutionary
Requirements-Document to require that ALWR designs be_ capable of~ accommodating-
100-percent oxidation of active fuel cladding and either maintaining the
uniformly distributed maximum containment hydrogen gas concentration below
10 percent or ensuring that the atmosphere is incapable of supporting hydrogen
combustion. This is acceptable and resolves the open issue in the DSER.
However, since the staff position in SECY-90-016 is that the plant-specific
design must comply with 10 CFR 50.34(f) for combustible gas control, the staff
will review relevant design features for conformance to 10 CFR 50.34(f)-during
its review of applications for FDA/DC. See 'also the evaluations in Sec-
tions 2.3 and 6.5.1 of Chapter 5 of this ' report and the evaluation of Is-
sue A-48 in Section 3.2.10 of this appendix.

3.2.47 122.1.a. Davis-Besse Loss-of-All-Feedwater Event of June 9,- 1985:
Short-Term Actions - Failure-of Isolation Valves in Closed Position

Issue 122.1.a was subsumed by Issue 124. See Section 3.2.52.

3.2.48 122.1.b, Davis-Besse Loss-of-All-Feedwater Event of June 9,1985:
Short-Term Actions -' Recovery of Auxiliary feedwater

Issue 122.1.b was subsumed by Issue 124. See Section 3.2.52.

3.2.49 122.1.c, Davis-Besse loss-of-All-Feedwater Event- of ~ June 9,1985:
Short-Term Actions - Interruption of Auxiliary- Feedwater Flow--

Issue 122.1.c was subsumed by Issue-124. See Section 3.2.52.

3.2.50 122.2, Davis-Besse Loss-of-All-Feedwater Event of June 9,1985:
Short-Term Actions - Initiating Feed-and-Bleed

Issue: During the loss-of-feedwater event at- Davis-Besse,- the operators were-
reluctant to initiate feed-and-bleed cooling. The operators' actions raised
concerns regarding the adequacy of emergency procedures, operator training, -i

and available plant monitoring systems for determining the need to initiate
feed-and-bleed cooling following the loss of the steam generator. heat sink.

During the event at Davis-Besse, the steam generators became_ dry, meeting the
criteria for. the- initiation of- feed-and-bleed cooling. However, the operators
did not initiate feed-and-bleed operations.-:The staff-is-concerned'that
procedures and/or training may not be. adequate to ensure that opera'. ors-

initiate-feed-and-bleed cooling when it is necessary _to avert a core melt.

EPRI Proposal: . Section 3_ of Chapter 10 of- the Evolutionary Requirements,

Document requires that the_ function and task analysis.be used.in the develop-
ment of control room instrumentation and operating procedures and that it
explicitly consider the actions-of- operators to control the plant.
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Staff Evaluation: In its DSER for Chapter 10, the staff concluded that the
design criteria in the Evolutionary Requirements Document were acceptable.
However, it also concluded that since the Evolutionary Requirements Document
does not provide the necessary details, the staff will evaluate the operator
training program and emergency operating procedures during its review of
individual applications for FDA/DC.

3.2.51 123, Deficiencies in the Regulations Governing Design-Basis-Accident
and Single-Failure Criteria Suggested by the Davis-Besse Event of
June 9, 1985

Issue 123 was mentioned in Appendix A of the staff's DSER for Chapter 3_(May
1988), but was not evaluated. In March 1992, Issue 123 was dropped as a
generic issue; therefore, no evaluation is necessary.

3.2.52 124, Auxiliary Feedwater System Reliability

Issue: A function of the auxiliary feedwater (AFW) system in the majority of
current plants is to supply water to the secondary side of the steem genera-
tors during system fill, normal plant heatup, normal plant hot standby, and
normal plant cold shutdown. The AFW system also functions following loss of
normal feedwater flow, including loss due to offsite power supply failure, and
provides emergency feedwater (EFW) following such postulated accidents as a
main feedwater line break or a main steamline break.

The loss of all feedwater at Davis-Besse resulted in an NRC investigation of
the event that indicated that the potential inability to remove decay heat
from the reactor core was due to the questionable reliability of the EFW
system caused by any or all of the following:

loss of all AFW as a result of the common-mode failure of the AfW pump*

discharge isolation valves to open

excessive delay in recovering AFW because of difficulty in restarting AFW*

pump steam-driven turbines once they tripped

interruption of AFW flow because of failures of features used to mitigate*

the effects of steamline and feedwater line break accidents

In addition, the investigation of the event indicated that (1) a two-train
system with a steam turbine-driven AFW pump may not be able to achieve the
desired level of reliability and -(2) the provision to automatically isolate
AFW from a steam generator affected by a main steam or feedwater line break
may tend to increase the risk that adequate decay heat removal is not avail-
able rather than to decrease it.

EpRI Proposal: Section 5.3.1.2. of Chapter 5 of the Evolutionary Requirements
Document states that the EFW system will be a dedicated safety-related system
that will have no function for normal operation. The Evolutionary Require-
ments Document requires that

A safety-grade supply of feedwater be provided of sufficiens volume to*

permit safe cold shutdown, based on -(l) a main feedwater line break
without isolation of EFW flow to the affected steam generator for
30 minutes, (2) refill of the intact steam generators, (3) 8 hours of-
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operation at hot standby conditions, (4) subsequent cooldown of the
reactor coolant system within 6 hours to conditions that permit ooeration
of the residual heat removal system, and (5) continuous operation of one
reactor coolant pumn. (Section 5.3.2.3.1, Chapter 5)

The EFW system use two noncondensing steam turbine-driven pumps and two*

electric motor-driven pumps. Any two pumps for four-steam-generator
s

plants and any one pump for two-steam-generator plants must be capable of
satisfying the flow requirements for licensing design-basis-accident
conditions. Any single pump must be capable of satisfying the flow
requirement for best-estimate evaluations of core damage frequency.
(Section 5.3.3.1.2, Chapter 5)

Each turbine-driven pump be supplied with steam only from the steam*

generator it supplies with feedwater. (Section 5.3.3.1.5.1, Chapter 5)

A cavitating venturi be provided in the discharge line to each steam*

generator to prevent pump cavitation due to runout and also to minimize
other potentially adverse effects of excessive EFW flow. (Sec-
tion 5.3.3.1.8, Chapter 5)

The rate of opening of the steam supply valves to the turbine-driven*

pumps be limited to the extent required to ensure reliable startup of the
pumps. (Section 5.3.3.2.3, Chapter 5)

Restart of the turbine-driven pumps following an overspeed trip be*

facilitated by ensuring ready access to pumps, by labeling-the components
required to reset the-overspeed trip, and by requiring the manufacturer
to provide a clear sat of reset instructions to be posted adjacent to
each pump. For designs that use an electronic trip that is set below the
mechanical overspeed trip, reset capability from the control room must be
provided. (Section 5.3.3.2.4, Chapter 5)

Isolation and flow-regulating valves in the turbine-driven pump discharge*

lines be capable of performing their safety function independent of
normal offsite and emergency onsite ac power. Manual capability must be
provided to permit pcsitioning of these valves in the event of a loss of
power. (Section 5.3.3.4.2, Chapter 5)

Automatic and manual initiation of EFW flow be provided. The EFW control*

system must have a safety-grade control system that will feed the steam -
generator at a maximum rate when the steam generator water level falls
below the minimum steam generator water level assumed in the plant safety
analysis. (Section 4.2.3.4, Chapter 3)

The steam generator system be designed so that actuation of the EFW*

system is not required for at least 20 minutes following the point at
-

which the low-level setpoint is reached. (Section--4.2.8.1, Chapter 3)'

The minimum flow delivered to the steam generators under licensing*

design-basis-accident conditions ensure adequate heat removal from the
reactor coolant system. (Section 5.3.2.1.1, Chapter 5)
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The minimum flow delivered to the steam generators ensure adequate heat*

removal from the reactor coolant system for best-estimate evaluations of
core damage frequency. (Section 5.3.2.1.3, Chapter 5)

The plant designer define the mass and energy input to the containment*

resulting from flow of EFW to the affected steam generator following a
main steamline break and ensure that this is accounted for in the
containment design. Operator action to terminate EFW flow to the
affected steam generator must not be assumed before 30 minutes. The
system should not rely on automatic isolation of EFW to prevent contain-
ment overpressurization. (Section 5.3.2.2, Chapter 5)

The plant designer perform an anelysis of each automatic control loop of*

the EFW system to demonstrate capability for stable operation over the
full range of operating conditions. (Section 5.3.3.5.1, Chapter 5.)

Staff Evaluation: In its DSER for Chapter 5 (February 1990), the staff
concluded that EPRI's proposed resolution satisfactorily addressed the staff's
AFW system reliability concerns. However, the staff will verify the accept-
ability of the analyses (discussed above) performed by the designer or
applicant during its review of individual applications for FDA/DC.

3.2.53 125.11.7, Davis-Besse loss-of-All-Feedwater Event of June 9, 1985:
Long-Term Actions - Reevaluate Provision To Automatically Isolate
Feedwater From Steam Generator During a Line Break

Automatic isolation of AFW from a steam generator is provided to mitigate the
consequences of a steam or feedwater line break; however, it is needed only in
a relatively rare event (steam or feedwater line break), in contrast, this
isolation has many disadvantages. The safety significance of this issue
arises from the fact that the negative aspects of automatic isolation involve
accident sequences that have more frequent initiators and more significant
consequi! ces than those of the positive aspects. The staff concluded that
removal of the AFW automatic isolation feature will neither result in a
substantial safety improvement nor be cost effective and resolved the issue
deciding to take no action. This does not preclude, however, an applicant
from proposing the removal of the automatic isolation feature on the basis of
plant-specific considerations.

See the staff's evaluation of Issue 124 in Section 3.2.52.

3.2.54 125.11.11, Davis-Besse loss-of-All Feedwatcr Event of Jur.e 9,1985:
"Long-Term Actions - Recovery of Main Feedwater as Alternative to

Auxiliary Feedwater

Tnis issue addressed alternative means of recovering feedwater should-the AFW
systems of PWRs fail. In resolving issue 124, the staff evaluated the
potential alternative recovery methods for both main and AFW systems for
plants with two-train AFW systems. Contingent on implementation of the
staff's recommendations proposed as the resolution of Issue 124, Is-
sue 125.11.11 was dropped as a new and separate generic safety issue. See tb
staff's evaluation of Issue 124 in Section 3.2.52.
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3.2.55 127, Maintenance and Testing of Manual Valves in Safety-Related
Systems

Inug: Following a loss of power for the integrated control system at Ranchou
Seco, the operators attempted to close the auxiliary feedwater manual isola-
tion valve. The isolation valve could not be moved, even with a valve wrench.
The valve was seized because of inadeqt te lubrication as a result of a lack
of preventive maintenance over the 10- to 12-year operational _ life of the
plant. The staff informed licensees of this incident in IE Information
Notice 85-61, " Failure of Auxiliary Feedwater Manual isolation Valve "
Because the estimated reduction in public risk would be minimal as a result of
the resolution of this issue, Issue 127 was assigned a low safety priority.

EPRI Proposal: Section 5.6.3 of Chapter 10 of the Evolutionary Requirements
Document statcs that the ALWR is expected to use a large amount of multiplexed
data. This use will aid in plant operations, including maintenance planning
and testing.

Staff Evaluation: In the DSER for Chapter 10, the staff agreed with EPRI that
the implementation of the design criteria in the Evolutionary Requirements
Document would resolve this issue. However, since a final resolution for this
issue had not yet been developed, the staff concluded that any additional
criteria resulting from the resolution of Issue 127 would have to be met by
the ALWR designers.

Issue 127 has nnt yet been generically resolved by the staff and has a low
safety priority. Unless the safety priority of this issue changes to medium
or high, the FOA/DC applicant will not be expected to address the resolution;

of Issue 127.

3.2.56 128, Electrical Power Reliability

Issue: Concerns have been raised regarding the dependence on Class lE power,
especially dc power, of the decay heat removal systems required for long-term
heat removal. Failure of one division would generally result in a reactor
scram, which would then require removal of decay heat. The frequency of
reported failures of single dc divisions gives rise to the concern that the
second de division may not be available.

Two of the specific reasons for the concern that safety-related power may be
unreliable are addressed by Issue 128. One reason is that some operating
nuclear power plants do not have technical specifications 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 and might place certain
safety systems in a situation where they could not meet the single-failure
criterion. This is of particular concern during the period before the start

i and load of emergency diesel generators following a loss of offsite-power.
The other reason is that the design of some plants does not provide interlocks
to prevent the inadvertent closure of the single tie breaker between Class 1E
buses of all voltages.

.
EPRI Proposal: Section 3.11.1.4.1 of Appendix B to Chapter 1 of the Evolu-

! tionary Requirements Document states that-the concerns raised by this issue
can be resolved by avoiding the use of bus tie breakers that could compromise
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division independence and by providing a reliable de power supply, especially
when the failure of one de power system leads to a reactor scram. Sec-
tion 3.11.1.4.2 lists the following design criteria to address this issue:

Section 2.2.8 of Chapter 5 requires that each division of the engineered*

safety systems requiring electric power be provided with an emergency
onsite source of ac and/or de power.

Section 2.2.9 of Chapter 5 requires that at least two separate and*-

independent connections be provided to offsite power sources capable of
starting and running all Class IE loads required for safe shutdown.

Section 2.3.1 of Chapter 5 requires that the specified functions of engi-*

neered safety systems be met by the use of redundant divisions.

Section 2.3.2 of Chapter 5 requires that the divisions of engineered*

safety systems be totally independent and separated both mechanically and
electrically, except for areas in which it is physically impractical or
less safe.

Section 3.3.1 of Chapter 5 requires the decay heat removal systems to be*

redundant and safety grade.

Section 4.2.1 of Chapter 5 requires that BWR designs have three indepen-*

dent divisions for the core coolant inventory control (CCIC) and decay
heat removal (DHR) systems.

Section 4.2.6.1 of Chapter 5 requires that each division of the CCIC and*

DHR systems for BWR designs have its own independent emergency at and de
power source.

Section 5.1.2.1 of Chapter 5 requires that PWR designs have two indepen-*

dent divisions for the CCIC and DHR functions.

Section 5.2.3.1.1 of Chapter 5 requires that the PWR designs have two*

independent divisions for the residual heat removal function.

Section 2.3.6 of Chapter 11 requires-that each division of engineered*

safety systems requiring electric power be provided with an independent
emergency onsite source of ac and de power

Section 3.2.3 of Chapter 11 requires that at least two separate and*

independent connections for offsite power sources capable of 5.arting and3

running all Class lE loads required for safe shutdown be included in the
design.

Sections 2.3.6, 2.3.7, and 2.3.10 of Chapter 11 require separation of*

electrical power-systems to preclude interactions that could adversely
affect the functioning of the de power systems. Specifically, -the use of
bus ties between safety divisions is prohibited.

Sections 2.3.9 and 2.3.11 of Chapter 11 require that non-safety-related*

loads be placed on power supplies that are completely separate from those
on which safety-related loads are placed.
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Section 7.2.l'of Chapter 11 requires that the' loss of any plant battery*

or de bus concurrent with a single independent failure in any other
system required for shutdown cooling not result in a total loss of
reactor cooling capability.

Section 7.3.2.4 of Chapter 11 requires that each reactor protection*

channel be normally powered from a dedicated Class IE source that is
normally independent of other de sources.

In summary, the Evolutionary Requirements Document states that each' division
,

of the engineered safety systems will have an emergency onsite' source of ac- ;

and de power and at least two connectior.s for offsite power, all of which will
be separate-and independent. -Specifically, there will be thre.e independent ;

divisions of decay heat removal for the BWR design and two for the .PWR design, a

each with its own emergency ac and de power source.

Staff Evaluation: The design criteria EPRI proposes for the evolutionary
design adequately address the design concerns of Issue 128. Additional
related concerns regarding the failure of a de bus causing an event and
coincident failure of another de bus are' discussed further in Chapter 11 of
this report.

However, some concerns of Issue 128 that-involve operational aspects need 'to
be addressed by-implementation of appropriate procedures and controls (e.g.,

-

through technical specifications). - Since the Evolutionary Requirements
Document ~does not provide sufficient details regarding plant operations to-
fully resolve these concerns of Issue 128, the staff will evaluate these items
(including operations, maintenance, and testing) during its review of individ-

' ual applications for FDA/DC.

Issue 128 has not yet been generically resolved by the staff and has a:high-
safety priority. Should the-final resolution of this issue dictate additional'
actions for ALWR evolutionary plant designs, the staff will-expect the FDA/DC

1 applicant to address the resolution of Issue 128 for staff evaluation. '

3.2.57 130, Essential Service Water Pump Failures at Multiplant Sites- -

Issue: This issue was identified as a result of the vulnerability of Byrca
Unit 1 to core-melt sequences with Unit 2 not operational.: While Unit.2 was

-

under construction, it was necessary to make a third service water pump--

available to Unit I via a crosstie with one:of the two Unit 2 essential
service water-(ESW)_ pumps. This plant-specific issue raised concerns relative
to multiplant units that' have only two ESW pumps per plant but- have crosstie
capabilities. - A limited survey of Westinghouse plants helped to identify: the

- generic applicability of vulnerabilities of multiplant configurations with
only two ESW pumps per plant. In the multiplant configurations identified

L (approximately 16 plants), all plants can share ESW pumps via a crosstie
| between plants. Efforts to resolve this issue are to include.a survey of,.
L Babcock and Wilcox and Combustion Engineering plants to determine if similar-
'

multiplant configurations with two ESW pumps per plant and crosstie capabili--
ties exist'in these vendors' designs and a survey of single-unit plantsLto- .

determine if similar ESW vulnerabilities exist.-
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EPRI Proposal: Proposed elements for resolving for this issue are included in
Section 3.8.1 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document.

Staff Evaluation: In the DSER for Chapter 8, the staff reported that Issue
130 raised concerns about multiplant units that have only two ESW pumps per
plant with crosstie capabilities. Accordingly, the specific core-melt and
radiological risks (consequences) determined by the evaluation of Issue 130
pertain only to the generic model cultiplant configuration with two ESW pumps
per plant. Sections 5.2.1 and 5.2.2 of Chapter 8 of the Evolutionary Require-
ments Document specify that the safety service water (SSW) system will have
two pumps per division (with three independent divisions for the BWR and two
independent divisions for the PWR). Section 3,8.1.4 of Appendix B to Chap-
ter 1 states that a failure of a single pump will not prevent the SSW system
from performing its intended safety-related function, and at multiplant sites,
the reliability of the SSW system at the other unit or units will not i-
affected.

The staff indicated, however, that this design approach addressed only a
portion of the reliability problems being considered under Issue 130. Both
pumps are required in a given division to meet licensing-basis requirements,
such as cold shutdown within 36 hours with a concurrent single failure, which

i
~

defeats the redundant division. The Evolutionary Requirements Document also
prohibits crossties between divisions and between units if more than one unit ,

is placed at a site. Although elimination of the crosstie capability achieves !

simplicity and precludes certain operator errors, there are certain negative:

i aspects, such as loss of flexibility during recovery actions.

The staff stated that EPRI should further examine the reliability aspects
associated with the ALWR ESW systems and propose enhancements to the designs,

; if warranted. It suggested that EPRI consider providing t a separate and
independent intake structures, as well as incorporating a rosstie capability'

between plants with the attendant flexibility in recovery 4 tions.
I Regarding crosstie capability, EPRI responded that it had reviewed the SSW

system configuration and its reliability and performed a probabilistic risk,

| assessment for three different cooling water configurations (to compare
relative reliabilities). From these analyses, EPRI concluded that crossties

,

would be provided only if the plant designer demonstrated a compelling safety,
| _ operability, or availability need. Consequently, EPRI has decided not to
! include crossties to provide flexibility in recovery actions because the

system design with crossties would increase in complexity.

Since a ' final resolution of Issue 130 has not yet been developed, the staff
will evaluate the resolution of this issue during its review of individual
applications for FDA/DC.

4

Issue 130 has a high safety priority.
,

3.2.58 132, Residual Heat Removal Pemps inside Containmentj
! Issue: Residual heat removal (RHR) pumps located inside the containment that
i have not been qualified for a harsh environment cannot be given credit in
| licensing analyses for providing long-term decay heat removal.
;

!
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EPRI Proposal: Section 5.2.3.1.4 of Chapter 5 of the Evolutionary Require-
ments Document specifies that all RHR pumps should be located outside the
containment.

Staff Evaluation: In its DSER for Chapter 5 (February 1990), the staff
concluded that the requirement that all RHR pumps be located outside the
containment was a satisfactory resolution of this issue. However, Issue 132
has not yet been prioritized by the staff and a generic resolution has not
been developed. The final resolution may dictate additional actions for Al.WR
evolutionary plant designs. Therefore, the staff will evaluate -the resolution
of this issue, as neces;ary, during its review of individual applications for
FDA/DC.

3.2.59 135, Steam Generator and Steamline Overfill

Issue: This issue was initiated in 1986 to integrate all current generic
issue activities on steam generator and steamline integrity. These acti ities4 l

started as a result of several steam generator tube rupture (SGTR) events that-

i occurred in operating PWRs. At least one of the events led to overfilling of
: the secondary side of the steam generator. This overfilling resulted in water

in the steamline, which in turn caused safety valves designed for steani,

j service to pass water and resulted in unanalyzed loads on the steam piping,

The 14 subissues of Issue 67 regarding staff actions that are integrated under,

i this issue are as follows:

(1) Improved A;cident Monitoring (Issue 67.3.3)'

(2) Reactor Vessel Inventory Measurement (Issue 67.3.4)
(3) Reactor Coolant Pump Trip (Issue 67.4.1),

: (4) Control Room Design Review (Issue 67.4.2)
} (5) Emergency Operating Procedures (Issue 67.4.3)

(6) Organizational Responses (Issue 67.6,0)-

; (7) Reactor Coolant System Pressure Control (Issue 67.9.0)
i (8) Steam Generator Overfill (Issue 67.3.1)
! (9) Reassessment of Radiological Consequences (Issue 67.5.1)
i (10) Reevaluation of SGTR Design Basis (Issue 67.5.2)
~

(11) Improved Eddy Current Tests (Issue 67.7.0)
(1 M Supplemental Tube Inspections (Issue 67.10.0),

(13) Integrity of Steam Generator Tube Sleeves (Issue 67.2.1)
(14) Denting Criteria (Issue 67.8.0)

; Studies concentrating on these 14 subissues have provided a better understand-
| ing of steam generator and secondary system integrity, including water hammer

and its effect on secondary system components and branch lines as well as
i radiological consequences. The conclusion resulting from the studies made

under this issue was that Subissues 1-8 are resolved, Subissues 9-12 are being,

'

pursyrd independently, and Subissues 13 and 14 are of little safety signifi-
' cau e and have been designated as regulatory impact issues.

The basis for the resolution or Subissues 1-7 was that the concerns were,

addressed in the Three Mile Island Action-Plan and implemented by multif ant
action (MPA) letters. For Subissue 8, all aspects of steam generator overfill

|
,

;
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(SG0F), except SG0F by SGTR, were considered under issue A-47 (former unre-
solved safety issue). The staff investigated the risk associated with SG0F by
SGTR and found it to be a small contributor to core damage frequency.
Therefore, this subissue was closed without any new requirements.

EPRI Proposal: Section 3.3.5.5 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document (Revision 1) states that " total resolution of this issue
is not applicable to design and thus is not applicable to the ALWR Utility
Requirements Document." However, the Evolutionary Requirements Document
includes requirements pertaining to the following:

d
clear access in the vicinity of the primary side manways (Sec-*

tion 4.4.1.4, Chapter 3)

space and arrangements inside the steam generator primary channel head to*

facilitate inspection and repair (Section 4.6.2, Chapter 3)

water level indicator of reactor vessel inventory during normal operation*

and postaccident conditions (Section 4.5, Chapter 3)

automatic control of steam generator water level (Section 4.2.3.2.1,
Chapter 3)_

design to prevent secondary-side safety valve actuation for an SGTR*

(Section 4.2.5, Chapter 3)

steam generator materials (Section 4.4.1.1, Chapter 3)*

tube bundle arrangement (Section 4.4.1.2.1, Chapter 3)*

'0prevention of water hammer in the steam generators (Section 4.4.1.8,*

Chap'er 3)

minimizing emergency feedwater flow (Section 5.3.3.1.8, Chapter 5)*
,

a safety depressunization and vent system to depressurize the reactor*

coolant system during an SGTR event (Section 5.5, Chapter 5)

The Evolutionary Requirements Document also state: that "this issue has
several elements, many of which are not yet defined or even assessed.... [I]t
is not clear that the requirements directly address this issue."

11aff Evaluation: The staff agrees with the inclusion of the requirements
listed above and the statement in the Evolutionary Requirements Document
regarding'the not yet defined and assessed elements of this issue. However,
it is not clear why EPRI states that total resolution of this issue is not
applicable to the evolutionary design and what is EPRI's position regarding
the actio'is required by the MPA letters. Consequently, the staff will
evaluate the resolution of Issue 135 during its review of individual applica-
tions for FDA/DC using the appropriate requirements and guidance current at
that time.
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3.2.60 142, Leakage Through Electrical isolators in Instrumentation Circuits

Issue: This issue addresses electrical isolaters usea to maintain electrical
separation between safety-related and non-safety-related electrical systems in
nuclear power plants, thus preventing malfunctions in the mn-safety-related
systems from degrading the performance of safety-related r,ecuits. The
primary concern is that the amount of energy that could pass through certain
types of isolation devices (ar.d be transmitted to safety-related circuitry)
during certain electrical transients might damage or seriously degrade the
performance of Class IE components or cause the isolation devices to give a
false output, or the electrically generated noise on the circuit might cause
the is.olation device to give a false output.

EPPI Proocsal: Not provided in Section 3 of Appendix B to Chapter 1 of the
Evolutionary Requirements Document.

Statf Evaluation: Section 3.1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states that it specifically addresses compliance with
high- and medium-priority and nearly resolved generic safety issues included
as of January 1990 in NRC's generic issue management control system (GIMCS).
As of December 31, 1989, although Issue 142 was identified in Appendix B of
NUREG-0933 as being applicable to future plants, it had not yet been priori-
tized. a

As of the first-quarter fiscal year 1992 update of the GIMCS report, Issue 142
had a medium safety priority. Since this issue is not addressed in the
Evolutionary Requirements Document, the staff will evaluate its resolution
during its review of individual applications for FDA/DC.

3.2.61 143, Availability of Chilled Water Systems and Room Cooling

Issue: In recent years, several nuclear power plants have experienced
problems with safety system components and control systems that were caused by
a partial or total loss of heating, ventilating, and a'r conditioning (HVAC)
systems. Many of these problems exist because of the desire to provide
increased fire protection and the need to avoid severe temperature changes in
equipment control circuits. Since the Browns Ferry fire, considerable effort
har been expended to improve the fire protection of eq G ment required for
safe shutdown. Generally, this improvement has been made by enclosing the
affected equipment in small, isolated rooms. The result has-been a signifi-
cant increase in the impact of the loss of room cooling. Plant control and
safety have improved with the introduction of e~iectronic integrated circuits;
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 residual heat removal 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 such failures occur, the impact of these failures on the proper function-
ing of air cooling systems has not been considered and plants with similar,
inherent deficiencies may not be aware of these problems.

EPRI Prooosal: Not provided in Section 3 of Appendix B to Chapter 1 of the
Evolutionary Requirements Document.
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Staff EvalnL{s: Section 3.1 of Appendix B to Chapter 1 of the Evolutionary
3 Requiremenl'. Document states that it specifically addresses compliance with

high- and medium-priority and nearly resolved generic safety issues included
; as of January 1990 in NRC's GIMCS. As of December 31, 1989,- although Is-

sue 143 was identified in Appendix B of NUREG-0933 as. being applicable to
future plants, it had r:ot-yet been prioritized.

As of the first-quarter fiscal year 1992 update of the GIMCS report, Issue 143-

) had a high safety priority. Since this issue is not addressed in the Evolu-
~ tionary Requirements Document, the staff will evaluate its resolution during

its review of individual applications for FDA/DC.

3.2.62 151, Reliability of Recirculation Pump Trip During an Anticipated
Transient Without Scram

i

: Inn: Issue summary was not published in NUREG-0933 when this appendix was
j prepared.
i

EPRI Proposal: Not provided in Section 3 of Appendix B to Chapter 1 of the'

| Evolutionary Requirements Document.

Staff Evaluation: Section 3.1 of Appendix B to Chapter 1 of the Evolutionary
Requirements Document states that it specifically addresses compliance with
high- and medium-priority and nearly resolved generic safety issues included
as of January 1990 in NRC's GIMCS. As of December 31, 1989, although Is-'

i sue 151 was identified in Appendix B of NUREG-0933 as being applicable to
! future plants, it had not yet been prioritized.
4

As of the first-quarter fiscal year 1992 update of the GIMCS report, Issue 151
had a medium safety priority. Since this issue is not addressed in the.

; Evolutionary Requirements Document, the staff will evaluate its resolution
; during its review of individual applications for FDA/DC.
1

i 3.2.63 153, Loss of Essential Service-Water in Light-dater Reactors
i

Issue: This issue addresses the potential unavailability of the essential.

service water (ESW) system for all LWRs except those seven multiplant sites
addressed under Issue 130. The ESW system at a ni! clear power plant supplies
cooling water to transfer heat froin various safety-related and non-safety-
related systems and equipment to the ultimate-heat sink of the plant, it is

j known by different names at various types of- plants. The design and opera-
tional characteristics of the ESW system are different for PWRs and BWRs. In
addition, these characteristics may differ significantly-in each of these

i reactor types.

Under Issue 153, the staff will examine all potential causes for ESW system
; unavailability, except those that are considered to be resolved by implement-

ing the resolutions addressed in GL 89-13, such as biofouling, sedir..ent,*

corrosion, and erosion (Issue 51). The safety concerns of this issue include
partial- or complete loss of ESW system functions resulting from common causes.

' (such as icing of the intake structure), degradation of the' ESW system, design
deficiencies, and procedural or maintenance errors. A complete loss of the

,

ESW system could lead to a core-melt accident, posing a significant risk to
the public.

EPRI Evolutionary Plant SER 18.3-66



- = . . - - - -_ _

EPRI Proposal: Not provided in Section 3 of. Appendix B to Chapter 1 of the
Evolutionary Requirements Document.

The design features for the safety service water (SSW) system provided in
Section 5.2 of Chapter 8 of the Evolutionary Requirements Document are
summarized as fs. lows:

Performance Requirements*

The SSW system will be designed to meet the required heat loads.-

- The SSW system will be provided with two pumps and two heat exchang-
ers per division.

- The plant designer will provide analyses for all potential operating
conditions that properly account for uncertainties.

System Arrangement*

- The SSW system will be divided into approximately equal-sized divi-
sions, two for the PWR and three for the BWR.

- A division will be made up of independent piping systems, each with
pumps, heat exchangers, strainers, controls and instrumentation,
power supplies, and associated equipment required for regulating
system flow.

Staff Evaluation: Section 3.1 of Appenaix B to Chapter 1 of the Evolutionary
Requirements Docurr. ant states that it specifically addresses compliance with
high- and medium-priority and nearly resolved generic safety issues included
as of January 1990 in NRC's GIMCS, Issue 153 was identified after Decem-
ber 31, 1989, and, therefore, was not included in Appendix B to NUREG-0933
until the June 30, 1990, update as being applicable to future plants; it was
assigned a medium safety priority in February 1991.

The performance requirements and system arrangement for the SSW system
indicated above do not adequately address the safety concerns of Issue 153.
These concerns include partial or complete loss of ESW system functions
resulting from common causes, degradation of the SSW system, design deficien-
cies, and procedural or maintenance errors. The Evolutionary Requirements
Document should provide an assessment of these potential failure modes and
their associated contributions to the cone damage frequency and should
identify dominant accident sequences. The Evolutionary Requirements Document
states that the plant designer will be responsible for addressing these
concerns for the future plant-specific design.

Since the Evolutionary Requirements Document does not provide sufficient
information, the staff will evaluate resolution of Issue 153 during its review
of individual applications for FDA/DC.

3.2.64 HF 4.4, Procedures - Guidelines for Upgrading 0ther Procedures

| Issue: This issue addresses whether the staff needs to develop technical
| guidance for industry use in upgrading both normal and abnormal operating
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procedures. Future work in this area includes the development of guidelines4

for the review of programs to upgrade procedures at nuclear power plants.

EPRI Proposal: In the note to Table B.3-1 in Appendix B to Chapter 1 of the
Evolutionary Requirements Document, EPRI states that Issue HF 4.4 was deter-
mined, through the NUREG-1197 screening process, to be not technically
relevant to the ALWR design. Nevertheless, the Evolutionary Requirements
Document addresses this issue in Section 3.10.3 of Appendix B to Chapter 1.

Staff Evaluation: Appendix A to NUREG-1197 identifies issues that the staff
determined were not applicable to the ALWR Program according to six catego-
ries. Issue HF 4.4 is listed as a Code (or Category) 5 item, that is, an

i issue not applicable to plant design, such as plant operation and operating
procedures, management of operations, accident management and emergency
preparedness, operator training and qualifications, inspection and mainte-
nance, and operating experience reporting. By using the definition of
Appendix A to NUREG-1197 for nonapplicability of generic safety issues to the
ALWR Program, Issue HF 4.4 would be categorized as not applicable because it
addresses procedures.

Despite this information, the Evolutionary Requirements Docurent addresses
Issue HF 4.4 (in apparent conflict with the note to Table B.3-1 in Appendix B
to Chapter 1 discussed above) stating in Section 3.10.3.4.3 of Appendix B to
Chapter 1 that plant operating procedures will be an integral part of the
plant design. As a result, the staff has evaluated the proposed elements for
resolving this issue.

In its DSER for Chapter 10, the ' df concluded that the information in the
Evolutionary Requirements Docume as not sufficient to determine if the
requirements for the design, del mament, and validation of plant procedures
were acceptable. The staff stated that although the electronic display of
procedures might enhance information display flexibility,- the limitations and
constraints associated with this technology, as well as the operability,
maintainability, and reliability of this technology, should be fully evaluated
in the context of the entire control room and other control station designs
before committing to such an approach. EPRI also should evaluate issues
concerning the use of mixed types of procedures from one control station to
the next, as well as the requirement for the active simulator to be used for
the validation of procedures. Since the Evolutionary Requirements Document
still does not yrovide sufficient information regarding these concerns, the
staff will evaluate the resolution of Issue HF 4.4 during its review of
individual applications for FDA/DC.

Issue HF 4.4 has not yet been generically resolved by the-staff and has a high
safety priority. Should the final agency resolution of this issue dictate
additional actions for ALWR evolutiunary plant designs, the staff will expect
the FDA/DC applicant to address the resolution of Issue HF 4.4 for staff
evaluation.

3.2.65 HF 5.1, Man-Machine Interface - Local Control Stations, and

3.2.66 HF-5.2, Man-Machine Interface - Review Criteria for Human Factors
Aspects of Advanced Controls and Instrumentation
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Issue: To ensure that the man-machine interface (M-MI) is adequate for the
safe operation and maintenance of nuclear power plants, the staff concluded
that the following should be developed: (1) human factors engineering guide-,

lines for correcting H-MI problems and (2) regulatory guidance for integrating
*

human factors engineering into new designs and into advanced technologic&l
improvements incorporated into existing designs.;

i Issue HF 5.1 addresses the expansion of efforts to provide guidance for the
development of local control stations and auxiliary operator interfaces.-

} Regulatory efforts on M-MIS have been limited to the control room and the
"

remote shutdown panel. Additional guidance on improvements of existing
annunciator systems may also result from these efforts. The staff expects to,

perform job and task analyses of control room crew activities to identify and1
~

describe communication and control links between the control room and theauxiliary control stations. In addition, the staff will analyze the functions
of the auxiliary personnel from the task analyses to estimate the potential

J
,

| impact of errors by auxiliary personnel on the safety of the plant.

Issue HF 5.2 addresses the development of guidelines on the use and evaluation
of improved annunciator systems that use advanced technologies. The staff is
concerned that the human engineering guidelines used in current nuclear power4

plant control rooms, although adequate for current designs, may not be
; sufficient for the advanced and developing technologies that will be intro-

;'

duced inte existing and future designs. ;

Solutions for these issues are expected to result in modifications of regula-,

i tory guides, the Standard Review Plan, and other guidance,

i EPRI Prooosal: In Section 3.10.3 of Appendix B to Chapter 1 of the Evolution-
ary Requirements Document, EPRI states that new and improved designs and
systems, such as annunciator systems, computer systems, and other operational,

3

aids, will be required in a design that meets the design criteria of the
Evolutionary Requirements Document to improve the H-MI. EPRI also states that

} a number of design features are required in the Evolutionary Requirements
j Document that address these human factors issues, including the following:,

Section 8.2.1.2 of Chapter 1 requires that human factors design princi-*
,

! ples be consistently applied throughout the design process for each
; operation workspace to reouce operation errors during all plant modes.
i'

Section 11.1.3.1 of Chapter 1 requires that the design process emphasize*
'

the human-machine interfaces and that an or 31ng analysis be conducted to
; ensure that these requirements will i;e met.
.

Section 11.10.4 of Chapter 1 requires that the designer provide a plant*

simulator / performance model that can be used to study the human engineer-
7 ing aspects of the plant controls and control room design.
i

Section 11.11 of Chapter 1 requires that the interdisciplinary design+

i review group include one member knowledgeable about the principles of
; human factors. ,

.

Section 2.1.1 of Chapter 10 requires that operator limitations not be*

challenged.

~
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Section 2.2.10 of Chapter 10 requires the applintion of advanced*

technology to the main control room to enhanct ..ie design.

Section 4 of Chapter 10 requires the application of human factors*

engineering principles to all control stations.

Section 4.3 of Chapter 10 requires annunciator a'3rms to be addressed.*

Sections 3.4.5 and 5.6 of Chapter 10 require operator aids to be ad-*

dressed.

Section 3 of Chapter 10 requires the specific identification of functions*

and tasks and their allocation among the operators and automatic systems.

Section 4.1.5.2 of Chapter 10 requires that the M-M1 system designer*

develop and verify human factors practices for advanced M-MI technology
where there is limited published guidance.

EPRI considers that- the implementation of these requirements will satisfy NRC )
concerns about local control stations and the me of new, advanced tecnnology
in the design of ALWRs. ,

Staff Evaluation:

(1) local Control Stations
In the DSER for Chapter 10, the staff determined that the commitment in the
Evolutionary Requirements Document to design local control stations (LCSs) to
the same standards as control statinns in the main control room was accept-
able. However, it concluded that EPRI should

Provide a clear definitian of LCSs in the Evolutionary Requirements*

Document. Issue HF 5.1 currently includes single-component interfaces,
such as manually operated valves, in its definition.

Address the issue of functional centralization in the Evolutionary*

Requirements Document, since a key element in the handling of safety
functions is the degree of centralization that-exists, which is reflected
in the number of different LCSs required to carry out safety _ functions.
As the number of LCSs increases, so does the time required to execute
procedures and the workload associated with-crew coordination, communica-
tion, and verification of operating procedures. Each introduces poten-
tial sources of human error that can be expected to increase with the
number of panels involved.

Since the Evolutionary Requirements Document still does-not provide sufficient
information regarding these concerns, the staff will evaluate the resolution
of Issue HF 5.1 during its _ review of individual applications for FDA/DC.

(2) Annunciators

In the DSER for Chapter 10, the staff determined that the Evolutionary
Requirements Document integrates human factors engineering for the alarm
system into the design of the hardware and software and that it requires that
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certain human factors tests and evaluations of the alarm system be part of the
overall test and evaluation program. However, -EPRI should require additional
human factors test and evaluation activities, including the development of

a human factors verification and validation test plan*

a method to document test activities to provide traceability and ensure*

that all human factors requirements are addressed during tests and
evaluations

quantitative measures to assess human-system performancee

Since the Evolutionary Requirements Document still does not provide sufficient
information regarding these concerns, the staff will evaluate the resolution
of Issue HF 5.2 during its review of individual applications for FDA/DC.

Issues HF 5.1 and HF 5.2 have not yet been generically resolved by the staff
and both have a high safety priority. Should the final resolution of these
issues dictate additional actions for ALWR evolutionary plant designs, the
staff will expect the FDA/DC applicant to address the resolution of Issues
HF 5.1 and HF 5.2 for staff evaluation.

.

(
:

I

!

i
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Table 3B.1 Generic Safety Issues Addressed in the DSERs
,

L DSER
!

Item / Chap-
Issue Title ter DSER Status

II.E.i.3 Containment Design - Integrity 5 Open issue (improved capabil-
Check ity to datect inadvertent-

containment bypass)

A-29 Nuclear Power Plant Design for 9 Open issue (insider sabotage)
the Reduccion of Vulnerability
to Industrial Sabotage,

A-30 Adequacy of Safety-Related DC 11 Integrated into issue 128
Power Supplies

A-44 Station Blackout (former 5 Resolved for Evolutionary
unresolved safety issue (USI)] Requirements Document

A-45 Shutdown Der =v Heat Removal 5 Resolved for Evolutionary
Requirements (former USI) Requirements Document

A-46 Seismic Qualification of 6 Open issue (emphasis on tank
Equipment in Operating Plants anchorage and installation in
(former USI) the Evolutionary Requirements

Document)

A-47 Safety implications of Control 10 Confirmatory issue (commit-
Systems (former USI) ment to Generic Letter 89-19 3

in Evolutionary Require-
ments Document);
vendor item (acceptability of
design details); see also
Issue 76

A-48 Hydrogen Control Measures and 5 Open issue (zirconium-water
and Effects of Hydrogen Burns reaction and hydrogen
on Safety Equipment generation limits and

control); see also Issue 121

B-17 Criteria for Safety-Related 10 Open issue (justification for
Operator Actions not complying with proposed

revisions to ANSI /ANS 58.8)

B-22 LWR Fuel 4 Resolved for Evolutionary
r

Requirements Document

B-29 Effectiveness of Ultimate Heat 8 Resolved for Evolutionary
Sinks Requirements Document

B-32 Ice Effects on Safe' <-Related 8- Not evaluated: see also
Water Supolies issues 51 and 130
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Table 38.1 (Continued)
__

DSER
ltem/ Chap-
Issue Title ter DSER Status

C-8 Main Steamline Isolation Valve 3 Open issue (pending final flRC
leakage Control Systems resolution)

0-? Emergency Core Cooling System 5 Reso"./ed for Evolutionary
Capability for Future Plants Requirements Document on the

basis of commitment to
satisfy the requirements of
the Commission's Severe
Accident Policy Statement

:'
2 Fai!ure of Protective Devices 10 Open issue (specific guide-

on Essential Equipment lines on exceptions to
independence criterih for'
electrical systems); see also
issue 110

23 Reactor Coolant Pump Seal 3, Open issue (independent
Failures 8 reactor coolant pump seal

cooling during station
blackout)

29 Bolting Degradation or failure 3 Open issue
in Nuclear Power Plants

t
51 Improving the Reliability of 8 Open issue (guidance in

Open-Cycle Service Water Generic letter 89-13 and
Systems Information Notice 89-16);

see also issues B-32 and
130

67.7.0 Improveo Eddy Current Tests 3 Resolved for Evolutionary
Requirements Document

70 Power-0perated Relief Valve 5 Open issue (specification of
and Block Valve Reliability criterion for depressuriza-

tion rate of safety depres-
surii:, ion and vent system)

75 Generic implications of ATWS 10 Nsolved for Evolutionary
(Anticipated Transient Without .iequirements Document except
Scram) Events at the Salem for:
Nuclear Plant Open issue (justification of

14-day design ajective for
corrective maintenance of
man-meciine interface system*
aquipment);
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Table 30.1 (Contie 'ted)
_

DSER

ltem/ Chap-
Issue Title ter DSER Status

Vendor items (post-trip
review program and proce-
dures; equipment classifica-
tion and vendor interface for'

reactor trip system corpo-
nents and all preventative
maintenance and safety-
related equipment; details of
surveillance arogram for
reactor trip areakers)

76 Instrumentation and Control 10 Confirmatory issue (commit-
Power Interactions ment to Generic letter 89-19

-in Evolutionary Requirements
Document);
Vendor item (acceptability of
design details);-see also
issue A-47

79 Unanalyzed Reactor Vessel 4 Resolved for Evolutionary
Thermal Stress During Natural Requirements Document
Convection Cooldown

82 Beyond-Design-Basis Accidents 7 Open issue (low-density
in Spent Fuel Pools storage racks for most

recently discharged fuel)

84 Combustion Engineering Power- 5 Open issue (specification of
Operated Relief Valves criterica for depressuriza-

tion rate of safety depres-
surization and vent system)

91 Main Crankshaft failures in 11 . Resolved for Evolutionary
Transamerica Delaval Emergency Requirements Document
Diesel Generators

93 Steam Binding of Auxi!iary 5 Resolved for Evolutionary
feedwater. Pumps Requirements Document

94 Additional Low-Temperature 3, Open issue (pending final NRC
Overpressure Protection for 4 resolution)
Light-Water Reactors

96 Residual Heat Removal Suction 5 Open issue (pending NRC's
Valve Testing completion of intersystem

loss-of-coolant accident
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Table 38.1 (Continued)
.-

DSER

' tem / Chap-
Issue Title ter DSER Status

resolution program for BWRs
and PWRs); see also Issues
99, 105, and 120

99 Reactor Coolant System / Residual 5 Open issue (pending NRC's
Heat Removal Suction line Valve completion of intersystem
Interlock on PWRs loss-of-coolant accident

resolution program for BWRs
and PWRs); see also Issues
96, 105, and 120

| 101 BWR Water Level Redundancy 10 Confirmatory issue (commit-
ment to comply with Generic'

letter 89-11);

vendor item (review ofj
' specific designs for water

level instrumentation)

102 Design for Probable Maximum 6, Open issue (reference to SRP
Precipitation 8 Section 2.4.10 and Generic

Letter 84-22 in Evolutionary
Requirements Document)

105 Interfacing Systems Loss-of- 5 Open issue (pending NRC's
Coolant Accident at LWRs completion of intersystem

loss-oG coolant accident
resolution program for BWRs
and PWRs); see also Issues
96, 99, and 120

107 Main Transformer Failures 11 Open issue (pending resolu-
tion of open issue on trans-
former location in Chapter 6)

110 Equipment Protective Devices 10 Open issue (specific guide-
on Engineered Safety Features lines on exceptions to

independence criteria for
electrical systems); see also
Issue 2

113 Dynamic Qualification Testing 3 Resolved for Evolutionary
of Large-Bore Hydraulic Snubbers Requirements Document

115 Enhancement of the Reliability 10 Resolved for Evolutionary
of Westinghouse Solid State Requirements Document
Protection System
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Table 38.1 (Cuntinued)

DSER

ltem/ Chap-
Issue Title ter DSER Status

116 Accident Management for Future 10 1ssue subsumed into staff's
Plants efforts on accident manage- .

ment; to be handled under
open issue in Chapter 5 on
severe accident management
program =

117 Allowable Time for Diverse 5 Resolved for Evolutionary
Sirruitanaeus Equipment Outages Requirements Document

118 Tendon Anchorage Failure 6 Not applicable

120 On-Line Testability of 5 Open issue (pending NRC's ?
Protection Systems completion of intersystem

loss-of-coolant accident
resolution program for BWRs
and PWRs); see also issues <

96, 99, and 105

121 Hydrogen Control for large, 5 Open issue (zirconium-water
Dry PWR Containments reaction and hydrogen gen-

eration limits and control);
ses also issue A-48

122.1.a Davis-Besse loss-of-All- 5 Resolved for Evolutionary
Feedwater Event of June 9, 1905: Requirements Document;
Short-Term t.ctions - Failure of Vendor item (acceptability of
isolation Valves in Closed designers' analyses); see
Position also issues 122.1.b, 122.1.c,

124, 125.11.7, and 125.11.11

122.1.b Davis-Besse loss-of-All- 5 Resolved for Evolutionary
Feedwater Event of June 9, 1985: Reauirements Document;
Short-Term Actions - Recovery of Vendor item (acceptability of
Auxiliary Feedwater designers' analyses); see '

also issues 122.1.a. 122.1.c.
124, 125.11.7, and 125.11.11

122.1.c Davis-Besse Loss-of- All- 5 Resolved for Evolutionary
Feedwater Event of June 9, 1985: Requirements Document;
Short-ferm Actions - Interruption- Vendor item (acceptability of
of Auxiliary Feedwater Flow designer's analyses); see

also Issues 122.1.a. 122.1.b,
124, 125.11.7, and 125.11.11
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Table 38.1 (Continued)

DSER
,

Item / Chap-
Issue Title ter DSER Status

122.2 Davis-Besse Loss-of-All- 10 Resolved for Evolutionary
Feedwater Event of June 9, 1985: Requirements Document;
Short-Term Actions - Initiating Vendor ites (operator
feed-and-Bleed training program)

123 Deficiencies in the Regulations 3 Reassigned to Chapter 1 of *

Governing Design-Basis-Accident Evolutionary Requirements
and Single-Failure Criteria Document; to be addressed in i

Suggested by the Davis-Besse the final safety evaluation
Event of June 9, 1985 report

124 Auxiliary feedwater System 5- Resolved for Evolutionary-
Reliability Requirements Document;

Vendor item (acceptability of
|

designers' analyses); see-
also Issues 122.1.a. 122.1.b, --
122.1.c. 125.11.7, and'

125.11.11

125.1.3 Davis-Besse Loss-of-All- 10 Resolved for Evolutionary-
Feedwater Event of June 9,1985: Requirements Document
f.ong-Term Actions - Safety
Parameter Display System
Availability

125.I.4 Davis-Besse loss-of-All- 10 Resolved for Evolutionary
-

feedwater Event of Jur.e 9,1985: Requirements Document
Long-Term Actions - Plant-

1 Specific Simulator

125.1.5 Davis-Besse Loss-of-All- 10 Resolved for Evolutionary
feedwater Event of June 9,1985: Requirements _ Document
Long-Term Actions - Safety

,

Systems Tested in All Conditions
Required by Design-Basis
Accident

125.I.6 Davis-Besse loss-of-All- 10 Dropped as a generic issue;
Feedwater Event of June 9, 1985: no evaluation needed

( Long-Term Actions'--Valve Torque =
Limit and Bypass Switch Settings

1
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Table 38.1 (Continued)
~~

DIER
"co/ Chap-

Arste 'it'r ter DSER Status

M'*.li 7 !>ov u '"sse Loss-of-All- 5 Resolved for Evolutionary
,

j i % o ve.* Event of June 9, 1985: Requirements Document;
r,c4 ierm Actions - Reevaluate Vendor item (acceptability of

4

Provision To Automatically designers' analyses); see'

Isolate Feedwater From Steam also Issues 122.1.a. 122.1.b,
. Generator During a Line Break 122.1.c, 124, and 125.11.11

125.11.11 Davis-Besse Loss-of-All- $ Resolved for Evolutionary
feedwater Event of June 9, 1985: Requirements Document;
long-Term Actions - Recovery of Vendor item (acceptability of
Main feedwater as Alternative designers' analyses); see
to Auxiliary feedwater also issues, 122.1.a. 122.1.b,

122.1.c. 124, and 125.11.7

126 Reliability of PWR Main Steam 3 Resolved for Evolutionary
c Safety Valves Requirements Document

127 Maintenance and Testing of 10 Resolved for the Evolutionary
Manual Valves in Safety-Related Requirements Document
Systems

128 Electrical Power Reliability 11 Open issue (listing of
operational, maintenance, and
testing issues of issue 128
in Evolutionary Requirements
Document)

130 Essential Service Water Pump 8 Open issue (needs to be
Failures at Multiplant Sites addressed); see also issues

B-32 and 51

132 Residual Heat Removal Pumps 5 Resolved for Evolutionary
inside Containment Requirements Document

HF 4.4 Procedures - Guidelines for 10 Open issue (electronic
Upgrading Other Procedures display of procedures and

mixed types of procedures)

NF 5.1 Man-Machine Interface - Local 10 Open issue (definition of
Control Stations local control stations and.

centralization); see also
issue HF 5.2

HF 5.2 Man-Machine Interface - Review 10 Open issue (definition of
Criteria for Human factors local control stations and
Aspects of Advanced Controls centralization); see also
and Instrumentation Issue HF 5.1
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Table 3B.2 Safety issues Applicable to future Plants That Have Not Been
Prioritized

Issue Title

2* Failure of Protective Devices on Essential Equipment
76* Instrumentation and Control Power Interactions
78 Monitoring of Fatigue Transient Limits for Reactor Coolant System
89 Stiff Pipe Clamps
110* Equipment Protective Devices on Engineered Safety Features
118* Tendnn Anchorage failure
132* Residual Heat Removal Pumps inside Containment

144 Scram Without a Turbine-Generator Trip
145 improve Surveillance and Startup Testing Programs
146 Support flexibility of Equipment and Components
147 Fire-Induced Alternate Shutdown Control Room Panel Interactions
148 Smoke Control anri Manual firefighting Ef fectiveness
149 Adequacy of Fire Barriers
152 Design Basis for Valve. That Hight Be Subjected to Significant

Blowdown Loads

154 Adequacy of Emergency and Essential Lighting
155.1 Generic Concerns Arising f rom THI-2 Cleanup - More Realistic Source

Term Assumptions

155.2 Generic Concerns Arising from IMI-2 Cleanup - Establish Licensing
Requirements for Nonoperating Facilities

155.3 Generic Concerns Arising From THI-2 Cleanup - Improve Design Re-
quirements for Nuclear Facilities

155.4 Generic Concerns Arising from THI-2 Cleanup - Improve Criticality
Calculations

155.5 Generic Concern: Arising From THI-2 Eleanup - More Realistic Severe
Reactor Accident Scenario

155.6 Generic Concerns Arising f rom THI-2 Cleanup - Improve Decontamina-
tion Regulations

155.7 Generic Concerns Arising from IMI-2 Cleanup - Improve Decommission-
ing Regulations

156.1.1 Systematic Evaluation Program Issues - Settlement of foundations
and Buried Equipment *

.

