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1 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 Introduction

This report is a Final Draft Safety Evaluation Report (FDSER) on the application
for an operating license (OL) for Beaver Valley Power Station Unit 2. As a re-
sult of the number of the unresolved issues, the staff has decided to issue this
FDSER so that the applicant may assess the staff concerns and provide responses
to resolve additional open issues before the issuance of the Safety Evaluation
Report (SER). The Duquesne Light Company and joint applicants filed with the
Atomic Energy Commission (AEC) an application, docketed on October 20, 1972,
for a license to construct and operate the proposed Beaver Valley Power Station
Unit 2 (Beaver Valley Unit 2 or facility). The site is on the south bank of
the Ohio River in Shippingport Borough, Beaver County, Pennsylvania, approxi-
mately 1 mile from Midland, Pennsylvania; 5 miles from East Liverpool, Ohio;
and 25 miles from Pittsburgh, Pennsylvania.

The AEC (now the Nuclear Regulatory Commission (NRC or Commission)) reported
the results of its preconstruction review in an SER (SER-CP) dated November 9,
1973. Following a public hearing before an Atomic Safety and Licensing Board
(ASLB), Construction Permit (CP) No. CPPR-105 was issued on May 3, 1974.

The NRC staff has since reviewed and approved one application to amend CPPR-105
to reflect changes in the ownership of the facility. This information is in-
cluded in the Beaver Valley Unit 2 docket file. The following are the owners
as approved up to and including Amendment 1 to CPPR-105:

The Cleveland Electric Illuminating Company-

Duquesne Light Company-

Ohio Edison Company-

The Toledo Edison Company-

The Duquesne Light Company (hereinafter referred to as the applicant), acting
as agent and representative for the owners, tendered an application for an OL
for Beaver Valley Unit 2 by letter dated January 26, 1983. When the NRC staff
acceptance review was completed, the Final Safety Analysis Report (FSAR) for
Beaver Valley Unit 2 was docketed by letter dated May 18, 1983.

Before issuing an OL for a nuclear power plant, the NRC staff is required to
conduct a review of the effects of the plant on public health and safety. The
staff safety review of Beaver Valley Unit 2 has been based on NUREG-0800, "Stan-
dard Review Plan for the Review of Safety Analysis Reports for Nuclear Power
Reactors, LWR Edition" (SRP). In general, an audit review of each of the areas
listed in the Areas of Review section of the SRP was performed according to the
guidelines provided in the Review Procedures portion of the SRP. Exceptions to
this practice are noted in the applicable sections of this report.

This Final Draft SER summarizes the results of the staff's radiological safety
review of Beaver Valley Unit 2 and delineates the scope of the technical details
considered in evaluating the radiological safety aspects of its proposed opera-
tion. The design of the station was reviewed against Federal regulations, CP
criteria, and the SRP, except where noted otherwise. The SRP covers a variety
of site conditions and plant designs. Each SRP section is written to provide
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the complete procedure and all acceptance criteria for all the areas of review
pertinent to the section. However, for any given application, the staff may se-
lect and emphasize particular aspects of each SRP section as appropriate for the
application. In some cases, the major portion of the review of a plant feature
may be done on a generic basis, with the designer of that feature, rather than
in the context of reviews of particular applications from utilities. In other
cases, a plant feature may be sufficiently similar to that of a previous plant
so that a de novo review of the feature is not needed.

During the course of its review, the staff held a number of meetings with rep-
resentatives of the applicant to discuss the design, construction, and proposed
operation of the plant. The staff requested additional information, which the
applicant provided in amendments to the FSAR. This information is available to
the public for review at the NRC Public Document Room at 1717 H Street, N.W.,
Washington, D.C. 20555 and at the Local Public Document Room at the B. F. Jones
Memorial Library, 663 Franklin Avenue, Aliquippa, Pennsylvania 15001.

Following the incident at the Three Mile Island Unit 2 Nuclear Plant (TMI-2),
the Commission paused in its licensing activities to assess the impact of the
incident. During this pause, the recommendations of several groups established
to investigate the lessons learned from TMI-2 became available. All available
recommendations were correlated and assimilated in a "TMI Action Plan," pub-
lished as NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Acci-
dent." Additional guidance relating to implementation of the Action Plan is in
NUREG-0737, " Clarification of TMI Action Plan Requirements," and in Supplement
1 to NUREG-0737. Licensing requirements based on the lessons learned from the
TMI-2 incident have been established to provide additional safety margins.
These have been incorporated into the design and operation of Beaver Valley
Unit 2. Table 1.1 provides a cross-reference relating the TMI items to the
sections in this report where they are discussed.

Sections 2 through 22 of this report contain the NRC review and evaluation of
both the non-TMI- and TMI related issues. Section 23 presents the staff's
conclusions.

Appendix A is a chronology of NRC's principal actions related to the safety (or
radiological) review of the application. Appendix B is a bibliography of the
references used during the course of the review. Availability of all material
cited in this report is described on the inside front cover of this report.
Sections of Title 10 of the Code of Federal Regulations (10 CFR) (including the
General Design Criteria (GDC) in Appendix A to 10 CFR Part 50), NRC Regulatory
Guides (RGs), and sections of the SRP (including Branch Technical Positions
(BTPs)) will be identified as appropriate; they are not included in Appendix B.
Appendix C is a discussion of how various unresolved safety issues (USIs) re-
late to the application. Append *x 0 is a list of acronyms and initialisms used
in this report. Appendix E is a list of principal contributors. Appendix F is
a report on the control of heavy loads at Beaver Valley Unit 2.

As part of its review of the application against the NRC regulations, the staff
will ask the applicant to certify that Beaver Valley Unit 2 meets the applica-
ble requirements of 10 CFR 20, 50, 51, and 100. Following the applicant's re-
sponse to this request, the staff will address its findings in this area in a

~ supplement to the SER.
.
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In accordance with the provisions of the National Environmental Policy Act (NEPA)
of 1969, a Draft Environmental Statement (DES) that sets forth the environmen-
tal considerations related to the proposed construction and operation of Beaver
Valley Unit 2 was published in December 1984. The Final Environmental Statement

. (FES) is scheduled to be published in June 1985 and will include a consideration'

of public comments received on the DES.

The review and evaluation of Beaver Valley Unit 2 for an OL is only one of many
stages at which the staff reviews the design, construction, and operating fea-
tures of the facility. The facility design was extansively reviewed before the
applicant was granted a CP for the facility. Construction of the facility has
been monitored in accordance with a detailed monitoring and inspection program

<

at the OL stage. The NRC staff has reviewed the final design of the facility
to determine that the Commission's regulations have been met. If an OL is gran-
ted, Beaver Valley Unit 2 must be operated in accordance with the terms of the
OL and the Commission's regulations, and the facility will be subject to the
staff's continuing inspection program.

In addition to the NRC staff review, the Advisory Committee on Reactor Safe-
.

guards (ACRS) will review the application and will meet with both the applicant
and the staff to discuss the final design and proposed operation of the plant.
The Committee's report to the Chairman of the NRC will be included in a supple-
ment to the SER.,

The NRC Project Manager assigned to the OL application for Beaver Valley Unit 2
is Mr. Braj K. Singh. Mr. Singh may be contacted by calling (301) 492-8423 or
by writing:

Mr. Braj K. Singh
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555

1. 2 General Plant Description

The Beaver Valley Power Station consists of two individual nuclear power plant
facilities. Beaver Valley Unit 1 uses a three-loop pressurized water reactor
(PWR) supplied by Westinghouse Electric Corporation (W) with a net electrical
output of 810 MW; it was licensed to operate in January 1976. Beaver Valley
Unit 2 will also use a three-loop PWR supplied by W with a net calculated elec-
trical output of approximately 836 MW; it is now under construction. Stone and
Webster Engineering Corporation (S&W) is the architect / engineer for both units.

The major structures of the Beaver Valley Unit 2 facility include a containment
structure, auxiliary building, fuel and decontamination building, turbina build-
ing, service building, diesel generator building, waste handling building, con-
densate polishing building, cooling tower, cooling tower pumphouse, and control
building.

The containment structure houses the nuclear steam supply system (NSSS). The
NSSS consists of a PWR, reactor coolant system (RCS), and associated auxiliary
systems. The RCS is arranged as three reactor coolant loops connected in par-
allel to the reactor vessel, each containing a reactor coolant pump (RCP) and a
steam generator. An electrically heated pressurizer is connected to the hot
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leg of one reactor coolant loop. The NSSS is designed for a warranted power
output of 2660 MWt with an equivalent station net electrical output of approxi-
mately 836 MWe.

High pressure water circulates through 'he reactor core to remove the heat gen-t

erated by the nuclear chain reaction. The heated water leaves the reactor ves-
sel and passes, via the coolant loop piping, to the steam generators. Here it
gives up heat to the water on the secondary side to generate steam for powering
the turbine generator. The cycle is completed when the water is pumped back to
the reactor vessel.

The reactor is a cylindrical vessel that contains the core, core supporting
structures, control rods, and other parts directly associated with the core.
The core is composed of fuel rods made of slightly enriched uranium dioxide
ceramic cylindrical pellets in Zircaloy-4 tubing that is sealed at the ends to
encapsulate the fuel. In the initial core loading, three fuel enrichments are
used. Fuel assemblies with the high:st enrichments are placed at the core pe-
riphery',' and the two groups of lower enrichment fuel assemblies are arranged in
a selected pattern in the central region of the core. In subsequent refuelings,
one-third of the fuel is replaced and new fuel is loaded into the outer region
of the core. The remaining fuel is arranged in the central two-thirds of the
core in a way to achieve optimum power distribution.

The reactM is controlled during operation by movement of the control rods and
regulation of boric acid concentration in the reactor coolant. The control
rods are made of the neutron poison hafnium. The rod cluster control assem-
blies ane attached to drive shafts that will be raised and lowered within the
core by individual drive mechanisms mounted on the reactor vessel head.

An electrically heated pressurizer connected to the hot-leg piping of one of
the loops will maintain reactor coolant system pressure during normal opera-
tion, limit pressure variations during plant load transients, and keep system
pressures within design limits during abnormal conditions. The press'urizer
provides a surge chamber and a water reserve to accommodate changes in reactor
coolant volume during operation.

The steam generators are vertical-shell and U-tube evaporators that contain
Inconel tubes. The reactor coolant flows through the inverted U-tubes, enter-
ing and leaving through the nozzles in the bottom head of the steam generator.
Steam is generated from the feedwater on the shell side and flows upward through
the moisture separation equipment, reducing the moisture content of the effluent
steam to 0.25% or.less. This steau will be used to drive a 1800-rpm, tandem
compound, four-flow, reheat steam turbine generator in the turbine building;c

the steam will be condensed in the twin-shell, single pass main condenser. The
circulating water system provides cooling water for the main condenser. The
circulating water system is a pumped, closed-looped system utilizing an air-
cooled, natural draft hyperbolic cooling tower as a heat sink. Four one-
quarter, capacity circulating water pumps are provided to pump cooling water
from the discharge of the condenser to the tower. The cooling water is then
gravity fed back to the condenser. Makeup water is provided from the Ohio River.
The circulating water system will be chlorinated to control biofouling of the
condenser tubes. The system is designed to maintain a measurable residual
chlorine concentration at the condenser outlet while not exceeding administra-
tive limits for discharge to the river.

Beaver Valley 2 SER l-4
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Auxiliary systems and components are provided to charge makeup water to the
RCS, purify reactor coolant water, provide chemicals for corrosion inhibition
and reactivity control, cool system components, remove decay heat when the re-
actor is shut down, and provide for emergency safety injection.