*Although not prioritized, the evolutionary DSER chapters adtressed issues 2, 76,
110: 3.18, and 132. See Table 38.1.

| ,)T
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Table 38.2 (Continued)

Issue Title

156.1.2 Systematic Evaluation Program Issues - Dam Integrity and Site
Flooding

156.1.3 Systenatic Evaluation Program Issues - Site Hydrology and Ability
To Withstand Floods

156.1.4 Systematic Evaluation Program issues - Industrial Hazards
156.1.5 Systematic Evaluation Program Issues - Tornado Missile

156-2.1 Systematic Evaluation Program Issues - Severe Weather Effects on
Structures

156.2.2 Systematic Evaluation Program Issues - Design Codes, Criteria, and
Load Combinations

156.2.3 Systematic Evaluation Program Issues - Containment Design and
Inspection

156.2.4 Systematic Evaluation Program Issues - Seismic Design of Struc-
tures, Systems, and Components

156.3.1.1 Systematic Evaluation Program Issues - Shutdown Systems
156.3.1.2 Systematic Evaluation Program Issues - Electrical Instrumentation

and Controls

156.3.2 Systematic Evaluation Program Issues - Service and Cooling Water
Systems

156.3.3 Systematic Evaluation Program Issues - Ventilation Systems
156.3.6.1 Systematic Evaluation Program Issues - Emergency AC Power
156.3.6.2 Systematic Evaluation Program Issues - Emergency DC Power

156.3.8 Systematic Evaluation Program Issues - Shared Systems

156.4.2 Systematic Evaluation Program issues - Testing of the Reactor
Protection System and Engineered Safety Features

156.6.1 Systematic Evaluation Program Issues - Pipe Break Effects on
Systems and Components
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Table 38.3 Newly identified Safety issues

Issue Title
,

157 Containment Performance improvement Program

158 Performance of Power-Operated Valves Under Design-Basis Conditions

159 Qualification of Safety-Related Pumps While Running on Minimum flow

160 Spurious Actions of instrumentation Upon Restoration of Power

161 Use of Non-Safety-Related Power Supplies in Safety-Related Circuits '

162 Inadequate Technical Specifications for Shared Sysicms at Multi-
plant Sites When One Unit is Shut Down

i

.
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4 REGULATORY DEPARTURE ANALYSES

in the staff requirements memorandum (SRM) dated August 24, 1989, the Commis-
sion instructed the staff to provide an analysis detailing where the staff
proposes departure from current regulations or where it is substantially
supplementing or revising interpretive guidance applied to currently licensed
LWRs. The staff considers these to be policy issues. In this section, the
staff discusses the regulatory departure analyses of those issues identified
for the evolutionary plant designs.

During its review of the EPRI Requirements Document, the staff identified a
number of issues significant to reactor safety as it considered operating
experience, probabilistic risk asse:,sment studies, and evaluations of the ,

evolutionary and passive ALWR designs, in Commission papers SECY-90-016 and
SECY-91-078, the staff proposed resolutions for some of these issues for
evolutionary designs._ in addition, the staff developed draft Commission
papers, " Issues Pertaining to Evolutionary and Passive Light Water Reactcts
and Their Relationship to Current Regulatory Requirements," and " Design
Certification and Licensing Policy issues Pertaining to-Passive and Evolution-
ary Advanced Light Water Reactor Designs," that were issued on February 27 and
July 6,1992, respectively. These draft Commission papers address the status
of those issues identified previously as well as new issues that pertain to
both the evolutionary and passive LWR designs. The staff considers the
discussions in these papers to be its regulatory du Jture analyses of the
policy issues identified to date for the evolutionary plant designs.

The staff also forwarded other policy ) apers to the Commission that address
the status of the staff's review of ot1er issues related to the reviews of the
ALWR. A list of these papers is provided in Appendix E to Volums 1 of this
report.

Some of the issues discussed in these papers represent matters specific to the
design of these facilities; others address the implementation of the design
certification process of 10 CFR Part 52. In the Commission papers, the staff
identified those instances in which its positions differ from current regula-
tory requirements or in which the staff is substantially supplementing or
revising interpretive guidance applied to currently licensed LWRs. A discus-
sion of the nature of the current regulatory requirements or their interpreta-
tion, the positions of the ALWR vendors and of EPRI, and, where available, the
resolution that the staff is proposing, including the departure, if any, from
current regulatory requirements and practice, and the basis for the staff's
position are given for each issue. To aid in identifying its positions, the
staff underlined those for which it requested Commission approval.

These issues are considered fundamental to agency decisions on the acceptabil-
ity of the ALWR designs. For easy identification, Table 4B-1 lists the issues
that are applicable to the Evolutionary Requirements Document with a cross-
reference to the chapters and sections of this report in which they are
discussed.

a
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The Commission addressed SECV-90-016 and SECY-91-078 in its SRM of June 26,
1990, and August 15, 1991, respectively. The Advisory Comittee on Reactor
Safeguards (ACRS) forwarded its coments on these papers to the Comission by
letters dated April 26, 1990, and April 23, 1991. The staff's responses to
the coments of the ACRS were issued on April 27, 1990, and May 15, 1991.

.

The February 27 and July 6,1992, draft Comission papers have been forwarded
to the ACRS. The ACRS forwarded its comments on the February 27, 1992, draft'

policy paper by letters dated May 13 and August 17, 1992. The staff's
response to the May 13, 1992, coments of the ACRS was issued on June 12,
1992.

The staff will include the views of the ACRS in the final papers and document
its final positions before seeking Comission approval. Since the Comission
has not reviewed the approaches to resolving these issues, they do not
represent agency positions. Therefore, the staff regards these as open issues
that must be satisfactorily resolved before it cco complete its review of the
Evolutionary Reautrements Document. These issues will be closed once the
Comission approves their resolution or provides alternative guidance.

Copies of SECY-90-016 and SECY-91-078, related ACRS reports and the staff's
responses to those reports, and related Coktission SRM are provided in Annexes
A and B of this appendix. Annex C conta % a copy of the February 27, 1992,
draft Comission paper related ACRS reports, and the staff's response to one.
of those reports. Annex 0 contains a copy of the JA 5,1992, draft Comis-
sion paper.

4
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Table 48.1 Policy issues for the Evolutionary Plant Designs

Policy issues Chapter Section
Use of physically based source term 1 2.4.1.2

1A 4.7
IB 2.b.2
IB Annex A, Jtem 1.8
18 Annex C, Jtem I.A
5 2.7

Anticipated transients without scram 18 3.2.16
IB Annex A, item II.A
IB Annex C, item 1.B
5 4.2, 4.3

Mid-loop operation IB Annex A, item II.B'

18 Annex C, item I.C
3 9
5 5.2

Station blackout 18 Annex A, item II.C
IB Annex C Item 1.0
5 2.2
11 5

Fire prntet. tion 18 Annex A, item 11.0
18 Annex C, item 1.D
5 2.5

Intersystem loss-of-coolant-accident IB 3.2.22
10 Annex A, item II.E
18 Annex C, Jtem I.E
3 9
5 5.2

Hydrogen control
1 2.5.3
IB 3.2.26

.

18 Annex A, Item Ill.A
18 Annex C, item I.T
5 2.3, 6.5, 6.6

Core-concrete interaction - capability IB Annex A, item 111.E
to cool core debris IB Annex C, Item 1.G

5 6.6.2
6 4.3.2

High-pressure core melt ejection 18 Annex A, item Ill.C
IB Annex C, item 1.1
5 7.2

Containment performance IB Annex A, item !!!.D
IB Annex C, Item 1.J
5 2.1
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Table 4B.1 (Continued)

Policy Issues Chapter Section

Dedicated containment vent penetration | {nexA,ItemIII.E
IB Annex C, Item I.K
5 6.6.3

Equipment se.vivability
{B Annex A, Item Ill.F
IB Annex C, Item I.L
5 6.6.6

Elimination of operating-basis
{B 2.1.1, 3.3.1earthquak
18 Annex A, Item IV.A
IB Annex C, Item I.M
IB Annex D, Item C

Inservice testing of pumps and valves-
{2 .B

IB Annex C, Item I.N
5 3.1

Industry codes and standards -j| {nne C, Item II.A

A

{
Electrical distribution

Annex , Item II.B

11 4

Seismic hazard curves
B Annex C, Item II.C

{B AnnbxC, Item 11.0Leak before break

Classification of main steamline IB 2.3.1.1
of boiling-water reactor

B AnnbxC,ItemII.E
2 3.4.1.5
3 5.3.3, 5.4

13 3.1.1

j $j'$Tornado design basis 1

8
IB Annex C, Item II.F

Containment bypass
B Annex C, Item II.G

5' 4.F

Containment leak rate testing 5
C, Item II.H

5 2.1.3, 6.3
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Table 48.1 (continued)

Policy Issues Chapter Section

Postaccident sampling system IB 2.3.2
18 Annex C, Item II.I
3 7

Level of detail IB Annex C, Item II.J

Prototyping IB Annex C, item II.K

Inspections, tests, analyses, and 1 10
acceptance criteria 18 Annex C, Item !!.L

Reliability assurance program 1 6
18 Annex C, Item II.H

Probabilistic ' risk * assessment IA All
beyond design certification 18 Annex C, Item II.N

18 Annex 0, item E

Severe-accident mitigation design IB Annex C, Item 11.0
alternatives

Generic rulemaking related to 18 Annex C, Item II.P
FDA/DC

Defense against common-mode failures 18 Annex D, Jtem A
in digital instrumentation and
control systems

Analysis of external events beyond 1A 3
the design basis IB Annex D, Item B

Control room annunciator reliability IB Annex D, item G

|

t

|

|
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ANNEX A

DOCUMENTS RELATED TO
SECY-90-016

' EVOLUTIONARY LIGHT WATER REACTOR CERTIFICATION ISSUES AND
THEIR RELATIONSHIP TO CURRENT REGULATORY REQUIREMENTS"

JANUARY 12, 1990

1

.
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#""'"''''" POLICY ISSUE " " - "

(Notation Vote)
{cri The Comissioners

From: James H. Taylor
Executive Director for Operations

Subject: EVOLUT10ftARY LIGHT WATER REACTOR (LWR) CERTITICATION 155UES
AND THEIR RELAT10H$ HIP 10 CURRENT REGULATORY REQUIREMEN1$

Purrose: To present thh staff's reconenendations concerning proposed
departures from current regulations for the evolutionary
ALWRs. The staff requests Comission approval of the
positions as described in this paper.

Ba cteround: In the April 21. July 31, and Au gust 24, 1989 staff
requirerents memoranda (SPJ's), tie Comission asked the
staff to inntify the issues and acceptance criteria useds

to juJge the acceptability of future designs; to identify
where the staff proposes to go beyond the re;ulations or
to be less restrictivet and.to identify if tie Advanced
Foiling Water Roactor (ABWR) would meet the Comission's
safety Goal with or without a vent. The Comission asked
that these issues be discussed in the context of certification
of the ABWR and the other evolutionary advanced light water
reactor (ALWR) designs as well as the staff's review of the
evolutionary Electric Power Research Institute (EPRI) Re.
quiremants Document.

Discussier: Operating ex >erience as well as e number of studies
(e.<,. PRAs) save identified a number of issues signifi.
rasit to reactor safety. Based on this background the
staff has identified the following list of issues as
fundamental to agency decisions on the acceptability of
evolutionary ALWR designs,

evolutionary LWR public safety goals
source tem

Contact:
D.C. Scaletti, NRR/DR$P
2-1104

C.L. Miller, NRR/DRSP
1-1118
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The Coordssioners -t.

i;) anticipated transients 'vithout scram
I J mid loop operation,

I J station blackout,

(h / fire protectionp intersystem LOCA
i J hydrogen generation and control

,

LJ cure. concrete interaction . ability to cool core
'6bris

f10p 'high pressure core melt ejection
( p contatteent performance
( p ABWR containment vent design
h J equipment survivability
1 i operating basis earthquake /sah shutdown earthquake
L h inservice testing of pumps and valves

,

The resolutions proposed by EPRI and the LWR vendors,h ofand +
the staff positions and recommendations regarding eac '

these issues are discussed in detail in the enclosure. In
addition to these issues, each application for a Design "

Certification will have to propose technical resolutions
for those Unresolved Safety Issues and medium- and high.
prierty Generic Safety Issues which are identified in
NUREG.0933 and technically relevant to the design in
accordance with 10 CFR 52.47 and the severe Accident Policy

'

Statement.

or alter ste guidance on
The Cormission's approval c'$ese issues is necessary fo,rthe proposed resolution of t
the staff's continued review of EPRI's ALWR Requirements

Document,GeneralElectric's(GE's)ABWR,(Westinghouse'sRESAR $P/90 and Coeustion Engineering's CE's) System SN
drsigns. Approval or guidance is particularly im ortant to
the staff's evaluations of the GL ABWR and the EP;RI ALWR
Requirements Document since these reviews rave progressed
the furthest. The certification review for CE's System
60+ is just beginning. Westingh0use has indicated that
they do not intend to pursue an M/certificatica for the
RESAR !J/90 at this time. Addition 61 Commission approval {
or guidance on significant issues related to certification
of CE's System 80+ and other future designs will be
discussed with the Cosmissivi as.part of the development t,f
the Itcensing review bases (LRB) for these designs. This
approach is consistent with recent Comission guidance in
an SRM dated Decester 15,1989. It should be noted that
some of the issues presented in the enclosure are issues
proposed by EPRI which they refer to as plant optimization
subjects. MRC approv61 of a plant optimitation subject

EPRI_ Evolutionary Plant SER IB.A-4
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The Conrtissioners 3-
,

would result in a resciution that 16 less restrictive than
present regulations Comisslon policy, or past licensing
practices. For these reasons the optialzation subjects
such as hydrogen control, sourc,e tem, and the relationship

,

between tie operating bases earthquake and the safe thutdowr,
earthqueu could have a major schedular impact on the
evolutionary LWR certification procest. The staff has
provided the respective applicant's proposed solutions as
well as the staff's positions on these issues *in the
enclosure to ptovide a comparison, and to provide an
indication of the diversity.of proposed solutions under
consideration by the staff. 1he staff recomendations
identified in this paper have t,een developed as a result of
(1)thestaff'sreviewsofcurrent
designs and evolutionary ALWRs, (2) generation reactorconsideration of

. (peratin$ts cf the probabilistic risk assesseents |PRAs) of
o experience, including the TNI 2 accident
3)resu

current-generation reactor designs 6nd the evolutwnery
LWRs, (4):early efforts conducted in support of sevee
accident rulemaking, and (5) research conducted tu address
previously identified safety issues. Infomation related to
the issues and staff positions discussed in this paper have
previously been provided to the Comission in SECY.89-013,
SECY-89 153 SECY-89-228 and SECY 69-341 and have been
underlinecIntheenclosure.

The staff positions recomended in this paper are consistent
with those previously taken in the staff s review of the,

,

ABW LRB and in several ABWR-rtlated safety evaluation
a

reports issued to date. The staff believes that pending
detailed staff review, there is 4.high degree of, confidence-
that the ABWR would meet the positions identified in the
enclosure. Therefore, Comission approval of the staff
recomer.dations would close these policy issues for the
ABWR and would permit staff review to continue. The
recomended rositions are also consistent.with those
identified in the staff's draft safety evaluations related:
to.certain chapters of the EPRI-ALWR Requirements Document.
The staff is reviewing severe accident and certification,

issues addressed in the EPRI-ALWR Requires.ents Docusent
and the staff's final conclusions are awaiting Comission-
approval of the positions described in this paper. Approval
of the staff. recomendations would ellow for continuation of-
the staff review of the EPRI ALWR Requirements Document in
act.ordance with recent Comission guidance.a

Conclusiers: The staff believes its ' conclusions and recemendationsi -

_ _ regarding-these matters are in keeping with:the Comission's

'
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policy expectation that future designs for nuclear plants
will achieve a higher standt,rd of severe accident safety
performance.

The staff will inform the Comission during its reviews
if additional enhancements to existing requirements, beyond
those identified in the enclosure, are determined to be
necessary for evolutionary Al.WR designs. '

. .

roerdinetion: The Office of General Counsel has reviewed this peper and
^ has no legal objection but notes that an pro ram for review

ofnewreactordesigns,whichauthorizestheNR to impose
requirements beyond those needed to meet current
Cc mtssion regulations raises the issue that, if the NRC
staff can pose additional requirements for certification,
other parties shou'Id be able to do so as well. The
tv a'Httonal way to avoid such problems is through
rt,temaking, but as indicated in SECY 89 311 the staff
believes that design certificatior, process Is a core
effect.tve method of sesolving severe accident issues than ;

a p neric severe accident rule or several individual l

changes. Further, OGC notes that questions regarding the
desirability of additionbl severe setident faitigation
reasures still need to be addres;ed under NEPAmeither in

the design certification rulemaking and hearing or in some
preliminary rulemaking.

A copy of this paper has been provided to the Advisory
Comittee on Reactor Safeguards.

Recorrendations: That the Comissione

(1) Approve the staff positions detailed in the
enclosure, and

(2) Note that if the staff determines other issues need
to be addressed in accordance with Comission
guidance, the staff will inform the Comission of its
positions on these matters in a timely manner.

EPRI Evolutionary Plant SER 18.A-6
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(3) Note that the s hff, in accordance with the Staff
Teii~utrenents Memorandum dated August 24 1989
to issue the draft SER on Chapter 5 of the EPk! plansALWR
Requirements Document.

(4) M cy issues discussed in this paper; the staff
Note that following Comission resolution of titi

plans to finalize and reissue the above draft SEr..,

/
L LM '

_ .

Jfes M. Tay1
fxecutive Di ctor

for Operations

Enclosure:
As stated

Comis sioners ' coments or consent thould be provided directly
to the Office of the Secretary by COB Tuesday, January 30, 1990.

Comission Staf f Of fice coments, if any, should be submitted
to the Comissioners NLT Tuesday, January 23, 1990, with an
infomation copy to the Office of the Secretary. If the paperis of such a nature that it requires additional time for
analytical review and coment, the Comissioners and the
Secretariat should be apprised of when coments may be expected.
DISTRIBUTIOM:
Comissioners
OGC
OIG
GPA
REGIONAL OTTICES
EDO
ACRS
ACIN
ASLBP
ASLAP
SECY
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i EVOLLf710 NARY ALWR CERTIFICATION ISSUES 1

: !

j 1. General 1ssues
1

j A. ALWR Public Safety Goal

i The EPRI Requirements Document proposes that the evolutionary ALWRs comply ,

1 with the following public safety goals:
'

(1) The frequency of core damage will be less than
i 1.0 X 10E-S events /per reactor year, and,

j (Note: EPRIreferstothisasa"quantitativeinvestmentprotectiongoal")
1

j (2) Phole body dose at an assumed 0.5 miles site boundary must be less than
25 rem for events whose cumulative frequency exceeds 1 X 10E 6 per reactor.,

4 year.

i In the Licensing Review Bases (LRB) for the ABWR, GE has comitted to meet the
j following goals:
' (1) Demor. strate that the likelihood of core damage will have a mean value of
i less than one in one hundred thousand reactor years (i.e.,1.0 X 10E-5).
|

'

! (2) The expected mean frequency of occurrence of offsite doses in excess of 25
rem beyor.d a half mile radius from the reactor is to be less than once per
million reactor years (i.e.,1.0 X 10E-6), considering both internal andi

external events. -

! (3) The containment design is to assure that the containment conditional
| failure probability is less than one in ten when weighted over credible
,

core damage sequences.
:

| The. staff is presently reviewing.the LRB for the System 80+ desi;n in which CE
; has proposed goals which are similar to the goals developed in tie ABWR LRB.
| Since Westinghouse has no imediate plans of pursuing certification of RESAR
: SP/90, work on the LRB is presently not planned. Howe n r, similar to GE and

in meetings with the s u ff 9 the Advisory
CE. Westinghuse has stated, ds, they are comitted'sc meting the-i
Comittee en Reactor Safeguar'

ALWR public safety goals as well as the goals in the Commission's $afety Goal;

Policy $titement.'

The staff is.' reviewing the proposed ALPR public safety goals to ensure they -
j are consistent with the Comission's safety Goal Policy Statement, which-

proposed both _ qualitative as well as quantitative safety goals for future'
reattor designs. The current regulations do not specify requirements in

i

numerical terms of frequency of core damake or large release events. 'Howevertatement,-hasproposedthatthestaff-L the Co:reission in its safety Goal s'olicy
examine a general performance guideline that'"the overall mean frequency of a. -

-large release of radiorctivity to the environment from a reactor accident -

,

should be less thari 1 in _1,000,000 per year of reactor operation."

;EPRI Evolutiona y Plant SER 18.A-9
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SECY-29102 recomended apprtval by the Comission of the use of the following
quantitative objectives in its implenentation of the Safety Goal Policy for
future standardized plants:

,

1. T_he rean core dar. age frequency tieget for each design should be less then
1.0 X 10E.5 event per reactor year, and ,

2. The overall mean frequency of a large release of radioactive materials to
the environr:ent frorr a reactor accident should be less than 1 in
1,000,000 per year of reactor operation where a large release is defined
as one that has a potential for causing an of fsity early fatality.

The staff concludes that the staff-proposed quantitative safetyJoels submitted
in 5ECY-E9-10? ere consistent with the Comission's 5afety Goal Policy 5tatement.
Additional Comission guidance on the establishment o_f quantitative goals and im-
plerer.tation of safety coal policy will assist the staff in its continuing assessment
of the evolutionary ALWRs. Although the staf t considers the goals defined in 5E0Y.
E9 202 to be acceptable for evolutionary ALWRS, it should be notec' that both the
UR1 public safety scal and the AEWR public safety goal are considerably more
stringent than the large release cuideline defined in 5E0Y-89-102.

Although the staff has indicated it believes the ALWR Public Safety Goal
contains meritable ton 1s for the industry to adopt, the staff has not completed
its review of this issue and is in the process of reviewing how EPRI implements
these goals.

B. Source Term

As noted in SEtY 89-341, the staff's methodology for determining compliance
with the siting requirements of 10 CFR Part 100 has been based on the 1962
* TID 14844* source term. This methodology, which involves calculation of
offsitedoseforcomparisonagainstPart100dosecriteria(i.e.criteriafor
establishing the size cf the exclusion area and the low population zone)Isiswidely achnowledged to utilize conservative assumptions. At the time th
er,; roach was developed, these conservatisms were considered appropriate and
were based on uncertainties associated with accident sequences and equipment
performance; and as a means to assure that future plant sites would be essen-
tially equivalent to sites approved up until that time. The conservatisms
initially included in the methodology have been essentially retained up to this
tire.

EPRI has stated that the evolutionary ALWR licensing design-basis requirements
as well as design enhancements related to severe accidents should be based on
the full body of current knowledge regarding accident source terms. They
believe that the evolutionary designs should be evaluated based on a realistic
treatrent of fission product source terms, including the extensive research
that has been done or fission product behavior since TID-14844 was issued, and
especially sir.ce the Three rile Island accident in 1979. EPRI's view is that
this approach will result in designs which are improved and provide ed anced
safety protection. EPRI has identified this as a plant optimization issue.

EPR,1 Evolutionary Plant SER IB.A-10

_ _ _ _ _ _ _ _ _ - _ _



.__ _ _

3

GE has indicated that the ABWR will acet the offsite dose criteria established
in 10 CFR Part 100. However, thy propose to utilize updated information such
as system performance and reliability information, developed since prosulgation of
Part 100, to justify some departure from the current methodology for calculating
the offsite dose. The ABWR's current design includes a single stand-by gas
treatmentsystem($GTS)charcoalfilterbed,andnomainsteamisolationvalve
(M51Y) leakage control system (LCS). Previous BWR designs utilized redundant
$GTS charcoal filter beds and, since 1976, a1ost have been equipped with a
ItSIV LCS. The staff's interpretation of the General Design Criteria (GDCs)
would classify filters as active components and require redundancy to permit
any dose reduction credit in calculating a Part 100 dos'e. Since 1976 MSIV IC$s
have been required 1.3 most BWRs to meet 10 CFR Pert 100 for design tases ace ?nts.
Part 100 requires equipment used to mitigate consequentes of design basis
acciderts to be seismically designed (it identifies equipment necessary to
riitigate the consequences of accidents whose offsite consequences are comparable
to the Part 100 dose guidelines as designed to withstand the vibratory motion
ofan$5E). Since non-safety grade equipment such as piping downstream of the
PS!Ys and the condenser are not seismically designed for SSE, credit for these
systens has not been accorded in calculating offsite doses for Part 100 purposes.
The staff is considering these deviations from the current methodology for
demonstrating compliance with Part 100. The staff has concluded based on
current informatter. and experience, that some deviation from curr,ent practice,
or exey tions from the regulations identified above may be warranted in the
review of evolutionary designs. Presently, the staff believes that no other
deviations woulc bc necessary to demonstrate ABWR compliance with Part 100.

The other evolutionary ALWR vendors (Westinghouse and Combustion Engineering)
have indicated that their evolutionary designs will comply with 10 CFR Part
100 and that they will work with the NRC and EPRI to utilize more realistic
source term information to assess design enhancements related to severe
accidents.

As stated in SECY 89-341, the staff is undertaking an examination of the
implications of decoupling siting from plant design for future reactors.
Under this plan, re6ctor site characteristics would be reviewed separately
from the reactor without utilizing source terms or dose calculations. This
would require revision to Part 100 and other' regulatory staff practices. The
results of such a study will establish appropriate guidelines for any future
plant license applications. Jn the interim._ however, the staff eerommends that
the Commission approve the following anproach for evolutinnary ALWRs:

Assure that evolutionary designs meet the reoutrements of 10 CFk 100-

Consider deviations to current methodology utilized to calcu? ate Part-,

I J00 doses on a case-by-case basis utilizing engineering judger.ent
including updated information on source term and equipment rcitability.

EPRI Evolutionary Plant SER IB.A-11
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Such deviations could impact plant design featuret, therefore, these
deviations will be identified in the 5ERs that will be forwarded to
|the Commission for its information well in advance of 1ssuance, as
directedf ''ie_5RM pertaining to 5ECY 89-311 dated Decert>er 15.7 989.

_

Do not modify current siting practice, even though it is recognized-

that such deviations could result in calculated low population tones

ar.d exclusion ~ areas which are smaller than those that have barn
approved for currently operating reactors.

Continue to interact with EPRI and the evolutionary ALWR vendors to.

reach agreement on the appropriate use of updated source term
information for severe accident performance _ considerations.

11. Preventative feature Issues

A. AnticipatedTransientWithoutScram(ATWS)

The ATW! rule 10CFR 50.6? was promulgated to reduce the probability of an ATWS
event and to enhance mitigation capability if such an event occurred.

EPRI has indicatic that its approach to resolving the ATWS issue is compliance ]
with tre ATWS rule. Design requirenents beyond those which would be required
to neet the rule have not been proposed.

The ABWT. design incluces a number of features that reduce the risk from an
ATWS event. These features include a diverse scram system with both hydraulic.

and electric run-in cap (abilities on the control rods, a manually operated standbyliquid control system SLCS), and a recirculation pump trip capability. In
sddition, the scram discharge volume has been removed from the ABWR, eliminating
some of the potential ATWS prcblems associated with the older BWR designs.
While the ATWS rule requires an automatically initiated SLCS, GE has concluded
thct the diverse scran system and enhanced reliability of th: reactor protec-
tien system negates the need for an automatic SLCS. CE has agreed to provide a
reliability analysis in order to support this position. The staff will review
the analysis to determine if an exemption from 10 CFR 50.62, to appreve manual
SLC5, is justified. The staff analysis will be provided in a future safety
evaluation report for the ABWR.

Westinghouse has concluded that a diverse scram system is unnecessary for the
RESAR SP/g0 design due to 1) high reliability of the integrated reactor
protection system (IPS), 2) a turbine trip and emerger.cy feedwater actuation
that is independent of the IPS, 3) Ability to manuall the rod control
motor generators from the main control board, and 4) y .ri)a hig11y negative moderator
temperature coefficient. Westinghouse has comitted to provide a detailed
ar.alysis to demonstrate that the consequences of an ATWS are acceptable at the
time an TCA application is submitted.

The CE System B0+ design includes a control-grade Alternate Protection System
wtiich provides an alternate reactor trip signal and an alternate feedwater
actuation signal separate and diverse from the safety-grade reactor trip
systert.

EPRI Evolutionary Plant SER IB.A-12
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The stsff believes notwithstanding the Westinghouse position on diverse scram
systers, that all future evolutionary ALWR designs should be required to
provide a diverse screm system unless the LWR vendor can demonstrate that the
consequences of an ATWS are acceptable. The ATWS rule presently requires a
diverse scram system for all (CE, Babcock and Wilcox, and GE) LWR designs
except Westinghouse PWRs. It had been determined that previous Westinghouse
designs had adequate ATVS capability a.id backfit could not be justified. .The
staff believes that evolutionary ALWR designs should provide dive"s methods ofinserting control rods to mitigate a potential ATWS and to ensurc a #f ')
reactor shutdown. The staff considers that diverse scram capability is a
worthwhile measure of prevention for all evolutionary ALWRs, .especially
when incorporated into the initial design. Imposition of a diverse
scram system e the Westinghouse design would exceed the Comission's
regulations. ii._arefore, the staff recommends that the Commission approve the
staff position that diverse scram systems be provided for evolutionary ALWRs.

B. Hid loop Operation

The staff is concerned that decay heat removal capability could be lost when a
h:R is shut down for refueling or maintenance and drained to a reduced reactor
coolant system (RCS) or 'mid-loop" level. For example, a significant problem
has been the less of residual heat removal (RHR) suction due to air-binding of
the RHR pumps. This is usually causert by an uncontrolled low loop level and
consequent air irgention into the pump suction.

The EFF1 pecuirerents Document specifies requirements consistent with meesures
applicable to cperating reactors as described by the administrative procedures
ider.tified in Gereric Letter 88-17, but does not specify design modifications
to acdress the root cause of this event.

Westinghouse has comitted to install a vortex breaker at the RHR hot leg
ccanections to significantly redu;e air entrainment during mid-loop operation.
This feature, in conjunction with other design features of the plant, should
greatly reduce concerns over mid-loop operation. CE has indicated that it
will adc'ress this issue through analysis, consideration of specific design
features, and/or operational restrictions. Specific design resolutions for
the System 80+ have not been provided. Mid-loop operation is not an issue
with the ABWR.,

The staff expects improvements in instrumentation in many existing PWRs, but
does not require specific modifications to the nuclear steam supply system
(NSSS)tocorrectmid-loopproblems. However, the staff believes thtt physical
modific#tions such as those proposed by Westinghouse, may be necessary to
essentially eliminate any concerns with mid-loop operation for future evolu-
tionary pressurized ALWRs. Mid-loop operation is not explicitly covered by
current regulations, however impnsition of such requirements would exceed
current staff licensing practices. Therefore, the staff recomends that the
Commission approve the staff position that evolutionary PWR vendors propose
desicn f eatures to crisure high reliability of the shutdown decay heat removal
_sy s t er.

EPRI Evolutionary Plant SER 1B.A-13
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C. Statien Blackout

The station blackout rule (10 CFR 50.63) allows utilities several design
alternatives to ensure that an operating plant can safely shut down in the
event that all ac power (offsite and onsite) is lost. -

The EPRI Requirements Document srovides for inprovements in offsite power
and station blackout *

reliability,onsitepowerrelia)111tyandcasecity$argecapacity, diversecoping capability. [PRI is also proposing t1st a
alternate ac power source (combustion turbine generator) with the capability
to power one complete set of normal safe shutdown loads be ircluded in
evolutionary ALWR designs.

The RESAR $P/90 emergency feedwater system includes two sc-independent and two
The electrical dest n includes two fullde-independent turbine-driven pumps. C
In addition it includes a backup sealcapacity emergency diesel generators.

iriection pump powered by a small dedicated diesel, generator which has enough
capacity to also charge the station batteries. Westinghouse believes that
this design will provide a 74-hour coping time which is sufficient to
eliminatetheneedfortheadditionofaninstalledspare(fullcapacity) ,

alternate ac power source. l,

The System EO+ design includes two turbine-driven emergency feedwater pumps
and two routor-driven emergency feedwater pumps. The electrical design includes
two full capacity errergency diesel generators and a diverse alternate ac power
sourct. This alternate source of ac power is expected to be a control-grade
combustion turbine with sufficient capacity and capability to power either one
of the electrical divisions. In addition, the plant design has full load
rejection capability and the capability to subsequently provide electrical
power from the turbine generator. Each of the four safety-related instrument
channels has a dedicated battery backup. r, lass 1E electrical Divisions I and
II, which include the two emergency diesel generators are each provided dc

,

power cy an assigned pair of these batteries.;

| The AEWF, design isicludes three independent electrical divisions, each with
high-pressure and low-pressure water injection ca) ability, each powered by a
full capacity emergency diesel generator, and eac1 division capable of
independently shutting down the reactor. Additionally, the ABWR design
includes an alternate ac combustion turbine to back up the diesel generators.
The design has a capability to survive a 10-hour blackout period utilizing the

I reactorcoreisolationcooling(RCIC)turbineandstationbatteries. Extended
blackout capeoilities are also provided by the ac-independent water addition~

syster. This systen allows for makeup to the reactor vessel following RCS
depressurization by connecting a direct drive diesel fire pump or by
conr<ecting an external pumping source, such as a fire truck, to a yard
standpipe.

The staf' believes that the preferred method of demonstrating compliance with
10CFR50.63isthroughtheinstallationofaspare(fullcapacity) alternate
ac power source of diverse design that is consistent with the guidance in
Pegulatory Guide 1.155, and is capab h of powering at lee.st one complete set of

'
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normal safe shutdown Icads. Although an alternate ac power source is provided
as an acceptable resolution to this issue la 10 CFR 50.63, staff imposition <

would exceed current Commission regulations. Therefore, the staff recosenends
_that the Conr.ission approve imposition of an alternate ac source f or evolutionary
ALWRs. -

D. Fire Protection
.

The staff has concluded that fire protection issues that have b'een raised
through operating experience and through the External Events Program slust be
resolved for evolutionary ALWRs. To minimize fire as a significant
contributor to the likelihood of severe accidents for advanced plants, the
staff concludes that current NRC guidance must be enhanced. Therefore, the
evolutionary ALWP designers snust ensure that safe shutdown can be achieved.
_ assuring that 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 rot possible. Because of its physical c9nfiguration, the control room isi

| excluced from this approach, provided an independent alternative shutdown
_ capability that is physically and electrically independent of the control room
is included in the design. Evolutionary ALWRs must provice f tre protection
for redundant shutdown systems in the reactor containtnent building that will
ensure, to the extent _ practicable, that ne shutdown division will be free of
f ire caraste. Acditionally, the evolutionary ALWR designers must ensure that
troke, hot gases, or the fire suppressant will not nigrate into other fire
areas to the extent thtt they could adverse _ly af fect safe-shutdown capabilities,
inclueing operator actions. Because the layout of a nuclear plant is design-
specific, plant-specific design details will be reviewed by the staff on an
ir.dividual basis. The staff will require a description of safety-grade
provisions for the fire-protection systems to ensure that the remaining shutdown
capabilities are protected, as well as deronstration that the design cosplies
with the migratico criteria discussed above.

The ALWR Fequirements Document indicates that fire protection wiil be as
specified in 10 CFR 50.48 and Appendix R. It states that for equipanent in the
same general area, a 3-hour fire barrier will be utilized in lieu of physical
separation unless it is " impractical or less safe.' However no guidelines
areprovidedintheRequirementsDocumentastotheapplicatIonofthese;

criteria.

The evoluticnary ALWR designers have indicated that their fire protection
designs are consistent with the staff's proposed unhancements. GE has arovided

| its ABWR fire protection analysis which is currently under review by tie
i staff.
l

. Appendix R to 10 CFR Part 50 was promulgated for plants that were in operation
| prior to January 1,1979. Subsequently, PRAs performed on more than a deren
| plants have showed that fire is a significant contributor to core damege. The
'

staff believes that in keeping with the Comission's desire for enhanced
safety for evolutic, nary ALWRs, fire protection requirements should reflect

| experience from coerating reactors and the greater understanding of sevt*e
accider.ts that has been acquired since Appendix R was promulgatea. There fore,
the staff recerunds the Commission approve the use of the enhanced fire pro-
tection pcsition LMerlined above f or evolutionary ALWRs.i
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E. Intersystem LOCA

Future evolutionary ALWR designs can reduce the possibility of a loss-of-coolant
eccident (LOCA) outside containment by designing (to the extent practicabie)
all systeu and subsystems connected to the reactor coolant system (RCS) to an
ultinate rupture strength at least equal to the full RCS pressure.

For both BWRs and PWRs, EPRI states that low pressure systems which could. be
overpressurized by the RCS should be designed with sufficient usargin to
withstand full RCS pressure without structural failure.

For BWRs, pressure isolation valve instrumentation and controls should be
provided to (1) prevent opening sh9tdown cooling connections to the vessel in
any loop when the pool suction vehe, discharge valve, or spray valves are
open in the sane loop, (2) prevent opening the shutdown connectior.s to and
free the vesse: whenever the RCS pressure is abe 's the shutdown range, (3)
automatically close shutdown connections when RC5 pressure rises above the
shutdown range, and (4) prevent operation of shutdown suction valves in the
event of a signal that the water level in the reactor is low.

For PhRs, relief velves sized to protect against overpressure transients,
should be p y ,jed on +he RHR system. RHR suction valves should be provided
with permissive intericcks to prevent opening if RCS pressure exceeds p 4
design pressure.

Westinghouse has indicated that, should the isolation vaht of the RESAR
SP/50 fail, the design pressure of the piping outside of the containment will

be sufficient to withstand primary) side pressure or will be vented to theEmergency water storage tank (EWST .

CE has eliminated the low-pressure safety injection system and increaseu the
design pressure of the shutdown cooling system piping in the System 80+
desian. With this higher design pressure, the shutdown cooling system is
expected te maintain its integrity even when exposed to full reactor coolant
system pressure.

The ASWR has been designed to minimize the possibility of an interfacing system
LOCA in the following ways. The low pressure systems directly interfacing with
the RCS are designed with 500 psig piping which provides for a rupture pressure
of approximately 1000 psig. In addition, the high/ low-pressure motor-operated
isolation valves have safety-grede, redundant Also, the
motor-operated emergency core cooling system (pressure interlocks.ECCS) valves will only be tested
when the reactor is at low pressure. All inboard check valves on the ECCS will k
be testable and have position indication. Additionally, design criter.ia used
by GE require that all pipe designed to 1/3 or greater of reactor pressure
recuires two malfunctions to occur before the pipe would be subjected to
reactor system nressure. The pipe designed to less than 1/3 reactor pressure
requires at 1cest three malfunctions before the pipe would be subjected to
reactor system pressure.

The staff concludes that designino, to the extent practicable, low-pressure
systens to withstand full RC5 oressure is an acceptable means for resolvina
this is! t. However, the staf f believes that f or those systems that have
not been * signed to withstand full RCS pressure, evolutionary ALWRs should
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provide (1) the capability for leak testing of the pressure isolation valves,
(2) valve position inoication 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 approcches the design
pressure of attached low-pressure systems and both isolation valves are not
_c l o s ed , lmposition of these re - 4rements exceed Commission regulations and
cuidance; therefore, the staffi ortrrends that the Commission approve these
positions for evolutionary ALWRs.

The staff notes that for sone low-pressure systems attached to the RCS, it may
not be practical or necessary to provide a higher system ultinate pressure
capability for the entire low-pressure connected system. The staff will
evaluate these exceptions on a case-by-case basis during specific design
certification reviews.

III. Pittigative Feature issues

A. liydrogen Generation and Control

The Commission's Severe Accident and Standet dization Policy Statements provide
that future designs should address P e provisions of 10 CFR 50.34(f). The

| Commission's stated pelicy has been codified in 10 CFR Part 57 to require the
technically relevant provisions of 10 CFR 50.34(f) be met. Specificall
order that cor.tainment integrity he maintained,10 CFR 50.34(f)(2)(ix) y, in
recuires future designs to provide a system for hydrogen control that can
safely a:commodate hydrogen gerierated by the equivalent of a 100 percent
fuel-clad metal-water reaction. In addition, the regulation requires this
system to be capable of precluding uniform concentrations of hydrogen from
exceeding 10 percent (by volume), or an inerted atmosphere within the
containment must be provided.

The ALWR Requirements Document specifies that containment and ccebustible gas
control systems should be designed to accorrnodate 75 percent in-vessel
zirconium-water reaction of the active fuel cladding, and 13 percent containment
uniform hydrogen concentration, It states that 75 percent cladding m idation
is believed to be a conservative upper limit on the amount of hydrogen generated
in a degraded-: ore situation including recovery. EPRI has identified this as
an optimization issue.

The RESAR SP/90 design proposes to mitigate the effects of a 100 percent metal-
water reaction and to preclude uniform hydrogen concentration from exceeding 10
percent (by volume) through the use of hydrogen igniter and hydrogen recombiner
systems.

The System 80+ design proposes to be consistent with the recormendations of
the ALWR Requirements Document resulting from staff review. The information

| will include justifications for the assumed extent of metal-water reaction and
| the allowable uniform hydrogen ccncentrations.
.

The ABWR design reets the requirements of 10 CFR 50.34(f)(2)(1x) by utilizing
a nit.rogen-inerted atmosphere within its containment. Also, a hydrogen
reccabiner for design-basis accidents will be provided in the ABWR design.

EPRI Evolutionary Plant SER IB.A-17
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Aside from the issue of regulator / compilance and applicability, and due to
the uncertainties in the phenomenological knowledge of hydrogen generation and
combustion, the staff concludes that compliance with the criteria of 10 CFR
50.34(f) remains appropriate for combustible gas control design in ALWRs.
Research (discussed in tWREG/CR-4551) indicates that in-vessel hydrogen
generation associated with core-damage accidents may range from approximately
40-95 percent active cladding oxidation equivalent. The amount of cladding
oxidation is dependent on a variety of parameters related to sequence

_

progression: reactor coolant system pressure, reflood timing and flow rates,
as well as core-melt progression phenomena. Thus, a 75-percent-equivalent'

cladding reaction continues to be viewed as a reasonable design basis for
hydrogen generation for severe accidents in which the reactor pressure vessel
(RPV) remains intact. However, it is the staff's view that ALWRs should
provide protection for hydrogen generation resulting from a wider spectrum of;

accider.ts, i.e., full core-melt accidents with RPV failure. In that context,

it is also necessary to consider ex-vessel hydrogen generation as a result of
core debris reacting with available water or core-concrete interactions.
Caiculaticns 'using the CORCON models indicate that if the core debris is
cooled in relatively rapid fashion (1-2 hours), additional hydrogen generation
will be less than that equivalent to a 25-percent cladding oxidation reaction,

i This relatively limited ex-vessel reaction is conditional on the existence of a i

coolable debris bed and the availability of sufficient water. If extensive
cere-concrete interaction occurs due to the absence of cavity flooding, more'

hydrogen generation shculo be considered. Considering the effects discussed
ebove, the staff concludes th t an equivalent 100 percent cladding oxidation
reaction is an appropriate deterministic design criteria and a reasonable
surrogate for the combination of both in-vessel and ex-vessel hydrogen genera-
t i er..,

Due to the uncertainties in the phenomenological knowledge of hydrogen generation
and combustion, it is still the staff's position that, as a minimum, evolutionary
ALWRs should be designed to (1) accommodate hydro
metal-water reacticn of the fuel cladding and (2) gen equivalent to 100-percentlimit containment hydrogen

,

concentration to no greater than 10 percent. Furthermore, because hydrogen
control is necessary to preclude local concentrations of hydrogen below deton-
able limits, and given uncertainties in present analytical capabilities, the;

staff concludes evolutionary ALWRs should provide containment-wide hydrogen
~

control (e.g., igniters, inerting) for severe accidents. Additional advantages
of providing hydrogen control mitigation features (rather than reliance on-

random ignition of richer mixtures) includes the lessening of pressure and
temperature loadings on the containment and essential equipment. The staff
recorrends that the Commission approve the staff's position that the require-
ments of 10 CFR 50.34(f)(2)(ix) remain unthanged for evolutionar.v ALWR5.

D. Core-Concrete Interaction - Ability To Cool Core Debris

Ir the unlikely event of a severe accident in which the core has melted through
tb reactor vessel, it is possible that containment integrity co.;1d be breached
ii i e molten core is not sufficiently cooled. In addition, interactions
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between the core debris and concrete can generate large quantities of additional
hydrogen and other non-condensible gases, which could contribute to eventual
overpressure failure of the containment.

The EPRI Requirements Document contains a number of design features that are
intended to mitigata the effects of a molten core. To promote long-term
debris coolability, the Requiremeg/MWt.ts Document states that the cavity floorshould be sized to provide 0.02 m The Requirements Document also -
specifies that the containment should be designed to ensure adequate water
supply to the floor and that an alternate means of introducing water into the
containment, independent of normal and emergency ac power should be provided.
Passive schemes for providing flooding of the floor ereas,beneath.the vessel
are proposed and described in general terms for both BWRs and PWRs. The y
Requirements Document also stetes ti.:t the steel shell or liner of the
conteinment should be protected from core debris by at least 3 feet of
concrete.

Westinehouseindicg/MWtandthattheRESARSP/90designwillincludesometed that they will ' comply with the EPRI core-debris dispersalcriteria of 0.02 m
method (not yet defined) that would ensure automatic flooding of the lower
cavity, using the in-conteinment refueling water storage tank (RWST), in the
event of a severe accident. Westinghouse is currently evaluating alternative
designs to ensure compliance with that commitirent.

CE has also indicated that t' e System 80g/MWt.
h design will comply with the EPRI

core-debris dispersal criteria of 0.02 m Also the in-containment
refueling water storage tank will previde a source of water for lower cavityflooding.

The ABWR ' design has a number of features that the staff generally agrees would
mitigate the effects of a molten core. It is designed with a lower drywell
flooder and a cavity space sufficient to be able to disperse core debris at an
energy level of 0.02 m /MWt. The flooder consists of a number of temperature-
sensitive fusible plugs that allow suppression pool water to enter the drywell
cavity when high tenterature resulting from core debris occurs in the lower
drywell. The horizontal vents to the suppression pool will remain covered in
the event of lower drywell flooding, ensuring that releases continue to be
scrubbed through the soppression pool water. GE anticipates that any core-
concrete interaction will be stopped when the suppression pool water quenches
the molten core debris. By providing sufficient area to allow the core debris
to spread to a shallow bed and by flooding the core debris, it is expected that
the potential for extensive core-concrete interactions will be significantly
reduced. In addition, even if limited core-concrete interactions continue, the
overlying pool of water will mitigate the consequences of these interactions by
scrubbing the fission products and cooling the gases released from the core-
concrete interaction.

EPRI F mlutionary Plant SER 1B.A-19
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The staff believes that an acceptable resolution to this issue can be provided
by the cVolutionary ALWR vendors if their cesigns

provide sufficient reactor cavity floor space to-

enhance debris spreading, and

provide for quenching debris in the reactor cavity.-

Use of these criteria exceed current regulatory practice.
2It should be noted that the s >ecific cavity sizing criteria (0.02 m /MWt)

proposed in the Requirements Jocument is still under evaluation by the staff.
The issue of debris coolability is an area in which there is active ongoing
experimental research including reiatively large scale testing jointly sponsored
by EPRI and NRC. Additionally, without assurance of core debris coolability,
the level of protection afforded by a 3-foot thickness of concrete and the
issue of vessel pedestal attack (ablation of concrete supporting the reactor
vessel by the molten core debris) require further evaluation. The staff will |

continue to evaluate the issup/MWt) proposed by EPRI as more data and information
of core debris coolability and the specific

cavity sizing criteria (0.02:n
becones available. The staff intends to assess the debris flooding schemes
proposed by EPR1 on a design-specific basis.

The staff recerrends the Comission aprove exceeding past regulatory prac-
tice ir, resolving this issue. The staf f recorTnends approval of the general
criteria, stated above, that evolutionary ALWR cesigns; 1) provide suf ficient
reactor cavity floor space to enhance debris spreading, and 2) provide for
quenching debris in the reactor cavity. Design specific approaches to resolve
this issue will be evaluated by the staff on a case-by-case basis to ensure
compliance with these criteria.

C. High Pressure Core Melt Ejection

One potential effect of a severe accident that could potentially result in
containment failure is the phenomenon of direct containment heating (DCH).
The staff is cencerned that this phenomenon might occur from the ejection of
molten core debris under high pressure from the reactor vessel resulting in
wide dispersal of core debris and extreinely rapid addition of energy to the
containment atnosphere.

To limit direct containment heating, the ALWR Requirements Document states
that the cavity / pedestal /drywell configuration should be designed to preclude
entrainment of core debris by gases ejected from a failed reactor vessel. It
also states that a safety-grade RCS safety depressurization and vent system
(SDVS) will be provided. The staff review has concluded that reactor vessel
depressurization capability and cavity design features to entrap ejected core
debris constitute an acceptable approach to the issue of high-pressure core
melt ejection.