An engineered safety features actuation system (ESFAS) is provided that auto-
matically initiates appropriate action whenever a condition monitored by the
system approaches pre established limits. This system will act to shut down
the reactor, close isolation valves, and initiate operation of engineered safe-
ty features shou'd any or all of these actions be required.

Control of the reactor and the turbine generator is accomplished from the main
control room, which contains all instrumentation and control equipment required
for startup, operation, and shutdown, including normal and accident conditions.

The primary function of the emergency core cooling system (ECCS) following a
~

loss-of-coolant accident (LOCA) is to remove the fission product decay heat from
the reactor core to prevent fuel rod damage that would impair effective cooling
of the core and release fission products. The ECCS also provides shutdown capa-
bility by injecting borated water during certain accident conditions. The ECCS
consists of the high head safety injection / charging pumps, the refueling water
storage tank, low head safety injection pumps, recirculation spray pumps, and
the safety injection accumulators with the associated valves, instrumentation,
and piping. Because of the importance of the ECCS, redundant components are
provided where the loss of one component would impair reliability of the system.
Valves are provided in series where isolation is desired and in parallel when
flow paths are to be established for ECCS performance. The active components
of the ECCS are powered from separate buses that are normally energized from
the unit station service transformers. In addition, redundant sources of onsite
power are available through the use of the emergency diesel generators to ensure
adequate power for all ECCS requirements. Each diesel generator is capable of
driving all pumps, valves, and necessary instruments associated with one train
of the ECCS.

The containment structure housing the NSSS is a cylindrical, carbon-steel-lined,
reinforced concrete structure designed to contain the radioactive fluids and
fission products that may result from postulated LOCAs inside containment. Dur-
ing normal operation, the containment structure is maintained at a subatmospheric
pressure between 9.0 and 12.0 psia. The containment depressurization system is
designed to reduce the containment temperature and return the containment pres-
sure to a subatmospheric level following a break in either the primary or sec-
ondary system piping inside the containment. The containment depressurization
system is composed of two systems: the quench spray system (QSS) and the re-
circulation spray system (RSS). The QSS removes iodine and other radionuclides
from the containment atmosphere.

The plant is supplied with electrical power from two independent offsite power
sources and is provided wih independent and redundant onsite emergency power
supplies capable of supplying power to engineered safety features.

1. 3 Comparison with Similar Facility Designs

The principal features of the design of Beaver Valley Unit 2 are similar to
those that have been evaluated and approved previously by the staff for other.

.
-
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nuclear power plants now under construction or in operation, especially Beaver
Valley Unit 1, Millstone Unit 3, and North Anna Units 1 and 2. To the extent
feasible and appropriate, the staff has made use of previous evaluations of
these plants in conducting the review of Beaver Valley Unit 2. Where this has
been done, the appropriate sections of this report identify the other facili-
ties involved. The staff safety evaluations for these facilities have been
published and are available for public inspection at the NRC public document
room.

1.4 Identification of Agents and Contractors

Ohio Edison Company, The Cleveland Electric Illuminating Company, The Toledo
Edison Company, and Duquesne Light Company constitute the Central Area Power
Coordinating Group (CAPCO). Duquesne Light Company, the applicant for Beaver
Valley Unit 2, retains overall project responsibility, which includes engineer-
ing, construction, testing, and, from the time of initial fuel loading, operation
and maintenance of Beaver Valley Unit 2.

As noted above, the applicant has retained S&W'to provide architectural / -

engineering design and construction management services. W is responsible for
supplying the NSSS and fuel for Beaver Valley Unit 2. The turbine generator is
also manufactured by W.

Duquesne Light Company, directly or through S&W, continues to engage the service
of various consultants to perform work relating to the design, construction,
operation, and maintenance of Beaver Valley Unit 2. For example, Hansen, Holley,
and Biggs provides consulting services on structural design and analyses; Weston
Geophysical Research, Inc. has been retained to provide consulting services on
seismicity; and Whitman and Rand assists in the area of soil dynamics, geology,
and hydrology.

1. 5 Summary of Principal Review Matters

The staff technical review and evaluation of the information submitted by the
applicant considered, or will consider, the following principal matters:

(1) The population density and land use characteristics of the site environs
and the physical characteristics of the site (including seismology, mete-
orology, geology, and hydrology) to establish that (a) these characteristics
have been determined adequately and have been given appropriate consider-
ation in the plant design and (b) the site characteristics are in accar-
dance with the Commission siting criteria in 10 CFR 100,' taking .into
consideration the design of the facility, including the engineered safety
features provided.

(2) The design, fabrication, construction, and testing criteria and the ex-
pected performance characteristics of the plant structures, systems, ard
components important to safety to determine that (a) they are in accord
with the GDC, quality assurance criteria, RGs, and other appropriate rules,
codes, and standards, and (b) any departures from these criteria, codes,
and standards have been identified and justified.

(3) The expected response cf the facility to various anticipated operating.

transients and to a broad spectrum of postulated accidents. On the basis,

.
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of this evaluation, the staff determined that the potential calculated
- consequences of a few highly unlikely postulated accidents (design-basis

accidents (DBAs)) would exceed those of all other accidents considered.
The staff performed conservative analyses of these DBAs to determine that
the calculated potential offsite radiation doses that might result--in the
very unlikely event of their occurrence--would not exceed the Commission
guidelines for site acceptability in 10 CFR 100.

(4) The applicant's engineering and construction organization, plans for the
conduct of plant operations (including the organizational structure and
the general qualifications of operating and technical support personnel),
the plans for industrial security, and the plans for emergency actions to
be taken in the unlikely event of an accident that might affect the gener-
al public to determine that the applicant is technically qualified to op-
erate the facility safely.

(5) The design of the systems provided for control of radiological effluents
from the facility to determine that (a) these systems are capable of con-
trolling the release of radioactive wastes from the facility within the
limits of the Commission regulations in 10 CFR 20 and (b) the applicant is
capable of operating the equipment provided so that radioactive releases
are reduced to levels that are as low as is reasonably achievable (ALARA)
within the context of the Commission regulations in 10 CFR 50 and to meet
the dose-design objectives of Appendix I to 10 CFR 50.

(6) The applicant's quality assurance (QA) program for the operation of the
facility to ensure that (a) the program complies with the Commission regu-
lations in 10 CFR 50 and (b) the applicant will have proper controls over
the facility operations so that there is reasonable assurance that the
facility can be operated safely and reliably.

1.6 Modifications to the Facility During the Course of the Staff Review

During the review, the staff met with the applicant's representatives, contrac-
tors, and consultants to discuss various technical matters related to the fa-
cility (see Appendix A). Also, the staff visited the site a number of times to
assess specific safety matters.

The applicant made a number of changes to the facility design as a result of the
- staff review, and the staff also reviewed these design changes. Details of these

changes are in FSAR amendments and in appropriate sections of this report.
.

1.7 Outstanding Issues

1.7.1 Open Issues

The staff has identified certain outstanding issues in its review that were not
resolved at the time-this report was issued. The staff will complete its review

- of these items before the OL is issued and will discuss the resolution of eacn
of these items in supplements to this SER. These items are listed in Table 1.2
and are discussed in the sections of this report as indicated.

.

.-
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1.7.2 Backfit Issues

The applicant has identified several outstanding issues as backfit issues under
Generic Letter 84-08 dated April 4,1984. These issues are listed in Table 1.3,
which identifies SER sections where each issue is discussed and its status. The
resolution of those items that have not been resolved will be discussed in a
future supplement to the SER.

1. 8 Confirmator.y Issues

At this point in the review, there are some items that have essentially been
resolved to the _ staff's satisfaction, but for which certain confirmatory infor-
mation has not yet been provided by the applicant. In these instances, the
applicant has committed to provide the confirmatory information in the near
future. If staff review of the information provided for an item does not con-
firm preliminary conclusions, that item will be treated as open and the NRC
staff will report on its resolution in a supplement to this report. 'These -~

items', called confirmatory issues, are listed in Table 1.4 and are discussed in
the sections of this report as indicated.

|

1. 9 License Condition Items

There are certain issues for which a license condition may be desirable to en-
sure that staff requirements are met during plant operation. The_ license con-
dition may be in the form of a condition in the bcdy of the operating license
or a limiting condition for operation (LCO) in the Technical Specifications
appended to the license. These license condition items are listed in Table 1.5

- and are discussed in the sections of this report as indicated.
,

1.10 Unresolved Safety Issues

Section 210 of the Energy Reorganization Act of 1974, a: amended, reads as
follows:

Unresolved Safety Issues Plan

Section 210. The Commission shall develop a plan for providing for speci-,

; fication and analysis of unresolved safety issues relating to nuclear reac-
j tors and shall take such action as may be necessary to implement corrective
! measures with respect to such issues. Such plan shall be submitted to the
i Congress on or before January 1,1978 and progress reports shall be included
! in the annual report to the Congress thereafter.

In response to this reporting requirement, in January 1978, the NRC provided ai

i report to the Congress, NUREG-0410, which describes the generic issues program
of the Office.of Nuclear Reactor Regulatio. (NRR) that had been implemented,

i early in 1977. The NRR program described in NUREG-0410 provides for the iden-
! tification of generic issues, the assignment of priorities, the development of

detailed task action plans to resolve the issues, the projections of dollar and
! personnel costs, continuing high-level management oversight of task progress,
j and public dissemination of information related to the tasks as they progress.

Since the issuance of NUREG-0410, NRC has issued an annual report describing; -

i the progress in resolving these issues.
!,
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The staff continually evaluates the safety requirements used in its review
against new information as it becomes available. In some cases, the staff takes
immediate action or interim measures to ensure safety. In most cases, however,
the initial staff assessment indicates that immediate licensing actions or
changes in licensing criteria are not necessary. In any event, further study
may be deemed appropriate before the staff makes a judgment as to whether exist-
ing requirements should be modified. .These issues being studied are sometimes
called generic safety issues because they are related to a particular class or
type of nuclear facility. A discussion of these matters and the NRC program for
the resolution of these generic issues is provided in Appendix C to this report.

.

,

,4.-
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Table 1.1 Cross-reference table for TMI-2 Action Plan items-

TMI item Shortened title SER section

I . A.1.1 Shift Technical Advisor 13.1.2

I.A.1.2 Shift Supervisor responsibilities 13.5.1

I . A.1. 3 Shift staffing 13.1.2

I.A.2.1 Immediate upgrading of reactor operator (RO) and 13.2.1.4
senior reactor operator (SRO) training and
qualification

I.A.2.3 Administration of training program 13.2.1.4

I.A.3.1 Revised scope and criteria for licensing exams 13.2

I.B.1.2 Independent Safety Engineering Group --

I . C.1 Short-term accident and procedure review 13.4

I.C.2 Shift and relief turnover procedures 13.5.1

I.C.3 Shift Supervisor responsibilities 13.5.1,

I.C.4- Control room access 13.5.1
'

I.C.5 Feedback of operating experience 13.5.1

I.C.6 Verification of correct performance of operating 13.5.1
activities

I.C.7 NSSS vendor review of procedures 13.5.2.3

I.C.8 Pilot monitoring of selected emergency 13.5.2.3
procedures for near-term operating license

; (NTOL) applicants
>

I.D.1 Control room design review 18
d

I.D.2 Safety parameter display system 18

*

I . G .1 Training during low power testing 18

II.B.1 Reactor coolant system vents 15.9.1-

; II.B.2 Plant shiciding 12.3.2

| II.B.3 Postaccident sampling 9.3.2

[ II.B.4 Training for mitigating core damage 13.2.1.4
,

II.D.1 Relief and safety valve test requirements 5.2.2, 5.4.7-

1

-
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Table 1.1 (Continued)