Westinehouse has indicated that the configuration of the cavity of the RESAR
SP/90 containment will prevent core debris from entering the upper cuntainment.

EPRI Evolutionary Plant SER 1B.A-20



.__ ___-__ - -

I

- 13 -

in addition, their ac-independent depressurization system will reduce the
I

probability of a high-pressure molten-core ejection from the reactor vessel.

CE has indicated the Syt, tem 80+ design includes an indirect cavity vent path,
including a debris collection chan6er, (which is configured to de entrain
solid core debris and minimize direct containment heating) and a-large floor
area to enh6nce core debris coolability. In addition, the design includes a
safety grade depressurtration system which minimizes the possihil.it,y of '
high-pressure molten-core ejection,

i

The ABWR design incorporates a safety grade depressurization system and-a
suppression pool that surrounds the lower drywell cavity and thereby reduce the
risk of high pressure core ejection and would prevent core debris from reaching
the containment boundary and breaching its integrity.

The staff concludes that, during a high-pressure core-melt scenario, a depres-
surization system should provide a rate of RCS depressurtration to preclude
molten-core ejection and to reduce RCS pressure sufficiently to preclude creep
rupture of steam generator tubes. Primary systems of evolutionary ALWRs should
have the capability to be depressurized after loss _ of. decay heat removal. In
addition, the staff concludes that the ALWR Requirements Document should include
a requirement that reactor cavities be arranged in such a manner that high-pressure
core debris ejection resulting from vessel- failure will-not-impinge on tie containmentboundary. Jhestaffcor.cludesthatALWRdesigns-shouldincludeadepressurization
system and cavity design features to contain ejected core debris. Imposition of
these requirements exceed current Comission regulations. The staff recommenos that
the Comission approve this position for evolutionary ALWRs.

D. Containment Performance

The containment function, i.e., maintenance of a strong leak tight barrier
against radioactive release, is faced with distinct challenges as a result of-
a severe accident. These challenges may be roughly divided into two:
categories, energetic or rapid energy releases and slower, gradually evolving
releases to the closed containment system.- Examples of containment loadings
tnat fall into the first category include high-pressure core melt ejection --
with direct containment heating.. hydrogen cos6ustion and the initial release
of stored energy from the reactor coolant system.- SIow energyzreleases to the
containment are typified by decay heat and noncondensible gas generation.
Engineering practice in containment design calls for passive capability in
dealing with energetic energy releases where practicable while long-term energy
releases may be contro11eo by both passive means as well4s througractivei
intervention.

In view of the' low probability of. accidents that would challenge the integrity.
of the: containment, the staff concludes that the probability of failure of the

1

r:itigation systems (those systems which can-reduce the consequences of a core .
damage accident), from the onset of core dange to loss of containment-integrity.
resultino in an uncontrollable leakage substantially greater than the design-
basis leakage, should not exceed approximately 0.1. However, the staff intends
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to ensure that the contair, ment can deal with all credible challenges and does not
intend to apply this conditional containment failure probability (CCFP) guideline
in a manner that could be interpreted to potentially detract from overall
safety. The staff will accept a CCFP of 0.1 or a deterministic containment
performance goal that offers comparable protection. For this reason, the staff
concludes that the following general criterion for containment performance
curing a severe-accident challenge would be appropriate for the evolutionary
ALWRs in place of a CCFP.

The containment should maintain its role as a reliab.le 1e:k tight barrier
by ensuring that containment stresses do not exceid ASME . service level C
limits for a minimum period of 24 hours following the onset 'of core
damage and that following this 24 hour aeriod the containment should
continue to provide a barrie~r against tie uncontrolled release of fission
products.

Maintaining containment integrity for a minimum period (e.g. 24 hrs) is baseo
en providing sufficient time for the remaining airborne activity in the contain-
ment (principally noble gases and iodine) to decay to a level that would not
exceed 10 CFR Fart 100 dose guideline values when analyzed realistically, if ,

controlled venting were to occur after that time. During this period, contain- !
nent integrity should be provided, to the 2xtent practicable, by the passive '

capability of the conteinment itself and any related passive design features
(e.g., suppression pool). The staff further believes that following this
period, the containment should continae to provide a barrier against the
uncontrolled release cf fission products. However, in keeping with the concept
of allowing for intervention in coping with long-term or gradual energy release,
the staff believes that after this minimum period, the containment design may
utilize controlled, elevated venting to reduce the probability of a catastrophic
failure of the containment. Alternatively, a design may utilize diverse con-
tainment heat removal systems or rely on the restoration of normal containment
heat removal capability if sufficient time is available for major recovery
actions (e.g., 48 hours).

EPRI has indicated that the ALWR public safety criteria do not contain
explicit criteria for conditional probability of containment failure or other
mitigation features since the ALWR Steering Comittee believes that such
criteria could potentially distort the balance in safety design and inhibit
innovative improvements in core protection features. However, EPRI has not
yet indicated their position on an alternate containment performance goal.

Westinghouse has not yet comitted to a specific containrent performance goal
for RESAR SP/90 although it is expected that the mitigation features discussed
by Westinghouse would lead to & CCFP of less than 0.1 for all credible accident
scenarios.

.
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CE expects that the System 80+ design will meet the CCFP goal of 0.1 when
weighted over credible core damage sequences given the following assumptions.

-Credible core demage sequences are defined as all core damage event
sequences with a frequency of greater than 1.0 X 10E-6 per reactor year.
External events which would cause both core damage and concurrently fail
the containment and which have a frequency of less that 1.0 X 10E-5 per
reactor year will not be considered.

-Containment failure is defined as a post core damage release resulting
in a cose greater than 25 rem beyond one-half mile from the reactor.

The AEWR design currently includes a hardened wetwell vent for containment over
pressure protection and is connitted to a CCFP that is less than 0.1 when
weighted over credible core damage sequences. In meetings with the staff,
EPRI has stated that they consider a containment vent to be philosophically
and institutionally undesirable and potentially unworkable. For additional
information see related discussions under ALWR Public Safety Goal and ABWR
Containnent Vent Design.

Defense in depth, a long standing fundamental principle of reactor safety,
results in the concept that multiple barriers should lie provided to ensure
against any significant release of radioactivity. In its Severe. Accident
Policy Statement, the Commission indicated that it "... fully expects that
verdors engaged in designing new (or custom) plants will achieve a higher
standerd of severe accident safety performance than their prior designs." The
Commission reaffirmed this policy in an SRM dated December 15, 1989 relating to
SECY-89-311. A defense-in-depth approach reflects an awareness of the need to
make conservative safety judgements in the face of uncertainties; in effect,
not putting all the eggs in one basket. In that regard the reactor containment
boundary should serve as a 911able barrier against fission prcduct release for
credible sovere-accident phenomena / challenges. Special effort should be made to
eliminate or further reduce the likelihood of a sequence that could bypass the
contairment. The continued reliance on the traditional principle of containtnent
of fission products following an accident is seen as a logical and prudent
approach to addressing reasonable geestions which will persist regarding the
ability to accurately predict certain aspects of severe accident behavior. In
order to ensure balance between prevention and mitigation, some criteria on
containment performance are appropriate. Accordingly, a general goal of
limiting the conditional containment failure probability to less than 1 in 10
when weighted over credible core-damage sequences would constitute appropriate
attention to the defense-in-de >th philosophy. Alternatively, a deterministic
containment performance goal t1at provides comparable protection would be
appropriate.

Probabilistic risk assessment (PRA) is a very powerful tool that permits
systematic integrated assessment of design strengths and weaknesses. However,
because very low freauency scenarios (approximately 1.0 X 10E-6 per reactor-year)
are being addressed, it is important to recognize the large uncertainties in
the cuantification of these scenarios. The overall uncertainties in severe
accident behavior are driven largely by insufficient data for assessing
conn.on-cause failures, difficulty in quantification of the potential for human
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errors, and questions about completeness of analyses and uncertainties in
phencmenological behavior. For this reason, the staff considers it acceptable
to utilize a deterministic containment performance criterion that would
provide a level of containment performance comparable to that which could be
demonstrated using a probabilistic containment failure goal of 0.1, given a
severe accident.

,

It is recommended that the Commission approve the staff's position to use's
CCFP of 0.1 or a deterministic containment perf ormance coal that of fers -
comparable protection in the evaluation of evolutionary ALWR3.

E. ASWR Contain~.ent Vent Design4

In Amendment 8 of the ABWR SSAR submittal (July 28,1989) GE submitted a
sensitivity analysis of the ABWR PRA to determine the net risk ber.efit of a<

vent system. Basically, this system is a containment overpressure relief
system and is designed to avoid gross containment failure resulting from
postulated slow rising overpressure scenarios that could result from postulated
reitiple safety system failures. These sensitivity analyses indicate that, with'

er without a vent system, the ABWR design meets the quantitative health ob.iec-
,

tives of the Comission's safety goal with a wide targin. |

'

The staff's detailed review of the ABWR risk analyses, including the
sensitivity analyses on the vent system, is currently underway. Based on the
review to date, the staff believes that the scope of methods and data used in
the AEWR PRA are sufficient and do not expect that the ABWR risk to exceed the
Comnission's quantitative health objectives with or without a vent system.

The staff's safety goal implementation plan also reconnended that a subsidiary
target related to plant performance be used. This target states that, for
future plants, a mean core damage frequency due to internal events and
external events be less than 1.0 X 10E-5 per reactor year of operation. The
staff's review of Amendment 8 of the ABWR SSAR indicates that the overall core,

damage frequency from internal events (transients. ATWS events, and postulated
LOCAs) and external events (primarily from beyond design baris seismic events
and postulated fires) is about 6 X 10E-6 per reactor year. GE has determined
that the proposed vent system has negligible isnpact on the core damage
frequency. The staff notes that GE has provided an additional means of decay
heat removal (a third train of RHR and an ac-independent water makeup system
which relies on the fire water system to supply water to the core and
containment sprays in emergency situations) for the ABWR derign to reduce th?<

loss of containment heat ramuval
frequency of the sequences involving (on core damage frequency only) of thefunction, thus reducing the benefit
ABWR vent system for these types of accident sequences.

The desirability of venting a BWP. containment to mitigate multiple-failure
accidents far beyond the design basis has been accepted for sene-time. Since
1981 the BWR Emergency Procedure Guidelines (EPGs). developed by the BWR
Owners Group and approved by the NRC for existing BWRs, have called for
venting the containment wetwell air space. GE believes containment

1

i

|
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overpressure protection represents a practical and beneficial feature to
incorporate in the ABWP.. The overpressure protection feature is essentially
passive, relatively inexpensive in a new plant, provides insurance against the
consequences and financial risks associated with end-of-spectrum accident
scenarios, is consistent with the BWR EPGs, and appears to be consistent with
the ALWR philosophy of robustness.

GE hrs established two severe accident goals in the risk analyses submitted to
the staff. These goals were defined in the ABWR LRB. The first goal states
that the frequency of a severe accident release resulting in a whole body dose
of 25 rem beyond one-half mile from the reactor should not exceed 1 X 10E-6 perreacter-year. This design goal is basically the same as the EPRI ALWR designgoal. The second goal defined in the ABWR LRB states that the conditional
contairrent failure probability should be less than one in ten (CCFP 0.1)
when weighted over credible core damage sequences. The staff and GE agree
that the definition of containment failure is an uncontrollable leakage
substartially greater than the design basis resulting from loss of containment
integrity following the onset of severe core damage. The ABWR design with the
vent systen is expected to meet the above goals; however, staff review in this
area is not yet complete.

CE has perforr.ed an analysis utilizing this definition of containment failure to
detemine if the ABWR meets the CCFP goal of 0.1. The analysis indicates that.

the CCFF for the ABWR design, without a vent system, is equal to approximately
0.5 and does tot neet the 0.1 goal, however with a vent system, the CCFP equalsapproxicately 0.06.

Based upon the preliminary review of the ABWR severe accident design, the
staff tas determined that, as far as overall risk impact is concerned, the GE
ABWR public safety goal is significantly more stringent than the Comission's
quantitative health objectives. Also, the staff concludes that the public
safety goal proposed by GE for the ABWR design is more stringent than the "large
release guidcline" as defined in the staff's proposed safety goal implementationplan. Therefore, based on the apparent enhanced level of safety provided by the
ABWR's severe accident design features. which include the over pressure protec-
tion system, the staff recommends the Conrnission approve its use in the ABWR
design certification process.

F. Equipment Survivability

Vith regard to the Comission's request concerning 'The measures to ensure
that systems and equipment required only to mitigate severe occidents are
available to perform their intended function (e.g., environmental qualifica-
tions)," the staff believes that features provided for severe-accident
protection (prevention and mitigation) only (not required for design basis
accidents) need not be subject to (a) the 10 CFR 50.49 environmental qualifica-
tion requirerents(c()b) all aspects of 10 CFR Part 50, Appendix B quality assurancerequirements, or 10 CFR Part 50, Appendix A redundancy / diversity requirements.
The reason for this judgment is that the staff does not believe that severe
core damage accidents should be design basis accidents (DBA) in the traditional
sense that DEAs have been treated in the past.

,
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Notwithstanding that judgwnt, however, adtigation features must be designed so
there is reasonable assurance that they will operate in the severe-accident enviion-
ment for which they are intended and over the time span for which they are
needed. In instances where safety related equipment, (which is provided for
design bases accidents) is relied upon to cope with severe accidents situations)
there should also be a high confidence that this equipment will survive. severe
accident conditions for the period that is needed to perform its intended func-
tion. However it is not necessary for redundant trains to be qualified to meet
this goal. -

During the review of a specific ALWR design the credible severe accident
scenarios, the equipment needed to perform mitigative functions and the
conditions under which the mitiative systems must function,-will be identified. -

Equipment survivability expe;,tations under severe accident conditions
) should include consideration of the circumstances of applicable initiating
/ evtnts (e.g., station blackout, earthquakes) and the environment (e.g., pressure,

temperature, radiation) in which the equipment is relied upon to function. The ,

required system performance criteria will be based on the result? of these
design-specific reviews. In addition, the staff concludes that severe-accider.t
mitigation equipment for evolutienary ALWRs should be capable of being powered
from an alternate power supply as well as from the normal Class 1E onsite
systems. Appendices A and B to Regulatory Guide 1.155, ' Station Blackout,"
provide guidance on the type of quality assurance activities and specifications
which the sta#f concludes are appropriate for equipment utilized to prevent and,

mitigate the consequences of severe accidents.

Tre steff requests that the Comission approve the staff position that features
provided only f or severe-accident protection need not be subject to the 10 Ltk
50.49 enviroteental cuelitication requiremer,ts,10 CFR Part 50, Appendix B
quality assurance recvirements. and 10 CFR Part 50, Appendix A redundancy /
diversity requirements.

IV. Non-Severe Accident Issues

The fo11 cuing issues, which are not normally considered through PRA analysis
or not considered as severe accident issues for the evolutionary ALWRs, are
brought tc the Comission's attention because either the staff's positions or
the vendor requests differ from past practices.

A. Operating Bases Earthquake (OBE)/ Safe Shutdown Earthquake (CSE)

Presently 10 CFR Part 100 requires that the magnitude of the OBE be at least
ore-half that of the SSE. It has been an industry wide experience that such a
requirement leads to a design that is governed by the CBE requirements and
produces unnecessary and inconsistent margins for the $$E loading. This
requirement was included in the regulation when the staff did not have
substantial experience with the seirmic resistance of plants that incorporated
OBE desigr at half the SSE value. Since then a number of research prograins
have been conducted including a large industry effort-on testing and observation

the NRCof actual earthquake experience of industrial facilities; consequently,lantsfunded Piping Review Cnmmittee has concluded that the OBE at existing p
are too high, therefore, controlling the design of some safety systems, and
recorrended that the OBE be decoupled from the SSE. Certain interim measures,
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such as allowing somewhat higher damping values for piping analysis, have been
tahen to partially implement the Piping Review Comittee recommendations (NUREG
1061 1964). But the complete implementation of the reconnendations wouldIinvo,ve a revision of 10 CFR Part 100, Appendix A. Because of higher priority
work, the effort on revision of this regulation has been postponed. It should
be noted that the Connission has, in certain site specific cases, previously
approved OBEs of less then one-half the SSE.

CFR1 has requested that NRC regulations be changed to reduce the magnitude of
the OBE relative to the SSE as a basis for the design. All evolutionary ALWR
vendors agree with the request. GE has stated that they agree with EPRI
in principle, however, the ABWR design uses an OBE that, is one-half the SSE; '

therefore this is a non-issue for tie ABWR, EPRI has identif.ied this as an
optimizatIonissue.

The staff agrees that the OBE should not control the design of safety systems.
However, a staff position on this issue to be applied generically to all
f uture3 signs has not yet been fully developed. For the evolutionary reactors. "

,

the stc.f will consider requests to decouple the OBE from the SSE on a design-
specific basis. Such a decoupling would require an exemption to the Comission's
regulations, therefore the staf f reconnends that the Commission approve this
desigr,. specific relief approach.

F. Inservice Testing of F. css and Yalves

The ASME Code, Section XI, " Rule for Inservice inspection of Nuclear Power
Plant Components" has been used tv establish past testing requirements for
ASME Code Class 1, 2, and 3 safety-r&ted pumps and valves. These
requirements provide certain informatun on the operational readiness of the
components, but in general, do not necessarily verify the capability of the
corponents to perform their intended safety function. It is the staff's
judgement that the Code does not assure the necessary level of component
operability that is desired for the evolutionary LWR designs. The staff
believes that the following aspects of pump and valva testing and inspection
are nece sary to provide an adequate level of asserance of operability. The
following provisions should be applied to all safety related pucps and vaTves
and not limited to A5ME Code Class 1, 2 and 3 components.

-Piping design should incorporate provisions for full flow testing (max 1wmL
design flow) of put@s and check valves.

-Designs should incorporate provisions to test motor operated valves under
design basi; dif ferential pressure.

-Check valve testing should incorporate the use of advanced non-intrusive
techniques to address degradation and perforinance characteristics.

-A program should be establishad to determine the frequency necessary for
disassertly and inspection of pumps and valves to detect unaccepteble
detracation which cannot be detected through the use of advanced
non-intrusive techniques.
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|
| _The staff has informed EPRI and the evolutionary ALWR designers' of-its concerns.
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8 No posittori has yet been expressed by these groups. Impositiori of these
! procedures would exceed past licensing guidarste; therefore, the staff recomends

that the Cortission approve these provisions for evolutionary ALWRs.
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i The Honorable Kenneth M. Carr
Chairman.

U.S. Nuclear Regulatory Commission,

Washington, D.C. 20555

Dear Chairman r%rr:

| SUBJECT: EVOLUTIONARY LIGHT WATER REACTOR CERTIFICATION
*

ISSUES AND THEIR RELATIONSHIP TO CURRENT REGULhTORY
; REQUIREMENTS

During the 358th, 359th, and 360th meetings _ of the - Advisory
Committee on Reactor Safeguards, February 8-10, March-8-10, and4

April 5-7 and 18-19,1990, we discussed with representatives of the
NRC staff the staff's positions and recommundations concerning the-.

evolutionary light water reactor (ELWR) certification issues-
contained in SECY-90-016 (Ref. 1). During some of these meetings,,

; we had - the benefit of discussions with _ representatives of the-
'

Electric-Power Research Institute (EPRI) and the Gcneral Electric
! Company. We also had the benefit of the documents referenced.

We were told by the staff that the positions for which they are
seeking Commission approval are described in -the- underlined
porticas of the enclosure to SECY-90-016, entitled " Evolutionary;

i. ALWR Certification Issues."' Unless indicated . otherwise, _our
comments relate to these staff positions. Our comments and recom-
mandations on the staff positions are-gi,ven below.*

I. GENERAL ISSUES

*
1. Evolutionary LWR Public Safety Goals

.

. The NRC staff has concluded that the quantitative goals submitted
{ for Commission consideration in draft SECY-89-102 (Ref. 2) are-
i acceptable for ELWRs. The staff notes that both public safety

goals in the EPRI ALWR Requirements Document (Ref. 3) and the ABWR',

Licensing Review Basis Document (Ref. 4) are considerably more'

restrictive than the large-release guideline defined in draft SECY-,

89-102. The staff further notes that additional- Commissionguidance on quantitative safety goals will assist the staff in'its
continuing assessment of ELWRs.

;

;
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We believe, as stated in our previous reports (e.g., ACRS report
on Key Licensing Issues Associated With DOE Sponsored Reactor
Designs, dated July 20, 1988), that the Commission's Safety Goal
Policy is appropriate guidance for regulatory decisions relating
to ELWRs, other advanced reactors, and the operating plants. We

,

regard it as not inappropriate that cpplicants should work to
tighter standards when it serves their purposes, but vu do not
believe it is appropriate that the NRC should require .such,

standards. In its Safety Goal Policy the Commission; in effect,
said it would regulate to a level of safety that is adequate, not.

to the highest level that is possible.
,

4

2. Source Term

This issue is detit with by a proposal to assure that evolutionary
designs meet the requirements of 10 CFR 100 (Reactor Site Cri-
teria). The requirements of this regulation include a limit on
doses experienced by c.n individual at the exclusion area boundary,
and at the boundary of the low population zone during the course
of an accident. In calculating these doses, the inatructions in
10 CFR 100 prescribe that the fission products released to the
containment must be those which would be expected from accidents
which " result in substantial meltdown of the core with subsequent
release of appreciable quantities of fission products," For plants
currently operating, regulatory guides have delineated specific,;

but somewhat arbitrary,- quantities of fission products that are,

acceptable to the staff in calculating the leakage from containment
and the resultant doses at the specified boundaries.

| In contrast, for the ELWRs, the staff proposes to explore the
specification of a source term on a case-by-case basis, rather than
using the arbitrary source term prescribed in the past. Since the
issue of siting of these plants is not yet resolved, and since
revisions to 10 CFR 100 are being considered, there - may be no

j alternative to proceeding as the staff proposes, however awkward
.

it may seem.

; However, we can make no informed -judgment concerning the ap-
propriateness of the procedure until we know more atout the
criteria to be used in the selection of a source term, and the
results of its application.

II. PREVENTATIVE FEATURE ISSUES

3. Anticipated Transients Without Scram (ATWS)

The staff recommends that the Commission approve the staff's
position that diverse scram systems be required for the ELWRs.

It appears to us that a design that can ride out an ATWS without
serious damage is feasible for PWRs and is preferable to a scram,
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system with diverse logic, which has a reliability calculable, at
best, with large uncertainty. We recommend that the staff permit
demonctration that the consequences of an ATWS are acceptable as
an alternative to a diverse scram logic. The uncertainty in such
a demonstration is probably considerably less than that in. demon-
strating that the contribution of an ATWS to risk is made accept-
able by installation of a diverse scram logic system.

4. Mid-Looo operation -

We have been told previously of evidence that events initiated
during mid-loop operations may be major contributers to risk in
PWRs. However, shutdown operations are generally not accounted for
in PRA studies, such as those reported in NUREG-1150 (Ref. 5), so

4 the risks are not well quantified. For the operating plants, this
issue has been dealt with through resolution of Generic Issue 99
(Inproved Reliability of RHR Capability in PWRs) . For the ELWRs,
the staff recommends that PWR applicants propose design features
to ensure high reliability of the shutdown decay heat removal-

y system.
,

We agree with the staff's proposal, but recommend that rio re
specific requirements be censidered for mid-loop operation:

Design provisions to help ensure continuity of flow through*

the core and residual heat removal system with low-liquid
levels at the junction of the DHR system suction lines and the
BCS

e Provisions to ensure availability of reliable syrtems for
decay heat removal

Instrumentation for reliable measurements of liquid levels ine

the reactor vessel and at the junction of the DHR system
suction lines and the RCS

,

Provisions for maintaining containment closure or for rapide

closure of containment openings

5. Station Blackout

The Station Blackout Rule (10 CFR 50.63) requires that each light-
water nuclear power plant licensed to operate must be able to
withstand for a specified duration, and then recover Trem, a
station blackout as defined in 10 CFR 50.2. This rule permits the
utilities to submit alternative methods for coping with station
blackout. This rule also states that a method based on an
alternate ac power source, as defined in 10 CFR 50.2, vill con-
stitute an acceptable capability'.

For the ELWRs, the staff recommends that the Cemmission require the
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installation of an altsrnhte ac power-source as the only basis
taken to dwmonstrate cotepliance with 10 CFR 50.63. The staff
recomnends that the alternate ac source have capacity to supply
power for one safety train, including one complete set of normal

,

safe shutoown loads, and that it be of diverse design. The '

alternate ac power supply must be designed to serve any safety
train when needed, thereby serving as an additional backup power
supply for the Clssa IE power supplies. The staff has stated that
the diversity requirement will not preclude use of diesel genera-
tors, even though diesel generators are used for the Class IE
emergency power supplies.

Although taken by itself this may seem to be desirable, it has not
bet.n demonstrated that it is required to conform to the safety
.Joal. Nevertheless, we endorse the staff's recommendation.

; 6. Fire Protection

The staff concluded that the fire protection issues raised through
operating experience and the Individual Plant Examination for
External Events (IPEEE) Program (Ref. 6) must be resolved for the
ELWRs. To accomplish this, the staff is proposing that the current
NRC guidance for fire protection be enhanced as described by the
staff during the March 27, 1990, meeting of our Subcommittees on
Extreme External Phenomena and Severe Accidents. The enhancements
proposed by the staff when combined with the requirements of 10 CFR
50.48 (Fire Protection) without exception and the guidance provided
by the Standard Review Plan Section 9.5.1 (Fire Protection Program)
should constitute an acceptable basis for prescribing fire
protection features for the ELWRs.

The proposed enhancements represent a significant improvement in
physical separation requirements and in the need to consider the
effects of smoke, heat, and fire suppressant migration into other

In particular, redundant train Reparation is likely to beareas.
the most significant feature leading to reduced fire risk. We
recommend that the proposed enhancements include separation of
environmental control systems.

The fire-risk issues that were examined in the Fire Risk Scoping
Study (Ref. 7), however, are not fully addressed in SECY-90-016..

They should be.

We agree with the staff's recommendation for resolution of this
issue with the above caveats.
7. Intersystem LOCA

The staff's position is that designing low-pressure systems to
withstand full RCS pressure (to the extent practicable) is an
acceptable means for resolving this issue. For those systems that
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have not been designed to withstand full RCS pressure, the staff
indicates that other measures will be required. He recommend
approval of the proposed staff resolution, provided consideration
is given to all elements of the low pressure piping system (e.g.,
instrument lines, pump seals, heat exchanger tubes, and valve
bonnets).

III. MITIGATIVE FEATURE ISSUES

8. Hydrocen Generation and Control

The staff recommends that the EIMR designs provide a system for
hydrogen control that can safely accommodate hydrogen generated by
the reaction of water with 100% of the fuel cladd'.ng surrounding
the active fuel. (Note: This is not 100% of the fuel rod
cladding, nor does it include other metal in the core which could
produce hydrogen if it were heated to a red heat in the presence ;

of steam.) There is substtntial uncertainty in establishing the
amount of hydrogen that might be formed in a severe accident. We
support the staff's recommendation.

The staff also recommends that the system be capable of precluding
uniform concentrations of hydrogen greater than 10%. The EPRI ALUR
Requirements Document specifies 13%. He are not aware of any
experimental or analytical work that demonstrates that thedetonation of hydrogen at the 101, 13%, or some other level could
demage the integrity of the conteinment and essential components.
It is our impression that the effect, if any, is scaething that
experts dealing with gas explos ons can calculate with reasonablei

confidence. We suggest that 'Ae staff seek further technical.

information on possible effects, including stratification, before
establishing a limit for the average hydrogen concentration.
9. Core-Concrete Interaction - Ability To Cool Core Debris

The staff proposes that the ELWR designs provide suff.cient reactor
cavity floor space to enhance debris spreading, and provide for
quenching of the debris in the reactor cavity. Quantification ofwhat constitutes sufficient reactor cavity ficor space is still an
open question, as is the means by which one quenches the core
debris. The resolution of this issue will require engineering
judgment as many of the physical processes are not fully under-
stood. We agree with the staff's recommendation.,

10. Mich-Pressure Core Melt Eiection

To cope with the possible effects of direct containment heating
(DCH), the staff concludes ". that ALWR design should includo. .

a depressurization system and cavity design "eatures to contain
ejected core debris."

d
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This is an extremely improbable event, and wo see no need to
require two modes of coping with the possibility. Either depres-
surization or cavity design provisions alone should be adequate.
Because of possible safety benefits for other events, reliable
depressurization is probably the preferred approach.

11. Epntainment Performance

The staff recommends that a containment performance guideline,
expressed as a conditional containment-failure probability (CCFP)
of 0.1, be used in ev&luation of tne iLW ,5 signs. As an alterna-
tive, the staff proposes a deterministic prformance goal that it
believes would offer comparable protection.

We have previously recommended (ACRS Comments on An Implementation
Plan For The Safety Goal Policy, dated May 13, 1987) such a
quantitative guideline for containment performance as a part of the
implementation of the Safety Goal Policy. However, this should be
regarded as guidance to the NRC staff in its development of
requirements for applicants. Merely passing on this guidance to .

applicants is not enough because the definition of CCFP is too I

imprecise. The deterministic performance criterion for contain-
ment systems suggested by the staff is also difficult to interpret.

We have undertaken an effort (ACRS report on Conte?inment Design
Criteria, dated March 15, 1989) to propose containment design
criteria for future plants. But, as we said at the beginning of
our study, we did not expect that it would directly affect the
certification of the ELWR designs. This was, to'some ext 3nt,
because we recognized that our study would take some time.to
complete, but principally because- the ELWR designs are now
essentially complete and have been for some time.

We understand that the staff, assisted by the Brookhaven National
Laboratory, is developing a regulatory guide that would serve as
a basis for review of ELWR containment performance. We believe
that the staff proposal will be adequate for ELWR review if it is
supported by an appropriate regulatory guide developed on a timely
schedule, and if it can be reasonably demonstrated that a contain-
ment that meets this guidance has-a CCFP of not more than 0.1.

12. ABWR Containment Vent Desian

During our April 5-7, 1990 meeting, we heard presentations from the
staff and the General Electric. Company regarding - the staff's
proposal ~ that the Commission approve the use of severe accident
design features-that include a containment overpressure protection
system in the ABWR design. We recommend that:use of a containment
overprotection system be approved subject to the results'of the
regulatory, review.
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13. Eauierent Survivability

The staf f reconunends that features provided in the ELWR designs
that are intended only for severe accident protection (prevention
and mitigation) need not be subject to 10 CFR 50.49 (Environmental
Qualification Requirements), 10 CFR 50, Appendix A (Redundancy
and Diversity Requirements), and 10 CFR 50, Appendix B (Quality
Assurance Requirements). However, the staff will require that
mitigation features must bo designed so there is , " reasonable
assurance" that they will perform their intended function in the
severe accident enviroranent and over the time span for which they
are needed. Further, the staff proposes that at least one train
of features provided for design basis accident protection, but also
relied upon for severe accident protection, must be able to survive
severe accident conditions for the time period that is needed to
perform its intended function with Whigh confidence." In addition,
the staff proposes to require that severe accident mitigation,

equipment be capable of being powered from an alternate power
supply, as well as from the normal Class IE on-site systems.

To accomplish " reasonable assurance" and "high confidence," the
staff will require that severe accident protective features use
high quality industrial grade components which will be selected for
the service intended and qualified by analysis or tests.
We endorse the staff's position. We note, however, that in this
instance the staff's position includes much more than the under-
lined portions of the enclosure to SECY-90-016.

IV. NON-SEVERE ACCIDENT ISSUES

14. Operatine Basis Eartheuake (OBE) / Safe Shutdown Earthcuake (SSE)

The staff states that it has not yet developed a position on this
issue that can be applied generically to all future designs and
recommends that the Commission approve a design-specific approach.
We have no objection to the staff considering exemptions to the
requirement that the OBE be at least one-half the SSE, where this
can be justified. We note that this has been done in the past for
14 plants at 9 sites, but in each case using site-specific data.
Other bases for justification may have to be provided for un-sited
standard plant designs.

In the longer term, we recommend that the staff and the industry
attempt to develop a position that can be defined ge 2rically. One
approach worthy of study would be to abandon the use of two
earthquake levels for the design of structures, systems, and
components. Instead, the design could be based'only on the SSE,.
vith appropriate load factors and limit states, and a smaller but
nore likely earthquake could be established as a threshold for
plant shutdown and inspection.
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15. IDEarvice Testiac of Pumps and Valves

The staff proposes that certain aspects of the testing and
inspection of pumps and valves be enhanced to ensure the necessary

.| level of component operability for the ELWR designs. We endorse
the staff's proposal with the following clarification and addi-
tions:

Although not stated explicitly, we were told during the' March*

7, 1990 meeting of our Subcommittee on Mechani' cal Components'

that the staff intends to apply the requirements of Generic
Letter 89-10 (Ref. 8) to the ELWR plants'as well. We endorse
this intention.

* We recommend that the staff's requirement for full-flow
testing capability be extended to other safety-rel=*.ed valvss'

(e.g. , MOVs) not just check valves. The requirement for flow
testing of MOVs is included in Generic Letter 89-10.r

,

* We recommend that the staff resolve the issue of chai- valve
testing.and aurveillance requirements for existing LWR plants
and indicate how it is to be applied to the ELWRs prior to
issuing the FDAs.'

e We recommend that the staff be encouraged ' to entertain
proposals from the FDA applicants regarding alternative ways;

of meeting the in-service testing and surveillance require-
ments.

' Additional comments by ACRS Members Harold W. Lewis and James C.
Carroll and ACRS Members William Kerr, David A. Ward, and James C.
Carroll are presented below.

| Sincerely,

.

Carlyle Michelson
Chairman.

Additional Conments by ACRS Members Harold W. Lewis and James C.
Carroll

Apart from one paragraph submerged as part of Item 1, this letter
endorses the scattershot approach the staff has taken to the
important question of regulation of new reactors. It the~efore
deserves to be called Camel II, in deference to the Commictee's
similar letter of January 15, 1987. The differences are that this
list has in fact had more careful consideration, and that its
elements originated with specific staff proposals. Indeed, in many
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cases the genealogy can be traced to industry initiativar and thestaff is simply proposing to make randatory those things,that theindustry has previously proposed to do on its own. None of thispays the slightest attention to the Commission's Safety Goal
policy, nor is there any hint of an effort to seize this oppor-
tunity to move the regulatory process in the direction of coherenceand consistency. This is a pudding without a theme.

Let us then try to provide some perspective, since the Cominittee
has chosen not to do so.

The Committee has often commented on the central role of the Safety
Goals in providing a focus and objective for the body of regula-tion. Since thic list sets the tone for the licensing of the nextgeneration of light-water reactors, it is

its relation to commission policies, particularly importantthat
especiall

tha risk of repetJtion,y the safetyGoal Policy, be clear. At we, and webelieve the Committee,
decisions (such as these) be judged individually in ths context ofhave never urged that s ecific regulatory
the Safety Goals, but only that the body of regulation be judged
in that light. Individual decisions mut.t still be made determinis-tically, with expertise and good judgment, but as part of acoherent overall body of regulation. Still, fifteen items corae
close to being a " body", and it is-infornative to see the role of
the Safety Goals in the formulation of the staff recommendations.
The Safety Goal policy, and other commission policies, are supposed
to provide the glue that binds the whole structure together.

In effect, the staff says that it has proposed to the commissiona set of new safety goals
acted on them, either way, (SECY-89-102), the. Commission has not

and therefore the staff will use themas if the Commission had approvtL While we sympathize with thestaff predicament, we think that m entirely i Thestaf f proposals include such things as a core nappropriate.damage probabilityof 1E-5 per reactor-year, a "large acci, dent" probability of IE-6
per reactor year -(with a bizarre definition of large accident), and
a so-called conditional containment-failure probability. Not oneof these has been approved by the Commission, yet the staff has
used them in formulating its proposed policies on these items.
has rationalized this usurpation of power by asking for commissionIt
action on SECY-89-102, and by stating that its own safety goals are
" consistent" with those of the commission. of course any set of
goals more stringent than yours will be consistent with your own,
and acceptance of this argument will mean that the staff can
regulate beyond your policies, more or less at will. That isprecisely the situation your original goals were intended toforeclose.
Goals be used-as a final statement ofThe Committee has often recommended that your Safety

"how safe is safe enough",
not as a rigid minimum level of safety, beyond which the sky is thelimit. Of cou.se the
further, but that is another matter. industry may well have good reason to go
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In addition, as your own OGC has pointed out in SECY-90-016, this
has the potet.tial to open a pandora's box, in which each party to
a licensing proceeding may be able to claim the rights the staff
claims--to insist on improvements beyond the rules. You will have
to face this problem at some time, and the sooner the better.
We do not wish to understate the dif ficulty involved in translating

safety-goal policy into a workable body of regulation. The
; a

Committee has written you t,4 its own recommendations for an
organized approach to that problem, but we belieVa' it can and

i should do more. Nuclear safety is not helped by letting that
problem fester--the fact that it is difficult is no excuse for
inattention. It is too much to expect regulation to. be coherent
and rational in ta; absence of an objective for that regulation.

We do think it was useful for the Committee to respond to your.

specific request for technical help on the fifteen questions posed,'

but you should recognize that this was done in one absence of a,

measuring rod. Each item was therefore judged on its own, and the'

committee has turned its back on the opportunity to respond in a
structured and coherent-way. Any one of these items might have
come out '.ifferently if it had been measured against an underlying ;

,

*

rationale. In our view, the Committee has forfeited a chance to
be of real service to both you and the public.

,

Additional Conents by ACRS Members William Kerr, David A. Ward,
and James C. Carroll

: By the "rulemaking" approach to design certification the Commission
has sidestepped the development of revisions to regulations that
would reflect knowledge gained from experience and research over

t the last ten or more years. As a result, important new require-
| ments are being imposed on applicants through a variety of staff

| actions and reactions. This is a loosely controlled process in
which major policy decisions are made without an appropriatei

| intensity of review. Contributing to the lack of discipline is
what we believe to be a serious ambiguity in the Commission's
policy on advanced reactors. The Commission has said:it expects

!' future reactors to be safer. But, whether this is a mandate or
simply an expectation that a maturing industry will produce safer
plants is not clear. The staff has interpreted it as a mandate and

| has translated this into an unauthorized extension of the safety

| goals. This is despite the statement in NUREG-1226, " Development
and Utilization of the NRC Policy Statement on the Regulation of|

Advanced Nuclear Power Plants," published June 1988 (p. 4-1) that
"the Commission expects but does not require enhanced safety
margins other than those that may be required by the Safety Goal
Policy." The Commission should not indefinitely postpone the
development of a modern set of regulations. Only in this way will
a proper balance be struck between adequate protection of the-
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public health and safety and the advantages to the public that can
como from efficient development of the nuclear pc.wer option.
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i HEMORANDUf1 FOR: Chairran Carr
!- Comissioner Roberts
] Comissioner Rogers
i Comissioner Curtiss

Commissioner Remick

i FROM: James M. Taylor
| Executive Director for Operations
r
i SUBJECT: -STAFF RESPONSE TO ACRS' CONCLUSIONS REGARDING
| EVOLUT10tiARY LIGHT WATER REACTOR CERTIFICATION ISSUES
|-
.

The ACRS sent a letter to the Comission' addressing the sub. ject issues.

- In general, the ACRS_ supported the staff positions, with additional comments
'

and recomendations. The staff has evaluated these ACRS.consnents andj

recomendations and its evaluation 1's provided_in the enclosure.

I Original SignW Byi

| James W.Taylotf

i James M.-Taylor
Executive. Director4

! Enclosure: for Operations
!- As stated
!
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Enclosure A

EVOLUTIONARY LIGHT WATER REACTOR CERTIFICATION ISSUES
AND THTIR RELATIONSHIP TO CURRENT REGULATORY REOL'?REMENTS

:

1. Evolutionary LWR Public Safety Goals2

The Advisory Committee on Reactor Safeguards (ACRS) stated, "We regard it
as not inappropriate that applicants should work to tighter standards when
it serves their purposes, but we do not believe it is appropriate that the
NRC should require such standards."

~

The staff is accepting EPRI's proposed core damage frequency goal and
their large release safety goal. We are not proposing to push them for
more conservative safety goals, but the staff expects ELWR applicants to
demonstrate that they have taken reasonable steps to achieve their stated

i goals.

2. Source Term

The ACRS stated that, "Since the issue of siting of these plants is not,

yet resolved, and since revisions to 10 CFR 100 are being considered,
there may be no alternative to proceeding as the staff proposes, however
awkward it may seem. However, we can nake no informed judgment concerningi

the appropriateness of the procedure until we know more about the criteria
to be used in the selection of a source term, and the results of its
application."

The staff will keep the ACRS informed of our source term approach for
'

ALWRs as we develop the details of its application during our reviews,

3. Anticipated Transients Without Scram (ATWS)

4

The ACRS stated that "It appears to us that a design that can ride out an
ATWS without serious damage is feasible for PWRs and is preferable to a'

scram system with diverse logic, which has a reliability calculable, at
best, with large uncertainty. We recomend that the staff permit demon-.

stration that the consequences of an ATWS are acceptable as an alternative
to a diverse scram logic."

The staff agrees with the ACRS coment that resolution of ATWS through a
design that can ride out an ATWS is preferable to reliance on a diverse
scram logic. This option ns offered in the staff Draft Safety Evaluation
Report for Chapter 5 of the EPRI Requirements Document and has been pro-
posed by EPRI-in Chapter 10. Whether the currently proposed diverse rystems
could be deleted would be based on the adequacy of this designJnalysis to
demonstrate that an ATWS would not lead to serious damage.

EPRI Evolutionary Plant SER IB.A-47

- _ _ _ _ . _ _ _ _ _ ..



- _ _ - _ _ _ _ _ - _ _ _

2

4. Mid Loop Operation

The ACF.S stated that, 'We agree with the staff's propesa), but recomend
that more specific requirements be considered for mid loop operatiert:

Design provisions to help ensure continuity of flow through the-

core and residual heat removal system with low liquid lev.els at
the junction of the DHR system suction lines and the RCS.

Provisions to ensure availability of reliable systems for decay-

beat removal.

Instrumentation for reliabit measurements of liquid levels in-

the reactor vessel and at the junction of the DHR system suction
lines and the RCS.

Provisions for r,aintaining containment closure or for rapid-
, closure of containnert openings.

..e staff agrees with the ACRS coments. In fact, past staff actions
on this issue for operating reactors focused on most of these items.
The staff pleas to ensure that these factors are addressed in the ELWR
designs.

5. Station Blackout

ite ACRS stated that the staff recorrended that an alternate diverse ac
power source capable of powering one complete safety train of safe shutdown
loads be installed in the ELWRs as the means used to meet the requircr'ents
of the Station Blackout Rule (ID CFR 50.63). The ACRS noted that the rule
permits alternative methods for coping with station blackout, and cited
10 CFR 50.2 as defining the acceptable capability for the alternate AC
source.

this may tem to be
The ACRS also stated, "Although taken by itself,is requiree to n;onform todesirable, it has not been demonstreted that it
the :stety goal. Nevertheless, we endorse the staff's recommendat*u..*

The alternate ac power source was identified as the >refered a;> orth
for meeting the Station Eleckout Rule only in ELWRs secause it effers
several advantages over other a >proaches. It has the advantag+ of powering
a complete complenent of safe snutdown equipment, it can be utnized in
other events in addition to station blackout (such as during mid-loop
operation when one of the normal Class 1E standby power sources is out
for r.aintenance or otherwise unavailable), it is essentially not time
limH ed while aroviding power during c station blackout, and it provides
for a uniform sardware based appro6ch requiring little or no coping

'

analyses and fewer specialized operating procedures.

l
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6. Fire Protection ,

I
The ACR$ supports the enhanced fire protection requirements recomendgd by
the staff. Additionally, they recomend further enhancements including;

!) Required separation of Environmental Control System (HVAC systems) so
that independent fire areas containing redundant safe shutdown trains
are not serviced by the same ventilation train and,

2) That the 6 items identified in the fire risk scoping study b* ful'y !
addressed for ELWRs. I

l
The staff proposed requirement to consider the effects of smoke, heat, |
ar.d fire suppressant reigration may result in separate HVAC systems. |

IHowever, other options r,ay be available to the designer.
I

In reference to the ACR$ recomendation that the 6 fire risk scoping study
issues be fully addressed for ELWRS, it is the staff opinion that this is
being done through the proposed enhancements and current regulatory efforts
as indicated below.

1. Ir proved Analytical Fire Codes

The enhanced guidance eliminates redundant safety systems in the same fire
area so it is not necessary to have a code to show that the redundant train
in the same area is protected. This issue is moot for ILWRs with the
enhanced criteria.

2. Control System Interactions

! Current regulations require an independent safe shutdown es) ability in the
event of loss of the control room. This is reiterated in tie enhanced

|
guidance for ELWRs.

3. fotalEnvironmentEquipmentSurvival

GDC-3 requires fire protection systems to be designed not to impair safe
shutdown systems. A'though in some instances fire system actuation has
disabled a safety system, in no case have redundant systems been disabled.

4. Fire Barrier Qualification. and

5. Manual Fire righting Effectiveness

Bothoftheseissues(4and5)areaddressedinthecurrentregulations.
The ELWR designs must include information to demonstrate that appropriate
reintenance exists for fire barriers and training exists for fire brigades.

|
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; 6. Seisric/ Fire Interactions

, The fire risk scoping study concluded that this could be addressed by a
j walkdown. The staff will evaluate this issue as part of the PRA review

and expects that a welidown will be required as part of ELWR design
certification.

1

7. _1ntersystem L0tt.

The ACRS stated that, "We recorrnend approval of the staff resolution,
provided consideration is given to all elements of the low pressure'

systen, (e.g.,)* instrument lines, pump seals, heat exchanger tubes, andvalve bonnets.
,

- The staff agrees with the ACRS coment and will consider all elements of
! the low pressure system to ensure that the system, to the extent prac-

ticable, will withstand full RCS pressure.
l

8. Hydrogen Generation and Control |

The ACRS stated that the, " Staff recomends that the ELWR designs p'. ovide,

for hydrogen control that e.an safely accomodate hydrogen generated by the
reaction of water with 100% of the fuel cladding surrounding the active4

fuel.* The ACRS stated that, *We support the staff's recomendation."
,

The ACR$ also stated, 'We are not aware of any experimental or analytical
work that demonstrates that the detonation of hydrogen at the 10%,131,
or some other level could damage the integrity of containment and essential
components. It is our impression that the effect, if any, is something

,

that experts dealing with gas explosions can calculate with reasonable
confidence. We suggest that the staff seek further technical information

' on possible effects, including stratification, before establishing a limit
for the average concentration."

4 This staff recomendation is consistent with the reqirements set forth in
10CFR50.34(f). Although this section of the regulations was originally"

1 written for a select group of plants,10 CFR Part 52 established tilese
requirements to be a minimum standard for future plants. In this context,
the requirement of 100% has become a surrogate to address both in. vessel'

and ex-vessel hydrogen production. It was not intended to be mechanistically
based, but rather a design goal that a > pears to be reasonable in view of

' all the analyses perforred to date. Tse staff has not uncovered any new
evidente in this regard that would cause them to alter theit view.

.
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While it is true that there are no analyses that demonstrate that
detonation loads are a threat to the containment or components within the
containment, the staff believes that such an endeavor would be extremely
complex and coupled with large degrees of uncertainty. The question of
wave reflection and whether they could possibly reinforce within the
containment is but one unknown affect. Therefore, the staff believes a
prudent course of action is to assure that the likelif. cod of both global
and local detonations is minimited.

To this end the staff has reviewed the available detonation test results
ard concludes that 10t represents a reasonable limit to assure non detonable
mixtures. It is felt that the true lower limit lies somewhere between 10%
and 135 Therefore, establishing a 101 criteria provides a degree of margin
which is to address the issue of local detonations and the potential for
stratification resulting in concentration gradients within the containment.

| 9. Me;foncreteInteraction--AbilitytoCoolCoreDebris

Tht @ agreed with the staff's recommendation that each ELWR design
provice sufficient reactor cavity floor space to enhance debris s> reading
and provide for quenching of the debris in the reactor cavity. Tae staff
had indicated that considerable uncertainty remains on debris coolability
and that they would continue to evaluate the issue as more experimental
data and information became available. ACRS concurred in this evaluation
and stated that "... resolution of this issue will require engineerin
judgment as many of the physical processes are not fully understood,g

taperiments to assess coolability of water covered debris are underway at
Argonne National Laboratory under joint EPRl/ Industry /NRC sup> ort. The
results of these experiments are expected to be available wit 1in one year.

30. High Pressure Core Melt Ejection

The ACRS stated, "This is an extremely improbable event, and we see no
need to require two modes of coping with the possibility. Either

j depressurization or casIty desi n provisions alone should be adequate.
Because of possible safety bene its for other events, reliable depres-
surization is probably the preferred approach."

| High pressure melt scenarios are dominant for some designs. The staff
proposal is to provide a design concept with a degree of mitigatioh along
with a certain amount of prevention. The R $ depressurization capability
retains a degree of uncertainty. Such questions as the rate of depres-
surization and the cut-off pressure need to be addressed. As a result,
we believe that a design can be developed with little or no added expense
that can be effective in potentially eliminating the direct path to the

, containment. Since there are no major down sides, it appears tb make
| sense to pursue this parallel approach of both depressurization and cavity

design.
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11. Cer.tainrent Performance

The ACR$ stated that, 'We believe that the staff proposal will be adequate
for ELWR review if it is supported by an appropriate regulatory guide
developed on a timely schedule, and if it can at reasonably demonstrated
that s containment that meets this guidance has a CCFP of not more ther) 0.1.*

The staff believes that a containment performance guideline, either a
conditional containment failure probability of 0.1 or e deteministic

is necessary to giveperfomance goal that offers comparable protection
the ALkR designers guidance on what is acceptable for containment
perforrance under severe accident conditions. The alternative is to have
a 'entainment designed for less of-coolant eccident (1.0CA) and other
design basis accident (OBA) conditions and then to evaluate its severe
accident failure probability after it is designed.

1he staff will keep the ACRS informed of our development of a regulatory
guide in this area and of our progress in evaluating ALWR containments
using the containment performance guideline as our review progresses.

12. AEWR Containment Vent Design

The ACR$ stated that *We recommend that use of a containment everprotection
system be approved subject to the results of the regulatory review.*

The staff's review of the vent system design is u'.derway. The purpose of
this review is to insure that any downside of we ting is siinimized and
that capability is provided to maintain control over the venting process.

13. Equipment survivability

The ACRS states that, 'We endorse the staff's position. We note,
however, that in this instance the staff's position includes such sore
than the underlined portions of the enclosure to SECV-90 016.*

The ACRS supports the staff position that equipment for severe accident
mitigation does not need to meet the sate quality standards as equipment

Instead of 10 CFR 50.49, 10 CFR 50 Appendix A,for design basis accidents.
and 10 CFR Appendix B, severe accident equipment need only be hIgh quality
industrial grade, selected and ovalified by analysis or test for the intended
service.

14. Operating Basis Earthquale (OBE)/Sufe Shutdown Earthquake ($$t)

AER$ has no objection to the staff considering exem>tions to the require-
rient that OBE be at least one half the SSE, where tiis can be justified.
ACRS suggests: 1) other bases for justification may have to be developed

i
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for unsited standard plant designs,2) design be based only on the $$t with !
appropriate load factors and lic11t states and 3) a smaller but more likely 1;

earthquake be established as a threshold for plant shutdown and inspection. |

|

; The staff accepts the ACR$ suggestion which is very close to the design ]' specific approach proposed by the staff.
4

15. Intervice Testing of Peps and Valves

| The ACR$ endorses the staff's proposed approach while emphasizing the
need to apply the requirements of Generic Letter 89-10 to ELWR plants.'

The ACRS also recomends that the staff resolve the check valve testing
| and surveillance issue and indicate how it is to be applied to ELWRs
] including consideration of industry proposed alternative ways of meeting
; inservice and surveillance requirements.

The staff agrees with the ACR$ recomendations and will keep the ACR$
inferned of any new developments in this area,

i
i

i

;

d
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NUCLE AR REGULATORY COMMISSIONe

( I PW ASHINGf oN, D.C. 30556 *

*

s., June 26, 1990
.....

oFF6CE OF THf 6

SECRITARY

MEMORANDUM TOR: Jamec M. Taylor, Executive Director
for operatio

,

TROMt . samuel J. Chi , c stary

SUBJECT: SECY-90-16 - EVOLUTIONARY LIGHT WATER REACTOR
(LWR) CERTIFICATION ISSUES AND THEIR
RELATIONSHIPS TO CURRENT REGULATORY
REQUIREMENTS

This is to advise you that the Commission as detailed below has
approved in part and disapproved in part the staff's
recommendations in SECY-90-16.

3. General issues.

A. ALWR Public Safety Coal.

The Commission (with Chairman Carr and Commissioners
Roberts, Curtjgs and Remick agreeing) has disapproved
the use of 10 per year of reactor operation as a core
6amage frequency for advanced designs. As noted in the
SRM on SECY-89-102 (dated June 15 1990), the24Commission supports the use of 10 per year of reactor
operation as a core damage fraquency goal. Although
the commission strongly supports the use of the
information and experience gained from the current
generation of reactors as a basis for improving the
safety performance of new designs, the NRC should not
adopt industry objectives as a basis for establishing
new requirements. However, if the staff in applying
the criteria of 10 CFR Part 52 (and in view of the
uncertainties associated with PRA's) concludes that
additional requirements are needed, based on our
experiences with prior designs, in order to provide

NOTE: THIS SRM AND THE SUBJECT SECY PAPER WILL BE MADE PUBLICLY
AVAILABLE 10 WORKING DAYS ATTER ISSUANCE OF THE SRM.
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assurance that future designs will meet the Safety Goal
Policy Statement, then the staff should provide those
additional requirements to the Commission for
consideration as they are identified.

Commissioner Egers approved the staf f's use of 10-5 ,,
an expected design target for EURR designers and
er.dorsed a requirement that applicants be able to
demonstrate thth they have taken reasonable steps to
reach thene targets. However, he does not endorse
those gonin as an absolute requirement fo,r approval of
any specific design.
Consjatent with the Commission's decision on
SECY-89-102, the commission approved th'e overall mean
fxcquency of a large release of radioactive material to
the environment from a reactor accident as less than
one in one million per year of reactor operation. The
Commission has not agreed on a definition of a large
release and has requested a paper from the staff (See
SRM from SECY-SD-102). (RES) (Suspense: 9/28/90) 9000136

B. Source Tern.

The Commission (with all Commissioners agreeing) has'

approved the staff's approach to the source term with
the addition of the following elements

o on an expedited basin, incorporate appropriate
changes to vogulations, regulatory practices, and
the review process resulting from source tern
research. (RES/NRR) - As appropriate - Pending Source Term Study

Results. SECY paper due'

II. 11eventative Feature Issues. iminently, f g pcf

A. ATWS.

The Commission (with all Commissioners agreeing) has
approved the staff position. However, if the applicant
can demonstrate that the consequences of an ATWS are i

acceptable the staff should accept the demonstration as,

an alternative to the diverse scram system.
Commissioner Curtiss further believes that the staff
should retain the flexibility to accept designs with
non-diverse scram logic in those instances where it is
demonstrated to the staff's satisfaction that the
reliability of the scram function is such that the risk
from ATWS is insignificant. (NRR)

B. Mid-loon Ooeration.

The Commission (with all Commissioners agreeing) has
approved the staff's proposed position, with the ACRS
recommendation of April 26, 1990, that four additional
specific repirements be considered for mid-loop
operation. (hRR)
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C. Station Blackout.
The Commission (with all Commissioners agreeing) has
approved the staff's position that the evolutionary
ALWR's have an alternate ac power source of diverse
design capable of powering at least one complete set of
normal shutdown loads. The staff should provide a
clear definition of " diversity" so as to provide'
guidance on whether it means different types, different
manufacturers, different models, etc. Commissioner
Curtiss noted that, in his view, the clarJfication'
should focus on limiting common mode failure potential
but need hat go so far as to require completely
different generator driver technologies (e.g. should
not necessarily require both diesel and gas turbine
driven generators). (NRR)

D. rira Protectinnu ,

The commission (with all Commissioners agreeing) has
approved the staff's position on fire protection as

| presented in SEcy-90-16 and supplemented by the staff's
April 27, 1990, response to the ACRS comments. (NRR)'

E. Intersystem-LOCA.

The Commission (with all Commissioners agreeing) has
approved the staff's position on intersystem LOCA
provided that, as recommandod by the ACRS, all elements
of the low pressure systew are considered (e.g,
instrument lines, pulp seals, heat exchanger tubes, and
valve bonnets.) (NRR)

III. Miticative Feature Issues.

A. Hydrocen Generation and Control.

The Commission (with all Commissioners agreeing) has
approved the staf f's position that the requirements of
10 CFR 50.34 (f) (2) (ix) should remain unchanged for
evolutionary plants. The staff should seek additional
technical information, as suggested by the ACRA- and if
reconsideration is warranted the Commission should be
advised. (RES/NRR)

l B. Core-Concrete Int .rsetion--Ability to Cool Core Debris.

The Commission (with all Commissioners agreeing) has
approved the staff's position. (NRR/RES)

C. Mich Pressure core' Melt Eiection.
|
| .The Commission (with all Commissioners agreeing) has
I approved the staff's position that the ELWR designs

include a depressurization system and cavity design to
contain core debris. The cavity design, as a
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mitigating feature, should not unduly interfere with
operations including refueling, maintenance, or
surveillance activities. (NRR/RES)

D. Containment Perfornance.
The Commission (with all Commissioners agreeing) has
approved, consistent with SECY-89-102, the use of a 0.1
CCTP as a basis for establishing regulatory guidance
for the ELWRs. This objective should not be imposed as
a requirement in and of itself. The use pf.the CCFP

j should not discourage accident prevention and the staff
should review suitable alternativo, deterministically-
established, containment performance obboctives
providing comparable mitigation capabiltty if submitted
by applicants. Any such alternatives should be
submitted to the Commission following staff review. (NRR/RES)

E. ABWR Contalnnent Vent Desient

The Commission (with all Commissioners agreeing) has
approved the staff's recommended use of the containment
overpressure protection system on the ABWR, subject to
the results of the comprehensive regulatory review
which should fully weigh the potential "downside" risks
with the citigation benefits of the system. Staff
should ensure that full capability to maintain control
over the venting process is provided. (NRR)

F. Eauierent Survivability.

The Commission (with all Commissioners agreeing) has
approved the staff's position. (NRR)

IV. fien-Severe Accident Issugx

A. Deeratina Basis Parthauske (OBE)/ Safe Shutdown
Earthauake (SSE).
The Commission (with all Commissioners agreeing) has
approved the staff's position. (NRR)

B. Inservice Testina of Pures and Valves.

The Commission (with all Commissioners agreeing) has
approved the staff's position as supplemented in their
April 27, 1990, response to the ACRS comments. The
Commission notes that due consideration should be given
to the practicality of designing testing capability,
particularly for large pumps and valves. (NRR/RES)

The Commission also agreed that in those cases where the staff
proposed requirements depart fr'om current regulations,
consideration should be given to incorporating these requirements
into the regulations. (See SRM dated May 27, 1990, M90053A).
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Finally, the staff is encouraged to strive to sustain the level |
of attention and resources that have been devoted recently to the
review process for the EPRI requirements document. The recent
comments of the EPRI representatives at the June 4, 1990
Commission briefing suggest that such a commitment, if sustained,
can be most beneficial in assisting EPRI and the NRC staff in our
respective efforts to reach a common understanding on the key
technical issues. (NRR)

| cc chairman carr
coraissioner Roberts

.

Commissioner Rogers )
l Commissioner curtiss !

! commissioner Remick
oGC
ACRS
10
ASLBP
ASIAP

l

|

!

|
|

|
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ANNEX B
i

DOCUMENTS RELATED TO
SECV-91-078

' CHAPTER 11 0F THE ELECTRIC POWER RESEARCH INSTITUTE'S (EPRI's)
REQUIREMENTS DOCUMENT AND ADDITIONAL EVOLUTIONARY

LIGHT WATER REACTOR ' LWR) CERTiflCATION ISSUES" i

MARC}i25,1991

,

a

I

|
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POLICY ISSUE
March 25, 1991 SECY-91-078
for: The Cossnissioners

From: James M. Taylor
Executive Director for Operations

Subject:
CHAPTER 110F THE ELECTRIC POWER RESEARCH INSTITUTE'S (EPRI'S)-

REQUIREMENTS DOCUMENT AND ADDITIONAL EVOLUTIONARY LIGHT WATER
REACTOR (LWR)CERTiflCATIONISSUES

Purpose: To inform the Comission of the staff's intent to issue
the draft safety evaluation report (DSER) for Chapter 11 of
the EPRI Requirements Document. Additionally to request
Comission approval of staff recosinendations concerning
additional proposed changes to regulatory practice for the
evolutionary advanced light water reactors (ALWRs),

i

Backeround: In the staff requirements memort.ndum (SRM) of December 15,
1989 pertaining to SECY 89 334, ' Recommended Priorities for
Review of Standard Plant Design,' the Cosenission provided the
following guidance to the staff:

The SERs on the EPRI Requirements Document for both
the evolutionary and the passive plant designs should
be submitte:d to the ACRS for review and to the
Cossnission for information and for review and approval
of policy issues for which the Coesission has not pre-
viously decided.

Further, in the SRM of June 22, 1990 pertaining to SECY.
90-146 ' Process, Schedule, and Resources For the Review of
Evolutionary and Passive Advanced Light Water Reactors," tS,

'

Comission directed the staff to follow the process presehted
in SECV-90-065, ' Evolutionary and Passive Advanced Light
Water Reactor Resources and Schedules.' The staff included

Ison, NRR NOTE: TO BE MADE PUBLICLY AVAI!ABLE WHEN THE
2-1325 FINAL SPM IS MADE AVAILABLE.

C. L. Miller,-NRR
2-1118

|
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the aforerentioned guidance to SECY-89-334 as an element of
the process described in SECY-90-065. In SECY-90-401, ' Draft
SER for Chapters 6, 7, 8, 9,12 and 13 of EPRI's ALWR Docu-
eents for Evolutionary Reactor Plant Designs ' the staff,
following this guidance, informed the Cosmission that it
would issue DSERs for Chapters 6, 7, 8, 9, 12, and 13 of the
EPRI Requirenents Docurent for evolutionary reactor' plant
designs. The staff issued these documents on January 15
1991. This paper ">rovides the DSER for Chapter 11, " Electric
Power Systems." Tae remaining DSERs for the evolutionary
design criteria, Appendix A to Chapter 1 and Chapter 10, are
currently in preparation by the staff.

Discussien: Operating experience and a numbar of studits (e.g., proba- q
'

bilistic risk assessments (PRAs)) have identified a nurt>er
of issues significant to reactor safety. In addition, in
SECY-90-016, "Evulutionary Light Water Reactor Certificationi

issues and Their Relationship to Current Regulatory Require-
ments," the staff identified several pulicy issues that apply
to future evolutionary ALWR designs and for which the
Comission provideu guidance in its SRM of Ane 26, 1990.
The st4 f, in its continued review of the EPRI ALWR Pequire.f

; ments Docuoent, has identified the following two additional
issues:

1. alternate source of power for non-safety loadt
2. connection of safety bus offsite power sources

through non-safety buses

Enclosure 1 contains a detailed discussion of each of these
issues and addresses those instances in which che staff
positions differ from current regulatory recuirements or in
which the staff is substahtially supplementing or revising
interpretive guidance applied to Currently licensed light
water reactors (LWRs). In this enclosure, the staff also
discusses the nature of the current regulatory requirement or
interpretation, the posicions of the ALWR vendors and of
EPRI, the departure that the staff is proposing, and the
basis for the proposed departure. To aid in icentifying the
staff's positions, the staff has underlined its sitions and
has cross-referenced thew with the sections in t 2 Chapter 11
DSER where they are discussed.

The staff developed the recomendatiore identified in this
paper af ter (1) reviewing current generation reactor designs
and evolutionary ALWRs, (2) considering operating erperience,
and (3) evaluating the results of the FRAs of LWRs. In
addition, these positions are consistent with current design
practices at recently licensed operating reactors.

To follow the process outlined in SECY-90-065, the staff will
need to identify policy issues and bring than to the Comission
for guidance before completing and distributing the DSERs.

I
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However, the staff identified the issues discussed in this
paper as it developed the DSER on Chapter 11 of the EPRI ALWR
Requirements Document. Accordin
the completed DSER (Er, closure 2) gly, the staff has enclosedto provide the Cosmission
additional information regarding these matters and to put the
identified issues into their proper technical context.
Adottionally the staff believes that it would be beneficial
to provide EPRI with the DSER in parallel with Cornission
review. The DSER would indicate that the previously identi-
fled policy issues are befcre the Consission for consideration.
Distribution of the documents would expedite the review
schedule by providing EPRI with a listing of staff identified
open issues. Resolution of these issues will be addressed in
the firial SER on the EPRI Requirements Document.

Conclusions: The staff believes its conclusions and recontwdations
regarding these switters are in keeping with the Comission's
pulicy expectation that future designs for nuclear plants
will achieve a higher standard of safety performance.

The staff requests the Comission's approval of, or alternate
guidance on, the proposed resolution of these issues in order
to continue to review Chapter 11 of EPRI's ALWR Requirements
Docurent for evolutionary plants and to perform the design
certification of General Electric's ABWR, and Combustion
Engineering's System 80+ designs.

By permitting the issuance of the DSER for Chapter 11 to
EPRI, the Cosmission could expedite the review schedule
while it considers these policy issues. In the DSER, the
staff staten that these policy issues are before the
Comission for consideration. The staff will provide a <

regulatory departure analysis, based on Enclosure 1 of this
paper, as Appendix C to the DSER on Chapter 11.

The staff will promptly inform the Cosmission during its
reviews if it determines that additional enhancements to
existing requirements, beyond those already identified, are
necessary for evolutionary ALWR designs.

Coordination: The Dffice of General Counsel has reviewed this paper and
has no legal objection. This paper is being forwarded to
the ACRS for their review and coments.

Recom/ndations: That the Comission

(1) Approve the staff positions detailed in Enclosure 1

(2) Note that if the staff identifies other policy
issues, the staff will inform the Cosmission of its
positions in s' timely manner

EPRI Evolutionary Plant SER 1B.B-5
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(3) Note that absent alternative Comission guidance, the
staff will 8 sue the enclosed DSER on Chapter 11 of the
EpR1 ALWR Ri :trements Document for evolutionary plant
designs 10 t king days after the date of this paper.
The DSER will identify the two instances in which the
staff is proposing to depart from current regulatory
requirements and will state that the Comissich ic
reviewing the basis for the approach that the staff

accordingly, may determine that such
is proposing and,licy questions that the Comission mayissues involve po
wish to consider.

. -

/_

es/ y r
xecutive Director
for Operations

Enclosures:
1. policy issues Analysis

and Recomendations
2. Draft Safety Evaluation

Report on Chapter 11

Comissioners' comments or consent should be provided directly to
the Office of the Secretary by COB Tuesday, April 9, 1991.

Comission Staf f Of fice coments, if any, should be submitted to the
Comissioners NLT Tuesday, April 2, 1991, with an information copy
to the Office of the secretary. If the paper is of such a nature
that it requires additional review and comment, the Comissioners
and the Secretariat should be apprised of when coments may be expected.

DISTRIBUTIO!1:
Comrt.is sioners
OGC
IG

~

GPA
EDO
ACRS
ASLBP
ASLAP
SECY
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ENCLOSURE 1

POLICY ISSUES ANALYSIS AND RECOMMENDATIONS
-

1. Alternate Source of Power for Non Safety Loads

General Design Criterion (GDC) 17, " Electric Power Systems," requires that an
onsite electric power system and the offsite electric power system be provided
to permit functioning of structures, systems, and components important to
safety. The offsite electric power system must have two physically independent
circuits from the transmission network to the onsite electric distribution
system..

Although the NRC has not established regulatory requirements on the number of
power sources to the following non-Safety related loads, the licensees for
almost all nuclear power plants in the United States have provided two power
sources to nonsafety rtlated loeds such as reactor coolant pumps, reactor
recirculation pumps, main feedweter pumps, condensate pumps, and circulating
water pumps. During unit operation, a fast transfer of the nonsafety loads is
usually provided to the startup transformer when insninent loss of the unit
auxiliary transformer is sensed, such as following a main generator trip or a
fault of the unit auxiliary transformer circuit. This process saintains power
to the identified nonsafety loads and allows the plant to be shut down under *

these circumstances without a loss of normal feedwater systems or of forced
circulation to the reactor coolant syttem.

The Electric Power Research Institute (EPRI) has specified requirements in the
Requirerants Document * 31 only provide for a single source of power from the
unit auxiliary transfoa.er to nonsafety loads such as reactor coolant pumps,
reactor recirculation pumps, main feedwater pumps, condensate pumps, and
circulating water pumps. This one power source provides power to these loads
during power operation, startup, and shutdown. A generator circuit breaker
will isolate the main generator from the unit auxiliary transformer circuit
during startup and shutdown when the sein generator is unavailable. In existing
plant designs, the main generator circuit breaker / unit auxiliary transformer
configuration provide this isolation. However, an alternate source of power to
this group of nonsafety loads is also provided at recently licensed operating
plants, but not in the criteria of the EPRI Requirta nts Document.

'

TheGeneralElectric(GE),CombustionEngineering(CE),andWestinghouse
standard plant designs all use the main circuit breaker / unit auxiliary trans-
former configuration as the prik.ary power source to the suoject nonsafety lo6ds.
However, the Westinghouse SP/90 design also provides an alternate source of
power to the nonsafety loads, and the GE ABWR design provides an alternate
source of power to a portion of the nonsafety loads (one of four mair nonsafety
buses). The CE System 80+ design uses the EPRI approach (it does not provide
foranalternatepowersource).

An additional source of power would significantly reduce the number of plant
trips that involve a loss of power to the nonsafety loads and require that the
plant be shut down under natural circulation. Such an additional source of
power would improve plant safety, because these events continue to be identified
as more severe than the turbine-trip-only event in standard plant safety analysis
reports.

EPRI Evolutionary Plant SER IB.B-7
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The staff concludes that EPRI should enhance the ALWR design criteria in this I
area because they are less conservative than those that have been provided in
existing, recently licensed plant designs. Therefore. the staff's position is i

that an evolutionary ALWR design should include an alternate power source to I

the nonsaf ety loads unless the design can d'esionstrate that the design margins
in the evolutionary ALWR will result in transients for a loss of nonsaf ety
power event that are no ) ore severe than those associated with the turbine-
trip-only event in current existing plant designs.

The staff addressed this issue in Section 4.2.1 of the Chapter 11 DSER
(Enclosure 2 of this parer).

2. Connection of Safety Bus Offsite Power Sources Through Nonsafety Buses

GDC 17 requires that an onsite electric power system and offsite electric power
system be provided to permit functioning of structures, systems, ar/ components
important to safety. The offsite electric power system must have two
physically indesendent circuits from the transmission networks to the onsite
electric distri>ution system. Although GDC 17 spet,1fies that tws offsite power
circuits are required, and although it provides further additional design
criteria on these circuits, it does not specify whether the circuits sbbuld
directly connect the safety buses to the offsite power sources or whether this
connection could be made through intervening nonsafety buses. The Institute of
Electricci and Electronic Engineers (IEEE) Standard 308-1974, which is endorsed
by Regulatory Guide 1.32, Rev. 2, ' Criteria for Safety-Related Electric Power
Systems for Nuclear Power Plants," provides a figure that shows the Class IE
safety buses are directly connected to an offsite power transforser (startup
transformer). However the figure is for illustration only, and the Standard i

doesnotrequirethedIrectconnection. IEEE Standard 765-1983 allows the !

Class 1E safety buses to be connected through nonsafety buses to the offsite
transformers, but it also states that direct connection of the two circuits to
cach redundant Class 1E bus may further improve availability. However, the
staff has not endorsed IEEE Standard 765, with a regulatory guide. Therefore,
no regulatory requirements or guidance address the connection of safety bus
offsite power sources through nonsafety buses.

EPRI's sosition is that many current designs of U.S. and foreign plants feed
safety auses through nonsafety buses or from common transfonner windings, and
o>erating experience with these designs has not indicated any particular
siortcomings. EPRI stated that there are real benefits in hot connecting the
safety buses directly to the offsite power supply, such as better protection of
Class 1E systems against voltage surges affecting the offsite source. EPRI
also states that the ALWR design makes provisions for a direct connection
between safety buses and the of fsite source in the event of problems with the
nonsafety buses through which the safety buses are fed. EPRI indicated that
some circuits are manually. actuated and directly connect the safety buses to
the reserve offsite transfonner. The staff accepts such circuits. However, the
EPRI Requirements Document does nut require such a feature.

EPRI Evolutionary Plant SER 18.8-8
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In the GE ABWR standard plant design, all the offsite power sources are directly
connected to the Class 1E safety b'Ises with no intervening nonsafety buses. In I

the Westinghouse SP/90 design, ore circuit provides a direct connection between
the Class hE safety buses and an offsite power source while the remaining
circuits connecting the safety buses to the offsite sources are all routed
.through intervening nonsafety buses. The CE System 80+ design in this area is
identical to the EPRI approach in that it provides for a direct connection
between safety buses and the offsite source in the event of problems with the
nonsafety buses through which the safety buses are fed.

The staff concludes that feeding the safety busss from the offsite power
sources through r.onsafety buses or from a cosanon transformer winding with )

nonsafety loads is not the most reliable configuration. Such an arrangement |increases the difficulty in properly regula:ing voltage at the safety buses,
subjects the safety loads to transients ccused by the nonsafety loads, and adds ,

additional failure pointa between the offsite power sources and safety loads.
Therefore. it is_the staff's position that at _least one offsite circuit to
eat.h redundant safety c1 vision should be supplied directly from;one of the
of fsite power sources with no intervening nonsafety 6Iises, in such a manner
that the offsite source Can power the safety buses upor. a failure 07 arty
nor.saf ety bus. -

The staff discusses this issue in Section 4.2.2 of the Chager 11 DSER
(Enclosure 2 to this paper).

!

I '
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ENCLOSURE 2 HAS BEEN SUPERSEDED BY

THIS REPORT AND, THEREFORE, IS

NOT INCLUDED IN THIS ANNEX

t
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REPORT BY THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
ON SECY-91-078

" PROPOSED POLICY ISSUES IDENTIflED IN SECY-91-078,
' CHAPTER 110F THE ELECTRIC POWER RESEARCH INSTITUTE'S (EPRI's)

REQUIREMENTS DOCUMENT AND ADDITIONAL EVOLUTIONARY
LIGHT WATER REACTOR (LWR) CERTlflCATION ISSUES'"

APRIL 23, 1991
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UNITED 87ATES/
/ ,.qf[ NUCLE AR REGULATORY COMMISSION
y, V ADVISORY CoMMITTE E ON REACTOR SAFEQUARDS

g wasmot o% o. c. toss:

.....

April 23, 1991

The Honorable Kenneth H. Carr
Chairman
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

I Dear Chairman Carrt |

SUBJECT: PROPOSED POLICY ISSUES IDENTIFIED IN SECY-91-078,
; " CHAPTER 11 07 THC ELECTRIC POWER RESEARCH INSTITUTE'S

(EPRI'S) REQUIREKENTS DOCUMENT AND ADDITIONAL EV0WTION-
ARY LIGHT WATER RIACTOR (LWR) CERTIFICATION ISSUES"

During the 372nd meeting of the Advisory Committee on Reactor
Safeguards, April 11-13, 1991, we discussed the two Policy Issues
identified in SECY-91-078 related to the certification of the
Evolutionary Light Water Reactors. Our Subcommittee on Improved
Light Water Reactors also discussed these issues on April 9-10,
1991 in its continuing review of the EPRI Advanced Light Water
Reactors (ALWR) Requirements Document. During these meetings, we
had the benefit of discussions with representatives of the NRC
staff and EPRI. We also had the benefit of the documents
referenced.

l

The staff's position regarding the first Policy Issue is that "an '

evolutionary ALWR design should include an alternate power source
to the non-safety loads unless the design can demonstrate that the
design margins in the evolutionary ALWR 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 in current
existing plant designs." The staff's major concern is that the
ALWR designs are departures from past practice and may result in
an increased frequency of shutdovna that require cooling by natural
circulation. Presently licensed plants have electrical syst6ms
that provide an alternate power source to non-safety loads on
shutdown. However, the staff did not substantiate its concerns
with respect to the proposed EPRI design requirements.

EPRI claims that the ALWR is designed to safely accommodate
shutdovn with natural circulation and that the increased frequency
of such events is small with this design. The EPRI requirements
for the ALWR electrical system design fully nect General Design
Criterion (GDC) 17, " Electric Power Systems," and the staff
guidance contained in Regulatory Cuide 1.32, Revision 2, " Criteria
for Safety-Related Electric Power Systems for Nuclear Power
Plants." The ALWR electrical power system design is arranged to

EPRI Evolutionary Plant SER 18.B-13
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supply electric power to the plant's safety loads from the main
generator, the plant switchyard, an independent transmission line,
a gas turbine generator, and the diesel generators. The design
uses a generator circuit breaker between the main generator and the
step-up transformer and has an improved full turbine load rejection
capability. EPRI claims high reliability of electric power to the
unit auxiliary transformers and has provided data to support its
claim that the benefits derived from adding e9 alternate power
source to the non-safety loads are small and not cost effective.
We concur Vith the EPRI position.

The staff's position regarding the second Policy Issue is based on
a misunderstanding of the text of the EPRI ~ requirements. As a
result, the staf f proposes an additional requireme'nt-that "at least
one offsite circuit to each redundant safety division should be
supplied directly f rom one of the offsite power sources with no
intervening non-saf ety buses, in such a manner that the offsite
source can power the safety buses upon a failure of any non-safety
bus." The staff's concarn is that routing offsite power to the
safety buces through non-safety buses may subject safety eq'alpment
to undesirable disturbances on the non-safety buses. Therefore,
the staff's position would require the capability to supply safety
buses directly from offsite power. The staff did not substantiate
its concern. However, the EPRI requirements for ALWR electrical
power system design already provide one alternate circuit to each
of the redundant safety divisionL directly from offnite power.
This meets the staff's position. EPRI agreed to clarify the text
to document this requirement. EPRI's position is that the direct
circuit from offsite to each of the redundant safety divisions
should be the backup power supply and the norm.I supply should be
from the plant's auxi:,iary electric system. We concur with EPRI's
position, but do not believe that this should become a regulatory
res rement,

sincerely,

*

David A. Ward
Chairman

1. SECY-91-078, Memorandum dated March 25, 1991 for the
Corrissioners from Janes M. Taylor, Executive Director for
operations, subject: Chapter 11 of the Electric power
Research Institute's (EPRI's) Requirements Dncument and
Additional Evolutionary Light Water Reactor (LWR)
Certification Issues (predecisional)

2. U.S. Nuclear Regulatory Commission, office of Nuclear Reactor
Regulation, Draft Safety Evaluation. Report on Chapter 11 of

EPRI Evolutionary Plant SER 18.B-14 j
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the Advanced Light Water Reactor Requirements Doctiment for
Evolutionary Plant Designs, March 1991

3. Electric Power Research Institute, " Advanced Light Water
Reactor Requirements Document, Chapter 11 Electric Power-

Systems," Issued April 11, 1989

|
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STAFF RESPONSE TO ACRS CONCLUSIONS
REGARDING SECY-91-078

MAY 15, 1991
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' " * * May 10, 1991

Mr. David A. Ward
Chairman
Advit ry Committee on Reactor Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Ward:

This letter is in response to your letter to Chairman Carr.of April 23, 1991,
in which you addressed the two policy issues that were identified in SECY-91-078
and that were also identified in the staff's draft safety evaluation report
(05ER) on Chapter 11 of the Electeic Power Research Institute (EPRI) Requirements
Document for evolutionary plant designs.

The basis for the staff positions on these issues is derived from the lessons
learned from operating experience coupled with the philosophy of defense in
depth. As part of its review tM staff must ensure that proposed changes in
the design do not lead to increased likelihood of abnormal occurrences as
cc,mpared to today's designs. The staff's positions on these issues are taken
to ensure that, as a minimum, the levels of safety in these arens are no less
than that found in many existing operating plant designs.

Regarding the first policy issue, the loss-of power-to-nor safety-buses event
continues to be identified as more severe than the turbine-trip only event for
current reactors. Also, most recently licensed plants in the United States
have provided two power sources to non-safety loads. It should be noted that
the loss of normal power to the non-safety buses is more complicated and places
greater demands on hardware and personnel than simply a loss of feedwater event
as shown in EPRI's presentation to the ACRS. The plant response to the event
is significantly impacted by the unavailability of multiple major components,
There is a loss of forced circulation by the reactor coolant pumps (recircula-
tion pumps in BWRs), a loss of heat sink by the circulating water pumps, a loss
of heat removal capability by the non-essential service water pumps, a loss of
condensate feed by the condensate pumps, and a loss of heat removal capability
by the component cooling water pumps. The staff believes that if the alternate
power supply feature is not provided, the likelihood of this type of challenge
per reactor year is increased by up to an order of magnitude, The addition of
an alternat; source of power to the non safety buses is an important feature
that signif.cantly reduces the challenges to the plant presented by this
complicated event.

EPRI Evolutionary Plant SER 18,8-19
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The EPRI presentation also included a cost estimate ($15M 1 5M) for '.:,0emen-
tation of the recommended design features. This~ estimate appears to be high. and
the staf f will pursue this matter with EPRI in order to attain a more precise
correlation between the specific design features involved and the estimated

J costs. It is the staf f's opinion that a reasonable, simple design change
providing all the recommended functions can be implemented at a fraction of the
cost of the overall plant electrical system, and that this design change would-

constitute an taportant imorovement in safety.

Regarding the second policy issue, the staff has taken the position that at
least one offsite circui* to each redundant safety division should be supplied
directly from one of the offsite power sources with no intervening non-safety
buses, in such a manner that the offsite source can T.,wer the safety buser won
a failure of any non-safety bus.

As was stated in the DSER for Chapter 11, the text of the EPRI Requirements-
Document does not require this feature and the staff's position is that the EPRI
Requirements Document shou 16 be amended to requits it. EPRI did not disagree
with this position. The DSER further states that it has been the stafi's
experien e that the benefits to safety of not connecting safety bu' M through
non-safety bu ns or to common transformer windings usually outweig - sver
safety benefits may be achieved by doing so.

These pesitions constitute pelicy issues for the Commisswn's cons 1hration-in
accordance with the staff requirements memorandum of August 24, 1989, pertaining
to SECY-69-228, " Draft Safety Evaluation Report on Chapter 5 of the ALWR Require-
ments Document," in which the Commission instructed the staff to:

Identify these instances where the staff is proposing to depart from
current regulations or where the staff is substantially supplementing
or revising interpretive guidance-applied to currently licensed LWRs.-

In its staff requirements memorandum of December 15, 1989, pertaining to
SECY-89-334. "Recomended Priorities for Review of Standard Plant Designs," the
Connission also provided-the following guidance to the staff:

The SERL ois the EPRI Requirements Document for both'the evolutionary>

and the passive plant designs should be submitted to.the ACRS for
review and to the Commission for information and for review and
approval of policy issues for which the Commission hat not previously
decided.

Tte staff's positions are not entodied in any current regulatory guidance, and
in accordance with the Commission's desire to review such issues, the staff
identified these issues 12 W hmmission for their review and approval.

4

.
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The staff believes that its recommendations regarding both of these matters
vill ensure that the likelihood of complex plant challenges is not increased
and that the levels of safety in these areas are not reduced from that found in.
rany existing operating plant assigns. Therefore, the staff continues to
recomment. the Commission's approval of the staff's positions on these issues.

Sincerely,

Original Signed By:
James M. Taylor

James M. Taylor'

Executive Director
for Operations

cc: Chairman Carr
Commissinner Rogers
Commissioner Curtiss
Commissioner Remick
SECY
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STAFF REQUIREMENTS HEMORANDUM

"SECY-91-078 - CHAPTER 11 0F THE ELECTRIC POWER RESEARCH INSTITUTE'S (EPRI's),

'

REQUIREMENTS DOCUMENT AND ADDITIONAL EVOLUTIONARY
LIGHT WATER REACTOR (LWR) CERTIFICATION ISSUES",

AUGUST 15, 1991
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'

SECRETARY

MEMORANDUM FOR: James M. Taylor, Execu?.ive Director
for Operations

.

Chilk, Secreta {4 7).
FROM: Samuel J.'

' SUBJECT: SECY-91-078 - CEAPTER 111 0 THE ELECTRIC
POWER RESEARCH INSTITUTE}8 (EPRI'S)
REQUIREMENTS DOCUMENT AND ADDITIONAL
EVOLUTIONARY LIGHT WATER REACTOR (LWR)
CERTIFICATION ISSUES

' This is to advise you that the Commission (with all Commissioners
agreeing) has approved the staff's positions in SECY-91-078. The
staff should proceed with the issuance of the DSER for Chapter 11
of the EPRI requirements document with the requirements that;
1) evolutionary ALWR plants include an alternate power source to
the nonsafety loads to provide additional margin for abnormal
events based on operational experience, and 2) a direct
connection will be provided between the offsite power source and
the safety buses that will function upon a failure of any
nonsafety bus.

The Commission also has agreed that the staff should raise policy
issues to the iCRS and Commission early in the process, so that~

the Commission may make a decision on the approach to be taken on
such issues. This does not require the staff to wait for the
completion of ready-to-issue DSERs or SERs before coming to the
Commission with policy issues. Policy issues should be presented
for Commission consideration at the earliest possible
opportunity, following sufficient discussions with the applicant'
to flesh out the parameters of such issues for commission
resolution. In this regard, while the staff should engage in
early and open discussions with industry in order to identify and
clarify the scope of, and industry positions on, such policy
issues, the Commission should be apprised of such issues and ,

provide guidance and approval before the staff takes a position
on such issues with the applicant or the industry. l

SECY WOTE: This SRM, the subject SECY paper and the vote sheets
of the Chairman and Commissioners Rogers, Curtiss and

,

Remick will be made publicly available 10 working i

days from the date of this SRM. |

|
|
1

.
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On a related matter,_the direction to provide draft SERs to the
commission for review is intended to permit the Commission an,

; opportunity to review, at its discretion, such SERs prior to,

issuance and, at the same time, to permit issuance of draft SERs,

while the Commission proceeds in parallel with the resolution of4

j any neviv identified policy issues. The earlier the Commission
is apprised of policy issues, the less likely it will be thatj the staff vill have to issue draft SERs at a time when polic
issues remain unresolved.:

Also, the staff should consider incorporating any! modifications
that arise from Commission decisions that depart from' current.

regulations or substantially supplement or revise interpretivei

j guidance into the regulations and regulatory guidance.

i

$ cc: The Chairman
Commissioner Rogers* ,

I

, Commissioner Curtiss
( Commissioner Remick

occ
GPA'

; ACRS

:

f

:
1

,

i

!,

:

:

,

a

4

i

,

n

EPRI Evolutionary- Plant SER 18.B-26



. . _

i

-

1

i

.

ANNEX C.

DOCUMENTS RELATED TO THE
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"lSSUES PERTAINING TO EVOLUTIONARY AND PASSIVE.,

LIGHT WATER REACTORS AND THEIR RELATIONSHIP
'
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ERI* The Commissioners

II23: James M. Taylor
Executive Director for Operations

subiect: ISSUES PERTAINING TO EVOLUT10t:ARY AND PASSIVE LIGHT WATER
REACTORS- AND THEIR RELATIONSHIP 10 CURRENT REGULATORY RE-
QUIREMENTS

Purcose: To identify issues pertaining to evolutionary and passive
light water reactors (LWRs) and the staff's-recommendations
concerning resolution of those issues for which the staffs

has completed its review. The staff requests that the
Commission approve the positions described in this paper,
and will inform the Commission of its proposed resolutions
for the remaining issues upon comp ~leting its review of these
items.

Summary: The staff has identified a number of- policy and significant
technical issues pertaining to the evolutionary and passive
LWRs. This paper provides a brief description and status of
issues previously identified to the Commission and new

-issues. The staff has underlined the positions for which it
is requesting Commission approval. Issues for which no
resolution has been proposed yet will be addressed in future
communications with the Commission as the staff's review
progresses.

.

CONTACT:
T. J. Kenyon, NRR
504-1120
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Backcround: The Commission instructed the staff to identify policy
issues to the Advisory Committee on Reactor Safeguards
(ACRS) and the Comission early in the review process,
so that the Comission can make a decision on the approach
to be taken for resciution of such issues. The staff was
further instructed to provide an analysis detailing where
it proposes departure from current regulations or Where the
staff is supplementing or revising interpretive guidance
applied to currently licensed light water reactors.

The staff has forwarded several policy papers' to the
Commission that identify proposed resolutions for policy
n.atters and major technical issues concerning both the
evolutionary (1300 NWe) and pa;sive (600 MWe) LWR designs.
SRMs have been issued to the staff that provide the
Commission's decisions regarding resolution of certain
pelicy and major issues for evolutionary LWR designs.

-

Di s e.us sion: The staff has identified a number of issues significant to
reactor safety as it considered operating experience, proba-
bilistic risk assessment studies, and evaluations of the
evolutionary and passive LWR designs. In Comission papers
SECY-90-016, " Evolutionary Light Water Reactor (LWR) Certif-
ication Issues and Their Relationship to Current Regulatory
Requirements," and SECY-91-078, " Chapter 11 of the Electric
Power Research Institute's (EPRI's) Requirements Document
and Additional Evolutionary Light Water Reactor (LWR) Cer-
tification issues," the staff proposed resolutions for
some of these issues for evolutionary designs, which the
Commission addressed in their SRMs of June 26, 1990, and i

August 15, 1991, respectively. The staff also forwarded |

policy papers to the Comission that identify and address
the status of the staff's review of other issues. For
completeness, this paper provides a brief description and
status of these issues as well as new issues that pertain to
the Advanced Light Water Reactor (ALWR) designs.

In reviewing the EPRI's ALWR Requircments Document and the
vendors' ALWR designs, the staff has identified the fallow-
ing policy and major technical issues for both the evolu -
tionary and passive LWR designs. Certain issues represent
matters specific to the design of these facilittee while

.

' Enclosure 3 to this document lists the papers that the staff has
forwarded to the commission regarding polley issues that have been _ identified
to date for both revolutionary and passive advanced light water reactors
(ALWRs). The staff will reference applicable documents throughout this paper,
as appropriate.

l
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others address the implementation of the design certifica-
tion process of 10 CFR Part $2.

These issues are addressed in Sections I, !!, and 111 of
Enclosure 1, as listed below:

1. }LQY-90-016 Issues

A. use of physically-based source term
B. anticipated transients without scram (ATWS)
C. mid-loop operation
D. station blackout
E. fire protection
F. intersystem less-of-coolant-accident
G. hydrogen control
H. core concrete interaction - ability to cool core debris
1. high pressure core melt ejection
J. containment performance
K. dedicated containment vent penetration
L. equipment survivability
H. elimination of operating basis earthquake (OBE)
N. in-service testing of pumps and valves

!!. Other Evolutionary and Passive Desien Issues

A, industry codes and standards
B. electrical distribution
C. seismic hazard curves and design parameters
D. leak-before-break
E. classification of main steamlines of boiling water

reactors (BWRs)
F. tornado design basis
G. containment bypass
H. containment leak rate testing -

1. post-accident sampling system -

J. level of detail
K. prototyping
L. inspections, tests, analyses, and acceptana.e criteria

.

(ITAAC)
M. reliability assurance program (RAP)
N. site specific probabilistic risk assessments
0. severe accident mitigation design alternatives (SAMDAs)
P. generic rulemaking related to design certification

!!!. Patsive Desian Issues Only

A. regulatory treatment of non-safety systems
B. definition of passive failure -

C. thermal-hydraulic stability of the simplified boiling
water reactor.(SBWR)

0, safe shutdown requirements

EPRI Evolutionary Plant SER 1B.C-7
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:
,

E. control room habitability
F. radionuclide attenuation

4

i G. simplification of off-site emergency planning

Enclosure 1 provides a discussion of the nature of the
current regulatory requirement or interpretation, the posi-#

tions of the ALWR vendors and of EPRI, and, where.available,
the resolution that the staff is proposing, including the
departure, if any, from current regulatory requirements and3

practice, and the basis for the staff's position. To aid in'

identifying the staff's positions, the staff has underlined
the positions for which it is requesting Comission ap-
proval. Issues for which no resolution has been proposed

,

'

will be addressed in future comunications with the Comis-
sion as the staff's review progresses.

4

* .

3 Enclosure 2,is a list of Comission papers, sorted by issue,1

in which the-staff addressed issues for the evolutionary,
i passive, and/or advanced designs. The staff is providing

this list for reference while. reviewing Enclosure 1.

The staff developed the recommendations identified in this
!

paper after (1) reviewing current generation reactor de-'

signs, evolutionary designs, and limited passive ALWR design
information, (2) considering cperating experience,,

4

(3) evaluating the results of the PRAs of LWRs and ALWRs,
and (4) considering the Comission's guidance on issues
resolved for the evolutionary ALWRs. The staff cercludes

4

that these issues are fundamental to the agency's decisions
j

on the acceptability of the evolutionary and passive de-
signs. As discussed in Section II.P of Enclosure 1 and

!
SECY-91-262, " Resolution of Selected Technical and Severe.

Accident Issues for Evolutionary Light Water Reactor De-
signs," the staff proposes to implement final positions on

i these matters as approved by the Comission through individ-'

ual design certifications and generic rulemaking, as appro-
;

i priate, for the evolutionary and passive designs.
,

The staff has reviewed only conceptual design information-
from the passive plant vendors in conjunction with the EPRI

,

Requirements Document for passive design:, so its positions
regarding passive designs may change as detailed design
information becomes available, and testing on the passive
systems is completed.

,

The staff concludes that it would be beneficial to provide
EPRI and the ALWR vendors with the staff's conclusions
presented herein as expeditiously as possible in. order to

<

help bring to closure those matters concerning both the
evolutionary and passive reactor designs, and to facilitate

;

i

I
!

;
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further discussion of the issues for the >assive designs.
This would allow the vendors to further tseir designs.

Therefort, the staff proposes to issue Enclosures 1-3 of
I this paper tr> the industry after 3 working days from the

date of this paper to support meetings between the NRC
staff, IPRI, the vendors, and the ACRS. The' staff'will
indicate that the pro >osed resolutions identified to the
indu.t..*y are before tie Commission for consideration and,g
therefore, ray not represent final positions.

ILhedule

In SECY-91-161, ' Schedules for the Advanced Reactor Reviews
and Regulatory Guidance Revisions,' the staff included a
separate milestone for identifying policy issues for both
the Evolutionary and passive LWRs to the Comission and -

ACRS. The staff is submitting this paper to complete this
miler, tone for both the evolutionary and passive LWR designs.-

The staff does not expect to identify additional policy
matters for the evolutionary designs. However, as the staff
proceeds with its review of the EPRI ALWR-Requirements
Document for passive plants and the passive LWR. design
applications, it may identify other issues not identified
herein. The staff allowed time for identifying and address-
ing such issues in the schedule estimates for the passive
reactor design reviews provided in SECY-91-161. The staff
will notify the Commission of new policy matters when they
1.re identified.

Lg.n.gluhni: The staff requests approval of the proposed resolution of
those issues pertaining to evolutionary LWR designs in order
to complete its review of EPRI's ALWR Requirements Document
for evolutionary plant designs and to perform the final
design approval / design certification review of General
Electric's Advanced Boiling Water Reactor and Asea Brown
Boveri_(ABB) Combustion Engineering's System 80+ designs.

The staff also requests the Comission to approve the pro-
posed resolution of those issues pertaining-to the passive
designs. This will enable the staff.to proceed with.its
review and to provide guidance to the reactor vendors in
these areas early'in the development of their passive de-
signs. Issues for which the-staff has not reached its final
conclusions will be addressed in-future papers to the Com-
mission.

,

4

f
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Coordination: The Office of General Counsel has reviewed this paper and I
has no legal objection. OGC notes that Comission approval 'i
would be tentati s , subject to further review in-design
certification rulemakings, and comunications of the |
Comission's positions .to the ALWR vendors and EPRI should |

'

make this point. 1his paper is being forwarded to the ACRS
for its review and coments. ]-

Recommendations: That the Comission: !

(1) Acerove the staff's positions underlined in
Enclosure 1.

(2) futta that the staff will seek Comission approval of
its positions for those issues still under staff e-
view before taking a final position with the applicant
or industry.

(3) Hpit that the staff will provide Enclosures 1-3 to the
ALwR vendors and EPRI after 3 working days from the
date of this paper. The staff will indicate that the
proposed resolutions are before the Comission for-
consideration, and, therafore, may not represent final
positions. .

(4) Ecit that if the staff identifies other policy issues,
' the staff will seek Comission approval of its
positions in a timely manner.

: James-M. Taylor
! Executive Director
j for Operatiens

: Enclosures:
! 1. Policy Issues Analysis and
; Recomendations

2. Comission Papers Applicable to.

ALWR !ssues
j 3. References -

|

!

!
;

,.

i

|
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Enclosure !

POLICY !$$UES ANALYS!$
AND RECOMMENDATIONS

. .

The staff has identified a number of issues siDnificant to reactor safety as
it considered operating experience, probabilistic risk assessment studies, and
evaluations of the evolutionary (1300 MWe) and passive (f00 MWo) LWR designs,
in Comission papers SECY-90-016 and SECY-gl-078, the staff proposed resolu-
tions fcr some of these issues for evolutionary designs, which the Comission
addressed in their SRMs of June 26, 1990 and August 15, 1991, respectively.
The staff also forwarded policy papers to the Comission that identify. and
address the status of the staff's review of other issues. For ccmpleteness,
this enclosure provides a brief description and status of these issues as well
as new issues that pertain to both the evolutionary and passive LWR designs.

In reviewing the EPRI ALWR Requirements Document and the vendors' ALWR
designs, the staff has identified the following policy and major technical
issues for both the evolutionary and passive LWR designs. Certain issues
represent matters specific to the design of these facilities while othtrs
address the implementation of the desigit certification process of 10 CFR Part
$2. The following is a discussicn of each of these issues. The staff has
identified those instances in which its positions differ from current regula-

| tory requirements or in which the staff is substantially supplementing or
revising interpretive guidance applied to currently licensed LWRt. A discus-'

sion of the nature of the current regulatory requirement or. interpretation,
the positions of the ALWR vendors and of EPRI, and, where available, the

! resolution that the staff is proposing, including the departure, if any, from
current regulatory requirements and practice, and the basis for the staff's
position is provided for each issue. To aid in identifying the staff's
positions, the staff has underlined the positions for which it is requesting
Comission approval. Issues for which no resolution hks been proposed will be
addressed in future comunications with the Comission as the staff's review
progresses. Plant optimization subjects, which are items proposed by EPRI
that do not meet regulatory requirements, are also identified.

This enclosure is divided into three sections. Section I addresses the .
staff's current positions regarding the applicability and resolution of _ issues
identified in SECY-90-016 (for evolutionary designs only) for the passive LWR
plant designs. Section 11 addresses the status and, where available, proposed
resolution of other issues that are applicable to both the evolutionary and
passive ALWR designs. Section !!! addresses issues that the staff has
identified while reviewing the conceptual derign information from the passive
plant vendors in conjunction with the EPRI Requirements Document for passive
designs. Positions on the passive designs may change as dettiled design
information becomes available and testing on the passive systems is completed.

,

l

knclosure3liststhepapersthat.thestaffhasforwardedtothe-
Comission regarding policy issues that have been identified to date for both
evolutionary and passive advanced light water reactors (ALWRs). The staf f
will reference applicable documents throughout this paper, as appropriate.

|

|
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Enclosure 2 is a list of Comm:ssion papers, sorted by issue, in which the
staff addressed issues for the evolutionary, passive, and advanced designs.
This enclosure is included to provide a reference list for each issue. These

,

papers will be referenced throughout this enclosure as appropriate. ;

.

1. SECY-90-016 ISSUES
~

The following is a discussion of the staff's current positions regardjng the
applicability and resolution of issues identified in SECY-90-016 (for evolu-

i tionary designs only) for the passive LWR plant designs. Unless specified
,

~ otherwise, the implementation guidance provided in SECY-90-016 is considered
applicable to the discussions below.

A. Use of Physically-Based Source Term

As discussed in SECY-90-016, (he staff's methodology for determining compli-
ante with the siting requirements of 10 CFR Part 100 has been based on the

;- source term provided in Technical Information Document (TID)-14844, issued in
1962. This methodology, which involves calculation of offsite dose for.

comparison against Part 100 dose criteria (i.e., criteria for establishing the
size of the exclusion area and the low population zone), is widely acknowl-
edged to utilize conservative assumptions. At the time this approach was-

developed, these conservatisms were considered appropriate and were based on
uncertainties associated with accident sequences and equipment performance,
a r,. as a means to assure that future plant sites would be essentially equiva-
lent to sites approved up until that time. The conservatisms initially
included in the methodology have been essentially retained up to this time.

EPRI has proposed a physically-based source term to be used for the licensing |

design basis fission product release based on a bounding severe reactor.
; accident to be used for both the evolutionary and passive reactor designs.

Technical justification is provided in their October 18, 1990 and February 12,
1991 submittals entitled " Licensing Design Basis Source Term Update for the

;
Evolutionary ALWR,' and " Passive ALWR Source Term," respectively. EPRI has
identified this as a plant optimization subject.

The EPR1-proposed source terms are based on a single, enveloping value for a
bounding severe reactor accident sequence, using release data obtained from
the Severe fuel Damage Tests at the Power Burst facility, the LOFT source term
measurements, and data fror the THI-2 post accident examination. For the
evolutionary designs, EpRI proposes changes in the assumptions concerning the
fission product fuel release magnitude, the fission product release timing,
the chemical fore of iodine, the retention of aerosol in the reactor coolant,
and the use of the suppression pool and containment sprays for removal of
aerosol and soluble gases. For the passive designs, EPRI proposes that the
source term be also based on consideration of passive mitigation functions and
systems such as steam condensation-driven aero:01 removal, main steam isola-
tion valve leakage control, and secondary building fission product leakage.

control.