TMI item Shortened title SER section

II.O.3 Power-operated relief valve (PORV) and safety 7.5.2.3
valve position indication

II.E.1.1 Auxiliary feedwater system evaluation 10.4.9

II.E.1.2 Auxiliary feedwater system initiation and flow 7.3.3.1
indication

II.E.3.1 Emergency power for pressurize * heaters

II.E.4.1 Dedicated hydrogen penetrations 6.2.5

II.E.4.2 Containment isolation dependability 6.2.4.3

II.F.1 Accident monitoring instrumentation positions 7.5.2.2

II.F.1.1 Noble gas monitor 11.5.2

II.F.1.2 Iodine / particulate sampling 11.5.2

II.F.1.3 Containment high-range monitor 12.3.4

II.F.1.4 Containment pressure 7.5.2.4

II.F.1.5 Containment water level 7.5.2.4

II.F.1.6 Containment hydrogen 7.5.2.4

II.F.2 Instrumentation for detection of inadequate 4.4.7,
core cooling 7.5.2.5

II.F.3 Instrumentation for monitoring accident 7.5.2.6
conditions

II.G.1 Power supplies for pressurizer relief valves
and level indicators 8.3.3

II.K.1.5 Review of engineered safety feature (ESF) valves 15.9.2

II.K.1.10 Operability status 15.9.2

II.K.2.13 Effects of high pressure injection for a small- 15.9.4
break loss-of-coolant accident with no auxiliary
feed

II.K.2.17 Voiding in the RCS 15.9.5

II.K.2.19 Sequential auxiliary flow analysis 15.9.6,

II.K.3.1 Automatic PORV isolation system 7.6.2.1
*

.

Beaver Valley 2 SER 1-11

-_ . - - _ . .-



. . . - . . .

Table 1.1 (Continued)

TMI item Shortened title SER section

II.K.3.2 Reporting on PORV isolation system 15.9.7

II.K.3.3 Reporting safety valve (SV) and PORV failures 15.9.8

II.K.3.5 Automatic trip of RCPs 15.9.9
*

II.K.3.9 Proportional integral derivative (PID) controller 7.7.2.1
modification

II.K.3.10 Proposed anticipatory trip modification 15.9.10,.

7.2.2.5,

II.K.3.12 Anticipatory trip upon turbine trip 7.2.2.6

II.K.3.17 Report of ECCS outage 15.9.11

II.K.3.25 Loss of ac power to RCP seals 15.9.12

II.K.3.30 Small-break LOCA methods 15.9.13

II.K 3.31 Plant-specific calculations 15.9.14
,

III.A.1.2 Upgraded emergency support facilities 13.3

III.A.2 Emergency preparedness 13.3

III.D.1.1 Primary coolant outside containment 13.5.2

III.D.3.3 Inplant radiofodine monitoring 12.5.2

III.D.3.4 Control room habitability 6.4

,

.

!

. .

.

Beaver Valley 2 SER 1-12

.



_ - . . _ - . .

Table 1.2 Open issues

Issue SER section

(1) Postulated ruptures in primary coolant loop 3.9.3.1

(2) Preservice/ inservice testing 3.9.6

(3) Pump and valve leak testing 3.9.6

(4) Analysis of combined loss-of-coolant-accident
and seismic loads 4.2.3.3(4)

(5) Inadequate core cooling instrumentation
(Item II.F.2 of NUREG-0737) 4.4.7

(6) Preservice/ inservice inspection program 5.2.4.3,
5.4.2.2, 6.6

(7) Offsite electric power system 8.2

(a) Sharing of off..ite circuits between
Units 1 and 2 8.2.1.1

(b) Independence between onsite and offsite
power sources 8.2.2.4

(c) Use of automatic load tap changer (LTC) 8.2.2.5

Compliance with GDC 5 and 17-

(8) Onsite power systems 8.3

(a) Voltage analysis 8.3.1.1

Justification of voltage drop-

Voltage and load analysis for light-load-

cases
Other incomplete voltage analyses-

(b) Load testing of DG 8.3.1.3
(c) Capability of DG to accept design load

after prolonged no-load operation 8.3.1.5
(d) Replacement for Class 1E ioads 8.3.1.15
(e) Design qualification and/or protection of

Class 1E equipment from natural phenomena 8.3.3.1.2
(f) Prr.tection of Class 1E equipment from

dynamic effects 8.3.3.1.3
(g) Separation of containment electrical penetrations 8.3.3.3.2
(h) Separation inside panels, cabinets, or enclosures 8.3.3.3.5
(i) FSAR description of physical separation 8.3.3.3.6

Figures 8.3-18 and 8.3-23 8.3.3.3.6-

.

*

.
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Table 1.2 (Continued)

Issue SER section

Other figures-

Cable aging-

Temperature measurements-

Functional capability-

Basis for excluding cables bigger than #6-

(j) Routing of power circuits in cable spreading areas 8.3.3.3.14
(k) Justification use of solid high-hat covers 8.3.3.3.15
(1) Justification of 15-foot cable marking intervals 8.3.3.3.16
(m) Compliance with RG 1.63 8.3.3.7.2-

Compliance with IEEE 279-1971-

Exception to Position 1 of RG 1.63-

(9) Primary component cooling water system 9.2.2.1

(10) Safe and alternate shutdown 9.5.1

(11) Emergency diesel generator (DG) and support systems 9.5.4-9.5.8

(a) Auxiliary support systems 9.5.4.1

Discussion of the training program for--

the operation and maintenance of the DGs
Loading of the DGs following no-load operation-

and during and/or after troubleshooting
Capability of the DG to operate under extreme-

service conditions
Vibration of floor-mounted equipment-

' '

(b) Description of control, instrumentation, sensor,
and alarm testing / calibration 9.5.4-9.5.8