EPRI Evolutionary Plant SER 18.C-12
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In SECY-90-016, the staff recomended that the Comission approve the follow-
iag approach for evolutionary ALWRs:

1. Assure that evolutionary designs meet the requirements of 10 CFR 100,

| 2. Consider deviations to current methodology used to calculate 10 CFR
Part 100 deses on a case-by-case basis using engineering judgement
including updated information on sourca term and equipment reliability,

3. Do not modify current sit.ing practice, and

4. Continue to interact with EPRI and the evolutionary ALWR vendors to
reach agreement on the appropriate use of updated source term information
for *.evere accident performance considerations.

In its June 26, 1990 SRM, the Comission approved the staff's approach to the
source term for the evolutionary designs with the addition that the staff
incorporate appropriate changes to regulations, regulatory practices, and the
review process resulting from source term research.

As a result of this guidance, the NRC staff is developing a revised source
term based on source term calculations performed by the source term code
package for individual accident sequences selected in NUREG-ll50, " Severe
Accident Risks: An Assessment for Five U.S. Nuclear Power Plants,' Decem-
ber 1990. The staff concludes that the fission product release source terms
preposed by EPRI and those being developed by the staff are very close for all
radionuclide groups, except tellurium and low volatile elements. The reasons
for and the impact of the differences between Brookhaven National Labora-
tories' (BNL's) and EPRl's estimates for tellurium and the low volatile

i elements are still under review.

General Electric (GE) and Combustion Engineering, Inc. (CE) have indicated
that their evolutionary dcsigns (the Advanced Boiling Water Reactor (ABWR) and
the System 80+, respectively) can meet the offsite dose criteria established
in 10 CFR Part 100 using the current TID-14844 source term. However, the
vendors have indicated that they may wish to apply the forthcoming updated TID
source term to their designs when it becomes available. The staff concludes
that this approach is acceptable provided the vendor addresses the updated TID
source term package in its entirety. If the evolutionary vendors choose to
adopt this source term, the FDA/DC application must include complete analyses
of the radiological consequences of design basis accidents using all of the
guidelines provided in the updated TID source term. However, this may impact
the review schedules of the evolutionary LWRs, because the updated TID source
term is currently scheduled to be published for a 90 day public coment period
in April 1992, and toe staff's technical position en the fission product
removal mechanisms in the containment are not finalized.

have indicated that_theirThepassiveALWRvendors(WestinghouseandGE}opedasaresult.ofthestaff'sdesigns will comply with the source term devei
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evaluation of this issue with EPRI. The effort to revise the TID so'urce term
is expected to be completed in a time period sufficient to support the FDA/DC
review of the passive plant designs. ~

The staff is in the final stage of completing its proposed update of the TID-
14844 source term, including fission product removal mechanisms within the
containment. The revised source term and its applicability to the ALWRs will
be addressed in a separate Commission paper scheduled in the first quarter of
1992. Therefore, the staff does not request any Commission action on this
issue at this time. -

B. Anticipated Transients Without Scram (ATWS)

As discussed in SECY-90-016, the ATWS rule (10 CFR 50.62) was promulgated to
reduce the probability of an ATWS event and to enhance mitigation capability
if such an event occurred. .The staff recommended that the Commission approve'
its position that diverse scram systems should be provided for evolutionary
ALWRs. In addition, the staff indicated that GE would perform a reliability
analysis to determine whether they could justify the manual operation of the
standby liquid control system (SLCS) in the event of an ATWS in lieu of
automatic operation as required by 10 CFR 50.62.

In its June 26, 1990 SRM, the Commission approved the staff's position, but
directed that, if the applicant can demonstrate that the consequences of an
ATWS are acceptable, the staff should accept the demonstration as an alterna-

; tivt to the diverse scram system.

EpR1 has inoicated that its approach to resolving the ATWS issue is compliance
with the ATWS rule. Design requirements beyond those which would be required
to meet the rule have not been proposed. In its December 6, 1991 letter, EPRI
stated it has determined that automatic actuation of the SLCS was appropriate,
and that it was modifying the Requirements Document for evolutionary designs
to reficct that position. EPRI no longer considers this to be a plant
optimization subject.

The ABWR design includes a number of features that reduce the risk from an
ATWS event. 1dese features include a diverse scram system with both hydraulic
ar.d electric run-in capabilities on the control rods, a standby liquid control
system (SLCS), and a recircuhtien pump trip capability. In addition, the
scram discharge volume has been removed from the ABWR, eliminating some of the
potential ATWS prcblems associated with the older BWR designs. In its letter
dated October 9, 1991, GE indicated it will include an automatic SLCS.

The CE Systec B0+ design includes a control-grade alternate protection system
which provides an alternate reactor trip signal and an alternate feedwater
actuation signal separate and diverse from the safety-grade reactor trip
system.

The staff is in the process of evaluating the evolut'ionary plant submittals to
~

ensure acceptable implementation of the Comission's directive, but does not
expect any related policy reatters tu result from its review.

EPRI Evolutionary Plant SER IB.C-14
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Although EPRI has not submitted its position regarding the automatic actuation
of the SLCS for passive designs, the staff expects EPRI to provide design
requirtments for the passive designs that are consistent with those for the
evolutionary designs. The passive ALWR vendors have indicated that their
designs will comply with the Requirements Document for passive designs. The
staff will evaluate their designs upon subniittal of their final design
approval / design certification application. --

Because the policy aspects of this issue are resolved (pending review of the
design application for the passive designs), the staff does not request any
Commission action on this issue at this time. Should a policy question be
raised as a result of the staff's review of this matter, the staff will inform
the Commission at the earliest opportunity.

C. Mid-Itop Operation

in SECY- w el6, the staff stated that it was concerned that decay heat removal
capability could be lost when a PWR is shut down for refueling or maintenance
and drained to a reduced reactor coolant system (RCS) or 'mid-loop * level.
The staff recomended that the Comission approve its position that evolution-
ary PWR vendors propose design features to ensure high reliability of the
shutdown decay heat removal system In its April 26, 1990 letter, the
Advisory Comittee on Reactor Safe uards (ACRS) recommended that additional
requirements be considered to reso ve this issue. In its April 27, 1990
memorandum, the staff indicated that it would ensure that these recommenda-
tions were addressed in the evolutionary LWRs. In its June 26, 1990 SRM, the
Comission approved the staff's position in conjunction with those of the
ACRS.

The EPRI Requirements Document and evolutionary PWR designers have provided
features to address the specific issue of mid-loop operation. The staff is in
the process of evaluating the evolutionary plant submittals to ensure accept-
able implementation of the Comission's directive.

However, the staff is concerned that the overall question regarding the
vulnerability of the ALWRs during shutdown and low power operation has not
been ade p tely evaluated by the vendors and EPRI. This issue has been
discussed for evolutionary designs in a memorandum to the Comission dated
September 5, 1990. The ALWR vendors and EPRI have beer requested to assess
shutdown and low power risk, identifying design specific vulntrabilities and
weaknesses and documenting their consideration and incorporation of design
features which minimize such vulnerabilities.

In its December 16, 1991 letter, EPRI subn, .ted proposed changes _to the
Requirements Document to address this issue for the evolutionary designs.
The staff has not yet received a response from tir evolutionary vendors.

EPBI Evolutionary Plant SER IB.C-15
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The passive ALWR vendors have indicated that their designs will comply with
the Requirements Document for passive designs. The staff expects that EPRI !

will specify requirements for the passive designs similar to those'of the
evolutionary.

The staff concludes that passive plants most also have a reliable means of
maintaining decay heat removal capability during all phases of shutdown
activities, including refueling and maintenance, and will evaluate the
adequacy of the passive Requirements Document and designs during its review.
The staff does not consider this issue to be a policy matter, but rather an
element of its normal' review. Therefore, the staff does not request'any
Comission action on this issue at this time. Should a policy question be
raised as a result of the staff's review of this matter, the staff will inform
the Commission at the earliest opportunity.

D. Station Blackout

As discussed in SECY-90-016, the station blackout rule (10 CFR 50.63) allows
utilities several design alternatives to ensure that an operating plant can
safely shut down in the event that all ac power (offsite and onsite) is lost.
The staff concluded that the preferred method of demonstrating compliance with
10 CFR 50.63 is through the installation of a spare (full capacity) alternate
ac power source of diverse design that is consistent with the guidance in
Regulatory Guide 1.155, and is capable of powering a't least one complete set
of normal shutdown loads. The staff recommended that the Comission approve
imposition of an at source for evolutionary ALWRs. In its June 26, 1990 SRM,
the Comission approved the staff's position.

In addition to other design features to address the issue of station blackout,
the EPRI Requirements Document for evolutionary designs and the evolutionary
vendors have provided for a large capacity, diverse alt rnate ac power source
(combustion turbine generator) with the capability to power one complete set'

of normal safe shutdown loads. The staff is in the process of evaluating
their submittals to ensure acceptable implementation of the Commission's
directive, but does not expect any related policy matters to result from its
review.4

Because the passive designs do not rely on active systems for safe shutdown
following an event, EPRI and the passive plant designers do not believe.

safety-related diesel generators are necessary to address station blackout'

concerns. In addition, they believe an alternate ac power source should not
be required. However, the staff concludes that the non-safety-related diesel
generators may require some regulatory oversight. This issue is enveloped for
the passive designs under the issue on regulatory treatment of non-safety
systems (see paragraph Ill.A of this enclosure).

f

The staff is still evaluating this issue for the passive plant designs. It is

identifying this issue in this paper to comply with the Comission's direc-
tives to present policy matters for Commission consideration at the earliest

!

!
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opportunity. The staff's proposed resolution of this issue will be provided
to the Commission later. Therefore, the staff does not request any Comission
action on this issue at this time. '

'

E. Fire Protection

As discussed in SECY-90-016, the staff recomended that current NRC guidance
to resolve fire protection issues should be enhanct.d to minimize fire as a
significant contributor to the likelihood of severe accidents for advai.ced
plants. In its April 26, 1990 letter, the ACRS recownended that the staff
should consider additional matters in its evaluation of the fire protection
designs. In its June 26, 1990 SRM, the Comission approved the staff's
position as supplemented by the staff's April 27, 1990 response to the ACRS.

The EPRI Requirements Document and the evolutiontry ALWR designers have
indicated that their fire protection designs are consistent with the staff's
proposed enhancements. The staff is in.the process of evaluating their-
submittals to enswe acceptable implementation of the Comission's directive,
but does not expect any related policy matters to result from its review.

The staff expects that EPRI will specify requirements for the passive' designs
similar to those of the evolutionary. The passive ALWR vendors have indicated
that their designs will comply with the Requirements Document for passive
designs.

Although the staff is still evaluating this issue for the passive plant
designs, it has not identified any unique features of the designs that would

,

preclude the staff's conclusion that these designs should also be evaluated
against the enhanced fire protection criteria. Jhgrf net. 0he stiff recom-f

mends that the Comission accreve the staff's Desition that tne rassive olants
should also be reviewed aoainst the enhanced fire crotection criteria acoroved
in the Commission's June 26. 1990 SRy.

F. Intersystem Loss-of-Coolant Accident

As discussed in SECY-90-016, the staff recomended that future evolutionary
ALWR designs reduce the possibility of a loss-of-coolant accident (LOCA)
outside containment by designing (to the extent practicable) all systems and
subsystems connected to the reactor coolant system (RCS) to withstand the. full
RCS pressure. However, for both the passive and evolutionary reactors, design
stress allowables for intersystem LOCA conditions-in low pressure piping
systems and uniform criteria must-yet be developed and approved by the staff.
The staff further recomended that systems that have not been designed to
withstand full RCS pressure should include

1. the capability for leak testing of the pressure isolation valves,-

2. valve position indication that is available in the control room when
isolation valve operators are deenergized, and
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3. high-pressure alarms to warn control room 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 Comission' approved the staff's position on
intersystem LOCA provided that all elements of the low pressure system are
considered (e.g., instrument lines, pump seals, heat exchanger tubes, and
valve bonnets). The staff has been applying items 1 - 3 to systems'that have
not been designed to operate at full RCS pressure.

The EPRI R?quirements Document and the evolutionary ALWR designers have
indicated that their submittals are consistent with the approved resolution to
this issue. The staff is in the process of evaluating their submittals to
ensure acceptable implementation of t'ne Comission's directive, but does not
expect any related policy matters to result from its review.

The staff expects that EPRI will specify requirements for the passive designs -
similar to those of the evolutionary. The passive ALWR vendors have indicated
that their designs will comply with the Requirements Document for passive
designs.

Although the staff is still evaluating this issue for the passive plant
designs, it has not identified any unique features of the designs that would
preclude the staff's conclusion that these designs should also be evaluated
against the staff's previous recomendation. Iberefore. the staff recomends
that the Commitsion accreve the staff's Desition that the cassive olants
}hould also be reviewed aaainst the cosition for intersystem LOCA as acoroved
in the Com-ission's June 26. 1990 SRM.

G. Hydrogen Control

Containments are required to bo designed for control of hydrogen generation
following an accident. 10 CFR 52.47(a)(ii) requires all applicants for design
certification to demonstrate compliance with any technically relevant portions
of the Three Mile Island requirements set forth in 10 CFR 50.34(f). 10 CFR
50.34(f) requires a system for hydrogen control that can safely accommodate
hydrogen generated by the equivalent of a 100 percent fuel-clad metal water.
reaction, and to assure that uniformly distributed hydrogen concentrations in
the containment do not exceed 10 percent (by volume) or that the post-accident
atmosphere will not support hydrogen combustion,

in SECY-90-016, the staf f recomended that, because of the uncertainties in
the phenomenological knowledge of hydrogen generation and combustion, evolu-
tionary ALWRs should be designed, as a minimum, to

1. accomodate hydrogen equivalent to 100-percent metal-water reaction of the
fuel cladding,

2. limit containment hydrogen cortentration to no greater than 10 percent,
and
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3. provide containment-wide hydrogen control (e.g., igniters, inerting) for
severe accidents.

The staff recommended that the Commission approve the staff's position that

the requiremer.ts of 10 CFR 50.34(f)(2)(ix)ission approved the staff's post-remain unchanged for evolutionaryALWRs. In its June 26, 1990 SRM, the Comm
.tion.

In its December 6, 1991 letter, EPRI stated that the EPRI Requirements
Document for evolutionary des'igns will be modified to fully comply with the
above positions. The ABWR design meets the requirements of 10 CFR
50.34(f)(2)(ix) by using, in conjunction with other systems, a nitrogen-
inerted atmosphere within its containment. The System 80+ design proposes to
be consistent with the recommendations of the ALWR Requirements Documant
resulting from staff review. The staff is in the process of evaluating these
submittals to ensure acceptable implementation of the Commission's directive,
but does not expect any relat,ed policy matters to result from its review. -

The staff expects that EPRI will specify requirements for the passive designs
similar to those of the evolutionary. The passive ALWR vendors have indicated
th u their designs will comply with the Requirements Document for passive
designs.

Although the staff is still evaluating this issue for the passive Mant
designs, it has not identified any unique features of the designs snat would
preclude the staff's conclusion that these designs should also be evaluated
against the staff's previous recommendation. Therefore. the staff recommends
that the femmission accrove the staff's cosition that the cassive olants
should also be desianed. as a minimum. to

1. accommodate hydrocen eouivalent to 100-oercent metal-water reaction of
the fuel claddino,

2. lirit containment hydrocen concentration to no creater than 10 percent.
Ad

3. orovide cont ainment-wide hydrocer cont rol (e.o. ioniters. inertinel for
severe accidents.

H. Core Debris Coolability

in the unlikely event of a severe accident in which the core has melted
through the reactor vessel, it is possible that containment integrity could be
breached if the molten core is not sufficiently cooled, in addition, interac-
tions between the core debris and concrete can generate large quantities of
additional hydrogen and oi er non-condensible gases, which could contribute to
eventual overpressure failure of the containment. Therefore, the staff
concluded that plant designs should include features to enhance core debris
coolability.
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As discussed in SECY-90-016, the staff recomended that the Comission approve
the general criteria that evolutionary ALWR designs

,

1. provide sufficient reactor cavity floor space to enhance debris spreading,
and ,

2. provide f'or quenching debris in the reactor cavity,

in its June 26, 1990 SRM, the Commissiot approved the staff's position.

in addition, the staff indicated in SECY-90-016 that it was evaluating the
level of protection afforded by covering the containment liner and other
structural members with concrete. The staff concludes that it may be neces-
sary to protect these structural components with concrete.

The EPRI Requirements Docum'ent and the evolutionary ALWR designs provide a
number of design features that are intended to mitigate the effects of a
molten core. Amongotherfeatupes,theevolutionarydesignsareproposing
floor sizing criteria of 0.02 m /MWt :nd provisions to flood the lower drywell

The s aff does not support or dispute the EPRI flooror reactor cavity.
sizing criteria of 0.02 m}/MWt. Instead, it concludes that it is appropriate '

to review the specific vendor designs to determine how they have addressed the
three items discussed above to provide an increased level of protection
relative to core debris coolability. The staff concludes that the " core-on-
the-floor" accident will not be considered as a new design basis accident.
However, the staff expects the vendors to consider the effects of an unmiti-
gated core-concrete interaction on the production of non-condensible gases,
the release of additional fission products from the core-concrete interaction,
and additional heat and hydrogen generation in the new designs. Further, the
staff will evaluate how the vendors have addressed core debris interactions
with water in the cavity to acccunt for steam and hydrogen generation.

The three criteria discussed above are intended to ensure that the ALWR
vendors provide measures to the extent practical to mitigate severe accidents
while avoiding turning severe accidents into traditional design basis acci-
dents. As the staff neither supports nor disputes particular floor sizing
criteria, the vendors should ensure that the containment can withstand the
pressure increases caused by core-concrete interactions. For the range of
severe accidents of concern, the vendors-should realistically estimate the

* amount of core-concrete interaction that will occur, and ensure that the
containment will accommodate the resultant conditions for at least 24 hours.
Where insufficient data exists to develop realistic estimates, the vendor may
propose alternatives, such as additional tests or the use of other methodolo-
gies for determining the degree of corr' concrete interaction. The ALWR
vendors should also perform parametric studies to dettrmine how sensitive the
containment response is to variations in the amount of core-debris which is
cvailable to interact with the concrete. The staff concludes that incorpora-
tion of the mitigative measures to the extent practical and assurance of
containment integrity for a 24 hour period will provide defense in depth as
well as an appropriate degree of robustness in the containment design.
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In its December 6,1991 submittal, EPRI indicated that it will specify
requirements for the passive designs similar to those of the evolutionary
designs. The passive ALWR vendors have indicated that their designs will
comply with the Requirements Document for passive designs.

Although the staff is still evaluating this issue for the passive plant
'

designs, it has not identified any unique features of the designs that would
preclude the staff's conclusions that these designs should also be evaluated
against the staff's previous recommendation. Therefore. the staff recommends
the Commission acerove the staff's cosition that both the evolutionary and
cassive LWR desions

1. erovide reactor cavity floor sence to enhance debris screadino,

2. erovide a muns to fleed the reactor cavity L assist in the coolino
croCess.

3. erotect the containment l'iner and other structural members with concrete.
if necessary, and

4. ensere that the containment can accommodate the eressure increases
resultino from core-concrete interactions involvino a rance of scenarios
gfdch release core debris into the containment for 24 hours followina the
1 Qet of a severe accident.

1. High Pressure Core Melt Ejection

In SECY-90-016, the staff recomended that the Comission approve the staff's
position that evolutionary ALWR designs should include a depressurization
system and cavity design features to contain ejected core debris to reduce the
potential for containment failure by direct containment heating (DCH). The
staff is concerned that this phenomenon might occur from the ejection of
molten core debris under high pressure from the reactor vessel resulting in
wide dispersal of core debris, rapid oxidation, and extremely rapid addition
of energy to the containment atmosphere,

in its June 26, 1990 SRM, the Comission approved the staff's position with
the directive that the cavity dpsign, as a mitigating feature, should not
unduly interfere with operations, including refueling, maintenance, or
surveillance activities. Examples of cavity design features that will
decrease the amount of ejected core debris that reaches the upper containment
include ledges or walls that would deflect core debris and an indirect path
from the lower reactor cavity to the upper containment. The staff will review
the LWR designs relative to the above criteria.

Notwithstanding the goal of providing a retentive cavity design, the inherent
uncertainties in the industry's understanding of core dispersal phenomena
following the failure of the reactor coolant system (RCS lead to the recom .
mendation that defense-in-depth be provided through a hi hly reliable RCS
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1 depressurization system. Such a system would provide additional assurance
i that DCH would not occur by preventing reactor vessel failure at high pres-

sun, and i,he rapid dispersal of core debris.'

The EPRI Requirements Document and plant designers have provided features to-

address this issue for evolutionary desigds. The staff is in.the process of
,

evaluating their submittals to ensure acceptable implementation of the
; Commssion's directive. The staff's preliminary review of the passive ALWRs
! has 41sn identified the importance of depressurization of the reactor coolant
i system (RCS) to the safe sh 'down of the plant during transients or accidents.
i Depressurization of the RCS , crucial to the operation of the passive safety

features that limit the likelihood of core damage, as well as to reducing the'

3 potential for containment failure by direct containment heating from the
i ejection of core debris at high pressure. Therefore, the staff has determined
j that the passive ALWR designs must include a highly reliable depressurization
: System. The staff will also bs evaluating the capability of non-safety
: systems to provide coolant injection under high pressure conditions-should the
; depressurization system fail (see paragraph Ill.A of this enclosure).

! Although the staff is still evaluating this issue for the passive plant
! designs, it has not identified any unique features of the designs tht would

preclude the staff's contiusions that these designs should &lso be tvaluateo
,

! against the staff's previous recommendations. Therefore. the staff recomends
the Comission accrove the ceneral criteria that the.Dassive LWR _g signs

;

j 1. erovide a reliable deoressurizaticn system. and

2. provide cavity desian features to decrease the amount of eiected core
;

; debris that reaches the uocer containment.

I

! J. Containment Performance
! .

! As discussed in SECY-90-016, the. staff recommended that the Commission approve
i the staff's position to use a conditional containment failure probability
i (CCFP) of 0.1 or a deterministic containment performance goal that offers

comparable protection in the evaluation of evolutionary ALWRs. The staff4

concluded that the following general criterion for containment performance
during a severe-accident challenge would be appropriate for the evolutionary
ALWRs in place of a CCFP.

i The containment should maintain its role as a reliable leak tight
| barrier by ensuring that containment stresses do not exceed ASME service

level C limits for a minimum-period of 24 hours following the onset of'

core damage anc that following this 24 hor period the containment
.

!

should _ continue to provide a barrier against the uncontrollec' release of I

fission products. ]

The containment performance goal was proposed to ensure thatIthe containment
will perform its function in.the face of most credible severe accident
challenges.

.

!
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In its June 26, 1990 SRM, the Comission approved thE use of a 0.1 CCFP as a
basis for establishing regulatory guidance for the evolutionary LWRs, The
Comission directed that this objective should not be imjosed as a require-
ment, and that the use of the CCFP should not discourage accident prevention.
The staff was directed to review' suitable alternative,-deterministically-
established containment performance object'ves prov'dtng comparable mitigation
capability that may be submitted by the applicants. The.Comission directed
that any such alternatives be submitted to the Comission. '

While the staff has identified, both in this paper and in SECY-90-016,~the
major challenges to the containment (e.g., hydrogen burns, corium interactions-
with water and containment structures), and the need to provide the means for
mitigation of these challenges, the containment performance goal acts as a
final check to ensure that the design (including its mitigation features)-
would be adequate if called upon to mitigate a severe accident. Although not
explicitly identified in SECY-90-016, the staff will also evaluate the impact
of molten fuel-coolant interaction and the resulting steam and hydrogen
generation (and any dynamic forces due to ex-vessel fuel-coolant inter-
actions) on the integrity of the containment, consistent with the containment
performance goal. The intent of both the CCFP and the alternative determinis-
tic performance criteria discussed above is to provide this final check, as
well as defense-in-depth. The philosophy behind the use of the proposed
deterministic goal is that adequate time must be provided for fission product
decay before allowing a release from the containment to the environment.
Since Service Level C is applicable only to metal containments, a comparable
criterion is needed for the concrete containments, such as used in the ABWR
and SBWR designs. The staff is evaluating options for this criterion,

in.its letter dated December 16, 1991, EPRI stated that its overall_ contain-
ment performance requirements address the assurance of a robust containment
for ALWRs-capable of accomodating risk-significant severe accident loads
without failure. The staff concludes that EPRI's position is consistent with
the deterministic containment performance goal. EPRI has also identified a
comprehensive list of containment challenges resulting from core damage-
sequences. Based on its containment performance-studies for the evolutionary
and passive plant designs, EPRI has concluded that-the described design ;

features limit the itkelihooo and magnitude of these challenges, and that they i
ensure the capability of the containment to accomodate all challenges which
are potentially risk significant. The staff is in the process of evaluating -
the adequacy of the containment performance of the individual ALWR reactor
designs to ensure that these and any other potential sequences that may be
identified during the staff's review are adequately addressed. The staff will
evaluate the criteria for the vendor's! determination of the challenges to the
containment. The evaluation of containment bypass sequences will be addressed

4 on a vendor-specific basis during the staff's design reviews. The staff does
not expect-any related policy matters to result from its review of the-
evolutionary. designs.

D
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The staff expects tha' EPRI will specify requirements for the passive designs
similar to those of tt evolutionary. The passive ALWR vendors have indicated
that their designs wi)) comply with the Requirements Document for passive '
designs.

'

Although the staff is still evaluating this issue for the passive plant
designs, the staff concludes that it is appropriate to apply the same contain-
ment performance goal to the passive designs as a basis for establishing i
regulatory guidance. Therefore. the staff recommends the Commission 4eorey,g
the staff's position to use a conditional containment failure erobati1X y
(CCFP) of 0.1 or a deterministic containment eerformance coal that offers
cocoarable orotection in the evaluation of the cassive ALWRs. The staff will
consider anY suitable alternatiVO. deterministically-established containment

performance obiectives orovidino comoarable mitication caoability. Applicants
usino the deterministic approach will be required to clearly define the
chad enges considered in this evaluation.-

-
,

K. Dedicated Containment Vent Penetration

As discussed in SECY-90-016, the staff recomended that the Comission approve
-the use of an overpressure protection system that sed a dedicated containment
vent for the ABWR. This system is designed to avoid gross containment failure
resulting from postulated slow rising overpressure scenarios D,et could result
from postulated multiple safety system failures.

'n its June 26, 1990 SRM,_ the Comission approved the staff's recommended use
of the containment overpressure protection system for the ABWR, subject to a
comprehensive regulatory review to weigh the "downside* risks with the
mitigation benefits of the system. In addition, the Comission directed the
staff to ensure that full-capability to maintain control over the venting
process is provided in the design.

-In its December 6, 1991_ letter, EPRI steted that the EPRI Requirements
Document for evolutionary designs will be modified to require containment
overpressure protection through the containment design (considering size and
strength of the containment) or through the use of pressure-relief. -EPRI
proposes that the need for a containment vent be determined on a design-
specific basis. EPRI considers this to be a pl. ant optimization subject. The
ABWR includes.a dedicated vent system in its containment design.

The staff is in the process of evaluating these submittals to ensure accept-
able implementation of the Commission's directive, but does not expect any
related policy matters to result from its review. The staff expects that EPRI
will specify requirements for the passive designs similarlo those of the,

evolutionary. The passive ALWR vendors have indicated that their designs will '

comply with the Requirements Document for passive designs.

Because of the stage of design development, the staff has insufficient
information to determine whether a containment vent is-necessary for passive
plant designs at this time. The containment performance iriteria proposed in
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Section 1.J of this enclosure will serve as the basis for the staff's review
of containment integrity and the need for a contcinment vent. Therefore. the
staff recommends that the Cgp2{111ElpfyAyy the staff't Desition that the
need for a containmen*. vent fo L1ht.qais he olant desions be evaluated on a
gtlion settific basis. .

L. Equipment Survivability

As discussed in $ECY-90 016 the staff recomended that the Comission approve
the staff's position that features provided only for severe-accident protec-
tion 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 $0, Appendix A redundancy / diversity requirements. The i rsons for
this judgement is that the staff does not balieve that severe core damage
accidents should be treated in the same manner that design basis accidents
(DBAs) have traditionally been treated, det to the la ge differences in their '
likelihood of occurrence. However, SECY-90-016 furtter stated that mitigation
features must be designed so there is reasonable asstrance that they will
operate in the severe-accident environment for which $. hey are intended end
over the time span for which they are needed. In inst'nces where safety
related equipment which is provided for design bases aceidents is relied upon
to cope with severe accident situations, there should also be a high confi-
dence that this equipment will survive severe accident conditions for the
period that it is 4,-eded to perform its intended functien. During the review
o' the credible severe accident scenarios for specific ALWR designs, the
equipment needed to perform mitigative functions, and the conditions under
which the mitigat'.4 systems must function, will be identified. Equipment
survivability er;e Ations under severe accident conditions should include
consideration of tne circumstances of applicable initiating events (e.g.,
station blackout, earthquakes) and the environment (e.g., pressure, tempera-
ture, radiation) in which the equipment is relied upon to function. The
required system performance criteria will be based on the resbits of these
design-specific reviews. In its June 26,1990 $PJi, the Comission approved
the staff's position.

In its letter dated May 6, 1991, the staff clarified its position that this
criteria would be appited to those features provided only for severe accident
mitigatinn.

Tha EpRI Requirements Document and the evolutionary ALWR designers have
indicated that their submittals are consis'.ent with this criteria. The staff
is in the process of evaluating their subnittals to ensure acceptable imple-

| mentation of the Comission's directive, but does not expect anc related
policy matters to result from its review. The passive ALWR venA rs have,

indicated that their designs will comply with the Requirements Locument forl

passive designs.

Although the staff is still evaluating this issue for the passive plant
designs, it has not identified any unique features of the designs that would
preciude the staff's conclusion that these designs should also be evaluated
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against this criteria. Therefore. the staff recomends that the Comission
JIrreve the staff's ojsition that features Drovided oniv for severe-accident'

Pitiaation for the cassive olant desions nttd.not bLgybJtet to the 10 CFR
50.49 envirqngDial cualification reautrements._10 CFR Part 50. Aeoendix B
cuality assurance reouirements. and 10_[fR Part 50. Aeoendix A redundancy /

,

j diversity reovirements. As discussed in SECY-90 016, the staff concludes that
j guidance such a: that found in Appendices A and B of Regulatory Guide 1.155,
j *$tation Blackout,' is appropriate for equipment used to mitigate the conse-
j quences of severe accidents,

i

M. Elimination of Operating Bases Earthquake;

In SECY-go-016, the staff discussed its proposal to decouple the operating.

i basis earthquake (OBE) from the safe-shutdown earthquake ($$E). The regula-
i tions in Appendix A to 10 (FR Part 100 establish the OBE at one-half of the

SSE. The staff stated that the OBE should not control the design of safety
| systems and was evaluating possible changes to the regulations that would
! reduce the magnitude of the OBE relative to the SSE. The staff recomended

that the Commission approve the review approach to ccasider requests to
,

decouple the OBE from the SSE on a design-specific basis for evolutionary4

designs. In its June 26, 1990 SRM, the Comission approved the staff's
recomendation.;

In a plant optimization subject, EPRI requested that the staff evaluate the
j elimination of the OBE altogether from design of systems, structures, and

components in nuclear power plants. In its April 26, 1990 letter, the ACR5
,

; also recommended this approach. The NRC staff, in evaluating the decoupling
| of the Ogr from the SSE, is also evaluating the possibility of redefining the
i OEE in v er to satisfy its function without an explicit respon;e analysis.

This change would diminish the role of the OBE in dcsign by establishing a
,

level which, if it is exceeded, would require that the plant be shut down forl

|
inspection activities.

i EPRl's position on seismic design is that it is unnecessary to perform two
: complete sets of seismic analyses -- one for the OBE and one for the SSE. The
j NRC staff agrees, in principle, with this nosition but finds that extant

design practices for piping and structures do not result ir designs that arei

significantly controlled by the OBE. As stated in SECY-90-016, certain
interim measures, such as allowing higher damping values for piping analyses,
have been already implemented to alleviate the situation of having the OBE

3

i significantly controlling the design.

The elimination of the OBE response analysis would require all current OBE
i design-related checks to be performed for a fraction of the SSE. The staff is

currently developing various alternativcs with the industry to revise the
codes and standards when design-related checks are based on the OBE. For'

example, in piping design, the ASME- Boiler and Pressure Vessel Code currently
establishes rules for the evaluation of earthquake cycles on fatigue and'

relative seismic ancher motion effects that are based on the OBE. In addi-'

tion, the NRC requirements for postulating the number and location of pipe
t

i
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ruptures are also derived from the OBE. If the OBE is eliminated from design,
then these loadings might need to be performed by using the SSE and establish-
ing new appropriate allowable limits.

Therefere. the staff recomends that the Comission aeorove the staff's
accroach to eliminate the OBE from desion'of systems. structures and comeo-
nents. Until the final rulemakina lo AeDendix A to 10 CFR Part 10011
comr.leted. the elimination of th.e_ OBE from desion of either the evolutionary
or rassive desians will reautre an exemotion from the current reaulations with
accettable surtortina _iustification from the desioner. The details of how
current OBE related design checks will be performed using the SSE will be
resolved between the industry and the NRC staff through the appropriate code-
related activities or supplemental regulatory guidance.

N. In-Service Testing of Pumps and Valves
'

As discussed in SECY 90-016, the staff recomended that the Comission approve
the staff's position that the following provisions be applied to all safety
related pumps and valves and not limited to ASME Code Class 1, 2, and 3
components.

1. piping design should incorporate provisions for full flow testing (maximum
design flow) of pumps, and check valves.

'

2. Designs should incorporate provisions to test motor operated valves under
design basis differential pressure.

3. Check valve testing should incorporate the use of advanced non-intrusive
techniques to cddress degradation and performance characteristics.

4. A program should ce established to determine the frequency necessary for
disassembly and insp2ction of pumps and valves to detect unacceptable
degradation which cannot be detected through the use of advanced
non-intrusive techniques.

The staff concluded that these requirements were necessary to provide an
adequate level of assurance of operability,

in its June 26, 1990 SRM, the Comission approved the staff's position as
supplemented in the staff's April 27, 1990 response to ACRS coments. The
Commission further noted tnt due consideration should be given to the
practicality of designing testing capability, particularly for large pumps and
valves.

The EPRI Requirements Document and the evolutionary ALWR designers have
indicated that their submittals are consistent with this criteria. The staff
is in the process of evaluating their submittals to ensure acceptable imple-
mentation of the Commission's directive, but does not expect any related
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policy matters to result from its review. The passive ALWR vendors have
indicated that their designs will comply with tie Requirements Document for
passive designs.2

,

Although the staff is still evaluating this issue for the passive plant
designs, it has concluded that this is an issue for passive designs because
the passive safety systems rely on the proper operation of this equipment

i; (i.e., check valves, depressurization valves) to mitigate the effect's of
j transients. This is further discussed under the fssue regarding the defini-
1 tion of passive failures (see paragraph 111.B of this enclosure). Therefore.

'

the staff recowends that the Comission acerove the staff's cosition that
: these reevirements also be inosed on otssive ALWRs.
:

!!. Other Lvolutionary and Passive Design Issues
i

The following is a discussion.of the status and, where available, proposed
resolution of issues th6t are applicable to both the evolutionary and passive
ALWR designs.;

A. Industry Codes and Standards

in 5ECY-91-273, the staff raised the concern that a number of design codes andi

: industry standards dealing with new plant construction have been recently
developed or modified, and that the NRC has not yet determined their accept-

| ability. EPRI and the ALWR vendors are using codes and standards in their
| applications that the staff has not endorsed.

The staff recomends that the Comission acoreve the staff's cosition that.
,

consistent with east cractice. it ese the newest codes and standards that have
been endorsed by the NRC in its reviews of both the evolutionary and cassive4

olant desien acclications. Unacoroved revisions to codes and standards will
be reviewed on a case-by-case basis,

i

i B. Electrical Distr oution

i in SECY-91-078, the staff recomended that the Comission approve its position
!

that an evolutionary plant design should include

1 1. an alternate power sour:e to the non-safety loads unless the design can
demonstrate that the design margins will result in transients for a loss
of non-safety power event that are no more severe than those s' u ?iated
with the turbine-trip-only event in current existing plant des @%, *nd

2. 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 sLfety
buses upon a f ailure of any non-safety bus.

4
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In its August 15, 1991 SRM, the Comission approved the staff's positions.

In its December 6, 1991 letter, EPRI stated that it was modifying the EPRI-
Requirements Document for evolutionary plants, and would be submitting its
proposed resolution in a future response.
submittal and those of the svolutionary fin'The staff will evaluate EPRl' sal design approval / design certifi-
cation applicants to ensure acceptable implementation of the Comisiton's
directive, but it does not expect any related policy matters to result from
its review.

.

Because the passive desig n do not rely on active systems for safe shutdown
following an event, the staff has not determined the applicability of this
issue to the passive dcsi ns. This issue is enveloped for the passive designs 1

under the issue on regula ory treatment of non-safety systems (see paragraph h111.8 of this enclosure).

The staff is still evaluating this issue for the passive plant designs, 11 is
identifying this issue in this paper to, comply with the Comission's direc-
tives to present policy matters for Comission consideration at th6 earliest
opportunity. Should this issue be identified as applicable to the passive
plant designs, the staff will c ovide a proposed resolution to the Comission
later. Therefore, the staff hes not request any Comission action on this
issue at this time.

C. Seismic Hazard Curves and Design Parameters

To assess the seismic risk associated with an ALWR design EPRI has proposed
the use of generic bounding seismic harard curves for sites in the central and
eastern United States. EPRI proposes that these curves be used in the seismic
prooabilistic risk assessment (PRA). The regulations do not require and the
staff does not intend to require that a seismic PRA be performed to determine
if a site is acceptable.

To assess the EPRI ALWR seismic hazard bounding curve for rock sites, the
staff compared the EPRI curve to results derived by Lawrence Livermore
National Laboratories (LLNL) using the historical earthquake method discussed
in NUREG/tR-4BB5, ' Seismic Hazard CharactertIntion of the Eastern United
States: Comparative Evaluation of the LLNL and EPRI Studies,' 1987. The
stsff also compared the EPRI bounding curve to hazard curves generated by EPRI
using the historical method for the Seabrook site (see letter dated October
li,1991). The historical hazard curves below 0.lg reflect the past few
hundred years of historical earthquake data. The historical hazard curves at
higher accelerations are estimates based on the historical earthquake data.
Both the LLNL and EPRI hazard curves, which were derived using the historical
method, exceed the EPRI bounding curve at acceleraticas below about 0.19
Because the EPRI bounding curve is exceeded at low peak acceleraticns by the
results based on historical earthquake data, the staff also questions the
adequacy of the EPRI bounding curve at higher peak accelerations.

EP.U ~ volutionary Plant SER 18.C-29

_ _



__ ____________-__ - ___ - _.
..

- 20 -

Hazard curves generated for the Seabrook Station *robabilistic Safety Assess-
ment (1983) by the licensee exceed the EPRI bouncing hazard curve._ 1he
Seabrook 55E has a peak acceleration of 0.25g, whereas a higher 55E of 0.39 is
proposed for ALWR sites. On the basis of the deterministic design basis of
0.39, the EPRl-proposed criteria can be as,sumed to be suitable for the
Seabrook site. However, based on the probabilistic assessment, the EPRI
bounding hazard curve would underestimate the core damage frequency. Thus,
the EPRI bounding hazard curve is non-conservative when compared to a licensee
submittal.

The LLNL hazard curves are used in the staff's reviews of seismic hazard and
are generally higher than the-EPRI results for the same sites. Some LLNL
hazard curves for s"es in the Eastern United States (discussed in NUREG/CR-
$250, ' Seismic Harars Charactertration of 6g Nuclear Plant Sites East of the
Rocky Mountains,' 1989) exceed the EPRI bounding hazard curve.

During the staff's review of the ABWR PRA, PRA results using both the LLNL and
EPRI hazard estimates were compared with results using the ABWR boundint
seismic hazard curve. The ABWR bounding hazard curve was exceeded by tie LLNL
mean hazard curves for the Pilgrim Seabrook, and Watts Bar sites. These
three sites-in the eastern United States were selected because of their-
relatively high seismic hazard. The-staff used both the LLNL and EPRI seismic
hazard estimates to quantify core damage frequency. The PRA using the LLNL

hazard curves predicted much highr core damagon was detemined to be capablee frequencies than the PRA usingthe EPRI hazard curve. However, dj ."WR Q
of resisting earthquakes signift srd h * t e en SSE of 0.39
The evolutior,ary and passive ALWh hy6N hd6 ndicated that their applica-
tions will be consistent with the Lhi e;;bria. Newever, based on the
staff's review of historical seismicity and the LLNL hatard estimates, the
staff has concluded that the EPRI seismit hazard bounding curve is not
sufficiently conservative. The staff is' evaluating the seismicity and ground
motion inputs used in the LLNL and EPRI studies to determine if the uncertain-
tics in the curves can b6 reduced.

Based on the deterministic process used by the staff to judge the seismic
capability of the GE and CE designs, the staff concludes that, with few
exceptions, almost all areas east of the Rocky Mountains would be candidate
sites for these designs. As part of the COL process, the splicant will have
to demonstrate that the site-specific seismic parameters meet the certified
design parameters to assure issue preclusion at the COL hearing. Should an
actual site value exceed the design envelope-in 's certain area, a specific
analysis will have to be performed to verify that the design is still' accept-
able for that site.

The discussion on seismic hazard curves provided in this section-is for

applicable to the, and is provided to identify a complete list of issuespassive designs.. If a policy question-is' identified as a-
information only

result of its review, the staff will inform the Comission-of the issue at the
earliest opportunity. Therefore, the = staff does not request any Comission
action on this issue at this time.-
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D. Leak-Before-Break

Central Design Criterion (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
Comission demonstrate that the probability of fluid system piping fu)ture is
extremely low under conditions consistent with the design basis for t1e
piping.'

,

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 ru>ture is extremely
low under conditions consistent with the design bases for tie piping. Demon-
stration of low probability pipe rupture requires 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. The concept underlying such
analyses is referred to as 'lenk-before-break (LBB).*

To date, the LBB approach has been approved by the NRC staff for currently
operating and near-term operating licensed nuclear power plants based on a
case-by-case review of plant-specific analyses. The NPC staff has approved
the use of LBB for pWR primary coolant loop piping in all but five units in
the United States, in addition, the pressurizer surge, accumulator, and
residual heat removal piping have been approved for 11 units. In all cases,
the LBB approvals have been granted for piping inside primary containment and
for piping at least six inches nominal diameter. The piping includes both
austenitic and carbon steel material. However, the LBB-approved carbon steel
piping have all been clad with stainless steel material. To date, no BWRs
have requested LBB approval.

[PRI and CE are proposing to adopt the LBB approach for'ALWRs when certain
details of the piping design, raterials properties, and stress conditions aret

known. As discussed in SECY-B9 013, the staff will evaluate the acceptability,

of the use of leak-before-break considerations in the ALWR designs when it cani

be justified. The staff has evaluated the EPRI and GE proposal for LBB
application to ALWRs, as discussed below.

LEB Acceptance Criteria

The staff concludes that the analyses referred to in GDC-4 should be based on
specific data, such as piping geometry, materials, and piping' loads. The
staff must review the LBB analysea for specific piping designs before the'

applicant can exclude the dynamic effects from the design basis. For ALWRs
seeking design certification under 10 CFR Part 52, the analyses may be allowed
to incorporate preliminary stress analysis results provided beunding limits
(both upper- and lower-bound) are determined in order to establish assurance

j that adequate margins are available for leakage, loads, and flaw sizes.
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A margin of 10 on leakage is required so that leakage from the postulsted flaw
size is assured of detection when the pipe is subjected to normal operational
loads. A margin of 1.4 on loads is required to ensure that leakage stre flaws
are stable at normal plus accident loads (e.g., saft Ahutdown earthquake 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 flaw.

In addition, for ALWRs that seek approval of LBB during the design certifica-
tion phase, certain information will * e required for LBB analy(ses to establisho
through-wall flaw sizes ano flaw stability. For through wall law 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 curvt should be used. For flaw stability, an upper-bound stress limit
should be established for permal loadings plus safe shutdown earthquake and
uppression pool hydrodynamic loadings. A lower-bound stress-strain curve for

case metal should be used regardless of whether the Weld or base metal is
limiting. In addition, a lower-bound toughness for the weld metal should be
used. j

A deterministit. fracture mechanics evaluation accounting for material tough-
ness is required. Applicants may propose any fracture mechanics evaluation !

method for hRC staff review. However, the applicants will have to demonstrate
the accuracy of the method by comparing it with other acceptable methods or
with experimental data.

Using the above approach, an initial set of bounding values and a preliminary
LBB analysis can be established for ALWRs during the design certification
phase. These bounding values and preliminary analyses can be verified when
as-built and as-procured information become available during the combined
license phase. Prior to fuel-loading, verification of the preliminary LBB
analyses should be completed and based on actual material properties and

acceptance criteria (g analysis as part of inspection, tests, analyses, and
final, as-built pipin

ITAAC) associated with 10 CFR Part 52.

[FB Limitatient

Because of the dependency of the LBB analyses to accurately predict the flaw
stability, the LBB approach has established certain limit:tions 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
degradatien mechanisms to demonstrate that the candidate piping is not
susceptible to failure from these degradation mechanisms. The operating
history and measures to prevent or mitigate these mechanisms are reviewed by
the hRC staff, l

The LBB approach cannot be applied to piping that can fail in service from
such effects as water hamer, creep, erosion, corrosion, erosion-corrosion,
fatigue, thermal stratification, and environmental co:ditions. The rationale
is that these degradation mechanisms challenp the assumptions in the LBB

.
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acceptance criteria. For example, (1) water hamer may introduce excessive
dynamic loads which 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. Alterna-
tively, features to mitigate the possibility of certain degradation' mechanisms
may b! proposed to ensure that LBB assumptions are not invalidated. For
example, LBB might be considered for carbon steel piping for which the effects
of erosion-corrosion have been eliminated through the use of high chromium
steels with proven resistance to erosion-corrosion or through the use of
carbon steel piping that is clad on the fluid surface with erosion-corrosion
resistant materials. ,

{A detailed discussion of the limitations and acceptance criteria for LBB used
$by the NRC staff is provided in NUREG-106), Volume 3, " Evaluation of Potential

for pipe Breaks, Report of thf U.S. Nuclear Regulatory Comission Piping
Review Committee," dated November 1984.

Desian Basis with LEP 1
'

The broad scope rule introduced an acknowledged inconsistency into the design
basis by excluding the dynamic effects of postulated pipe ruptures while
retaining non-rechanistic pipe rupture for containments, emergency core
cooling systems (ECC5s), and environmental qualification (EQ) of safety-
related electrical and mechanical equipment. The NRC staff subsequently
clarified its intended treatment of the containment, ECCS, and E0 in the
context of LBB application in a request for public coments on this issue that
was published on April 6, 1988 (53 TR 11311).

Effects resulting from postulated pipe ruptures can be generally divided into
local dynamic effects and global effects. Local dynamic effects of a pipe
rupture are uniquely associated with that of a particular pipe rupture. These
specific effects are not caused by any other source or even a postulated piperupture at a difftrent location. Examples of local dynamic effects are pipe
whip, jet impingement, missiles, local pressurization, pipe break reaction
forces, and decoepression waves in the intact portions of that piping orcomunicating piping. Global effects of a pipe rupture need not be associatedwith a particular pipe rupture. Similar effects can be caused by failures
from sources such as pump seals, leaking valve packings, flanged connections,
bellows, manways, rupture disks, and pipe ruptures of other piping.

<

Examples
of global effects are gross pressurization, temperatures, humidity, flooding,
loss of fluid inventory, radiation, and chemical condition. For the ABWR,
global effects also include suppression pool hydrodynamic lo~ds (e.g., safety-a

relief valve discharges, pool-swell / fallback, condensation oscillat9en, andchugging loads). Although the suppression pool hydrodynamic loads caused by a
main steam or fecdwater pipe rupture might >e excluded for the design of
piping, equipment, and internal containment structures (other than-those
serving a containment function), the possibility of such dynamic effects bein
caused by a reactor internal pump ejection, failures of flanged connections,'g
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and blowdowns from rupture disks or squib-actuated valves have not been
addressed at this time. The option does exist to establish a postulated pipe
break of a high-energy line smaller than the main str.am of feedwater line
break to envelope the possible global dynamic effects described above. This
approach would be required to be submitted, to the NRC staff for review and
approval prior to its use. Until then the use of a postulated pipe rupture
of a main steam or feedwater line should be assumed for suppression pool
hydrodynamic loads.

The application of LBB technology eliminates the local dynamic effects of
postulated pipe ruptures from the design basis. Because the global effects
from the postulated pipe rupture provide a convenient and conservative design
envelope, the NRC staff will continue to require the consideration of global
effects for various aspects of the plant design, such as environmental
qualification of equipment, design of containments, design of subcompartment
enclosures, etc.

*

Recomendations

1he elimination of dynamic effects of postulated high energy pipe ruptures
from the design basis of ALWRs using advanced fracture mechanics analyses
(leak-before-break approach) is permitted in the revised GDC 4 of Appendix A
to 10 CFR part 50. The limitations and acceptance criteria for LBB applica-
tions in ALWRs are the same as those established for. currently operating
nucitar power plants. Therefore. the staff recomends that the Comission
accreve the arD11 cation of the LBB aceroach to both evolutionary and c a t tjyg
ALVPs seekino desien certification under 10 CFR Part 52 when aerreoriate
boundinu licits are established durino the desian certification chase usina
ereliminary analyses rtjults and verified durino the combined license chase by
performino the accreeriate ITtJ4 discussed herein. However, the specific
details will need to be developed as the process is implemented during the
first trial application.

E. Classification of Main Steamline of Boiling Water Reactors (BWRs)

Bachcround

The main steamlines in boiling water reactor (BWR) plants contain dual quick-
closing main steam isolation valves (H51Vs). These valves fuattion to isolate
the reactor system in the event of a break in a steamline outside of the
primary containment, a design basis LOCA, or other events requiring contain-
ment isolation. Although the MSlVs are designed to provide a leak-tight
barrier, it is recognized that some leakage through the valves will occur.

The current procedure for determining the acceptability of MSIV leakage
involves calculating the dose in gecordance with 10 CFR Part 100 based on a
conservative assumption that the leakage limit allowed by the technical
specification (normally 11.5 scfh per valve) is released directly into the
environment. No credit is currently taken for the pressure integrity of the
main steam piping and condenser.
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Because of recurring problems with excessive leakage of MSIVs Regulatory
Guide 1.96, ' Design of Main Steam Isolation Valve eakage Control Systems for
Boiling Water Reactor Nuclear Power Plants,' recommended the installation of a
supplemental leakage control system (LCS) to ensure that the isolation

: function of the MSIVs complies with the sp,ecified limits. Operating expert-
ence with the LCS has required substantial maintenance and worker exposure.
Additionally, the NRC has generic concerns with the effectiveness of the LCS
to perform its intended function under conditions of high MSIV leakage
(Generic issue C-8, Main Steam Line Valve Leakage Control Systems).

.

These concerns led EPRI to propose an alternative a>proach to ensure that
doses associated with MSIV leakage would be accepta>1y low. EPRI identified
this issue as a plant optimization subject. The resolution proposed by EPRI

allow higherwould eliminate the safety-related leakage control system
leakagelimitsthroughtheMSIVs,anduseanalternateHSIVleakagetreatment
method that takes credit for the large surface volume in the main steam piping
and condenser hotwell to plate-out the fission products following core damage;
In this way, the main steam piping (and,by-pass line) and the condenser are
used to mitigate the consequences of an accident. Appendix A to 10 CFR Part
100 requires that structures, systems, and components necessary to assure the
capability to mitigate the consequences of accidents remain functional curing
and after a safe shutdown earthquake (SSE). These components are classified
as safety-related and Seismic Category 1. In addition, Appendix B to 10 CFR i
Part 50 establishes quality assurance requirements for safety-related, seismic

'

Category I systems, structures, and components.

Discussion

Section 3.2.2 of the SRP recommends that the main steamline from the outermost
I isolation valve up to, but not including, the turbine stop valve including
I branch lines up to the first valve, be classified as Quality Group B (Safety r

Class 2). Regulatory Guide 1.29 designates such piping as Seismic Category 1.
The staff concludes that the main steam piping from the outermost isolation
valve up to the seismic interface restraint and branch lines up to the first
closed valve should conform to Appendix A of Section 3.2.2 of the SRP and
Regulatory Guide 1.29. The main steamline from the seismic interface re-
straint up to but not including the turbine stop valve should be classified as
Quality Group B but may be classified as non-seismic Category 1. However, all ,

pertinent quality assurar.ce requirements of Appendix B to 10 CFR Part 50 are
applicable to this portion of the main steamline from the seismic interface
restraint to the turbine stop valve. These requirements are needed to assure
that the quality of the piping material is comensurate with its importance to i
safety during both operational and accident conditions.

,

The seismic interface restraint must provide a structural barrier between the !

Seismic Category I portion of the main steamline in the reactor building and -

the non-seismic Category I portions of the main steamline in the tLrbine
building. The seismic interface restraint must be located inside the Seismic

'

Category I building. The classification of the main steamline in the turbine
building as non-seismic Category 1 is needed for consistency with the classi-
fication of the turbine building. On this basis, the quality and safety ;
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requirements imposed on the main steamline from the outermost isolation valve
up to the turbine stop valve are equivalent to the staff guidelines in
Appendix A to Section 3.2.2 of the SRP and Regulatory Guide 1.29.

To ensure the integrity of the by-pass piping from the first valve to the main
condenser hotwell, the staff and [PRI both agree that preveeiting gross
structural failure of the piping and hotwell would provide assurance that
leakage from the M51Vs following a design basis accident would not exceed the
10 CFR Part 100 guideline. The issue remaining is the classification of the
main steam by-pass piping Letween the first normally-closed valve and the
condenser hotwell as well as the hotwell itself. The staff proposes that the
main steam by-pass line from the first valve up to the condenser inlet, and
the piping between the turbine stop valve and the turbine inlet should not be
classified as safety-related nor as seismic Category I, but should be analyzed
using a dynamic seismic analysis to demonstrate its structural integrity under
$$[ loading conditions.

The staff proposes that the condenser be seismically analyzed to ensure that
it is capable of maintaining its structural integrity during and after the
S$[. The dose analysis considers that the condenser is open to atmosshere.
Thus, it is only necessary to ensure no gross structural failure of tie
condenser. Similarly, it is only necessary to ensure that failure of non-
safety related systems, structures, and components due to a seismic event do
not cause failure of the main steam piping, by-pass line, or the condenser.
The sta'if is developing design acceptance criteria for seismic analyses of
piping systems which would become part of the inspections, tests, analyses,
and acceptance criteria (ITAAC) for the COL holder to perform (see Section
ll.L of this enclosure). The staff proposes a similar approach for the above
non-safety relited systems, structures, and components.

Recomendations

The staff concludes that the above-described approach for both evolutionary
and passive ALWRs to resolve the BWR main steau line issue provides reasonable
assurance that the main steam piping from the outermost isolation valve up to
the turbine stop valve, the main steam by-pass line up to the condenser, and
the main condenser will retain their pressure and structural integrity during
and following a safe shutdown earthquake. The proposed credit for non-safety
related components (e.g., main steam by-pass piping and condenser) to mitigate
the consequences of a design basis accident might require an exemption from
the regulations. The staff recomends that the Comission acerove the above-
described aceroach for the resolution of the main st y mline classification for
both the evolutionary and Dassive ALWRs.

F. Tornado Design Basis

The cerrent NRC regulatory position with regard to design basis tornados is '

contained in two documents written in 1974, WASH-1300, ' Technical Basis for
interim Regional Tornado Criteria,' and Regulatory Guide 1.76, ' Design Basis
Tornado for Nuclear Power Plants." WASH-1300 states that the probability of

EPRI Evolutionary Plant SER 1B.C-36

1

_ _ - _ _ _ _ _ _



_. _ - . . _ . - ._ -- ..

- 21 -

occurrence of .', tornado that exceeds the Design Basis Tornado (DBT) should be
on the order of 10E-7 per year per nuclear power plant and the regulatory
guide delineates the maximum wind speeds of 240 to 360 per K r "pending on
the regions.

As a result of EPRI's earlier effor*.s on this EPRI-proposed plant optimization
subject, the regulatory positions in Regulatory Guide 1.76 were reevaluated by
an NRC contractor using the considerable quantity of tornado data which is now
available but was not when the regulatory guide was developed. The contractor

Climatology of the Contiguous United States,' dated May 1985.completeditsreevaluationasdiscussedinNUREG/CR-4661(PNL-9697)beheartof' Tornado
At t

this study is the tornado data tape prepared by the Nations 1 Severe Storm
Forecast Center (NSSFC) with 30 years of data,1954 through 1983. This data
tape contains the data for the approximately 30,000 tornados that occurred
during the period.

The contractor found that the tornado strike probabilities range from near '.
10E-7 per year for much of th'e western United States to about 10E-3 per year
in the central United States. Based on discussions between the contractor and
the staff, wind speed values associated with a tornado having a mean recur-
rence interval of 10E-7 per year were estimated to be about 200 mph for the
United States west of the Rocky Mountains and to be 300 mph for the United
States east of the Rocky Mountains.

In its December 6, 1991 letter, EPRI proposed that a maximum tornado wind
speed of 300 mph and a tornado recurrence interval of 10E-7 per year tornado
strike probability be used for the design basis tornado to be used in the
design of the evolutionary ALWRs. During a January 30, 1992 meeting with the
staff, EFR1 indicated that it would delete the reference to the tornado
recurrence interval from the Requirements Document. The evolutionary and
passive ALWR designers have indicated that their applications will be consis,
tent with the EPRI Requirements Document.

The tornado design basis requirements have been used in establishing struc-,

! tural requirements (e.g., minimum concrete wall thicknesses) for the protec-
l tion of nuclear plant safety-related structures, systems, and components

against the effects not covered explicitly in review guidance such as Regula-
tory Guides 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 taking into account the
existence of the tornado protection requirements. The staff's acceptance of
EPRl's proposal will also necessitate a concurrent review and evaluation of

| their effect on the protection criteria for some external impact hazards, such
I as general aviation c. nearby explosions. Therefore, external impact hazards
| will be reviewed on a site-specific basis.

Based on the updated tornado data and the analysis provided in NUREG/U.-4661,
the staff concludes that it is acceptable to reduce the tornado dest n basisi
wind speeds to 200 mph for the United States west of the Rocky Mountains, and
to 300 mph for the United States east of the Rocky Mountains. Therefore. +he ,

staff recomends that the Co rnission tecrove the staff's eosition that a

,

|
.
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rarimum tornado wind sored of 300 roh be used for the detien basis tornado to
be used in the desten of evolutionary _and cassive ALWR desinns. As part of
the COL process, the applicant will h' ave to demonstrate that 4. design capable
of withstanding a 300 mph tornado will also be sufficient to withstand other
site hazards.

The staff expects that the use of this criteria will not preclude siting the
ALWR plant designs on most sites in the United States. However, should an
actual site hazard exceed the design envelope in a certain area, a specific
analysis will have to be performed to verify that the design is still accept-
able for that site.

G. Containment Bypass

The phenomenon of containment bypass is associated with the failure of the
contaiament system to channe:-fission product releases through the suppressio,n
pool, or the failure of pass vs containment cooling system heat exchanger
tubes in the large pools of water-outside the containment. The fundamental
characteristic of a BWR pressure-suppression containment is that steam that is
released from the reactor coolant system will be condensed and scrubbed of-
radionuclides-in a pool of water (the suppression pool) and the pressure rise
in the containment will thereby be limited. This is accomplished by directing
the steam from the reactor coolant system to the suppression pool through a
vent system, but leakage paths could exist in this pathway between the drywell
and the wetwell airspace that could allow steam to bypass the suppression pool
and might over-pressurize the containment. Potential sources of steam bypass
include Icakage through the vacuum relief valves, cracking of the drywell
structure, and penetrations through the drywell structure. In addition, a
containment design which uses an external heat exchanger carries with it the
potential for containment bypass from a leak in the heat exchanger. _ High
temperatures associated with severe accidents or core debris carried from the
reactor vessel could threaten the integrity of the heat exchanger tubes, and
therefore provide a pathway for the release of fission products. Bypass of
internal suppression pools could lead to oversressurization of the contain-
ment, and threaten its integrity._ The staff >elieves that vendors should make
reasonable efforts to minimize the possibility of bypass leakage, and should
slso allow for a certain amount of leakage in the containment design.

The provision of containment sprays in the drywell and/or wetwell would also
reduce the impact of suppression pool by) ass leakage on containment perfor-
mance. These systems spray water into tie containment and lower its tempera-
ture and pressure. They also scrub the containment atmosphere of fission
products, and mitigate the effects of bypass on fission product distribution.
In view of the contribution they can make to accident management, the staff is
evaluating the need for containment spray systems for all ALWRs.

The discussion on steam bypass of the suppression pool is for infomation only
and is provided to identify a complete list of, issues applicable to the
advanced designs, if a policy question is identified as a result of the '

_.
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staffs' review, the Comission will be informed of the issue at the earliest
opportunity. Therefore, the staff does not request any Comission action on
this issue at this time.

H. Containment Leak Rate Testing

EPRI proposed that the maximum interval between Type C leakage rate tests
should be 30 months rather that the 24 month maximum interval currently
required in Appendix J to 10 CFR P&rt 50 for both evolutionary and passive
plant designs. 1his 11 ant optimization subject was proposed by EPRI to allow
some margin between tie nominal 24 month refueling interval and the Type C
test interval to ensure that plant shutdowns will not be required solely to
perform Type C tests. Other issues (air lock testing, Type C leak testing
methods) have also been raised, but have not been raised to the Comission as
a policy question.

.

~

In parallel with the staff's review of this issue on the ALWRs, the staff has
developed proposed changes to Appendix J of 10 CFR Part 50 for all reactors,
which were sent to the Comission in SECY-91-348. This document proposes
modification to the regulation that would allow the increased interval as well
as address other issues raised by EPRI. The staff's justification for these
modifications is provided in SECY-91-348.

In addition, the staff has extended the time interval for performing Type C
leakage rate testing on currently operating plants on a case-by-case basis (by
as much as 1 year).

Therefore. the staf 3 recomends that the Comission aeorove the staff'1
tasition that until the rule chance oroceedinos for Accendix J of 10 CFR $0
are coeoleted. the maximum interval between Tvoe C leakaae rate tests for both
evolutionary and cassive olant desions be 30 months rather than the 24 month
garimum interval currentiv reoutred in Aeoendix J to 10 CFR Part 50.

1. Post-Accident Sampling System

10 CFR 50.34(f)(2)(viii) requires the designer to provide the

... capability to promptly obtain and analyze samples from the reactor
coolant system and containment that may contain TID-14844 source term
radioactive materials without radiation exposures to any individual
exceeding 5 rem to the whole body or 75 rem to the extremities. Materials
to be analyzed and quantified include certain radionuclides that are
indicators of the degree of core damage (e.g., noble gases, todines and
cesiums, and non-volatile isotopes), hydrogen in the containment atmo-
sphere, dissolved gases, chloride, and boron concentrations.

Regulatory Guide 1.97 and NUREG-0737, ' Clarification of TH1 Action Plan
Requirements,' provide guidance regarding the design of the post-accident
sampling system (PASS) used to implement this regulation.
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EPRI has proposed deviation from the destpn requirements for the PASS in
several areas, as discussed below. EPRI nas identified this issue as an
optimization subject.

tiimination of the Hydrocen Analysis of Containment Atmosehere Samoles

EPRI has stated that the hydrogen analysis of the containment'atmo' sphere can
be accomplished by the safety-grade containment hydrogen monitor required by
10 CFR 50.34(f)(2)(xvii) and ll.F.1 of NUR[G-0737. The staff concludes that
adequate capability for a,onitoring sost-accident hydrogen is provided by the
safety-grade instrumentation, and t1at this is accepts)1e justification for an
ALWR vendor to use in requesting this deviation. Because this exemption has
been granted previously on currently operating plants, the staff does not
consider this request to be a policy matter.

Elimination of Dissolved Cas and Chloride Analyses of Reactor Coolant $ameles

EPRI considers the analyses Of the reactor coolant for dissolved gas and
chloride to be unnecessary becane gases accumulated in the reactor vessel
(mainly hydrogen) will be removed by venting, and corrosion due to the
presence of chloride and oxygen will be minimized by prompt depressurization
and cooling. Additionally, the amount of dissolved hydrogen in the reactor
coolant can be determined based upon the hydrogen concentration measured in
the containment atmosphere. 10 CFR 50.34(f)(2)(vii) and item II.B.3 of NUREG-
0737 specify that the PASS should have the capability to analyre dissolved
hydrogen, oxygen, and chloride. This requirement was formulated before reac-
tor vessels were required to have vents. With vented reactor vessels, the
information on hydrogen concentration became less important.

However, the staff concludes that even with vented reactor vessels, there are
some postulated accident sequences in which the reactor coolant system (RCS)
is intact at reduced pressure, and heat is being removed by subcooled decay
heat removal, e.g., similar to the THI-2 accident. For these cases, it will
not be possible to evaluate concentrations of the dissolved gases in the
reactor coolant from their concentrations measured in the containment. The
information on the amounts of dissolved hydrogen, chloride and oxygen in the
reactor coolant is an important factor in evaluating post-accident conditions
existing in the reactor vessel. The presence of hydrogen can affect flow of
coolant in the core, and chloride and oxygen can cause corrosion of reactor
components that may still be significant even at a low reactor coolant temper-
ature. Therefore, the requirement for PA55 sampling of coolant should not be
eliminated. However, the staff agrees that sampling 24 hours after the end of
power operation would be adequate to assure long term decay heat ramoval.

Therefore. the staff recomends that the Comission noorove the staff's
oosition that the canability to analvre dissolved hydroaen. m ygen and
chloride in accordante with the recuirements of 10 CFR $0.34ffif2)fviii) and
ll.B.3 of NUREG-0737 be recuired of the oost-accident samoline system for the
evolutionary and nassive ALWRs. However. the time for takino these samDies
can be extended to 24 hours after the accident.
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Relaxation in the Time Reevirement for Samolino Activity Measurement 1

[PRI states that if boron solution has been added to permit plant shutdown;
reactor water samples can be taken for boron analyses starting eight hours
after the end of power operation. EPRI s.tates the samples for activity
measurements will not be required for 24 hours after the accident.

Item !!.B.3 of NUREG 0737 specifies that the PASS should have the capability
to obtain coolant and containment atmosphere sampling results within three
hours from the time after the accident. The purpose of this requirement is to
ensure that the capability exists for sampling in cases when samples are
needed while the accident is still in progress. EPRI has committed that the
neutron flux monitoring instrumentation will com)1y with the Category I
criteria of Regulatory Guide 1.97. . Therefore, tits instrumentation will hav6
fully qualified, redundant channels that monitor over the power range of 10E-6
percent to full power. Based on this commitment, the staff concurs with EPRI
that boron sampling will not.be required for the first 8 hours after an
accident. Samples for activity measurements are required for evaluating the
condition of the core. During the accident managtment phase, this information
will be provided by the containment high range area radiation monitor, the
containment hydrogen monitor, the tsactor vessel water level indicator for
BWRs, and the core exit thermocouples for PWRs. These data will be sufficient
to meet the needs of the plant operators for the first 24 hours after an
accident. The need fer PASS activity measurements will occur during the
accident recovery phase when the degree of core damage and general plant
contamination will have to be evaluated. Based on this justification, the
staff concludes that the requested extension of time for sampling activity
measurements 24 hours after an accident is acceptable, t

Therefore. the staff recommends that the Commission acorove the staff's
oosition that the roovireuents for same1< no reactor coolant for boron and for
attivity measurements usino the cost-acc' dent samolino system in the evolu-
tionary and cassive ALWRs deviate from the recuirements of . tem ll.B.3 of
NUR[G-0737. The modified reovirement would reovire the capability to take
sawoles for beron and for attivity measurements B hours and 24 hours. respet-
tively. after the end of oower coeration.

J. I.evel of Detail

In its February 15, 1991 SRM on SECY-90-377, the Commission provided guidance
regarding the level of detail of information required to determine the
adequacy of design certification applications under 10 CFR Part $2. Although
the level of detail issue is applicable to all design certification applica--
tions, the staff has been reviewing the ABWR as the lead plant in resolving
this issue.

The staff identified several areas in the ABWR application where additional
information is needed in order to resolve its safety concerns. The design
detail resulting from the resciution of all of the staff's safety concerns
will constitute the level of detail needed to support design certification in.
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accordance with the SRM on SECY-90-377 The level of design detail ultimately
required by the staff could affect the schedules for all of the standard plant
applications that the NRC has received to date.

'
In a meeting with GE, senior NRC managers and the vendor discussed certain
areas of the review for which the designer has not provided final design
details. These areas-include piping design, leak-before-break, control room
design, radiation protection, and advanced instrumentation and controls. -lhe
staff and GE agreed to pursue the development of design acceptance criteria
with associated NRC ' check points' as a substitute for detailed desten
information for a few limited areas of the design. To accomplish this, the
NRC safety determination at design certification would be based on acceptance
criteria that are general in nature, !ut measurable and observable. The
' check points' would serve as milestones to confirm compliance with system
requirements and the acceptance criteria. These issues would be documented in
the Safety Analysis Report and the inspections, tests, analyses, and accep-
tance criteria (ITAAC), as appropriate. *

,

The staff concludes that the level of detail issue is applic.able to all design
certification applications, but expects it to be resolved in the context of
the ABWR review. The discussion provided in this section is for information
only, and is provided to identify a complete list of issues applicable to the
passive designs. The staff's proposed resolution of this issue will be
provided to the Commission later. Therefore, the staff does not request any
Comission action on this issue at this time.

K. prototyping

SECY-91-074 discussed the process , ?t the staff will use for detemining the
need for a prototype or other demonstration facilit; for the advanced reactor
designs. The staff stated it will follow the procedure outlined in the paper
to determine the various types of testing, up to and including a prototype
facility, that may be needed to demonstrate that the advanced reactor designs
are sufficiently mature to be certified.

Because the need for prototype testing is a design specific issue, this issue
cannot be resolved during the EPRI review, The staff is in the process of
evaluating the submittels of the evolutionary ALWRs to determine the need for
prototype testing, but has not identified any areas that say_ require such
testing yet.

As discussed in SECY-91-273, the necessity for separate effects and scaled
integral testing for passive designs is under consideration.

The discussion on prototyping provided in this section is for information
only, and is provided to identify a complete list of issues applicable to the
passive designs, if a policy ovestion is identified as a result of its
review, the staff will inform the Omission of the issue at the earliest
opportunity. Therefore, the staff does not request any Comission action on
this issue at this time.
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L. Inspections. Test, Analyses, and Acceptance Criteria (ITAAC)

10 CFR 52.79(c) requires that |

The application for a combined license must include the proposed test, *

inspections, and analyses which the 1,1censee shall perform and the
acceptance criteria therefor which are necetstry and sufficient to provide ;

reasonable assurance that, if the tests, ins >ections, and analyses are !

performedandtheacceptancecriteriamet|ththecombinedlicense.t1e facility has been con-structed and will operate in conformity w Where
the application references a certified standard design, the tests,
ins;ection, analyses, and acceptance criteria contained in the certified
design must apply to those portions of the facility design which are ;
Lovered by the design certification.

SECY-91178 3rovided the staff's recomendations concerning the form and

contertoftieinspections, test, analyses,andacceptancecriteria(ITAAC)Rfte a design certification role and a combined license as required by 10 CF
Part 52. SECV-91-210 requested Comission guidance on an industry proposal ^

that would alluw the NRC- staff to issue standardized slant final design
approvals (FDAs) before the final staff approval of tie proposed ITAAC. In
its September 24, 1991 SRM, the Commission provided guidance regarding .

development of ITAACs for final design approval / design certification applica-
tions.

;

GE has been identified by the Nuclear Management and Resources Council
,

(NUMARC) as the industry lead for developing ITAAC submittals. The staff will
review the ITAAC submittals when they are received from the veders, currently
expected from GE in January 1992 for the ABWR. CE plans to submit the ITAAC

<

for the System 80+ following GE's submittal, currently scheduled for May 1992. !

The staff concludes that the ITAAC issue is applicable to'all final design
approval / design certifkation applications, but expects it to be resolved in
the context of the ABWR review. The discussion provided in this-section is
for informtelon only, and is provided to identify a complete list of issues I'

appliccble to the passive designs. -The staff's response to the September 24,
1991 SRM is scheduled for completion in March 1992. The staff will continue [to interact with the industry on this matter. Should additional policy i
questions be raised as a result of the staff's review, the staff will inform L

the Commission at the earliest opportunity. Therefore, the staff does not,-
irequest any nee Comission action on this issue at this-time.

1

M. Reliability Assurance Plan (RAP) j.

in SECY-89-013, the staff stated that a program to ensure that the design I
reliability of safety significant systems, structures,- and compone')ts is

| maintained over the life of a plant, referred to as-the reliability assurante
i program (RAP), would be required for design certification. The ALWR vendors

and EPRI were informed that the staff was considering this matter in November :
'

1985.

i
'

q

!
-

P
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1

1he need for a safety. oriented reliability effort for the nuclear industry wes i'

initially expressed by the NRC in Section ll.C.4 of NUREG-0600, 'NRC Action; * dated August 1980. Initial
i Plan Developed as a Result of the THi-2 Accident, liability of safety systemsresearch in this area focused on enhancing the re
: and their supporting auxiliary systems. Follow on research examined the-

!feasibility and cost effectiveness of app 1'ying an aerospace-proven reliability
concept to comercial nuclear reactors as a regulatory optin to address the !

j issue concerning anticipated transients without scram (A1WS). Work on this
project continued until March 1985 when the research on operational safety

a

i reliability was consolidated into the research efforts on risk-based technical
j specifications.

- Other research was performed for the NRC in support of operating and new
! reactor licensing review activities. NA$A performed research that involved
i the application of NASA's Systems Assurance Analysis, which addressed reli-
J ability, safety, and quality concerns, to selected nuclear plant systems. In,
I addition, as part of the license application review process for the Clinch

River Breeder Reactor Program (CRBR), the NRC reviewed the CRBR RAP that was

|
proposed by the Department of Energy.

4

1 1he staff is working on the development of a detailed guidance document for
| the development of a reliability assurance program for ALWRs as well as
j reviewing the ALWR vendor's final design approval / design certification

applications and the EPRI Requirements Document for evolutionary and passive4

4 plant designs. The staff views the RAP for ALWks as a program that exists at
j two distinct levels: the first level applies to vendor su)mittals for final

'

j design approval / design certification; and the second level is applicable to a
: referencing applicant for a construction and operati V 'icense. The first

level involves a top-level program that def.ines the scope, conceptual frame.1

1 work, and essential elements of an effective rap. The second level fully
j develops and implements the program based on the plant-specific design

information. );

| The staff is working with EPRI and the ALWR vendors on the development of the
' first level RAP for ALWRs. Should policy questions be raised as a result of

the staff's review, the staff wil) infom the Comission at the earliest4

| opportunity. The discussion provided in this section is for information only,
: and is provided to identify a complete list of significant issues applicable

to the ALWR desians. If, accordance with the Comission's November 12, 1991'

SRM, the staff wIll include a discussion of issues concerning the reliability'

assurance program in its periodic updates on the advanced rn etor program,'

i lherefore, the staff does not request any Comission action ; this issue at
this time.

,

j N. Site-Specific Probabilistic Risk Assessments (PpAs)
s

10 CFR 52.47 requires all applicants seeking standard design certification to:

: provide a probabilistic risk assessment (ppa). However, details of the
specific site characteristics where 4 plant would be sited are not required;

until the combined operating license (COL) licensing stage. Rather than

!

.

i
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provide a PRA that envelopes all potential sites for all hazards (e.g.,
volcanism or external flooding on a river site), the staff has sought envelop-
ing analyses for seismic events and tornadoes from the final design approve
al/ design certification appilcants, and concludes that COL applicants should
provide site-specific PRA information that deals with other potential hazards
specific to the particular site. Therefore. the staff recomends that the
Comission acorove the staff's Desition that site-seecific PRA information be
submitted at the COL stace that addresses aro11 cable site-soecific hazards
such as river floodino, storm surce. tsunami. vulcanism. and hurricanes. and 1
that envelopina analyses for seismic events and tornadoes be reouired from the

~

final desian aceroval/desian certification acclicants.

O. Severe Accivei., Hitigation Design Alternatives (SMDAs)

As discussed in SECY-91-229, the National Environmental Policy Act (NEPA),
Section 102(C)(iii) requires, in part, that

...all agencies of the Federal Government shall...(C) include in every
recomendation or report on proposals for legislation and othei major
Federal actions significantly affecting the quality of the human environ-
ment, a detailed statement by the responsible official on...(iii) alterna-
tives to the proposed action.

The U.S. Court of Appeals, in Lirerick Ecolooy Action v. NRC, 869 F.2d 7]9
(3rd Cir. 1989), effectively required the NRC to include consideration of;

certain severe accident mitigation design alternatives (SMDAs) in the
environmental impact review performed as part of the operating license
application for the Limerick Generation J:ation. The staff has concluded that
a HEpA evaluation in the form of an environmental impact statement that
considered SMDAs would be an essential element of an application for a
combined license under Subpart C of 10 CFR Part 52, for those applications
that reference a design certified under Subpart B.

| lh'arefore, in SECY-91-229, the staff recomended that the Comission approve
| the staff's recomendations to

1. address SMDAs for certified designs in a single rulemaking,

2. approve the staff's approach for considering the costs and benefits of the
review of SMDAs for standard plant design certification, and

| 3. approve the staff's proposal to advise applicants for a final design
i approval / design certification that they must assess SMDAs and provide the
| rationale supporting their decisions.

. In its October 25, 1991 SRM, the Comission approved the staff's recomenda-
| tions and requested they be kept informed on the staff's progress in its
'

evaluation of the SAMDAs for final design approval / design certification
applications.

!
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Consistent with the third recomendation of SECY-91-229, the staff requested
the ALWR vendors to assess SAMDAs for their designs and provide their ratio-
nale for determining whether the SAMDAs would improve the safety of those
designs. The staff will evaluate the applicants' responses to these inquiries
upon receipt of their submittals. .

The staff concludes that the SAMDAs issue is applicable to all final design
approval / design certification applications, but expects it to be resolved in
the context of the ABWR and System 80+ reviews. The discussion provided in
this section is for information only, and is provided to identify a complete
inst of issues applicable to the passive designs. The staff will continue to
interact with the industry on this matter. Should additional policy questions
be raised as a result of the staff's review, the staff will inform the
Comission at the earliest opportunity. Therefore, the staff does not request
any Comission action on this issue at this time.

P. Generic Rulemaking Related to Design Certification

SECY-91-262 provided the Comission with the staff's recomendations regarding
generic rulemaking related to design certification. The staff recomended
that the Comission

1. approve the staff's proposal to proceed with the design-specific rule-
making: through individual design certifications to resolve selected
t e c hni c 5'. and severe accident issues for the ABWR and System 80+ designs,
and

2. note the staff's intent to proceed with generic rulemaking where appropri-
ate for evolutionary and passive designs, as information becomes available
from ongoing efforts on these issues, independent of the design review and
certification processes.

The staff has not yet received Comission guidance on SECY-91-262.

As discussed in SECY-91-262, the staff concludes that consideration of generic
rulemaking in lieu of design-specific rulemaking is applicable to all final i

design approval / design certification applications. However, the design of the
passive plants is not sufficiently developed at this time for the staff to
determine whether generic rulemaking should be initiated for the passive plant
designs. Certain generic rulemaking activities related to the evaluations of
source terms during postulated severe accidents are ongoing and the results of
these rulemakings may be used during design certification of the passive
reactor designs. Currently, this work is focused on updating 10 CFR Part 100
to separate siting criteria from reactor design criteria. The staff plans to
incorporate the revised source term criteria in 10 CFR Part 50, and, in
addition, to later consider the incorporation of generic severe accident
criteria. The discussion provided in this section, is for inforsation only,
and is provided to identify a complete list of issues applicable to the
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passive designs. Should additional policy questions be raised as a result of
the staff's review, the staff will inform the Comission at the earliest
opportunity. Therefore, the staff does not request any new Comission action
on this issue at this time.

!!!, Passive Design Issues Only

The following is a discussi3r of the issues that the staff has identified
while reviewing the conceptual design information from the passive plant
vendors in conjunction with the EPRI Requirements Document for passive
designs. These issues are unique to the passive plant designs.

A. Regulatory Treatment of Non-Safety Systems

In contrast to both the current generation of light water reactors and the
'

evolutionary ALWRs, the passive ALWR designs rely on safety systems which use
the driving forces of buoyancy, gravity, and stored energy sources. These,

passive systems supply safety injection water, provide core and containment
cooling, and perform other functions. There are no pumps in these passive
safety systems, and all valves are powered by de electric power from batter-
ies, are air-operated, or use check valves actuated by the pressure differen-
tial across the valve. EPRI and the passive reactor vendors propose that
these designs do not include safety-grade ac electric power.

The passive ALWR designs also include nit safety-grade active systems to
provide defense-in-depth capabilities for reactor coolant makeup and decay
heat removal. These systems serve as the first line of defense in the event
of transients or plant upsets to reduce challenges to the passive systems.
These active systems include: (1) the chemical and volume control system and
control rod drive system, which provia reactor coolant makeup for the AP-600
and SBWR, respectively, (2) the reactor shutdown cooling system and backup
feedwater system for PWR decay heat removal, and the reactor water cleanup
system for BWR decay heat removal. (3) the fuel pool cooling and cleanup
system for spent fuel decay heat removal, and (4) the associated systems and
structures which are needed to support these functions, including non-safety
standby diesel generators, in addition, the passive ALWR designs also include
non safety-grade active systems, such as the control room heating, ventilat-;

| ing, and air conditioning system, for mitigation of the radiological conse-
quences of an accident. Many of these systems traditionally have been
safety-grade systems, but in the passive plants, they are not designed to meet

. safety-grade criteria, and credit is not taken for them in the Chapter 15
licensing design basis accident analyses. In SECY 90-406, the staff identi-
fled the role of these non-safety systems in the passive designs as an
emerging technical issue.i

Associated with the new, passive design approach, the licensing design basis
analysis relies solely on the passive safety systems to demonstrate compliance
with the acceptance criteria for various design basis transients and acci-
dents. However, uncertainties remain concerning the performance of the
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unique passive features and overall performance of core and containment heat
removal because of lack of a proven operational performance history. For
example, there are uncertainties about the performance of check valves in the
passive safety systems which operate at low differential pressures provided by
natural circulation or gravity injection. These low pressures say not provide
sufficient force to fully open sticking ch'eck valves (i.e., pumped emergency ;

core cooling systems (ECCS) systems are more likely to overcome stuck valves).
These uncertainties enhance the importance of the active non-safety systems
in providing the defense-in-depth to prevent and mitigate accidents and core
damage. Therefore, the staff's review of the passive designs requires a
review of not only the passive safety systems, but also the functional capa-
bility and availability of the active non-safety systems to provide signifi-
cant defense-in-depth and accident and core damage prevention capability.

For those active systems that perform defense-in-depth functions, the EPRI
Requirements Document for passive designs specifies perforzance and systems ,

and equipment design requirements, These include radiation shielding require-
ments to permit access following an accident, redundancy, the availability of
non-safety-grade electric power, and protection against internal hazards, as
well as safety analysis and testing to demonstrate system capability to
satisfy defense-in-depth considerations. Although it does not provide
specific requirements for the reliability of these systems, EPRI, in response
to staff questions, has indicated that it is evaluating specific reliability
targets and other measures to provide confidence that the sassive plants will
meet performance requirements, and that EPRI will address >oth passive safety
and active non-safety systems.

In addition, technical specification development is a subset of the overall .

regulatory treatment of the passive designs. The staff is evaluating the need
to establish reliability-based Technical Specifications for passive designs
to determine which systems and components (including certain non-safety
systems) will require the imposition of technical specifications, and the
parameters of the technical specifications (length, surveillance, etc.). The
Reliability Assurance Program is expected to strongly influence the technical
specifications.

Since the passive AtWR design philosophy departs from current licensing
practices, new regulatory and review guidance is necessary so that the staff
can appropriately review the AP-600 and SBWR submittals expected in mid-1992.
Significant decisions need to be made concerning the scope of staff review of
the non-safety systems and reliance on the passive safety systems. The staff
ray not require that the active systems meet all the safety-grade criteria,
but there should be a high level of confidence that these active systems are
available when nes M in their defense-in-depth roles. The staff is conduct-
ing a sample evalu d on of the passive designs to identify the safety impor-
tance of the passive safety and active non-safety systems. Using the results
of the studies and interaction with EPRI, the staff will develop a review
scope for these active non-safety systems, and will establish functional
performance requirements and acceptance criteria to ensure they have adequate
capability and availability when called upon.

i
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The staff is still evaluating this issue for the passive plant designs. The
discussion provided in this section is to provide a status of the issue for
the Commission, and is provided to iden'.ify a complete list nf issues applica-
ble to the passive designs. The staff's proposed resolution of this issue
will be provided to the Comission later. Therefore, the staff does not
request any Comission action on this issue at this time.

B. Definition of passive failure

Appendix A to 10 CFR 50 states that any applicant must design against single
failure of passive congnents in fluid systems important to safety, where a
single failure is defined as an occurrence which results in the loss of
capability of a component to perform its intended safety functions, fluid and
electric systems are considered to be designed against an assumed single 1

failure if neither (1 a single failure of any active component (assuming
passive componer.ts fun)ction properly) nor (2) a single failure of a passive

i

component (assuming active components function properly) results in a loss of
the capability of the system to perform its safety functions. However, the
introduction to Appendix A to 10 CFR Part 50 notes that the conditions under
which a single failure of a passive component in a fluid system should be
considered in designing the system against a single failure are under develop-
me r.t .

SECY-77-439 describes how the staff was using the single failure criteria in
its reactor safety review process. As discussed in that paper. an active
failure in a fluid system means (1) the failure of a component wh'ich relies on
mechanical movement for its operation to complete its intended function on
demand, or (2) an unintended movement of the component. Examples include the
failure of a motor- or air-operated valve to move or to assume its correct
position on demand; spurious opening or closing of a motor- or air-operated
valve; or the failure of a pump to start or to stop on demand. In some
instances, such failures can be induced by operator error.

A passive failure in a fluid system means a breach in the fluid pressure
bounoary or a mechanical failure which adversely affects a flow path.'
Examples include the failure of a simple check valve to move to its correct
position when required; the leakage of fluid from failed components, such as
pipes and valves - particularly through a failed seal at a valve or pump; or
line blockage. Motor-operated valves which have the source of power locked
out are allowed to be treated as passive components.

In past licensing reviews, the staff has been inconsistent in its treatment of
passive failures in fluid systems in that in certain cases, it imposed a
passive failure in addition to the initiating event while in others it did .

not. The staff has determined that in most instances, the probability of most
types of passive failures in fluid systems is sufficiently small that they -
need not be assumed in addition to the initiating failure in application of
the single failure criterion to assura the safety of a nuclear power plant.

.
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In particular, staff practier. has normally been to treat check valves except
forcontainmentisolationsystems,aspassivedevicesrather'hanactIve
devices during transients or design basis accidents. Howeve- the staff is'
considering redefining failure of check valves to that of an 4 -ive failure
because safety-related check valves in the passive designs kl~ otrate under

4different conditions (Iow flow and pressure without pump pret 0 open
valves) than~ current generation reactors and evolutionary designs, they have
increased safety significance to the operation of the passive safety systems,
and operating experience has shown that they have a lower reliability.than
origit tily anticipated. This would cause these valves to be evaluated in a
more stringent manner than that of previous licensing reviews.

The staf f is still evaluating this issue for the passive plant designs. It is
identifying this issue in this paper to comply with the Comission's direc-
tives to present policy matters for Comission consideration at the earliest
opportunity. The staff's proposed resolution .I this issue will be provided
to the Comission later. Therefore, the staff does not request any Commission
action on this issue at this time.

I

C. SBWR Stability-

In BWRs, thermal-hydraulic instabilities can cause oscillations that can
result in violation of the minimum critical power ratio (MCPR) safety limits.
The staff has concluded that GE's analytical codes have been sufficiently
validated to demonstrate the stability of the ABWR design. However, the codes
that GE is using have not yet been adequately validated for the passive BWR
design.

'

As discussed in SECY-91-273, the staff has determined that an early NRC
assessment is needed of the vendor's analyttral and experimental basis for
demonstrating nuclear / thermal-hydraulic stability, and to identify any tests
or analyses that may be needed to suppbrt staff technical evaluations of the
issue. The NRC staff and its consultant, Oak Ridge National Laboratories
(ORNL), have performed a review of_the thermal-hydraulic stability character-,

istics of the SBWR based on preliminary design information provided by GE.
This assessment included calculations with the LAPUR computer code developed
by NRC/0RNL which showed that, while the system appears to be very stable
under normal operating conditions, there are abnormal conditions of operation
that might be reached under credible transient sequences that can result in '

the onset of density-wave po.ner and flow esci11ations. In addition, a low
flow and low power instability due to a geysering effect between parallel
ck.annels has been identified as a concern during normel operating transients
such as start-up and shutdown.

On December 6, 1991, the staff met with EPRI and GE to discuss the EPRl/GE
res onse to the staff's conclusions that more extensive SBWR stability studies
are needed and that codes which have been vtlidated against thermal ~ hydraulic
tests representative of the SBWR design, including the large open chimney..
would be needed to perform these studies. IPRI and GE informed the staff that
the chimney design has been changed and that existing experiments are repre-

,
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sentative of the divided chimney now employed. GE indicated it will validate
its codes for density-wave instability studies against these experiments and
will provide the results of this work for NRC review. The geysering instabil.
ity is being studied using small-scale experiments performed by a Japanese >

partner to SE. The Japanest SAFAR code will be validated against these
experiments and used for gnalytical prediction of stable operating boundaries.
GE plans to recomend start-up/ shutdown procedures similar to those used in
the Dutch Dodewaard reactor to avoid geysering instability. EPRI and GE
believe that the SBWR is not vulnerable to a loop-type instability also
reported by the Japanese; rather, it was characteristic of the exper~1 mental
apparatus used.

GE has modified the SBWR conceptual design and has identified existing
experimental data which they believe to me a)propriate validation of codes to
be used for stability studies. EPRI and GE 1 ave indicated agreement with the
staff that such studies will be needed to confirm the stability behavior of

.

SBWR during vcrious transient ;cenarios (including ATWS). However, GE has not
provided sufficient information to permit NRC evaluation of the applicability
and .'fficiency of the foreign experiments they have identified for use during
code validation. The vendor has agreed to make this information available to
the NRC as soon as it obtains permission from the foreign sources, possibly in

I early 1992. Until these experiments can be reviewed by NRC, the potential
need for additional experiments to support stability evaluations for design
certification remains open. -The staff is identifying this issue in this paper
to comply with the Commission's directives to present policy matters for
Com-ission consideration at the earliest opportunity. The staff's proposed
resolution of this issue will be provided to the Commission later. Therefore,
the staff does not request any Commission action on this issue at this time. .

D. Safe Shutdown Requirements

General Design Criterion (GDC) 34 requires that a residual heat removal (RHR)
system be provided to remove residual heat from the reactor core so that
specified acceptable fuel design litnits (5AFDLs) are not exceeded. Regulatory _

, Guide (RG) 1.139 and Branch Technical Position (BTP) 5-1 implement this
'

requirement and set forth conditions to cold shutdown (200'f for a PWR and
212'f for a BWR) using only safety grade systems within 36 hours. The RG
presents the basis for this requirement, as follows:

...even though it may generally be considered safe to maintain a reactor
in a hot standby condition for a long time, experience shows that.there
have been events that required eventual cooldown and long-term cooling
until the reactor coolant system was cold enough to perform inspection and
repairs. It is therefore obvious that the-ability to transfer heat fromt

| the reactor to the environment after a-shutdown is an important safety
I function for both PWRs and BWRs. Consequently, it is essential that a

power plant have the capability to go from hot-stan.iby to cold shutdown
conditions...under any accident conditions.
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Passive ALWR designs use passive heat removal systems for decay heat removal.
They are restricted by the inherent ability of the passive heat removal
processes and cannot reduce the temperature of the reactor coolant system
below the boiling point of water for the heat to be transferred to the in-
containment refueling water storage tank (JRWST) of the AP600 or the isolation
condenser of the SBWR, Even though active shutdown cooling systems are
available to bring the reactor down to cold shutdown or refueling conditions,
these active RHR systems are not safety-grade, and do not comply with the
guidance of RG 1.139 or B1P 5-1.

EPRI states that it is not necessary for the passive safety systems to be
capable of achieving cold shutdorn because they believe that the passive decay
heat removal (DG) systems have an inherent high long-term reliability. The
EPRI Requirements Document for passive plant designs states that the passive
ALWR designs will employ a redundant safety system, for both the hot standby
and long-term cooling modes. In addition, it defines safe shutdown as 400'f.
EPRI has indicated that it meets GDC 34 requirements because redundant passive
decay heat removal systems can operate at full RCS pressure and place tie
reactor in the long-term cooling mode imediately after shutdown. Addition-
ally, EPRI requires that operation of the plant in the lug-term cooling mode
be automatic, eliminating operator actions to cool down the plant. Operation
of the passive DHR system also does not require any ac power or pumps to
operate. EPRI further states that the non-safety systems that will d e the
plant to cold shutdown conditions '...are highly reliable in their own
right...and a failure in these systems would not prevent the plant from
achieving cold shutdown.'

The staff is currently evaluating the EPRI position with respect to this issue
to assess the acceptability of their proposed alternative approach for meeting
GDC 34. The long-term DHR capability of the proposed passive systems offers
potential advantages over current active systems. However, there are several
issues that the staff must resolve before reaching a final position on this
matter, including reliability criteria for the non-safety systems which have
the capability to bring the plant to cold shutdown and the acceptability of
400'f as a safe long-term state. The staff is identifying this issue in this
paper to comply with the Comission's directives to present policy matters for
Commission consideration at the earliest opportunity. The staff's proposed
resolution of this issue will be provided to the Comission later. Therefore,
the staff does not request any Comission action on this issue at this time.

E. Control Room Habitability

GDC 19 of Appendix A to 10 CFR Part 50 states that adequate radiation protec-
tion shall be provided to permit access and occupancy of the control room
under accident conditions without personnel receiving radiation exposures in
excess of 5 rom whole body, or its equivalent to any part of the body, for the
duration of the accident. In Section 6.4 of the SRP, the staff defines this
dose criterion in terms of specific whole wody and organ doses (5 rem to whole
body, and 30 rem each to thyroid and skin). Recently, the NRC has embraced
the principal rechnendations of Publication No. 26 of the International
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Commission on Radiological Protection in the promulgation of a major revision
of 10 CFR Part 20. The adoption of these reconnendations, which includes use
of the effective done equivaler', did not result in a conforming change to 'the
dose criteria for control room operators that is described in GDC 11. In
current plants, safety-grade filtered control room HVAC systems with charcoal
absorbers are ust to ensure that radiatioh doses to operators could be
maintained within the GDC 19 criteria in the event of an accident. .

EPRI has proposed the exposure limit for control room operators to be 5 rem
whole body, 75 rem beta skin dose, and 300 rem thyroid dose. For thyroid and
beta skin doses, EPRI states that individual breathing apparatus and protec-
tive clothing will be provided if required to meet the regulatory limits. The
staff has determined that EPRI's requirements fer thyroid and beta skin dose
(with no breatning apparatus and protective clothing) have not been adequately
justified at this time. The permanent credit for the use of breathing
apparatus in design basis accidents has n e er been allowed. The staff
concludes that taking this credit is not weeptable because the long term use,

of breathing apparatus will degrade contro'. room operator performance during
and following an accident,

in addition, EPRI states that the control room shall be designed such that it
can be maintained during the 72-hour design basis period as the primary
loced on from which personnel can safely operate in the case-of an assumed
accioent and other postulated design conditions. Depending on the accident
sequences, the duration of the accident can be much longer than 72 hours in
design basis accidents. GDC 19 stetes that " adequate radiation protection
shall b9 provided to permit access and occupancy of the control room under4

accident conditions...for the duration of the accident." Therefore, the staff.
'

concludes that the analyses of control room habitability should consider the
duretion of the accident, and not just the EPRI-proposed 72-hour design bi:,is
geriod.

The EPRI Requirements Document str.tes '% Be control room ventilation system
for passive plants will be designed w.... w spriate redundancy and filtration
(including ;harcoal), and will be powered both from on-site and off-site ac
power sources. When ac power is available, control room habitability is
provided by the non-safety grade heatitig, ventilation, and air conditioning,

(HVAC) system. However, EPRI states that ALWR designs should not rely rw
the HVAC system to meet the current dose criteria described in Section 3 f
the SRP. Instead, EPRI has proposed the less conservative dose criteria a..J
the 72-tour design basis period.'

The staff disagrees with EPRI on the above proposal.. In order to resolve this
" tter, the staff may require that EPRI and the vendors provide a high level
uf assurar.ce that the control room ventilation system will be available when
needed. Although the system may not need to meet all of the safety-grade
criteria, it may be appropriate to allow some credit for non-safety ventila-<

tion and filtration systems based on reliability considerations, The extent
of this credit will be determined as part of the staff's review of the
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regulatory treatment of non-safety systems as discussed in Section Ill.A of
this enclosure. It should be noted that unlike the case of core-cooling,

.

there is no passive safety-grade system to fall back on for control room ;

habitability.'
,

During a January 30, 1992 meeting with the staff. EPRI proposed an alternative
approach to resolving this issue that conceptually uses a safety-gradeJ

pre;surization system able to be recharged remotely after 72 hours to provide
adequate ventilation for the control room operators during transients, The'

j

staff will evaluate EPRl's alternative proposal upon receipt.#

As discussed in Section I.A of this enclosure, the staff is currently review-'

ing the new severe accident source term proposed by EPRI in conjunction with
| the staff's technical update effort on the 110-14844 source term. The

estimated potential radiological consequences to the pasdve plant coni si
room operators during a severe accident will depend on ti.< outcome of f w;

! forthr.oming resolution of severe accident source term, namely chemical %
of fission products, release' fractions, and release timing. In addition, '.ne<

conPol room habitability assessment is further dependent upon the fission
product removal processes inside, as well as outside, of the primary contain-
ment before it reaches the control room air intake and/or the control building,

4

that houses the control room. Therefore, the staff is unable to complete its
control room _ habitability assessment until the source term and its behavior
mechanism are satisfactorily resolved.

; However, the acceptable dose criteria for control room operators are not
affected by the outcome of the source term review. Regardless of the outcome

,

of the Tource term review, the staff concludes that the thyroid dose limit 01
300 rem and the skin dose of 75 rem (with r.o protective clothing) specified in

i the Requirements Document without further technical justifications, does not

i.
.aeet the regulatory requirements and therefore, is not acceptable.

Therefore. the staff reouests that the Commission acorove the staff's eosi-
,

lions that

1. the analyses of control room habitability be based on the dose criterion
defined in GDC 19 of Ar ondir A to 10 CFR Part 50 and Section 6.4 of the

j SRP ($ rem to whole body. and 30 rem each to thyroid and skin). and

2. the analyses of control room habitability should be based on the duration
of the accident in accordance with GDC 19 of Accendix A to 10 CFR Part 50.4

| In addition, the staff notes that the issue of control room habitability is
closely tied with those concerning the revised source term and the regulatory
treatment of non-safety systems. Should related policy questions be raised as
a result of the staf f's review of these matters,_ the staf f will inform the

4

Co mission at the earliest opportunity.
,

!

!
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F. Radt;nuclide Attenuation

EPRI and the passive ALWR designers rely on assumptions involving fission
product removal processes inside containment by natural removal effects and
holdup by the secondary building and piping systems. A containment spray
system is not included in the EPRI Requirements Document for. passive plant~

designs. The staff it concerned that use of the auxiliary building for holdup
4

may require additional restrictions be placed on the auxiliary building during
normal operation that the licensee may have difficulty con. plying with.

This issue also affects the control room habitability issue discussed in
Section Ill.E of this report, as the industry indicates that fission products
will be removed before they reach the control room air intake and/or the
control building that houses the control room.

The staff is still evaluating this issue as well as the need for a containment
spray system for the passive. plant designs. The staff is also evaluating
whether credit for the fissicn product attenuation in the main steamlines and
condenser is appropriate for the passive BWR design because the main steam-
lines downstream of the main steam isolation valves and associated condenser
are not designed to withstantt '3a safe shutdown earthquake (SSE) as defined in '

Section Ill.c of 10 CFR Part . ' The staff concludes that plateout of
radioactive iodine on the main sseam pipe and condenser surfaces following a
severe accident can realistically provide significant dose mitigation.
Several technical references indicate that particulate and elemental iodines
would be expected to deposit on surfaces with rates of deposition varying with
temperature, pressure, gas composition, surface material, and particulate
size.

These issues are identified in this paper te comply with the Commission's
directives to present policy matters for Commission consideration at the
earliest opportunity. The staff's proposed resolution of this issue will w
provided to the Ccmmission later. Therefore, the staff does not request any
Commission action on this issue at this time. '

G. Simplification of Off-Site Emergency Planning

EPRI has proposed to significantly simplify off-site emergency planning for
passive designs because of EPRI's estimated low probability of core damage
and, in the event of a core damage accident, the. assurance of containment
integrity and low off-site dose. EPRl's proposal would eliminate requirements
for early notification of the public, detailed evacuation planning, and
provisions for exercising the off-site plan. The on-site emergency plan and
limited off-site actions would be retained. EPRI has identified this matteras a plant optimization subject.

During a January 30, 1992 meeting with the staff, EPRI proposed to Eork with
the staff to define a process for addressing simplification of emergency
planning, including developing technical criteria and methods that, if met,

i
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would justify such action, and defining the process for implementation of this
approach, lhe results of this effort would be used as input to a generic
rulemaking proposal to be initiated by NUMARC.

The staff concludes that certain modifications from the emergency planning'

requirements of 10 CFR Part 50 and from the siting criteria in 10 CFR Part 100'

may be appropriate for the passive designs based on their unique character 15-
tics. However, an agency determinatica on these issues will require evalua-
tion of detailed design information. The staff concludes that the unique
characteristics of these designs should be taken into account in determining
the extent of emergency planning iequirements in the plume exposure pathway
emergency planning zone. A pi nt's ability to prevent the significant release
of racioactive material or to ptovide very long delay times prior to a release
fur all but the most uniikely events should be reflected in any decision on
emergency planning requirements for the passive design. However, the staff
will require a high degret of assurance that all potential containment bypass
accident sequences have a very low likelihood before relaxing emergency
planning requirements. The iack of information concerning source term and
risk precludes further staff evaluation of the emergency preparedness require-
ments for the passive reactor designs at this time. Moreover, the issue is
complicated by the fact that the promulgation of emergency planning require-
ments following the THi-2 accident was not r smised on any specific assump-,

*

tions about severe accident probability. ( .nce it may be, as a policy matter,
that even very low calculated probability values should not be a sufficient >

basis for changes to emergency planning requirements.