(c) Conformance to ANSI N195, RG 1.137, and Technical
Specifications with regard to fuel oil quality 9.5.4.2

(d) Permissible leakage rates between DG cooling system
and other auxiliary systems 9.5.5

(e) Degradation of DG operation as a result of
potential fire in DG room 9.5.8

(f) Description of the operation of DG room
ventilation systems during a loss of offsite
power 9.5.8

(12) Turbine generator / bypass 10.2-10.4

(a) Inservice inspection program for the
extraction valves 10.2

(b) -Use of valves downstream of main steam
isolation valves for limiting blowdown 10.3.2

(c) Turbine basspass system 10.4.4'
,
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Table 1.2 (Continued)

Issue SER section

Inservice inspection program and-

its frequency
Description of turbine bypass control room-

interlock selector switches

(13) Management and organization 13.1

(14) Cross-training program 13.2.1.2

(15) Emergency preparedness plan 13.3.3

(16) Initial test program 14

(17) Control room design review 18.1

(18) Safety parameter display system 18.2

.

.

.
.

*
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. Table 1.3 Backfit issues

Issue SER section Status"

(1) Snow and ice load 2.3.1 C

(2) Underestimation of atmospheric dispersion C
conditions (X/Q) at exclusion area boundary
and consequences of radioactive release 2.3.4, 15.4.8

(3) Potential for flooding from probable maximum
precipitation and Peggs Run 2.4.2, 2.4.10 D

(4) Steam generator level control and protection 7.3.3.12 A

(5) Motor-operated accumulator isolation valve 8.3.1.12 C

(6) Spent fuel pool maximum heat load 9.1.3 C

(7) Fire suppression in the cable spreading room 9.5.1 A

(8) Class 1E power for lighting and communication
systems 9.5.2.1 C

(9) Application of GDC 5 to communication systems 9.5.2.1 C

(10) Application of GOC 2 and GDC 4 to communica-
tion systems 9.5.2 C

(11) Application of GDC 4 to lighting systems 9.5.3 C

(12) Illumination levels in excess of SRP criteria 9.5.3 8

(13) Application of RG 1.26 to, areas excluded by
RG 1.26 9.5.4-9.5.8 0

(14) Air dryers for emergency diesel generator 9.5.6 8

(15) Alarm for rocker arm lube oil reservoir 9.5.7 C

(16) Diesel lube oil fill procedure 9.5.7 C

*A - Issues were discussed in appeal meetings.
' B - Appeal meetings are scheduled.

C - Closed in SER.
D - Will be closed after applicant dockets information as agreed by the staff

and the applicant.

-

.
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Table 1.4 Confinnatory issues

Issue SER section

(1) Safe shutdown earthquake 2.5.2.6,

(2) Operating basis earthquake 2.5.2.7

(3) Stability of subsurface materials and foundations 2.5.4

(4) Internally generated missiles (outside containment) 3.5.1.1

(5) Internally generated missiles (inside containment) 3.5.1.2

(6) Turbine missiles 3.5.1.3

(7) Analysis of pipe-break protection outside containment 3.6.1

(8) FSAR drawings of break locations 3.6.2

(9) Results of jet impingement effects 3.6.2

(10) Soil-structure interaction analysis 3.7.2

(11) Design documentation of ASME Code components 3.9.3.1

(12) Item II.D.1 of NUREG-0737 3.9.3.2

(13) Seismic and dynamic qualification of mechanical and
electrical equipment 3.10.1

(14) Pump and valve operability assurance 3.10.2

(15) Environmental qualification of mechanical and
electrical equipment 3.11

'

(16) Peak pellet design basis 4.2.1

(17) Discrepancies in the FSAR 4.2.2

(18) Rod bowing analysis 4.2.3.1(6)

(19) Fuel rod internal pressure 4.2.3.1(8)

(20) Predicted cladding collapse time 4.2.3.2(2)

(21) Use of the square-root-of-the-sum-of-the-squares
method for seismic and loss-of-coolant-accident load
calculation 4.2.3.3(4)

(22) Loose parts monitoring system 4.4.4

(23) Natural circulation test 5.4.7.5
~

.

.
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Table 1.4 (Continued)
'

Issue SER section

(24) Reactor coolant system high point vents 5.4.12

(25) Blowdown mass and energy release analysis methodology 6.2.1.4

(26) Containment heat removal system 6.2.2

(27) Control room habitability 6.4

(28) Design modification of automatic reactor trip using
shunt coil trip attachment 7.2.2.3,

(29) Automatic opening of service water system valves
MOV 113C and 113D 7.3.3.10

.

(30) IE Bulletin 80-06 concerns 7.3.3.13

(31) NUREG-0737 Item II.F.1, accident monitoring
instrumentation positions 7.5.2.2

(32) Bypass and inoperative status panel 7.5.2.4
.

(33) Revision of the FSA.1--cold leg accumulator motor-
operated valve position indication 7.6.2.4

(34) Control system failure caused by malfunctions of
common power source or instrument line 7.7.2.3

(35) Confirmatory site visit

(a) Independence of offsite power circuits between
,

the switchyard and Class 1E system 8.2.2.3
(b) Confirmation of the protective bypass 8.3.1.2
(c) Verification of DG start and load tests 8.3.1.8

; (d) DG load capability qualification test 8.3.1.9'

(e) Margin qualification test 8.3.1.10
(f) Electrical interconnection between redundant

Cla'ss 1E buses 8.3.1.13
(g) Verification of electrical independence

between power supplies to controls in control
room and remote locations 8.3.3.5

(36) Voltage analysis--verification of test results 8.3.1.1

(37) Description and analysis of compliance with GDC 50 8.3.3.7.1

(38) Postaccident sampling 9.3.2

.