The staff will evaluate this issue for the passive plant designs when suffi-
cient supporting information is available. It is identifying this issue in=

this papar to comply with the Comission's directives to present policy
matters for Commission consideration at the earliest opportunity, lhe staff's
proposed resolution of this issue will be provided to the Commission later.
Therefore, the staf f does not request any Comission action on this issue at

,

this time.

.

4
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Enclosure 2 .-

ConM15510N PAPERS APPLICABLE
TO ALWR ISSUES

,

Issue
,

Catecorv- Epi Title Commit 1?onJaners

1. SECV-90-016 A. Use of Physically-Based source 86-228-
Issues -Term 88-203 .

89-013
89-153
89-228.
89-341
90-016-
90-307
90-329.
90-341 1

90-353. h

B. ATWS 89-153
89-228

.90-016-
90-353-

C. Mid-loop Operation -89-228
90-016

-9? 353
.

D. Station Blackout 89-013:
i ;89-153

89-228
90-016
90-329
90-353

E. Fire Protection 89-013-
89-228-

.90-016
. 90-353 J

F. Intersystem LOCA. 89-153
8P-228

'90-016 *

90-353
i

Q.

|
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COMMIS$10N PAPERS APPLICABLE
TO ALWR 155UES

: (CONTINUED)
:

i
Issue

7
i
j Cateoory & Title Comission Pacers
; . .

89-013!- 1. SECY-90-016 G. Hydrogen Control

) Issues 89-153-

] (cont.) 89-228
i 90-016-
! 90-329

90-353
.

1
H. Core-Concrete Interaction- 89-153

.

Ability to Cool Core Debris 89-228
.

: 90-016
s 90-353
|

-

| 1. High Pressure Core Melt 89-228
Ejection. 90-016.

90-353-

) J. Containment Performance 89-228
: 90-016
: 90-353

91-273
|
I K. Dedicated Containment Vent 89-153

| Penetration 89-228
90-016

i 90-329
90-353-

'

i
! -L. Equipment Survivability 89-228

90-016
: 90-353
i
'

M. Elimination of OBE- 89-013
90-016,

I 90-329
90-353'

.

i 91-135-

! N. In-Service Testing of Pumps 89-228
and Valves 90-016-

.
90-353
91-273.

4

i
i

s

!
4

1
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COMMISSION PAPERS APPLICABLE
TO ALWR !$5 DES

| (CONTINUED)

,

Issue
3

Cateoory & Title Comission Paeers

11. Other Evolu- A. Industry Codes and Standards 91-273
i tionary and -

Passive Design 8. Electrical Distribution 91-078<

Issues'

4 C. Seismic Hazard Curves and Design 91-135
-

j Parameters

; D. Leak-Before-Break 89-013

| E. Classification of Main Steamline none
i of-BWRs

.j

i F. Tornado Design Basis none
!

.
G. Containment Bypass none

:

j H. Containment Leak Rate Testing 89-013
89-228'

j 91-273
i

j 1. Post-Accident Sampling System none

; J. Level of Detail 90-241
j 90-377

i K. Prototyping 91-074
91-273.;

: L. ITAAC 91-178
j 91-210

H. Reliability Assurance Program 89-013
1

! N. Site-Specific PRAs 89-013
1

] 0. SAMDAs 91-229
.

! P. Generic Rulemaking Related to 91-262
i Design Certification
,

-

1

I
,

.

i

1

.
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[ COMMI5510N PAPERS APPLICABLE-
2 TO ALWR IS$UES
| (CONTINUED)

! .

'

Issue-

Catecory & Title. Comission Pacers;

: .. . . .

: 111. Passive A. Regulatory Treatment' of Non- 89-013.
; Design Issues Safety Systems 90-406
; Only .

1- 8. Definition of Passive Failure = 77-439
2

[ C. SBWR stability. 89-153
f 91-273
;-
| ~ 0.. Safe Shutdown Requirements none
!
! E. Control Room Habitability none
!

i -F. Radionuclide Attenuation- none-
I
: G. Simplification of Off-Site 88-203

|
. Emergency Planning.

;
i

i
1

|
! i
; I

f
.

i
:
,

t
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NUCLEAR REGULATORY COMMISSIONc
? .I

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS*
o, [ wt.sHINGTON. O. C. 20555

[ . . . . . ' '

May 13, 1992

1

Mr. James M. Taylor .
.

Executive Director for Operations
J.S. Nuclear Regulatory Commission
Washington, D.C. 20555 -

Dear Mr. Taylor:

SUBJECT: ISSUES PERTAINING TO EVOLUTIONARY AND PASSIVE LIGHT WATER
REACTORS AND THEIR RELATIONSHIP TO CURRENT REGULATORY
REQUIREMENTS

During the 383rd, 384th, and 385th meetings of the Advisory
Committee on Reactor Safeguards, March 5-7, April 2-4, and May 6-9,
1992, we discussed with representatives of the NRC staff the
staff's positions, recommendations, and resolution schedules
concerning the certification issues for evolutionary and passive
light water reactors contained in the draft SECY paper datedFebruary 7, 1992. We also had the benefit of the documentsreferenced, The staff requested ACRS comments on the draft SECY
paper. Our comments and recommendations on some of the staff'spositions are given below.
I. SECY-90-016 Issues

Item M. Elimination of Ooeratina Basis Earthouake

Appendix A to 10 CFR Part 100 currently establishes
the Operating Basis Earthquake (OBE) at a level
one-half of the Safe Shutdown Earthquake (SSE).With this specification, the OBE exerts undue
influence over the seismic design and requires a
full spectrum analysis in addition to that of the
SSE. The staff's proposal is to effectively decou-
ple the OBE from design. We agree with the staff's
recommendation.

II. Qt,her Evolutionary and Passive Desian Issues

Item A. Industry Codes and Standards

We agree with the staff's recommendation to use the
newest codes and standards that have been endorsed
by the NRC in its reviews of both the evolutionary
and passive plant design applications, and its

EDO ~~~ ogyyg6
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recommendation that unapproved-revisions to codes
and standards be reviewed on a case-by-case basis.

,

Item D. Leak Beforg_, Break

We agree with the staff's recommendation to extend
the application of the leak-before-break approach
for both evolutionary and passive advanced light
water reactors. .

Item E. Classification of Main Steamlines of Boilina Water
Reactors (BWRs)

We agree with the staff's recommendation for reso-
lution of the main steamline classification for-
both evolutionary and passive BWRs.

Item F. Tornado Desian Basis-

Based on a study (NUREG/CR-4661) that compiled a
considerable quantity of tornado data,-the staff
recommends that the maximum tornado wind speed of
300 mph - (compared with the present- 360 mph) be ..used
for the design-basis tornado. -We agree that the-
best available data should be used, but caution
that design-basis specifications have sometimes-
been established conservatively-_to provide margins
to deal with events _not specifically addressed.in
the design basis, We recommend that the staf f's
position be approved with a qualification that the
staff require assurance that other potential loads

|
that may have been previously subsumed within the,

l tornado design basis be 'taken into account if
necessary,

i Item H. Containment Leakace Rate Testina
f
i The staff 'reccamends that the - maximum interval

between Type C leakage rate tests for both evolu-
tionary and~ passive designs be increased to'= 30-

| month interval from the. 24-month . interval now,

| required in 10 CFR Part 50,-Appendix J._ No signif-
.

icant safety penalty caused by this change has been
I

| identified. We ' agree with the proposed staff

i- position.

\
Item I. Post-Accident Samolina System (PASS)

The staff is requesting approval of c h a n g e s i n _-
requirements for the PASS currently.found in 10 CFR
50. 35 ( f) (2) (viii) . - These requirements, and the

i
!

!
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f

guidance contained in Regulatory Guide 1.79 and in
NUREG-0737, resulted from consideration of the TMI--
2 accident.

We agree with tho' staff's proposal but have the
following comments: .

1. The requirements as -contained 11 the above
referenced regulation refer to "the -reactor
coolant system and containment that may con-
tain TID-14844 source term rcdioactive materi-
als" and to measurement of these and other
materials. In light of source terms now
considered in severe accident analysis, it is
advisable to revise this obsolete description.

2. The proposal for " Elimination of the Hydrogen
Analysis of Containment Atmosphere Samples" is
appropriate, given that safety grade hydrogen
monitoring instrumentation will be installed.

3. The Electric Power Research Institute (EPRI)proposed elimination of an-existing require-
ment for the capability to sample the reactor
coolant at operating- pressure -in order to
measure the dissolved gas and chloride in the
coolant. EPRI claims that maintaining the
systems on existing plants produces signifi-
cant-exposure of operating personnel, and that
given a severe accident, no useful informa-
tion, not otherwise available, is provided by
this capability. The staff proposes to retain
the requirernent, but to change-the time after
accident onset at which the capability must be
available from 8 to 24 hours. During our
discussion with the staff, we-were unable to
elicit any reason for this requirement other
than that it was established following- the
TMI-2 accident. We cannot endorse continua-
tion of the requirement for high pressure
sampling on the basis of information available
to us.

4. The staff proposes approval of a position that
"would require the capability to take samples
for - boron and for activity measurements 8
hours and 24 hours, res after theend of power operation."pectively,The intent appears
appropriate, however, we suggest that it might
be better to .specify a time at - which the
information from measurements becosac avail-
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able to the operator rather than the time at
which samples can be taken. Further, we

.

assume that what is required is boron concen-
tration rather than the presence or absence of
boron. Finally, we suggest that the phrase
"af ter the end of power operation", be made
more specific.

Item N. Site-Soecific Probabilistic Risk Assessment
If, as concluded by the staff, enveloping analyses
are practical for both seismic events and torna-
does, it is appropriate that these be part of the
submittal at the time of certification. However,
enveloping analyses are not as practical for other
external events such as river ' flooding, storm
surge, tsunamis, hurricanes, and volcanism. There-
fore, the staff recommends that these other types
of site-specific PRA information be submitted at
the combined operating license (COL) stage. We
agree with this recommendr, tion but would like to
hear more about how the staff proposes to deal with
any unacceptable findings at the COL stage.

Sincerely,

*

,

David A. Ward
Chairman

References:'
1. Draft SECY paper dated February 7, 19% , for the Commission-

ers, from James M. Taylor, NRC Executive Director for Opera-
tions, Subject: Issues Pertaining to Evolutionary and Passive
Light Water Reactors and Their Relationship to Current
Regulatory Requirements (Draft Predecisional)

2. SECY-90-01G dated January 12, 1990 for the Commissioners from
James M. Taylor, NRC Executive Director for Operations,
Subject: Evolutionary Light Water Reactor (LWR) Certification
Issues and their Relationship to Current Regulatory Require-
ments

3. U.S. Nuclear Regulatory Commission, NUREG/CR-4661, Subject:
Tornado Climatology of the Contiguous United States, dated May
1986
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| ! .I NUCLEAR REGULATORY COMMISSION
j l WASHINoToN. D.C. 20564

"

. k.,*.**/
! June 12, 1992
s

-

Mr.-David A. Ward, Chairman.

| Advisory Comittee on Reactor Safeguards
; U. S. Nuclear Regulatory Commission

|
Washington, D.C. 20555

Dear Mr. Ward:
:

| SUBJECT: ADVISORY COMMITTEE ON REACTOR SAFEGUARDS (ACRS) COMMENTS REGARD WG'
THE-ORAFT COMMISSION PAPER, " ISSUES PERTAINING TO EVOLUTIONARY And
PASSIVE LIGHT WATER REACTORS AND THEIR RELATIONSHIP TO CURRENT
REGULATORY REQUIREMENTS"

} In your letter of May 13, 1992, you provided the U. S. Nuclear Regulatory
i Comission (NRC) staff with ACRS comments regarding the NRC' staff's positions
i on several of- the issues discussed in the draft Commission paper, ' Issues
! Pertaining to Evolutionary and Passive Light Water Reactors and Their Rela-
I tionship to Current Regulatory Requirements."
!

| The NRC staff notes that the ACRS agrees with the staff's proposed positions
on several of the issues discussed in the draft paper. . e also note the ACRS'W
comments and recommendations on the tornado design basis (Item II.F), post-'

,
accident sampling system (PASS) (Item II.I), and site-specific probabilistic

; risk assessment (PRA) (Item II.N) issues. We will consider your comments as
i we revise and finalize the subject Commission paper.

4 In Item II.F of the draft Commission paper, the staff stated that it will
; ensure that other loads-that may have been enveloped within the tornado design
i basis will be identified and, if necessary, considered in the design-basis.
| The staff will ensure that, if an actual site hazard exceeds.the design

envelope in a certain area, the applicant will perform an analysis to verify,

j that the design remains acceptable for the site.

| The staff has reviewed its basis for requiring that the PASS have high
' pressure sampling capability in order to measure the concentrations of
i dissolved gas and chloride in the reactor coolant. The staff believes that
! the need for high pressure sampling stems from the possibility of partially
5 mitigated severe accidents which do not involve early reactor depressuriza-

tion. This is fundamentally a PWR concern:since, for a.PWR, there appears to
be a substantially greater probability of a severe accident being arrested
while the reactor coolant system remained-at pressure. -In fact, the THI-2

; accident is just such an example. In addition, there is a significantly-
greater concern for maintaining reliable natural circulation and decay heat
removal in the presence of the gases which would evolve as a PWR was depressu-

,

rized. The evolution of a large amount of non-condensable. gas in a passive,

| PWR would appear to be the most sensitive scenario since the passive plant
; decay heat removal systems are so dependent on natural circulation.- It should

also be noted that the passive safety systems on a-passive PWR would not take4

i the plant to a cold shutdown condition following a partially mitigated severe-
1

1
;

1

i
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accident. The active non-safety systems would need to be used by the opera-
tors to perform the final cooldown and depressurization. When such actions
are called for, the staff believes that the operators need to have a full1

appreciation of the consequences of depressurizing the plant and possibly
introducing non-condensable gases which could complicate or interfere with the
successful termination of the event. The operator can then make informed
decisions relating to issues such as: reactor coolant pump start-up and
operation; instrumentation reliability; and the use of active or passive decay
heat removal systems.

,

; For the longer term, determining the oxygen and chloride concentrations would
help ensure that plant personnel take appropriate actions to minimize the
likelihood of accelerated primary system corrosion following the accident.
This is a secondary consideration since long term samples could likely be
taken at low pressure. However, once the need to take the high pressure
sample has been established, because of the non-condensable gas concern, it
does appear appropriate to test such a sample for oxygen and chlorides in
order to get an early indication of potential corrosion problems. Therefore,
the staff has concluded that PASS high pressure sampling capability is
necessary. The staff has reviewed the proposed requirement for boron sampling

;

and will clarify the requirement to specify that the analyses include determi-4

nation of the boron concentration. In addition, the staff will clarify the

term "end of power operations" to help ensure that the sampling time require-
ments are clearly understood.

The staff is developing a position on the treatment of external events in4

site-specific pRAs for advanced light water reactor designs. The staff will
incorporate this position into a draft Commission paper which is scheduled to
be forwarded to the ACRS by July 1992. The staff plans to develop a separate
Comission paper discussing the form and content of the combined license
(COL). This Comission paper should hel) address any questions the ACRS may
have on resolving findings made during tie COL review procesi.

Sincerel ,

James ylor,

Executive Director
i

for Operations '

.

cc: The Chairman
Comissioner Rogers
Comissioner Curtiss
Comissioner Remick.

Comissioner de Planque
SECY

DISTRIBUTION:
See next page
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August 37, 1992

Mr. James M. Taylor
Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Taylor

SUBJECT: ISSUES PERTAINING TO EVOLUTIONARY AND PASSIVE LIGHT WATER
REACTORS AND THEIR RELATIONSHIP TO CURRENT REGULATORY
REQUIREMENTS

During the 386th, 387th, and 388th meetings of the Advisory
Committee on Reactor Safeguards, June 4-5, July 9-11, and
August 6-8, 1992, we discussed with representatives of the NRC
staff the staff's positions, recommendations, and resolution
schedules concerning the certification issues for evolutionary and
passive light water reactors contained in the draft SECY paper
dated February 7, 1992. This supplements our letter or May 13,
1992, and provides our comments and recommendations on some of the
staff's positions for the passive light water reactors. The
section titles and letter designations correspond to those in the
draft SECY paper.

I. SECY-90-016 Issues (For Passive Plants)
E. Fire Protection

The NRC staff is seeking Commission approval to use the
enhanced fire protection criteria previously approved for
evolutionary Advanced Light Water Reactor (ALWR) plants by the
Commission's Staff Requirements Memorandum (SRM) of June 26,
1990. This SRM approved the staff's position on fire
protection as presented in SECY-90-016 and supplemented by the
staff's April 27, 1990 response to our report on the SECY. We
recommended separate Heating, Ventilating, and Air
Conditioning (HVAC) systems for each division as an important
step toward ensuring adequate environmental separation of
safety systems. The staff agreed that consideration of smoke,
heat, and fire suppressant migration may result in separate
HVAC systems, but other options may be available to the
designer. Our report to the Commission of April 13, 1992, on
the Draf t Safety Evaluation Report for the ABWR identified the
adequacy of physical separation as a continuing issue for the
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ABWR, due in part to the use of a shared HVAC system for
multiple trains of redundant safety systems during normal
plant operation.

Our concern with shared HVAC systems is related to the need
for adequate isolation of such systems during certain
disruptive events (e.g., fires, floods, or pipe breaks). If
the isolstion is not adequate, the HVAC arrangement may become
a pathway whereby effluents from the event are conducted to
locations where required safe shutdown equipment is located.
This is not a concern if either (1) the HVAC isolhtion
provisions are able to withstand the c. vent consequences (e.g. ,
pipe whip, jet impingement, static and dynamic pressure, and

elevated .iontemperature)
during and after closure with

considerat of single active component failures and
acceptable leakage, or (2) the safe shutdown equipment -is
qualified for the environmental exposure resulting from a
release of the adverse environment at any credible location
along the HVAC pathway such as duct openings or blowout
locations.

Except for the concern with shared HVAC, we support the staf f
recommendation that the passive plants should be reviewed
against the enhanced fire protection criteria approved in the
Commission's SRM.

F. Intersystem Loss-of-Coolant-Accident

The staff's position is that designing these low-pressure
fluid systems that interf ace the reactor coolant system (RCS)
to withstand full RCS pressure (to the extent practicable) is
an acceptable means for resolving this issue. For those
systems that have not been designed to withstand full RCS
pressure, the staff indicates that other measures will be
required. We recommend approval of the proposed staff
resolution, provided consideration is given to all elements of
the low pressure piping system (e.g., instrument lines, pump
seals, heat exchanger tubes, and valve bonnets).

G. Hydrocen Control

The staff recommends that the evolutionary LWR designs provide
a system for hydrogen control that can safely accommodate
hydrogen generated by the reaction of steam with 100 percent
of the fuel cladding surrounding the active fuel. (Note:
This is not 100 percent of the reactive metal in the core.)
We support the staff's recommendation.

The staff also recommends that the system be capable of
precluding uniform containment concentrations of hydrogen
greater than 10 percent. We are aware of analytical work in
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support 7 the resolution of Generic Issue 106, " Piping and
the Use of Highly Combustible Gases in Vital Areas," that
suggests the possibility of transition to detonation at
average concentrations as low as 12 percent. We recob'. mend
that the staf f do a similar analysis of the impact of hydrogen
combustion, and possiblo detonation including stratification,
before establishing a limit for the average hydrogen
concentration. This is of particular importance to steel-
shell containments.

I. Hich Pressure Core Melt Eiection

To cope with the possible effects of direct containment
heating (DCH), the st*f concludet, that ALWR design"

. .. .

should include a depressurization systen and cavity Josign
features to contain ejected core debris."

DCH is an extremely improbable event, and we see no need to-
require two modes of coping with the possibility. Either
depressurization or cavity design provisions alone should be
adequate. Because of possible safety benefits for other
events, reliable depressurization is the preferred approach.
J. Containment Performance

The staf f has not yet developed an adequate technical position
relating to requirements for containment performance in
passive LWRs. We agree that the proposed value of 0.1 for a
conditional containment-failure probability (CCFP) is
reasonable but, as we stated in our letter of April 26, 1990,
segarding " Evolutionary Light Water Reactor Certification
1.; sues and Their Relationship to Current Regulatory
Requirements," this value is defined only within the context
of a family of initiating events. It should be used by the
staff in the development o' its requirements and not merely
passed on to applicants.

The deterministic criterion proposed by the staff is not a
simple alternativo to the CCFP. It could be used morelogically as a complement. Using ASHE Code Service Level C
stress limits is not unreasonable-given a known loading for
which the containment is to be designed. However,
determination of the appropriate' loading is the hard part of
the problem and the suggested deterministic criterion is-
essentially meaningless-without it. The staff states-that
" applicants using the deterministic approach _will be required
to define the challenges considered in this evaluation." The
staff takes no position on what those challenges should be or
how they are to be quantified. Apparently the intent is to
default to a " design specific review." This approach-leaves

) EPRI Evolutionary Plant SER 1B.C-77
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,

; the applicant without any real guidance from the Commission on t

i this important-topic.
4

| We acknowledge that it is.a very difficult task to establish
!

containment performance. criteria but is imporfant.- We
j suggested what we believe to be the best approach in our
{ letter of May 17, 1991, " Proposed Criteria to Accommodate
i Severe Accidents-in Containment Design."
:

f K. D3slisited Containment Vent Penetration
{
! The staff proposes that- the decision on - the need for a
! containment vent for passive designs should not be made at--

this time but should wait until specific plant - designs are'

I evaluated. We believe that the Commission should make a-

| generic judgment about the acceptacility of containment vents
for LWRs. This should be a part of _ establishing-. general-

;

j criteria for containment design as proposed in our letter of
~

May 17, 1991.

| L. Eculement' Survivability

We agree with the staff's. recommendation- that features
} provided only for severe-accident mitigation for the passive
j plant- designs not be subject to -the environmental
; qualification requirements of 10 CFR 50.49,. quality assurance
i requirement of 10 CFR 50, Appendix B, and- redundancy /

:. diversity requirements of 10 CFR 50, Appendix A.
I=
1- N. In-Service Testino of Pumos and Valves
:

! We support'the staff recommendation that the special pump and
i -valve design, testing, and inspection provisions be imposed on
j all safety-related pumps and valves for the passive ALWRs.-

. III.E - Control Room Habitability
1

i There were several1significant differences between the staff
I and EPRI . at ' the time the staff draf ted -this policy issue.

EPRI has' subsequently made a-proposal to modifyiits Utility
'

; Requirements ~ Document to-include a requirement for-a| passive,
safety grade, control room pressurization 1 system that would+

use a bottled air supply to maintain operator doses within
i- regulatory limits for the first--72 hours following an

'

4 accident. (The regulations' require that operator doses be so
j- limited for the duration of the accident.) ' The-pressurization

system proposed by- EPRI would.be designed to be replenished by-2

off-site portable supplies; after- 72 hours- if needed..;

; Accordingly, EPRI has recommended that the-staff close-this
.

issue.

i
:
.
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}

We dJscussed this matter with the staff and EPRI during our
June 4-5, 1992 meeting. The staff told us that it is
currently evaluating the EPRI proposal and in not prepared to
close this issue. ACRS had several comments regarding design
features of the passive control room pressurization system

# proposed by EPRI. We believe that the staff should take these
'

comments into account in its evaluation. We may provide
additional recommendations after the staff has_ completed its,

; evaluation.
;

Sincerely,

?
, -ww

David A. Ward
! Chairman
,

! References:
1. Draf t SECY Paper dated February 7, 1992, from James M. Taylor,

! Executive Director for Operations, NRC, for the Commissioners,
. Subject: Issues Pertaining to Evolutionary and Passive Light

i Water Reactors and Their Relationship to Current Regulatory
Requirements

* 2. SECY-90-016 dated January 12, 1990, from James M. Taylor,
i Executive Director for Operations, for the Commissioners,
i Subject: Evolutionary Light Water Reactor (LWR) Certification
i Issues and Their Relationship to Current Regulatory
i Requirements-
; 3. Memorandum dated April 27, 1990, from James M. Taylor,
j Executive Director for Operations, NRC, for NRC Commission,

Subject: Staff Response to ACRS Conclusions Regarding
Evolutionary Light Water Reactor Certification Issues

i

j

,

.

-

1

!
-

:
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' fat: The Comissioners

fyram. : James H. Taylor
*

Executive' Director for Operations
~

Subiect: DESIGN CERTIFICATION AND LICENSING POLICY ISSUES PERTA1NING
4 TO PASSIVE AND EVOLUTIONARY ADVANCED LIGHT WATER REACTOR-

DESIGNS

'

Purcose: To present the Comission with several additional issues
that the staff has identified pertaining to passive and

: evolutionary light-water reactors (LWRs) and to request that'

the Comission approve the positions described in this
paper. The staff will review those issues for which 'it has,

i not recomended a position, and will provide the Comission
j with a recommendatica when the review is complete.
I Sumarv: The staff has discussed seven additional tachnical and
; policy issues pertaining to either evolutionary LWRs, pas-
| sive LWRs or both. In addition, the staff has provided the
: results of its review concerning _the._ regulatory treatment of
| nonsafety-related systems in passive plant designs. The
i staff has. underlined the positions for which it is request--
j ing Comission's approval.
I

'

i
:

CONTACTS:

) T. Hiltz, NRR
504-1105

R. Perch, NRR,

i - 504-2844

.

1

.

!

| DRAFT
i
4
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The Comissioners -2-,

!

Backaround: The staff continues to inform the Advisory Comittee on
Reactor Safeguards (ACRS) and the Comission of new policy
issues early in the review process, so that the Comission,

.

can determine the approach for resolving ttm. The' staff is ',

| providing an analysis of the areas in which it proposes to-'

j depart from current regulations or in which it is -supple-
: menting or revising interpretive Guidance applied to cur-
! rently licensed LWRs.

! The staff has forwarded several policy papers''to the
Comission proposing resolutions for policy-matters and'

major technical issues concerning both the evolutionary and
! passive LWR designs. The draft Comission-paper " Issues

.
,

'

i Pertaining to Evolutionary and Passive Light Water Reactors
1 and their Relationship to Current Regulatory Requirements,"

was released to the public 7 days after it was forwarded to
the Commission to- support dialogue between the NRC staff,;

i the ACRS, the EPRI, the vendors, and other industry repre-
. sentatives.
:

j Similarly, the staff proposes to release this draft Comis-
: sion paper and Enclosures 1 through 3 to the public 3 days
I after forwarding it to the Commission.
4

i The discussions contained in this draft Commission paper may
j be combined with the discussions contained in the draft

Comission paper, " Issues Pertaining to Evolutionary and'
,

i Passive Light Water Reactors and their Relationship to l

i Current Regulatory Requirements,"'and forwarded to the
j Comission as a single Commission paper.

Discussion: The staff has identified significant issues regarding
: the safety of evolutionary and passive advanced light' water
! reactor-(ALWR) designs. The staff proposed resolutions for

some of-these issues in Commission papers SECY-90-016,<

" Evolutionary-Light Water Reactor-(LWR) Certification Issues:
i and-Their Relationship to Current Regulatory Requirements,"

SECY-91-078, " Chapter 11 of the Electric' Power Research
i Institute's (EPRI's) Requirements Document and Additional

Evolutionary Light Water-(LWR) Certification Issues," and
-

i the draft Comission paper which was forwarded to the Com-
I mission on February 20, 1992, " Issues Pertaining to Evolu--

tionary and Passive Light-Water Reactors and Their Relation-
i ship to Current Regulatory Requirements." The Comission-
1
i

I -' Enclosure 3 is a list of the papers that the staff has forwarded to the
; Comission regarding policy issues that- have been identified for evolutionary -

and-passive ALWRs. The staff will reference applicable documents throughout-.

this paper,'

'

i ,

j

4 .EPRI Evolutionary Plant SER 18.D-4
|-

_- _ _ ._ _ _ . _ _ _ _



-_ ___ _ -

l

DRAFT
The Comissioners -3-

addressed SECY-90-016 and SECY-91-078 in its SRM of June 26,
1990, and August 15, 1991, respectively.

The issues discussed in Enclosure 1 of this paper in'clude '

A. defense against comon mode failures in digital
instrumentation and control (!&C) systems

B. analysis of external events beyond the design basis
C. limination of the operating basis earthquake from

seismic design
D. multiple steam generator tube ruptures
E. probabilistic risk assessment (PRA) beyond design

!fcertification i

F. role of a passive plant control room operator
G. control room annunciator reliability- -

H. regulatory treatment of nonsafety systems ~in passive-
plant designs

.1

The issues concerning the role of the operator in a passive
plant control-room and the regulatory treatment of nonsaf6ty
systems apply only to passive plant designs. The six b
remaining issues apply to evolutionary and passive ALWR
designs. Background information for some of these issuesc

can be found in the previous Commission papers that are
referenced in Enclosures 1 and 2.

Enclosure 1 provides a description of the eight policy 4

issues including a discussion of the current regulatory
requirement or interpretation, a discussion of the industry
position and, where available, a discussion of the staff's
proposed position. The staff has included a detan ed di r
cussion of the basis for the staff's posi. tion on each issue,
as available. The staff has underlined-the positions for -
which it is requesting the Commission's approval. Issues
for which no resolution has been proposed will be addressed- 1

in the future.

Enclosure 2 is a list of issues pertaining to evolutionary,
passive, and advanced reactor ^: signs. Adjacent to each
issue is a list of-Commission papers in which the staff has
addressed the issue. Enclosure 3-is a list of Commission
papers which concern ALWR designs.

The staff developed the recommendations in'this paper after-
(1) reviewing current operating reactor designs, evolution--

-

ary designs, and limited passive ALWR design information;
(2),considering operating experience; (3) evalua+.ing the
results of the PRAs of LWRs and ALWRs;'(4) cons'dering the
Commission's guidance on issues resolved for the evolution-
ary.ALWRs; (5) completing the draft safety evaluation

.k[j,h[
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reports for the EPRI Utility Requirements Document for
passive and evolutionary ALWR designs; and (6) considering
EPRI and vendor cements on these issues.

4 The staf f considered EPRI coments regarding aspects of
i these additional policy issues discussed in letters from ,

EPRI of April 9 May 5, and May 8, 1992. . In its letter of
April 9, 1992 EPRI provided a detailed discussion on de-
fense against comon mode failure in digital instrum.antation
and control systems. In its letter of May 18, 1992 Asea
Brown Boveri/ Combustion Engineering discussed diversity for
the digital instrumentation system for iis System 80+
desis .

The staff concludes that these issues are fundamental to the
Agency's decisions on the acceptability of the evolutionary
and passive designs. As discussed in SECV-91-262, 'Resolu-
tion of Selected Technical and Severe Accident issues for
Evolutionary Light Water Reactor (LWRt Sesigns," the staff"

proposes t9 implement final 10$itions un these matters as
approved by the Comission t1 rough individual design certi-
fications and generic rulemaking, as appropriate, for the
evolutionary and passive designs.

The staff concludes that it would be beneficial to provide
EPRI and the ALWR vendors with the staff's conclusions
presented herein as expeditiously as possible in order to
help resolve those matters concerning both the evolutionary
and passive reachr designs, and to facilitate further
discussion of the issues for the passive designs.

Therefore, the staff proposes to issue Enclosures 1
through 3 to the industry after 3 workinD days from the date
this paper is forwarded to the Commission to support meet-
ings between the NRC staff, EPRI, the vendors, and the ACRS.
The staff will indicate that the preposed resolutions are
before the Commission for consideration, and, therefore, may
not be final positions.

The staff doer 7t exeect to identify additional policy
matters for t.- volutionary designs. However, as the staff-

proceeds with its review of the EPRI ALWR Requirements
Document for passive plants and the passive LWR design
applications, it may find other issues not discussed herein.
The staff allowed time for identifying and addressing such
issues in the schedule estimates for the passice reactor
design reviews provided in SECY-91-161, ' Schedules fo.r the

3 Advanced Reactor Reviews and Regulatory Guidance Revisions."
The staff will notify the Commission of new policy matters
when they are found.

. bk[k hI
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fenelusions: The staf f requests approval of the staff's proposed post-
tions for those issues perteining to evolutionary LWR
designs in order to perform the final design approval and
the design certification review of General Electric's
Advanced Boiling Water Reactor and Asea Brown Boveri (ABB)
Combustion Engineering's System 80+ LWR designs.

The staff also requests that the Comission approve the
,

staff's proposed positions for those issues pertaining to
the passive designs. This will enable the staff to proseed
snore efficiently with its schedule review of Westinghouse's
Advanced passive AP600 and General Electric's Simpitfied
Boiling Water Reactor ALWR designs.

foordination: The Office of General Counse) (0GC) has reviewed this paper
and has no legal ob,tection. 0GC notes that C6hnission
approval would be tentative, subject to further review in
design certification rulemakings and that cornunications
with ALWR vendors ad FPRI regarding these Coimission posi-
tions should state this fact. The staff is forwarding this
paper to the ACRS for its review and coments.

pecomendations: That the Comission

(1) Acerove the staff's positions underlined in
Enclosure 1.

(2) lig1t that the staff will seek the Comission's
approval of its positinns for those issues that the
staff is res'1 wing before taking a fini position with
the applican: or industry.

(3) ligig that the staff will provide Enclosures 1 through
3 to the ALWR vendors and EPRI after 3 working riays
from the date this paper is forwarded to the Comis-
sion. The staff will indicate that the proposed reso-
lutions are before the Comission for consideration,
and, wherefore, ay not be final positions.

h[[
1

'

EPRI- Evolutionary Plant SER 18.0-7

_;



-- -- . _ _ - - _ .-___ _

'

DRAFT1he Commissioners -6

!

(4) Jipit that if the staff finds other policy iss'.ts, it i

will seek the Comission's approval of its positions
'

in a timely manner.-

James H. Taylor
Executive Director

for Operations

Enclosures:
1. Policy issues Analysis and

Recomendations
2, ALWR issue Cross-raference Matrix
3. Comission Papers Applicable to ,

ALWRs

:

:

:

'

Y

f .

I

f EPRI Evolutionary Plant SER 18.D-8 |

- __ _ _ ._.



_ _ _ _ _ - _ _ _ _

i

DRAFT
i

Enclosure 1

POLICY 158UES AMLYSIS
AND RECOMENDATIONS

' The following is a discussion of eight design certification and licensing
issues associated with the review of evolutionary and advanced light water
reactor (ALWR) designs. The staff has included a detailed discussion of the
basis for each of its proposed positions that depart from current regulatory
requirements. The staff has underlined the posittens for which it is request-
ing the Comission's approval. Issues for which no resolution has been
proposed will be add ? *d in the future.

A. Defense Aga s % non Mode Failures in Digital Instrumentation and
Control Systen.s -

Instrumentation and control (l&C) syste.ts help to ensure that the plant
operates safely and reliably by monitoring, controlling, and protecting
critical plant equipment and processes. The digital I&C systems for ALWRs
differ significantly from the analog systems used in operating nuclear power
plants. The digital 1&C system shares more data transmission functions and
process equipment than an analog system would share.

'

Oigital 1&C systems share databases (software) and process equipment (hard
ware). Therefore, a hardware design error, a software design error, or a jsoftware prcgramming error may result in a comme mode failure of redundant
equipment. The staff is concerned that the use of digital computer technology
in I&C systems could result in safety-significant comon mode failures. The
staff develnped these concerns more fully in SECY-91-292, " Digital Computer4
Systems for Advanced Light Water Reactors." Some of the major points con-
tained in SECY-91-292 are sumarized as follows:

Common mode failures could defeat not only the redundancy achieved by.

the hardware architectural structure but also could result in the loss
of more than one echelon of defense in depth provided by the monitoring,
control, reactor protection, and engineered safety functions performed
by the digital 1&C systems.

,

The two principal factors for defense against comon mode Gilures aree

quality and diversity. Maintaining high quality will incr W the
reliability of both individual components and systems. Diversity in
assigned functions, for both equipment and human activities, and
diversity in nardware and software can redJce the probability that a
comon mode f ailure will propagate.

The staff intenCs to require some level of diversity, such as a reliable*

analog backup.

Current regulations applicable to analog ItC systems also apply to digital 1&C
syst2ms. In addition, the shff has developed limited ghidance for digital
iht systems in Regulatory Guide 1.152, " Criteria for Programable Digital
Computer Sof tware Systems in Safety Related Systems cf Nuclear Power plants."

hh
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However, as discussed in SECY-91-292, there are currently no regulatory
requirements which adequately address the potential safety concerns associated
with digital ILC systems. Quality and diversity are important defenses
against comon mode failures. However, there are no consensus standards for
certifying the dtsign of digital 1&C systems for application in nuclear powtr . ~ <

plant designs. In Enclosure 2 to 3ECV-91-292, the staff discussed regulatory
requirements that it is considering to help ensure defense against comon mode
failures. The staff is considering new requirements in the following areas:

assessment of diver.sity,

engineering activitiese

design implementation*

safety classification of 1&C systemse

The staff has made significant progress in establithing regulatory guidance
that could be used for assessing diversity. The staff, with the support of
Lawrence Livermore National Laboratory (LLNL), htA performed a study of the-
Generai Electric Company (GE) advanced boiling water reactor (ABWR) desige to
assess the adequacy of its defense in depth and diversity. This assessment
was performed using the method described in NUREG-0493, "A Defense-in-Depth
and Diversity Assessment of the RISAR 414 Integrated Protection System" for
each transient and accident evaluated irs Chapter 16 of thE safety analysis
report. The staff will use the results of this assessment to help determine "if additional diversity is necessary to defend against postulated cornon mode
software and hardware failures..

EPRI discussed requirements for engineering activities and design imple-
mentation for digital !&C systems in Chapter 10 of the EPRI Advanced Light zfor both the evolutionary
Water Reactor Utility Requirements Documents (URDs)ively).and the passive plants (Volumes !! and III, respect The staff has
discussed the issue of diversity in digital control systems with EPRI. The
staff concludes that the EPRI requirements do not enntain sufficient detail to
help ensure adequate diversity. In SECY-91-292, the staff discussed regula-
to y requirements that could be developed for engineering sctivities and-

design implementation.
i
'

As discussed in SECY-91-292, the staff is continuing to develop safety classi-
fication criteria for 1&C systems in ALWR designs. As discussed in SCtV-91-
?92, the international technical comunity is considering this topic in the
draft International Electrotechnical Comission (IEC) standard, "The Classifi-
cation of Instrumentation and Control Systems important to Safety for Nuclear
Power Plants." EPRI proposed certain classification staisdards in its 'ALWR
Position Paper for Passive System Classification and Requirements,' submitted
by letter dated March 19, 1992. The staff will consider those positions
before reaching a final position on Jafety classification criteria for 1&C
systems'in ALWh designs. The safety classification of digital 1&C systems
relates to diversity through the defense-in-depth assessment of safety credit
for systems that have previously been classified as nonsafety systems.

|

DRAET
4EPRI Evolutionary Plant SER 18.D-10

I-. - - - - - - _ - _ - _ -



DRAFT
3

Recently, increased attention has been given to detailed assessments of the
integrity of software for safety-critical functions. These assessments have
covered a broad range of applications which include computer-based medical
treatment f acilities, computer-based fly-by-wire aircraf t control systems, and
pretection systems for nuclear power plants. The staff found a consensus

,

among computer science and software engineering experts that applications
critical to safety should be backed-up by some system not based on software
because the quantitative estimate for the reliability of !&C systems based on
high integrity software cannot yet be determined. The ty>e of this backup and
the extent of the functions it should perform depend on tie level of confi-
dence in the computer systems.

As previously discussed, the staff has made sig-ificant progress in establish-
ing potential regulatory guidance to ensure adequate diversity for digital 1&C
system applications. As a result of its review, the staff rec, snends that the -
Comission approve the following approach for assessing diversity and the
following requirements for a backup system which is not based on software and
which is to be used for systems-level actuation and displays:

1. The aoolicant shall assess the defense in deoth and diversity of the
pnpfitd instrumentation and control system to demonstrate that vulnera-
bilities to common mode f ailures have been adecuately addressed. The
staff considers software design errors to be credible comon mode
failures that must be specifically included in the evaluation. An
acceptable method of performing analyses is described in NUREG-0493.
Other methods proposed by an applicant will be reviewed individually.

10_21Lprmino lhe assessment of defense in depth and diversity. the.
2. f

' vendor or ao.plicant shall analyze each oostulated comon mode failure
) LQLJyh_ event that is evaluated in the accident analysis section of the

afL*,.y_An al ys i s runrt ( S AR) . The vendor or acolicant shall demonstrate
adeq0 alt diversit" within the desian for each of these events.

3. 1[_a costulate d cc. mon mode f ailure could disable a safety function.
iten a diverse means with a documented basis that the diverse means is
unlikely to be sub.iect to the same comon mode failure. shall be
reoutrei_13 oerforg.gither the same function or a different safety
function that provid n eouivalent erotection. The diverse or different
safety function may be performed by a nonsafety system if the system is
of sufficient quality to perform the necessary function under the
anociated event conditions. Diverse digital or ion-digital systems are
considered to be acceptatCe means. Manual actions from the control room
are acceptable if time and information are available to the operators.<

The amoGnt and type of diversity may vary among designs and will be
evaluated individually.

4. A set of safety-crade dijiAlavs and conttels. indiffndent of the computer
lystem(s) and located in the main control room. Jhall be orovided for
avstem-level actuation and monitorino of critical safety functions and

~
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earameters. The displays and controls shall be provided for those
system-level actuations and critical safety functions and parameters ;

which are required by control room operators to place the reactor plant j
in a hot shutdown condition. The displays and controls shall be ;

conventionally hardwired in the system architecture to the lowest level
!practicable. Each set of equipment required will be evaluated individu-

ally.

The hardwired system-level controls and displays provide the plant
operators with unambiguous information and control capabilities. These
hardwired controls and displays are required to be in the main control
room to enable the operators to expeditiously mittoate the effects of
the postulated comon mode failure of the digital l&C system. The
control room would be the center of activities to safely cope with the
event which could also involve the initiation and implementation of the
plant emergency plan. The design of the plant should not require
operators to leave the control room for such an event. For the longer
term recovery operations, credit may be taken for actions from outside
the' main control room, when the emergency response organization is fully
briefed and in place to take such actions.

B. Analyses of External Events Beyond the Design Basis

in the Comission policy statement, ' Policy Statement on Severe Acciderts
Regarding future Designs and Existing Plants,' issued on August 8, 1985 (50 FR
32138), the Comission stated that applicants for future evolutionary reactor
plant design reviews should complete a probabilistic risk assessment (PRA) and
consider improving the means to avoid or mitigate severe accident vulnera- |
bilities exposed by the PRA in order to help ensure the public health and l
safety. The Comission also stated that evolutionary plant vendors should use
the PRA in considering a range of alternatives and a combination of alterna-
tives that address unresolved and generic issues and to search for cost-
effective means to reduce the risk from severe accioents. In the policy
statement, the Comission stated that the staff should review evolutionary
ALWR designs to determine the safety acceptability of the design, stressing
deterministic engineering analysis and judgment, complimented by PRA. After
issuing this policy statement, the Comission incorporated 10 CFR Part 52 into
the regulations. Section 52.47 of 10 CFR Part 52 requires that an application
for design certification contain a design-specific PRA.

In Generic letter 88-20, ' Individual Plant Examinations for Severe Accident
Vulnerabilities - 10 CFR 50.54(f)," and its supplements, the staff states that
construction permit holders and power reactor licensees should consider the
safety implications of both internal and external events by performing
separate individual plant examinations-(IPEs) and individual plant examina-
tions for external events (IPEEE). PRAs and IPEs that have evaluated both
internal and external events generalty estimate the risks from external events
to be the same order of magnitude as internal events. Therefore, the staff
concludes that the design-specific PRAs required in 10 CFR Section 52.47
should include an assessment of both internal and external events.

DRAFT
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Lessons from past studies indicate that fire, internal floods, and seismic
events can be important contributors to core damage. However, the estimates
of core damage frequencies for the fire and seismic events continue to include
considerable uncertainty. Therefore, the staff concludes that fire and
seismic events can best be evaluated using the margins methods developed for -
existing plants, supported by insights from internal events PRAs, to' find the
vulnerabilities of these new designs that could be important to safety.
Following this method, the designer would focus on the capacity of the design
to sustain the effect of the external events, rather than relying on the
highly uncertain estimates. The designer could use traditional probabilistic
techniques to study internal floods.

The staff intends to determine the adequacy (* robustness *) of ALWR designs by
having the designer perform a modified margins analysis to determine the
vulnerabilities to seismic events. The designer can best determine the ,

seismic cepability of the plant by merging PRA and margins approaches to take
advantage of the strengths of each. This approach allows for a. comprehensive
and integrated treatment of the plant's res>onse to an earthquake. Plant
logic models covering the various systems t1at could be used to prevent cort
damage are constructed, typically, by modifying PRA models for internal events
to include logic important in considering seismic failures. The models would
not include data from site-specific or generic seismic hazard curves. The
designer would determine all significant operational sequences leading to safe
shutdown (success paths) using the event trees and fault trees based on
fragility data for each component for s .h success path. The designer would.

determine the value of the minimum high sonfidenca, low probability of failure
(HCLPF) for the plant by determining the HCLPF valua )ar each system. The
HCLPF values calculated in this manner is a measure of th> 70bustness of the
plant, being an accurate estimate of the earthquake groun$ motion for which
the plant is expected to be able to survive without core damage. If the value
of the plant HCLPF is less than about twice the design ground motion zero.
period acceleration, the designer should perform a more detailed evaluation to
find any vulnerability against which to strengthen protection. HCLPF calcula-
tions also indicate which components and systems limit the seismic capability
of the plant.

ALWR evolutionary designs that include physical separation between safety
divisions appear to respond better to internal and external events than do
traditional designs. This physical separation reduces the ef fects of the
events and enables the designer to use more deterministic screening methods to
assess these effects. Events such as tornadoes and extreme wind may be envel-
oped using bounding analyses to show that the hazard is insignificant.
Bounding analyses of a site-specific external event should either (1) demon-
strate that the frequency of occurrence is sufficiently low that it would not
significantly contribute to risk at the site or (2) demonstrate that the
design would be robust even if the external event occurred. At the design
certification, the staff will evaluate fires and internal floods and other
external event; that are not site dependent.

TheAdvisoryCommitteeonReactorSafeguards(ACRS)has'concludedthat',if
enveloping analyses are practical for seismic events and tornadoes, these
analyses should be part of the submittal for design certification. The ACRS
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agrees that the applicants should submit analyses of other external events
that may be site-specific (i.e., storm surge, tsunamis, hurricanes, river )
flooding and volcanism) for the combined construction /oserating license (COL)
review. However, the ACRS stated that they are unsure gow the staff will

resolve any unacceptable findings at the COL stage. .

,

In its letter of May 8,1992, EPRI stated that the seismic margins assessment
is the only suitable margins approach that it knows for evaluating external
events. EPRI recommended performin PRA evaluations for those external events
that are not eliminated from detail d evaluation.

The staff proposes that ALWR vendors submit analyses of external events beyond
the design basis that are separate from analyses required for COL applicants.
Different requirements are needed because the site-specific characteristics
are not known at the design certification state, and the as-built design
details necessary to confirm assumptions made in the vendor's analyses are not
all available. Therefore, at the design certification stage, the staff"can
state its conclusion about the existence of potential vulnerabilities relative
to the overall design only. External events analyses sometimes reveal subtle
vulnerabilities that can be found only by analyzing detailed designs and by
physically walking down the plant.

At the COL stage, the staff will review the site-specific characteristics to
ensure that events enveloped by bounding analyses at the design stage have
been properly addressed. The staff plans to conduct walkdown inspections to
confirm that design commitments have been met.

The staff recommends that the Commission acorove the followina staff oositions
reaardina analyses of external events beyond the desian basis; (1) The
staf f will reouire that the analyses submitted in accordance with 10 CFR

Section 52.47 include an assessment of internal and external events. PRA
insiahts will be used to suoDort assessment of fire and seismic events.
1raditional probabilistic techniaves can be used to evaluate internal floods.
Site-soetific events such as tornadoes and extreme wind may be envelooed usina
boundina analysis to show that the events are insianificant: and (21 In
performina the desian certification review. the staff will evaluate external
events that are not site-decendent such as . fires and internal floods and
accrocriate boundina analysis. In oerformina the COL review. the staff will
review the site-soecific characteristics to ensure that events envelooed Dv
boundina analyses have been nrocerly addressed.

C. Elimination of Operating-Basis Earthquake from seismic Design

in SECY-90-016, * Evolutionary Light Water Reactor (LWR) Certification Issues
and Their Relationship to Current Regulatory Requirements," the staff reques-
ted the Commission's approval to separate the magnitude of the ground motion
of the operating-basis earthquake (OBE) from that of the safe shutdown
earthquake (SSE). The. Commission approved the staff's position in its SRM of
June 26, 1990. In the draft Commission paper, ' Issues Pertaining to Evolu-
tionary and Passive Light Water Reactors and Their Relationship to Current
Regulatory Requirements," the staff further requested the Commission to

DRAPT
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approve eliminating the OBE from the design of systems, structures, and
components in both evolutionary and passive advanced reactor designs. The
proposed amendment to 10 CFR Part 100 would allow, as an option, that the OBE
se eliminated from design certification when the OBE is established at less
than or equal one third 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 damage.

The OBE level that the staff will propose in its revision of Appendix A to
10 CFR Part 100 is one-third of the SSE. This proposed revision states, as an
option, that for an OBE equal to one-third or less of the SSE, the OBE can be
eliminated from design considerations. The elimination of the OBE from design
was requested by EPRI and also recomended by the ACRS in its letter of eApril 26, 1990.

.

The staff is assessing the safety margins of several areas of maclear plant
design when the OBE is eliminated from consideration. The industry and staff
recognize that earlier seismic criteria resulted in certain aspects of the
plant design'such as the piping systems being controlled by the OBE. The
industry and the staff view the 'contro111ng' nature of the OBE design as
additional margin above the safety margins established by the design bases.
Therefore, eliminating the OBE would not result in a significant decrease in
the overall plant safety margin. The staff is currently performing a detailed
evaluation of the extent to which the OBE controls the design and the effect
on the design of structures, systems, and components when the OBE is elim-
innted from design consideration.

The overall design of reactor site structures is generally conservative, and
the structural responses for all combinations of loads, including those from
earthquakes, are kept at or below the material yield stresses to precludeplastic deformation.

The staff has examined the structural load-combinations and the corresponding
acceptance criteria and has determined, on the basis of analyses, tests, and
engineering judgment, that the structural design produced by using SSE load
combinations envelope those load combinations produced by the OBE. These
conclusions are consistent with the staff's licensing experience accumulated
during its review of many seismic calculations for individual plants and test-
data from NRC-sponsored research.

The designer of piping systems considers the effects of primary and secondary
stresses and evaluates fatigue caused by repeated cycles of loading. Primary
stresses are induced by the inertial effects of vibratory motion. The
relative motion of anchor points induces secondary stresses. The repeating
seismic stress cycles induce cyclic effects (fatigue).