*

.
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Table 1.4 (Continued)

Issue- SER section

(39) Completion of plant-specific core damage estimate
procedure before fuel load 9.3.2.2

(40) Fuel oil tank sediment control.during filling
operations- 9.5.4.2

(41) Solid waste process control program 11.4.2

(42) TMI Action Plan items

(a) III.D.I.1 13.5.2
(b) II.K.1.5 and II.K.1.10 15.9.2,

15:9.3
(c) II.K.3.5 15.9.9
(d) _II.K.3.17 15.9.11
(e) II.K.3.31 15.9.14

(43) Plant-specific dropped rod analysis 15.4.3,

(44) Quality assurance program 17.5

..

.

*
.
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Table 1.5 License condition item

License condition SER section

(1) Emergency. response capability, RG 1.97,
Rev. 2 requirements 7.5.2.1

.

P

.
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2 SITE CHARACTERISTICS
.

2.1 Geography and Demography

2.1.1 Site Location and Description

The Beaver Valley site is a 501-acre tract of land on the south bank of the Ohio
River in Beaver County, Pennsylvania. The site is approximately 1 mile from
Midland, Pennsylvania (1980 population 4310); 5 miles from East Liverpool, Ohio
(1980 population 16,687); and 25 miles from Pittsburgh, Pennsylvania (1980 pop-
ulation 423,938). Beaver Valley Unit 2 is adjacent to Beaver Valley Unit 1
and the Shippingport Atomic Power Station (the latter terminated operations
in 1982 and is scheduled for decommissioning by the U.S. Department of Energy).
Figure 2.1 shows the general region of the Beaver Valley site.

Figure 2.2 shows the topography of the site. The site topography consists of a
fairly level river terrace on the south bank of the Ohio River at an approximate
elevation of 730 feet above mean sea level (msl). As a result of the use of
navigation locks and dams, the normal pool elevation of the Ohio River is
665 feet. Hills rise to approximately 1100 feet on both side of the Ohio River,
which is about 1300 feet wide in the vicinity.of the site.

The coordinates of Unit 2 are 40 37' 23" north latitude and 80* 25' 57" west
longitude. The universal transverse mercator coordinates are 580,010 meters
east and 4,496,890 meters north.

2.1.2 Exclusion Area Authority and Control

The applicant has defined the exclusion area (shown in Figure 2.2) as a minimum
exclusion distance boundary radius of 1500 feet from the Unit 2 containment build-
ing and a radius of 2000 feet from the Unit 1 containment building with an addi-
tional area extending to the NW and NNW sector to the north shore of the Ohio
River. Phillis Island in the Ohio River is located within the exclusion area;
however, the applicant has made arrangements with the Dravo Corporation, which

I

owns Phillis Island, to control activities on the island. Arrangements also have
been made with the U.S. Coast Guard and the U.S. Army Corps of Engineers to con-
trol traffic on the Ohio River within the exclusion area in the event of an emer-

'

gency. Arrangements have been made with both the Beaver County Civil Defense and
the Pennsylvania State Police to control traffic on Route 168, including the
bridge, in the event of an emergency.

The applicant controls the use of the Consolidated Rail Corporation (Con Rail)
railroad within the exclusion area. The use of the railroad is limited to ser-
vicing the Shippingport and Beaver Valley stations. There are no residences
or activities unrelated to the plant within the exclusion area.

Because the applicant owns most of the land within the exclusion area, including
the mineral rights, and because suitable arrangements have been made to control
traffic on the road, rail line, and river within the exclusion area and to
control activities on Phillis Island, the staff concludes that the applicant has

.
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the authority to control all activities within the exclusion area, as required
by 10 CFR 100.

2.1.3 Population Distribution

Table 2.1 shows the resident population in the vicinity of the Beaver Valley
station at various distances from the site. The nearest community with a pop-
ulation of more than 1000 is Midland, whose 1980 population of 4310 people was
a decrease from the 1970 census figure of 5271. Midland is on the opposite side !

of the Ohio River, approximately 1 mile northwest of the site.

The 1980 population within 10 miles of the site was 138,800. The largest
community near the site is the Township of McCandless, Pennsylvania, approxi-
mately 17 miles east of the site, which had a 1980 population of 26,250.

The applicant has chosen a low population zone (LPZ) radius of 3.6 miles. The
1980 population within this distance was 10,828 residents and approximately-
4300 transients. The school population within the LPZ in 1980 was about 2200
persons. The resident population within the LPZ is projected to reach approxi-
mately 11,400 people in the year 2030.

The applicant has indicated that the nearest densely populated center of about
25,000 or more persons, as defined in 10 CFR 100, is the Township of McCandless.
The distance of the township from the site--17 miles--meets 10 CFR 100 because
it is at least 1-1/3 times the LPZ radius.

2.1.4 Conclusion

On the basis of (1).the 10 CFR 100 definitions of the exclusion area, LPZ, and
population center distance; (2) the staff analysis of the onsite meteorological
data from which the relative concentration factors (X/Q) were calculated (see
Section 2.3); and (3) calculated potential radiological dose consequences of
design-basis accidents (see Section 15), the staff concludes that the exclusion
area, LPZ, and population center distance meet 10 CFR 100 and are acceptable.

2.2 Nearby Industrial, Transportation, and Military Facilities

This review was done in accordance with SRP 2.2.1, 2.2.3, 3.5.1.5, and 3.5.1.6.

2.2.1 Transportation Routes

Barges use the Ohio River adjacent to the Beaver Valley site to transport coal,
sand and gravel, iron and steel, gasoline, petroleum products, and chemicals.
Records for 1978 indicated that a total of approximately 20 million short tons
of materials were shipped through the Montgomery locks 3 miles upstream from the
Beaver Valley site. During tae Unit 2 CP review, the staff determined that the
probability of damage to the reactor intake structure from barge traffic was
high enough to warrant specific precautionary measures. Ifence, the applicant
constructed an alternate intake structure to provide an adequate backup supply
of cooling water if the original structure were damaged by the impact of a
gasoline barge and subsequent explosion.