The staff reviewed t.hese areas and concludes that, for primary-stresses, if
the OBE is established at one-third of the SSE, the load combinations with the

~

SSE control the piping design when the earthquake contribution dominates the
load combination. Therefore, the staff concludes that eliminating the OBE
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piping stress load combinations for primary stresses in piping systems will
not significantly reduce the existing safety margins because the load combina-
tion with the SSE lotoing is controlling.

Eliminating the OBE will directly affect the current methods used to evaluate ,

the adequacy of cyclic and secondary stress effects in the piping design.
Eliminating the OBE from the load combination could cause uncertainty in
evaluating the cyclic (fatigue) effects of earthquake-induced motions in
piping systems and the relative motion effects of piping anchored to equipment
and stru;tures at various elevations because both of the effects are currently
evaluated only for OBE loadings.

Accordingly, to account for earthquake cycles in the fatigue analysis of
piping systems, the staff proposes to develop guidelines for selecting a
number of SSE cycles at a fraction of the peak amplitude of the SSE. These
guidelines will provide a level of fatigue cbsign for the piping equival.ent to
that currently provided in the Standard Review Plan (SRP)(NUREG4800).
Currently, the staff's guidelines in SRP Section 3.9.2 recommend an equivalent
of 50 OBE' peak cycles for fatigue evaluation. The staff will develop new
guidelines after conducting regulatory research and, as necessary, will
incorporate the guidelines into an SRP revision or into a regulatory guide.
To account for earthquake cycles in the fatigue analyses of piping systems
performed until the new guidance is issued, the staff prcposes using one half
of the peak smplitude of 75 SSE cycles to evaluate the fatigue of piping. The
75 SSE cycles at one-half its peak amplitude will provide a level of fatigue
design for the piping that is equivalent to that currently provided in SRP
Section 3.9.2 when the differences in the structural damping between the OBE
and SSE are taken into recount.

The staff will ensure, as an interim position, that the effects of anchor
displacements in the piping caused by an SSE are considered together with the
Level D Service limit. The American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code (ASME Code), Section 111, Paragraph NC/ND-3655
specifies that seismic anchor displacement effects do not need to be consid-
ered for Service level D. The ASME Code requires that seismic anchor motion
stresses be considered for Service Level B for which the OBE has been tradt-
tionally the designated seismic loading. If the OBE was eliminated from the
piping design, the ASME Code, Section 111 evaluation would have no requirement
for considering the effects of seismic anchor motion. The staff's recommenda-
tion will correct this deficiency and will require an evaluation of seismic
anchor motion effects for the SSE alone. Its effects would be evaluated to
the Service Level D limit for which the SSE has been traditionally the
designated seismic loading. The staff will continue to develop this approach
and consider national consensus codes and standards activities.

Pipe rupture is a rare event that can be caused by errors in the design, con-
struction, or operation; unanticipated loads; or unanticipated corrosive
environments. The staff notes that piping failures generally occur at high
stress and f atigue locations, such as at the ends of a piping system where it
connects to component nozzles.

hl.,
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2 Recent dynamic pipe tests conducted by EPRI and the NRC demonstrated that the

butt-welded piping can withstand seismic inertial loadings higher than an SSE
without rupturing. Thus, the staff concludes that the Ilkelihood of a double-
ended pipe rupture caused by an OBE level earthquake is remote. Operating
experience has shown that pipe failures (splits, through wall cracks and .

double-ended pipe ruptures) are more likely to occur under conditions caused
i by normal operation. These conditions include erosion-corrosion, thermal

constraint, fatigue, and operational transients.

The staff recomends that, when the OBE is eliminated from the design, no
replacement earthquake loading be used to establish the postulated pipe
rupture locations. The staff recomends that the criteria for postulating.

pipe ruptures in high energy piping systems be based on factors attributed to
,

normal and operational transients alone. Further reduction in the number of1

postulated pipe rupture locations can be considered when compensatory measures ,
are established to minimize the potential for pipe ruptures during normal

,

operating and transient conditions (e.g., control of erosion / corrosion or use
i of upgrade piping materials). However, the guidelines for the environmental

qualification and compartment pressurization are currently based on the
mechanistic break locations. Therefore, the staff proposes to revise its

, criteria for these areas to ensure that each area containing a high energy
line be provided with appropriate guidelines to account for the environmental
effects of a mass and energy release equivalent to that of a pipe rupture or
crack without considering the dynamic effects. The staff plans to develop the
environmental guidelines and will issue the guidelines for public coment.,

Eliminating the OBE from explicit design consider 6 tion affects several aspects
of the seismic qualification of safety-related mechanical and electrical
equipment. When equipment is qualified by analysis, the acceptance criteria
are derived from the ASME Code. Therefore, the conclusions drawn for piping
stresses apply equally to this mechanica*. and electrical equipment and
eliminating the OBE should have a negligible effect on the results of analyses
performed to qualify equipment. When equipment is qualified by testing,
vibration tests are performed for five OBE events with various orientations

| and then a test for the SSE is conducted. If the OBE is not considered, the
equipment may need to be tested first with several fractional SSE loadings and
then with one full SSE loading, or the duration of the vibratory motion of the
SSE should be changed. Eliminating the OBE will not reduce the margin below
the margin provided by current practice. The staff recomends testing
equipment to ensure it can withstand fatigue to the degree provided in
existing regulatory guidance: 50 cycles at one-half of the SSE peak amplitude
or 150 cycles at one-third of the SSE peak amplitude.

The staff will conduct research to determine the number of SSE cycles and the
fraction of their peak amplitude for which the equipment is to be tested. The
staff will also review the results of research conducted by the industry
standards group, as appropriate.

EPRI agrees that the TBE should be eliminated from design and analysis
requirements for ALWR designs. The EPRI Requirements Document will require a
seismic margins assessment which demonstrates a cargin for an earthquake
substantially larger than the SSE.
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The staff has evaluated the effect on safety of eliminating the CBE from the '

design load combinations for selected systems, structures, and components.
The staff is continuing to review this issue and is developing appropriate
criteria for an analysis using only the $$E. The staff is not requesting the
Commission to approve the interim positions discussed at.ove. The staff will i

.

keep the Comission informed as the review progresses and will note in case-
specific safety evaluations, instances in which the applicant proposes to use
an $$E-only analysis. The staff will include its recomendations in these
reports.

D. Multiple Steem Generator Tube Ruptures

Multiple Steam Fenerator Tube Ruptures for Passive PWRs

The design-basis accident involving steam generator tube rupture (SGTR) in the
is the rupture of one

current generation of pressurized water reactors (PWRs)f primary coolantsteam generator (SG) tube, with the rate of discharge o
through tfie SG tube break greater than the normal charging capacity of the
reactor coolant inventory control-system. The staff is considering-whether
multiple SGTRs should be included in the plant design basis for advanced PWR
designs. The SRP Section 15.6.3 requires the applicant to analyze for a
single SG tube rupture. Currently, there is no requirement to analyze for
multiple SG tube ruptures.

In NUREG-0844, 'NRC Integrated Program for the Resolution of Unresolved Safety
Issues A-3, A-4, and A-5 Regarding Steam Generator Tube Integrity,' of
September 1988, the staff estimated the probabilities of single and multiple
tube ruptures. When the staff prepared these estimates in 1986, four single
$G1Rs had occurred in PWRs. All occurred in the United States and all the
affected plants were Westinghouse plants: Point Beach Unit 1 (February 1975);
Surry Unit 2 (September 1976); Prairie Island Unit 1 (October 1979), and R. E.
Ginna (January 1982). Since that time, two more single SGTRs have occurred in
the U.S., one at North Anna Unit 1 (July 1987) and another at McGuire Unit 1
(March 1989).

In pVREG-0844, the staff estimated the frequency of a single SGTR to be 1.5 x
10' per reactor year (RY). The staff based this estimate on the four events
that occurred in approximately 300 ' mature * reactor-years (RYs) of operation
of Westinghouse plants in the U.S. (" mature' RYs are accumulated after the
first 2 years of plant operation). Combustion Engineering and Babcock and-

'

Wilcox plants, which had accumulated 77 and 66 mature reactor-years, respec-
tively, at that time without experiencing any SGTRs, were assumed _to have the
same probability of SGTRs as Westinghouse plants. In the same report, the
staff estimated the probability of a multiple tube rupture event, using
binomial statistics, as 1.6 x 10'3 per RY. The staff based this estimate on a
50 percent level of confidence (probability).for an event that had never
occurred in the approximately 440 mature RY accumulated among all U.S. PWRs at
that time. "

,
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' Since the staff issued NUREG-0844, the total number of mature RY of operation
for both Westinghouse PWRs and all U.S. PWRs has approximately doubled.
Westinghouse plants have now accumulated approximately 535 mature RYs, and all
U.S. PWRs have accumulated about 827 mature RYs. The experience with Westing-
house plants (6 SGTRs in 535 RY,s) indicates that the frequency of a s. ingle .

SGTR is approximately 1.1 x 10' per RY. Combustion Engineering and Babcock
and Wilcox plants, appear to have lower SGTR frequencies, since with a failure
rate of 1.1 x 10' about 3 SGTRs would have been expected in nearly 300 RY of
operating experience, and none have occurred. The NRC has not received any
report of a multiple SGTR in any U.S. or foreign plant. For consistency with
the NUREG-0844 estimate of the probability of multiple SGTR events, a new
estimate haa been derived based on a 50 percent confidence level for an event
that has not occurred in approximately 827 RY of U.S. PWR operation to date.
This estimated frequency for a multiple SGTR event is approximately 8.4 x
10"/RV.

The causes of SGTRs are generally grouped into two categoriest those which
occur as initiating events, and those which occur as a consequence of other
events that increase the stress on the SG tubes. The probability estimates
given above are for SGTRs caused as initiating events. .These events include
random SGTRs caused by degradation of the tube over time and SGTRs caused by
or associated with damage from foreign objects that may be present in the
steam generator. Of the 4 SGTRs reported in NUREG-0844, two (Ginna and
Prairie Island) are believed to have been caused at least in part by the
impact of foreign objects on the steam generator tubes. The SG tubes in other
plants have also leaked because of damage from foreign objects, although this
leakage did not exceed the makeup capacity of reactor coolant inventory
control systems. This issue is of concern in the context of determining the
credibility of multiple SGTR events. While it would seem highly improbable
that two random SGTR failures would occur simultaneously (as indicated in
NUREG-0844), damage or tube failure caused by a foreign object could be a more
likely initiator of multiple SGTR. In the Ginna event, the licensee examined
the SG tubes after-the event and found that although only 1 SG tube had
ruptured, more than 20 SG tubes had been severely damaged.

The staff is reviewing the issue of whether to consider a single SGTR or a
multiple SGTR as the design basis event for 'the AP600. The staff is concerned
that an AP600 plant could respond in substantially different ways to the two
accidents and that a multiple SGTR event could pose substantial challenges to-
the plant's p4ssive safety systems.

In dealing with a SGTR in a conventional plant, operators isolate the faulted
steam generator and reduce the primary system pressure to help stop primary-
to-secondary leakage. The operators use the safety-related pressure- andb
inventory-control systems in these plants (pressurizer spray, high-pressure
safety injection) to carry out thest procedures. While no multiple tube
ruptures have occurred, leak rate would likely increase with the number of
tubes ruptured, and the operators would act to mitigate the consequences of
the event as quickly as possible.' However, the basic procedures to be .
employed by plant operators in such an event would be similar to those used
for single tube ruptures, and the plant conditions would probably be similar
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during the transient to those in a single SGTR, Analyses and tests of
multiple tube rupture at the SEMISCALE f acility have confirmed that the basic
plant response is similar to that for a single SG1R event.

The AP600 plant includes no active safety-related inventory or pressure ,

control systems. The core makeup tanks (CMTs) add high-pressure inventory by
providing a gravity-driven injection of borated water. A natural circulation
passive residual heat removal (RHR) system provides safety-related decay heat
remov al . The Ap600 also uses an automatic depressurization system (ADS) to
reduce the primary system pressure in the event of a loss-of-coolant accident
(LOC A), whk.h permits injection of a large amov"t of low-pressure makeup waterThe first stage
f rom the in-containment refuelino water storage tank (IRWST) determined point,

.

of the ADS is triggered upon reducing the CMT level to a pre
with subsequent stages actuated as CMT level reaches successively lower
values.

Primary system depressurization below that of the secondary system appears
undesirable during an SGTR. While the pressure of the primary system should
be reducca to about that of the secondary system to inhibit primary-to-second-
ary leakage, using the ADS wt11 likely further lower the RCS pressure to such
an extent that unborated water could flow from the secondary side of the steam
generators back into the primary system. This could cau>e reactivity to
increase in the core, witi possible detrimental results. Westinghouse
representatives assert that the AP600 has been designed with sufficient margin
to the ADS initiation setpoint to allow at least 30 minutes of CMT injection
after a single SGTR without triggering the ADS. Westinghouse claims that thisc

should be sufficient time for the operators to employ both safety-related and
available non safety-related systems to reduct 'S pressure, isolate the
faulted steam generator, and terminate the event.

Mcwever, if a multiple SGTR occurred, with a substantially greater leak rate
of primary coolant, the Ap600 may not be able to accommodate the accident
without actuating of th ADS. The operators will have substantially less time
to bring the event under control before the CMT level is reduced to the ADS
setpoint. ADS actuation might result in secondary-to-primary leakage of
unborated water. This water could flash to steam as it enters the RCS if the
steam generator water is above the saturation temperature at the primary
system pressure. Since the AP600's passive safety systems rely on small
differential pressures to circulate and inject emergency core coolant (ECC),
introducing a large amount of steam into the RCS from flashing secondary water
could pressurize the primary system and disrupt or degrade ECC injection.
Therefore, contrary to the response of current plants, the plant may respond
to a multiple SGTR event in a manner considerably different from that for a
single SGTR. The consequences may also differ significantly.

The designer could provide a number of methods for minimizing the consequences
of multiple SG1Rs, especially to retard or prevent secondary-to-primary
leakage or to lessen the amount of reactivity added as a result. These
methods include (1) depressurizing the secondary system to maintain the RCS
pre'ssure at a value greater than the secondary pressure and prevent back
leakage; (2) providing a system to borate the secondary water automatically if
it leaks into the RCS from the steam generator; (3) or providing procedures
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that inhibit ADS actuation if the primary-to-secondary barrier is breached.
The staff is not aware that Westinghouse is considerir.g any of these SGTR
mitigation methods for the Ap600.

Designbasisaccidents,suchaslarge-breakandsmall-b[eakLOCAs,hage
estimated frequencies of occurrence of the order of 10' per RY to 10' per RY.'

i These events generally provide the most rigorous test of the plant's safety
!

rangeof10'fognitiont1at,themultipletuberupturefrequencycouldbeinthe
systems. Re

per RY to 10' per RY and that the passive plant response for a
multiple tube rupture could be significantly different from that for a single
tube rupture has led the staff to conclude that rupture of more than a single
tube should be considered within the design basis of the plant.

| The staff is continuing to evaluate the appropriate number of ruptured SG
tubes that shculd be included within the A)600's design basis. As a minimum,
the plant designer or applicant should analyze the multiple SGTRs event to
determine, to the extent possible, the quantitative differences in the plant's
response to these events. Therefore, as an interim step, the sfaff intends to
require that Westinghouse include analyses of-ruptures of 2-5 tubes-in its
AP600 safety analysis. The staff will report to the Comission when it

,

I determines the number of tube ruptures to be incorporated into the design
basis of the AP600.'

[pRI stated that their Utility Requirements Documents require that future
pressurized water reactors have substantially improved capability-to handle
SGTRs. EPRI also stated that these requirements address improvements in
r.iaterials, design, and operation to prevent SGTRs and address design features
to improve the performance and res >onse of the plant after an SGTR. With-
regard to multiple SGTR, the EPRI ins concluded that the passive plants are
not unique with regard to multiple SGTRs, and accordingly,' multiple SGTRs
should not be included in the design basis for passive LWRs.

l
.Ih* staff recommends that the Comminsion noorove the staff's positions to
reauire that the analysis of multio"e SGTRs of 2 to 5 SG tubos be included in
the aDolication for desig. certification for cassive PWRs. he staff wih l"

n
evaluate these analyses durino the final desian nooroval and desian cert 9 fica-

tion review DIocess to belo determine the number of SG tube ructures that will
j be incoroorated into the cassive PWR desian basis. The staff may reouirs,_gD

acolicant to suomit additional analysis for ruotures of more than five SG-'

tubes.
,

Containment Bypass Potential Resulttag From Multiple $4TRs

The staff has identified an additional containment performance: issue that has !

not been adequately addressed. Specifically a rupture of one or more SG tubes
could lead to a bypass of the containment. During a SGTR event, the SG safety
or relief valves could be actuated, discharging primary system radioactive

: inventory outside the containment. The staff- concludes that the applicant for -
] design certification.should consider providing means to mitigate this contain-

-

. ment challenge.- This issue' applies to both evolutionary'and passive PWR
I designs.
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In discussing $[CY 90-016 issue !!!.D on containment performance, the staff
emphasized the importance of maintaining containment integrity following a
postulated severe accident. The Comission endorsed the staff's goal of
reducing the probability for conditional containment failure through use of <

quantitative guidelines or alternative deterministi: ob,jectives. The.EPRI
Requirements Document states that PWR containments should be designed to
provide a leak-tight barrier to prevent uncontrolled release of radioactivity
in the event of a postulated (design basis) accident. Containment bypass due
to SGTR5 could violate containment integrity and hamper meeting the severe>

accident goals discussed in SECY-90-016.

The staff concludes that containment bypass resulting from multiple SGTRs can
be a significant challenge to containment integrity. Therefore, the staff
concludes an applicant for design certification or plant designer should
consider design features that would reduce or eliminate containment bypass
leakage from such a scenario. Features that could mitigate the releasess from
a tube rupture include:

A highly reliable (closed loop) steam generator shell side heat removal*

system that relies on natural circulation and stored water sources.

A system which returns some of the discharge from the steam generator*

relief valve back to the primary containment.

Increased pressure capacity on the steam generator shell side with a+

corresponding increase in the safety valve setpoints.
i The staff recommends that the Comission accrove the staff's positions to

reauire that the acclicant for desion certificat_ on for a passive or evolu-i
tionary PWR assess desian features to miticate the amount of containment

bypass leakane that crsuid result from SG tube ructures. The applicant or
plant designer should consider the mitigation features that would likely be
available following a postulated severe accident. The staff concludes that
PWR designers should assess such features and address the desirability of this
mitigation function. The staff will review this issue when it performs the
design certification review.

E. PRA Beyond Design Certification

A plant-specific PRA is an excellent method for assessing overall safety and
integrating plant systems and human interactions. Evaluation of a PRA can
also reveal important engineering evaluations, assumptions and uncertainties.
In the advanced design certification process, FRA insights are used to select
among design options, to strengthen the design against previously known
vulnerabilities, to characterize the design, and to evaluate the balance
between event prevention and mitigation in the design.
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( At the COL stage, the applicant may be able to provide site-specific informa-
tion and detailed design information which was not available during the
certification process. During the construction stage, the applicant can also

i consider as-built information. The information from both of these stages
could affect the PRA insights previously developed. Experience has shown that
subtle design interfaces involving support syster systems interactions, or

l man-machine interfaces can significantly affect r a s risk profile of a plant.
The staff concludes that updating the PRA insights san affect implementation
of programs in activities such as training, emergency operating procedure
development, reliability assurance, maintenance activities, and 10 CFR 50.59
evaluations. Therefore, the FRA should be revised to account for the more
detailed information and refinements in the level of design detail. Cur-
rently, there are no regulatory requirements that address revising the PRA,

after it has been completed.

[PRI considers the PRA to be a valuable tool to support plant operation.and
recommends that the PRA should be revised once the plant is buiIt and main-
tained fo,r the duration of the operating license.

The staff recomends that the Commission accrove the staff's oosition that.
throuchout the duration of the combined or operatina license, the PRA should
be revised to address sianificant olant modtfications. ooeratino exoerience.
and other develcoments that may affect Drev' ous PRA insichts. The PRA for
each plant could be revised as part of the process for revising the final
safety analysis report (FSAR) required in the regulations.

F. Role of the Operator in a Passive Plant Control Room

in SECY 91-272, ' Role of Personnel and Advanced Control Rooms in Future
Nuclear Power Plants.* the staff discussed an issue regarding the role of the
operator in a passive plant control room. Specifically, operators in a

g passive plant control room may use nonsafety-related systems and active
* investment protection * systems as the primary means to mitigate transients
and accidents (regulatory treatment of these active nonsafety systems is
discussed in Section H). Operators will use these systems, before safety-
related passive systems are initiated, when responding to transients and
accidents. The design of safety-related systems in the passive plant differs
significantly from the design of safety-related systems in current operating
plants and in evolutionary plant designs.

To operate the passive plant safely, the operator must understand the opera-
tion of the " investment protection" systems and their interfaces with the
safety-related passive systems. Passive plant operators will be required to
perforw new functions and tasks unlike those for the evolutionary plants.
These new functions and tasks will be due to the new approach in operational
philosophy noted above, the increase in automation, and the greater use of
advanced technology in the passive plant designs. These new functions and.
tasks will likely involve greater reliance on monitoring and decision making
rather than performing actions directed in procedures. Thus, the design must
carefully define the operator's role to ensure that it properly develops the
man / machine interface design to facilitate these functions and tasks.
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[PRI stated that the ALWR program has provided for ' man-in-the-loop" testing )
during first time engineering specified within Chapter 10 of the [PRI Utility
Requirements Document. [PRI indicated that this requirement should adequately
ensure that the human component in the man-machine interface system is )
explicitly included to correct the problem of insufficient focus on the
operator in previous designs.

The staff concludes that an extensive man-in-the-loop test and evaluation
program will be necessary for the passive plant control room designs. Such
testing would likely require a fully functional integrated control room
prototype to demonstrate that the passive designs properly consider the
operator's role inr ensuring plant safety.

Therefore. the staff reammends that the Commission soorove the staff's
position that sufficient man-in-the-looD testino and evaluation be Derformed
and that a fully functional intearated_ control room Drototvoe is necestarv for

passive plant.SgrLtrol room desions to demonstrate that functions and tasks are
intearated croce'rly into the man / machine interf ace desion. These requirements
will be incorporated into the design acceptance criteria (DAC). Each a,pli-
cant may demonstrate that a control room prototype of reduced scope is
sufficient to demonstrate that functions and tas(s are integrated properly in
the man / machine interface design.

G. Control Room Annunciator (Alarm)' Reliability

The annunciator system in a nuclear power plant provides a 'first alert" to
the control room operator of an abnormal state in the plant, usually over a
full spectrum of transients from the malfunctioning of a single piece of
equipment to the development of an abnormal state of one or more critical
process parameters. The annunciator system also focuses the operator atten-
tion on the location and the nature of the malfunction or disturbance. The
extent to which this is done is dependent upon the design features of the
annur.ciator system.

Recent events at operating U.S. nu,: lear plants involving the loss of the plant
annunciator system have revealed the vulnerability of the power supply of
these systems to single failures. At present, the NRC has no requirements
specific to the annunciator system. The acceptance criteria and guidelines
for I&C systems important to safety (Appendix A to SRP, Section 7.1) developed
from the general design criteria for the !&C, the control room, and the,

protection and reactivity control systems, do not include the annunciator
system by name. IEEE Standard 279, " Criteria for Protection Systems for
Nuclear Power Generating Stations," states that the protection systems design
should provide the operator with information pertinent to its own status and
to the generating station's safety. In a few special cases, specific alarms
are required to comply with regulatory requirements because they are essential
for the manual initiation of protective actions.
_

' The annunciator system consists of sets of alarm panels and sound
equipment.
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When the operating U.S. plants were being designed, the international comu-
nity observed the same requirements as those in the U.S., with few exceptions
such as International Electrotechnical Comission Publication 231A, Supplement
to Publication 23), ' General Principles of Nuclear Reactor Instrumentation,"
1969. This publication gives specific requirements for the design of safety
alarus but does not list their functional requirements. ' '

The international requirements changed in 1984 when the International Atomic
Energy Agency (IAEA) published Safety Guide D8, " Safety-Related Instrumenta-
tion and Control Systems for Nuclear Power Plants." This safety guide
discusses top-level requirements for those I&C systems, including the control
room annunciator system, that perform functions important to safety but are
part of the traditional nonsafety systems.

Safety Guide DB recomends a method for determining the relative importance to
safety and the general principles for developing graded requirements for
design features that determine the reliability and availability of these I&C
systems. The staff discussed the need for such classification in some detail
in SECY-91-292, " Digital Computer Systems for Advanced Light Water Reactors."

The EPRI Utility Requirements Document for both the evolutionary and passive
ALWR plants states that

The main control room (MCR) shall contain compact, redundant
operator work stations with multiple display and control devices
that provide organized hierarchical access to alarms, displays and
controls. Each work station shall have the full capability to
perform MCR functions as well as support division of task between
two operators.

The display and control features shall be designed to satisfy
existing regulations, for example: separation and independence
requirements for Class lE circuits (IEEE Standard 384); criteria
for protection systems (IEEE Standard 279); and requirements for
manual initiation of protective actions at the systems level
(Regulatory Guide 1.62). The H MIS designer shall use existing
defensive measures (e.g., segmentation,- fault tolerance, signal
validation, self-testing, error checking, supervisory watchdog
programs) as appropriate to ensure that alarm, display, and
control functions provided by the redundant work stations meet
these standards.

Thus, EPRI requires compact workstations with full capability to perform
control room functions with fully organized alarms, displays and controls.
These workstations, including the alarms, are to be redundant and meet the
requirements for independence and separation of Class IE and associatedt.
circuits described in IEEE 384, ' Criteria for Independence of Class IE Equip-
s,ent and Circuits." The requirements for redundancy also apply to the power
supplies associated with these workstations, if the design of redundanti

' stations including the annunciator system does not meet the traditional'
interpretation of independence (i.e., a master / slave configuration) a single
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failure shall not result in a loss of the annunciator system. These require-
: ments form a set of graded requirements for the alarm control, and indication

functions that implement the classification approach discussed in SECY-gl-292.
:
.

The staff concludes that additional requirements for ALWR alarm systems are
i

necessary to minimize the problems experienced by operating nuclear power"

plants, such as the total loss of power to annunciators because of problems
; with their power susply. In SECY-91-292, the staff statad that additional

requirements could se developed, as needed, from the EPRI Requirements
document. The EPRI requirements for redundant control room workstations and
displays that include the alarm functions are adequate for these stations.

lhe staff recommends that the Commission acerove the staff's position that the|

- alarm systems for ALWRs meet the EPRI reouirements. as discussed _above. for
redundancy. independence. and separation. In addition. alarms that are
orovided for manually controlled actions. for which no automatic control is

|
<

orovided. and that art reouired for the safety systems to accomslish their
1

safety _ functions shall meet the toolicable recuirements for Class IE eouiement
and circuits.4

i

H. Regulatory Treatment of Nonsafety Systems

Unlike the current generation of LWRs or the evolutionary ALWR designs, the
passive ALWR designs rely exclusively on natural forces, such as density.

| differences, gravity, and stored energy for their safety systems to supply
safety injection water and provide core and containment cooling. These
passive systems do not include pumps, and all valves either require only DC'

j electric power by means of batteries or are air-operated. Check valves will
; operate by means of pressure differential across the valve. The passive

plants will not have safety-related ac electric power. The designers will
,

likely designate all the active systems as nonsafety systems.,

I Although the passive ALWR designs rely on the passive safety systems to per-
form the design basis safety functions of replacing reactor coolant and

j removing decay heat, some of the active nonsafety systems are required to
provide defense-in-depth and provide long term recovery capabilities. These'

| active nonsafety systems are the first line of defense during a transient or
plant upset, thus reducing challenges to the passive safety systems. These'

active systems include (1) the chemical and volume control system and control
rod drive system, which provide reactor coolant makeup for the passive PWR and
passive boiling water reactor (BWR), respectively, (2) the reactor shutdown ,

!cooling system and backup feedwater system for removing decay heat in the PWR,
and the reactor water cleanup system for removing decay heat in the BWR, (3)
the fuel pool cooling and cleanup system for removing decay _ heat from the
spent fuel, and (4) the associated systems and structures to support these
functions, including nonsafety-related standby diesel generators. Since these
active systems are not designed to meet safety-related criteria, the designerse

in their Chapter .15 ticensing design' basis accident (DBA) analyses will.not
consider these active systems,

i
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j Since the passive ALWR design philosophy departs from the current lice" s

practice, new regulatory and review guidance is needed regarding the t u -

| staff review on the nonsafety systems. In the draft Comission Paper, e.
Pertaining to Evolutionary and Passive Light Water Reactors and Their 4-*

i tionship to Current Regulatory Requirements,' the staf f listed the regu., .
'

treatment of nonsafety systems for the passive design as a significanti

technical issue and indicated that the staff will propose a resolution of this
1ssue to the Comission. The discussions provided herein are intended to
inform the Comission of the staff's continuing effort, outline the staff's

i proposed approach for reviewing the functional performance of the active
' nonsafety systems, and seek the Comission's approval of the proposed

approach.>

In a position paper submitted by a letter of March 19. 1992, EPRI addressed
] its position on the regulatory treatment of nonsafety systems for passive

ALWRs. EPRl's position can be sumarized as follows:'

1. The safety-related systems, structures, and components (SSCs) and a
small group of additional safety features ensure public health and-

I safety consistent with the Comission's Safety Goal Policy Statement.
'

The additional features, which may be nonsafety grade, include those
; features needed to deal with the anticipated transient without scram

(ATWS) and station blackout (codified transients). Requirements imposed4

by regulation must be addressed by these SSCs and features. PRAs are
performed to demonstrate that the specific designs are consistent with,

: these criteria.

2. Augmented protection functions, such as active nonsafety systems,
i increase the protection for the investor and minimize challenges to
i safety systems, and therefore are not subject to NRC regulations but
! satisfy owner requirements established by the Utility Requirements

Document (URD). The owners maintain these systems to enhance flexi-
i bility for operation and maintenance.
4

4 The staff does not agree fully with the EPRI position that nonsafety systems
1 are not subject to NRC requirements. First, although.EPRI stated that the

passive safety systems (and a small group of additional features alone will
meet the Commission's safety goals, the staff finds that it is ve)ry difficult

,

1

to quantify measure the reliability of the passive systems because of the
large uncertainty of passive system performance. The PRA results for the
passive plants would likely take significant credit for nonsafety systems.
The limited operational experience is not sufficient to address uncertainties

| with the performance of the passive features and the overall performance of
i systems to make up reactor coolant inventory and to remove heat from the core

and containment.
4

Although uncertainties associated with the passive system performance can be
minimized by carefully planning and performing separate effects and integral-

' system tests, the sthff remains concerned about the characteristics of .the
phenomena associated with the passive systems. For example, the low tilfferen-
tial pressures during natural circulation or gravity injection may not provide
sufficient means of forcing sticking check valves to operate, unlike the
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pumped ECCS which can overcome such stuck valves. The AP600 design relies on
the core makeup tanks to provide high pressure passive safety injection.
However, the driving head say not be able to inject the CMT fluid into the
vessel under all conditions because it may exert less force than the back
pressure and flow impedance. The staff is also uncertain about the thermal-
hydraulic characteristics of a gravity injection following a depressu'rization
and blowdown to low pressure. Other thermal-hydraulic uncertainties include
the effects of fouling on the heat transfer surfaces of heat exchangers and
the effects of noncondensibles on natural circulation. These concerns are'

complicated by the fact that full functional testing of passive systems may
not be possible, since core and containment heat removal require that the RCS ;
be depressurized and vented to the containment. It is difficult to confirm
the claimed high level of reliability based solely on the passive systems
because of their large uncertainties, and therefore, it is important for the
active systems to provide diversity and redundancy to the passive systems to
prevent core damage.

Second, proposed ALWR requirements specify that the passive systems will be
capable of performing their safety functions of cooling the core and contain-
ment without operator action or offsite support for 72 hours after the
initiating events, and therefore, the design bases of the sassive safety
systems are centered on the 72-hour capability. After 72 1ours, the licensee
may need to rely on active systems to mitigate an accident. This increases
the need to rely on nonsafety systems for long periods, unlike the practice at i

current pi nts, which use active safety systems designed for long-term
operation.f For example, in SRP 9.5.4 the NRC requires the licensee to store
a minimum of 7 days' supply of diesel fuel for each redundant diesel generator
system following a loss of offsite power and a design basis accident (DBA).
In Regulatory Guide 1.27, the staff specifies that the licensee should provide
a safety-related ultimate heat sink with sufficient cooling capacity for at
least 30 days to safely shut down the reactor.

,

i

Third, the passive DHR designs are restricted by their heat removal rate and
the ability of the passive heat removal process, which cannot reduce the ,

temoerature of the reactor coolant system below the boiling point nf the j

water, to transfer heat to the in-containment refueling water storage tank |

(passive PWR design) or the isolation condenser (passive BWR design). The
passive DHR systems can only be relied upon to lower primary system tempera-
ture to 400*F (after the industry proposed 72 hour accident duration), which
would be classified as safe shutdown conditions for the passive ALWRs. The
active DHR systems mut; be relied upon to bring the reactor to cold shutdown.
The staff has received limited information on the operation of passive safety
systems during reactor shutdown conditions. When a reactor is shut down, the
steam generators may be unavailable, and the passive safety injection and heat
removal systems may be isolated. Systems that may be isolated when the
reactor is shutdown include the accumulators, core makeup tanks, passive
safety injection system, and passive RHR system. Therefore, the active

2 The concept of long term operations is contained in the SRP and in the
Regulatory Guides.
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systems may be the only available means of removing heat and making up core
coolant. This further emphasizes the importance of active nonsafety systems.

Fourth, the active systems are the first line of defense to prevent challenges
to the passive systems. Since traditional safety systems such as auxiliary
feedwater and emergency ac power are now proposed to be nonsafety systems, the'
likelihood of total loss of feedwater or ac power could be higher than it is
the current plants. For example, if the nonsafety backup feedwater systems
failed in a loss-of-main-feedwater event, the feedwater could be unavailable
for an extended period, if the nonsafety standby diesel generators failed
during a loss of offsite power, a station blackout could occur. Although the
passive safety systems should be designed to mitigate the effects of these
events, such events are highly stressful to the operating staff.

Finally, active nonsafety systems and equipment may be important to prevent i

and mitigate damage to the core and to recover the plant after a severe
accident.

For these, reasons, the staff concludes that the active nonsafety systems are
significant to safety in performing their defense in-desth functions of
preventing and mitigating accidents and core damage. Taese systems must be
considered in evaluating the overall safety of the passive designs. There- .

fore, the staff does not agree with the EPRI position that these active
nonsafety systems are not subject to NRC requirements. Rather, in reviewing
the passive ALWR designs, the staff will evaluate both the performance of
passive safety systems and the functional capability and availability of the
active nonsafety systems to ensure that the plant has a robust defense-in-
depth capability to prevent accidents and core damage. The staff desires a
high level of assurance that these active systems are available when needed to
perform defense-in-depth functions.

The EPRI passive plant requirement document specifies the design requirements
for those active systems and equipment that perform defense-in-depth func-
tions. EPRI includes requirements for radiation shielding, redundancy and
single active failure considerations, electric power availability,. protection-
against internal flooding and hazards, and system testing capability. For
example, the requirements document requires the annsafety auxiliary systems

i- and components to (1) be arranged and shielded to permit access for operation
; and maintenance under conditions anticipated during and after.nonaccident

events leading to operation of the passive safety systems, and meet the'

l requirements for equipment survivability if listed for use as part of severe
I accident management program; (2) have redundancy to ensure the defense in

depth of each system, assuming either (a) a single active failure of equipment ,

which must change state or position to perform the defense-in-depth function
,

or (b) unavailability of this equipment because of maintenance;;(3) have
available electric power from normal station ac and the redundant equipment
(or trains) to be separated to the extent-practicable such as by receiving

| power from separate buses; (4) have redundant components protected against
| internal flooding, and other requirements related to have included in the
| design for any hazards in the plant; (5) be demonstrated'by testing to be
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capable to satisfy the defense-in-depth requirements in system design analy-
I.ses; and (6) have included in the design for any equipment necessary for plant

recovery the capability to operate for the assumed 72-hour accident duration
for the expected environment. The EPRI Requirements Document also requires at
least one nonsafaty system to provide means to maintain the reactor coolant ,

inventory, remove decay heat, and ensure compliance with the specified design
limits for infrequent and moderate frequency events without relying on safety
systems except for the reactor protection system.

The EPRI requirements are noteworthy and provide important high-level goals
for the active nonsafety systems. In particular, EPRl's goal of providing at )
least one active system that can respond to moderate and infrequent events
without actuating the passive safety systems, is an important goal. The staff
will review this capability carefully in the passive designs. However, the
specific EPRI guidance falls short in specifying requirements to ensure
capability and availability of safety-important systems and components.. For
example, the guidance does not include the scope and degree of. required
redundancy and separation in sufficient detail and does not specify the
methodology for determining the limiting single active failure. EPRI did not
specify the requirements for seismic category, wind or external flooding
protection, or quality group classification criteria for these systems and
components. EpRI also did not specify design criteria (such as IEEE
Standard-279) for electrical systems that initiate active systems in the event
of a reactor accident and did not specify the intervice inspection and testing
requirements. EPRI proposed selection criteria for the technical specifica-
tion (TS) controls for certain important instrumentation and process vari-
ables. EPRI also proposed these criteria for the safety SSCs that are part of
the primary success paths and that function or actuate to mitigate a DBA or
transient. The active nonsafety systems are not included in the TS control,
but can be considered in the justification for continued operation if the
passive systems fail to meet the required limiting conditions for operation.

While the active nonsafety systems will not be required to meet strict safety-
related requirements, the staff believes that a certain subset or modified
subset of the safety-related criteria is required for those important active
systems. The performance requiremen+s for an active system should be influ-
enced by the importance of the system to safety, and the designer should
consider the saicty importance of the active systems during the design
process. The staff believes that the active systems should conform to graded
requirements based on their importance to safdty. Thus, safety important
active systems may require more strict criteria than are required for less
important systems to ensure appropriate capability and availability. The
vendor or applicant should also establish a graded safety classification
system for 1&C systems as discussed in SECY-91-292. This safety classifica-
tion system accounts for l&C systems that perfore functions that are important
to safety, but are not part of the safety system.

The applicant should maintain the operational capability and availability of'

the important active systems and components by establishing a reliabili.ty
assurance program that ensures adequate predictive and preventive maintenance
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nd proper inservice inspection and testing, and TS control that provides
appropriate configuration control and system operability requirements during
power operation and shutdown conditions.

While formal equipment qualification may not be necessary, it should be
demonstrated that these systems will function in the conditions they Will

.

'

experience during plant upset. The staff will evaluate the applicant's :

proposed system requirements based on safety importance and functional
performance requirements.

-
-

The staff believes that safety importance of various systems can only be ;

evaluated on a design-specific basis. This is because the relative importance i

of a system is influenced by the specific system design and arrangements, the
test intervals of > umps and valves, and the capability and availability of
active systems. Tie safety importance of systems is highly design dependent,
and therefore, the staff requires detailed system design information to
perform its evaluation,

To compare the importance of passive safety and active nonsafety systems, thei

| staff, with contractor assistance, conducted an evaluation of a preliminary
AP600 design. This was ; scoping study because complete design information
and success criteria were not available. The staff utilized event sequence

fdiagrams, equivalent to event trees, to define success and failure paths and -
to find any alternatives to each system included in the design for each event
scenario. The staff also used PRA-related methods to measure the importance
of the systems in order to com)are the importance of the passive systems with
that of the active systems. T.1e staff concludes strict criteria are appropri-
ate for those systems found to be of high importance. The staff found that
the active nonsafety RHR system had a very high worth, and therefore, may need ;

strict criteria to ensure its functional capability and availability. This
system was very im>ortant for both LOCA response and decay heat removal during
shutdown modes. Tne staff also found theti while the depressurization system
ranked very high in importance, the AP600 included no alternative to this i

system. Therefore, the CVCS system should meet very strict criteria and there !

should be a very reliable depressurization system. !

The staff concludes that the plant designer should demonstrate that the
capability and availability of each system it commensurate with its safety

I importance. Therefore, to perform the review for design certification, the
staff will require the following information on the active nonsafety systems:

1. The plant designer or applicant should perform an evaluation to deter-
mine which active systems are important. The safety analysis report
(SAR) should include (1) an evaluation of relative safety importance of
both-passive and active systems (including the methods of anulysis, -

importance measures, accidents and transients scenarios analyzed, and .

success criteria of the nonsafety systems , (2) an evaluation to
determine the limiting single failures, u)d (3) the preventive and il '

I mitigative capabilities of the active systems for severe accidents. The *

plant-designer or applicant should evaluate the required system capa-
bility for initiating events from conditions encompassing both power
operation and shutdown conditions.

L

t
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The plant designer or applicant should follow the guidance in the h
general design criteria (GDC) and current safety standards, such as
IEEE 279, to identify important aspects of the design on those active
nonsafety systems determined to be important to safety, for example, )
the GDC require that $$Cs important to safety should be designed to meet
the quality standards comensurate with the importance of the safety
functions to be performed (GDC 1); to withstand the effects of natural
phenomena (GDC 2); to minimize the orobability and effect of fires and
explosion (GDC 3); to accomodate 11e effects of normal operation,
maintenance, testing, and postulated accidents, including LOCA, and to
be compatible with the environmental conditions associated with each of
these operating conditions (GDC 4); to not to be shared among nuclear
power units (GDC 5); and to be provided with an onsite and an offsite

*

electric power system to permit functioning (GDC 17). GDC 34 and 35
require suitable redundancy in components and features, and suitattle
interconnections, leak detection, and isolation capabilities be provided
for RHR and emergent.w core cooling to ensure that the system safety
function can be accomplished with onsite or offsite power, assuming

| single failure. The staff concludes that the plant designer or appli-
cant must, as a minimum, address these GDC and perform an evaluation to
show capability and margin. These evaluations should demonstrate that
the intent of the GDC have been addressed and provide an explanation if
the design deviates from the GDC.

2. The plant designer or applicant should perform thermal-hydraulic
analyses to demonstrate adequate capability of the active nonsafety
systems to respond to plant upset conditions. The SAR submittal should
include (1) a list of those moderate frequency and infrequent events for
which the active systems are intended to provide defenst in depth by
performing preventive and mitigative functions, (2) safety analyses of
these events to demonstrate that the nonsafety systems alene meet
the ALWR safety design criteria of not challenging the passive safety
systems for moderate and infrequent events, and (3) analysis to demon-
strate any additional capability to respond to DBA events.

3. The plant designer or applicant should determine the performance and
reliability assurance requirements for the important active nonsafety
systems to ensure that these systems are operable and available. These
requirements may include specific design features for redundancy,
separation, quality group, seismic category, protection against fire and
flood, the quality assurance (QA) and quality control (QC) program, the
reliability assurance program, TS control, maintenance and surveillance,
inservice inspection (151) and inservice testing (IST), and configura-
tion management activities.

The staff concludes that, with appropriate analysis, active nonsafety systems
can be relied upon as a first line of defense-in-depth functions complementing
the passive safety systems.
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The staff recommerds that the Commission noorove the staff's accroach for
tisolvino the reaulatory treatment of the active nonsafety systems. Specifi-
cally. a oraded acoroach based on system impor.ance to_iafety will be used to
establish specific rtguirements of the active nonsafety systems to ensure
their capability and availability. This oraded accroach will reouire. as a
rinimum, the olant desioner or acclicant to submit the evaluations and
analyses descriits_1b.pye to hele verify that the capability and availability
of each systems is commensurate with its safety imoortance. The importance of
systems should be evaluated for each design because the specific design and
arrangement of systems, and the required test intervals of pumps and valves,
and other components will affect the relative importance of various systems.
The staff will evaluate each vendor's methodology and criteria used to
establish the relative importance of active nonsafety systems, and will
evaluate the applicant's proposed system requirements.

1

DRAFT

. EPRI Evolutionary Plant SER 1B.D-33,

.



o

1
i

,

DRAFT
Enclosure 2

,

!
'

ALWR 155UE5 CR055-REFERENCE MATRIX

:

i Issue
,

Cateaory A- Title Comission Pacers

! 1. SECY-90-016 A. Use of Physically-Based Source 86-228
Issues Term. 88-203'

89-013-
89-153,

i -89-228 -

89-341 J

! 90-010- -|
; 90-307 l

90-329--4

| 90-34)
90-353 i-

j 92-127
i

B. ATWS 89-153
! 89-2.7

90-016
.

- 90-353
!

i
i C. Mid-loop Operation 89-228
! 90-016

~

j. 90-353
!

j. D. Station Blackout- 89-013
i 89-153
t 89-228
i. 90-016
i 90-329:-
i 90-353-
1.

! E. Fire Protection 89-013-
I 89-228
! 90-016-
: 90-353 i

. i
'

[ F. Intersystem LOCA
.

J89-153-
j 89-228

90-016.
90-353-

!

$ ..

)
:

;k .
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(CONTINUED)

p Issue

Cateoory & Title Commission Pacers

1. SECY-90-016 G. Hydrogen Control 89-013
Issuer, 89-153

[- (cont.) 89-228
90-016-
90-329
90-353-

H. Core-Concrete Interaction: 89-153
Ability.to Cool Core Debris 89-228

90-016
90-353

1. High Pressure Core Melt 89-228
Ejection 90-016

90-353

J. Containment Performance 89-228
90-016
90-353
91-273

K. Dedicated Containment Vent 89-153
Penetration 89-228-

90-016
90-329,

90-353

L. Equipment Survivability 89-228
90-016
90-353

H. Elimination of OBE 89-013
90-016
90-329
90-353
91-13
draft).'

'' Draft" refers to the draft Commission paper, " Issues Pertaining to
Evolutionary and Passive Light Water Reactors and Their Relationship to
Current Regulatory Requirements," which was forwarded to the Commission on'
February.20, 1992, and made available to the public on February 27, 1992.
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Cateoory & Title Comission Paontg

1. SECY-90-016 H. In-Service Testing of Pumps 89-228
Issues and Vaives 90-016
(c or.t . ) 90 353

91-273
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ALWR ISSUES CROS$-REFERENCE MATRIX

(CONTINUED) <

Issue
.

Cateaory _ _ h Title Comission Panin_ _,,

II. Other Evolu- A. Industry Codes and Standards 91-273tionary and
Passive Design B. Electrical Distribution 91-078'
Issues

!
C. 5cismic Hazard Carves and Design S1-135

Parameters

D. Leak Before-Break 89-013
'

E. Classification of Main Steamline ifraft
of BWRs

'
F. Tornado Design Basis daft U

C. Containment Bypass draft
e

H. Containment Leak Rate Testing 89-013
89-228
91-273 a

I. Post-Accident Sampling System draft
J. Level of Detati 90-241

90-37.' .

K. Prototyping '91-074
91-273

L. ITAAC 91-178
91-210

-i

j M. Reliability Assurance Program 89-013

H. Site-Specific PRAs 89-013

0. SAMDAs 91-2?9-

P. Generic Rulemaking Related to- 91-202Design Certification

-4 Common Mode Failures in Olgital 91-292
1&C Control Systems

.
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(CONTIWUED)

Issue

gittgery & Title Comist!on Paaers
___

11. Other Evolu- R. Beyend Design Basis Analysis of 89-013
tionary and External Events draft .

'

Passive Design
Itsues (cont.) 5. Multiple SG Tube Ruptures none

T. RA Beyond Design Certification none

U. Control Room Annune.tator none
Reliability

I
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Issue
"

Cateoorv JA Title Commission Ploers,

111. Passive A. Regulatory Treatment of 89-01:
Design 1snues Nontafety Systems 90-406
On'y

B. Definition of Passive Failure 77-439o

C. SBWR stability 89-153
91-273

D. Safe Shutdown Requirements draft
-

E. Control Room Habitability drafi>

F. Radionuclide Attenuation draft,

G. Simplification of Offsite 88-203
Emergency Planning

4

ii. Role' of Control Room Operator 91-272
) in Passive Plant:
>

.

~

9
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'
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COMMIS$10N PAPERS APPLICABLE TO ALWRs

SECY-77-439, " Single Failure Criterion," August 17, 1977.

SECY-86-228, " Introduction of Realistic Source Term Estimates into Licensing,"
August 6, 1986.

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

SECY-88-202, " Standardization of Advanced Reactor Designs," July 15, 1988.

SECY-88-203, " Key Licensing Issues Associated with DOE Spor red Advanced
Reactor Designs," July 15, 1988.

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

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

SECY-89-153, " Severe Accident Design Features of the Advanced Boiling Water
Reactor (ABWR)," Hay 10, 1989.

SECY-89-178, " Policy Statement Integration," June 9, 1989.

SECY-89-228, "Draf t Safety Evaluation Report on Chapter 5 of the Advanced
Light Water Reactor Requirements Document," July 28, 1989.

SECY-89-341, " Updated Light Water Reactor (LWR) Source Term Methodology and
Potential Regulatory Applications," November 6, 1989.

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

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

SECY-90-146, " Process, Schedule, and Resources for the Review of Evolutionary
and Passive Advanced Light-Water Reactors," April 20, 1990.

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

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

SECY-90-313, " Status of Accident Management Program and Plans for Impl$menta-
tion," September 5, 1990.

EPRI Evolutionary Plant SER 18.D-40

- - - - - -- - - - - - - - - _ -



._ - - _ - - _ _ _ _ - _ - _ _ _ _

l
DRAFT

SECY-90-329, " Comparison of the General Electric Advanced Boiling Water
Reactor (ABWR) Design and the Electric Power Research Institute's (EPRI's)
Advanced Light Water Reactor (ALWR) Requirements Document," September 20,
1990.

SECY-90-34), ' Staff Study on Source Term Update and Decoupling Siting from
Design," October 4, 1990.

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

SECY-90-377, ' Requirements for Design Certification Under 10 CFR Part 52,"
November 8, 1990.

SECY-90-406, " Quarterly Report on Emerging Technical Concerns," December 17,
1990.'

SECY-91-074, ' Prototype Decisions for Advanced Reat. tor Designs," March 1,9, .

1991.>
,

SECY-91-076, " Chapter 11 of the Electric Power Research Institute's (EPRI's)
Requirements Document and Additional Evolutionary Light Water Reactor (LWR),

Certification Issues," March 25, 1991.

SECY-91-135, ' Conclusions of the Probabilistic Seismic Hazard Studies Con-
ducted for Nuclear Power Plants in the Eastern United States," May 14, 1991.

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

SECY-91-178, ' Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC)
'

for Design Certifications and Combined Licenses," June 12, 1991.

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

SECY-91-229, " Severe Accident Mitigation Design Alternatives for Certifiedi

Standard Designs," July 31, 1991.

SECY-91-239, "Prea:,.lication Reviews of Advanced LWR Designs,"L August 5,1991.3

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

SECY-91-272, ' Role of Personnel and Adenneed Control Rooms in Future Nuclear
Power Plants," August 27, 1991.

SECY-91-273, " Review of Vendors' Test Programs To Support the Design Certifi--
cation of Passive Light Water Reacto,rs," August 27, 1991.-
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SECY-91-292, ' Digital Computer Systems for Advanced Light Water Reactors," i
September 16, 1991.

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

SECY-92-030, " Integral System Testing Requirements for Westinghouse's'AP600 ;
Plant," January 27, 1992.

SECY-92-037, 'Need for NRC-Sponsored Confirmatory Integral System Testing of
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