A Pennzoil barge facility directly across the Ohio River from the cooling towers-

handles an average of two outbound shipments of gasoline and fuel products each.

week and one inbound shipment of these materials each month.

Beaver Valley 2 SER 2-2

_



. - . . . - . - - . . - . - . . -- -

Across the. river, 2100 feet from the site, one of the main Con Rail lines
follows the north bank of the Ohio River. As noted above, a Con Rail right-of-
way traverses the Beaver Valley site, but the use of the railroad along this
right-of-way within the exclusion area is controlled by the applicant and is
limited to servicing the Shippingport and Beaver Valley stations.

Figure 2.3 shows the state highways that provide access to the Beaver Valley
site and the surrounding areas. State highway 68 provides the main access to
the industrial areas on the north bank of the Ohio River from the residential
areas east of the site. State highway 168 passes the site from the southwest
and crosses the Ohio River from the eastern section of the site. U.S. Route 30
passes within 3 miles of the site to the southwest.

2.2.2 Nearby Facilities

There are no military installations or missile sites within 10 miles of the
Beaver Valley site. Thirteen pipelines pass through or near the site
(Figure 2.4); six of the pipelines pass through the exclusion area on the
northeast side.

The 12-inch natural gas pipeline was relocated during the CP review. The 8-inch
Mobil Oil pipeline--which currently carries gasoline, kerosene, and heating
oil--recently was relocated farther from the Unit 2 reactor (see Figure 2.4,
line 13). The applicant has confirmed that the pipeline will not be.used for
liquid propane gas. Figure 2.5 shows a more detailed drawing of the routing of
this pipeline through the plant site. The current routing is on the east side
of the earthen embankment of Route 168 bridge, approximately 950 feet from the
Unit 2 diesel generator building.

If a pipe breaks in this area, the release and delayed ignition of gasoline
could expose the Beaver Valley facility to thermal radiation and/or blast over-
pressure. At the request of the staff, the appliant evaluated the consequences
of a postulated pipe break here and concluded that neither the thermal radiation
nor the blast overpressure would endanger plant safety, even if credit were not
taken for the shielding effect of the high roadway embankment. The staff's
independent review confirms this analysis and conclusion.

After reviewing the topography of the Beaver Valley site area, the staff
| determined that there is additional way for gasoline vapor to enter Beaver
| Valley exclusion area closer to the Unit 2 safety-related structures than pos-
| tulated by the applicant. A break in the Mobil Oil pipeline on the hillside

southeast of the plant could drain into Peggs Run, which flows through the
site between the cooling towers and the Route 168 bridge. The applicant was
asked to review this scenario and evaluate the consequences. The applicant
determined that a double-ended rupture of the pipeline on the hillsin above
Peggs Run could release a maximum of 23,380 gallons of gasoline. The topog-
raphy of the terrain surrounding the pipeline favors the drainage of gasoline

[ directly into Peggs Run. The run-off of gasoline into Peggs Run would flow
| into a 15-foot-diameter culvert 1400 feet long. This culvert exits into a

ravine that is about 45 feet below plant grade. The drainage from Peggs Run
then flows between the Unit I cooling tower and Route 168 for approximately

; 1000 feet before entering the Ohio River. Peggs Run passes within 550 feet of
j - the east wall of the Unit 2 diesel generator building.
.
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The applicant has investigated an explosion of gasoline vapor in the culvert
and has determined that although the manhole covers could become missiles with
a range of about 70 feet, plant safety would not be endangered because the
Unit 2 diesel generator building is approximately 600 feet from the closest
manhole location. The applicant evaluated a gasoline vapor explosion in the
Peggs Run ravine east of the Unit 2 diesel generator building. The evaluation
indicates that, without considering the shielding effects of the ravine, the
peak reflected overpressure on the building would be no more than 2.8 psi.
Independent calculations by the staff indicate a peak reflected overpressure

'

of 1.0 psi. These overpressures are within the design-basis overpressure of
3 psi for the plant for tornado wind loads.

The applicant evaluated the thermal flux of a liquid gasoline fire on the
surface of Peggs Run between the exit point from the culvert and the Ohio River.
Without considering the shielding effects of the ravine, the applicant deter-
mined that the thermal flux on the diesel generator building would be

2 2858 Btu /ft /hr (2704 watts /m ),

The staff made an independent analysis of the postulated gasoline fire and
i estimates the thermal flux to be no more than 711 Btu /ft /hr (2240 watts /m ),2 2

which is in close agreement with that shown by the applicant's analysis. These
thermal fluxes are not a significant threat to plant safety. Moreover, a fire
in this area would be quickly reduced in intensity, because once the fuel was
consumed the flames would burn back up Peggs Run to the source of the pipeline
rupture.,

|

The staff concludes that, even considering an offsite break in the Mobil Oil
pipeline, the relocated pipeline will not present a danger to safety-related
structures at the Beaver Valley site.

There are three airports located within a 10-mile radius of the Beaver Valley'

site. These are the Fino, Herron, and Beaver County Airports. Fino is a
private airport with a 1750-foot grass runway 1.5 miles southwest of the site;
it handles about 1700 operations a year. Herron Airport is in West Virginia,
8.2 miles southwest of the site. It has three paved runways and is used mostly
by light, single-engine aircraft; it handles an estimated 26,500 operations a
year. The Beaver County Airport, 10 miles north of the site, has a single paved
runway 4500 feet long. It is used by all types of general aviation aircraft for,

approximately 86,400 operations per year. The Greater Pittsburgh International
Airport, 11.2 miles from the site, has four paved runways, the longest of which
is 10,500 feet long. This airport is used for military, air carrier, and general
aviation aircraft. Figure 2.6 shows the jet air routes in the vicinity of the
reactor site. There are no low level military training routes or bombing ranges
in the Pittsburgh area.

The applicant has provided a study of the probability of an aircraft impacting*

Beaver Valley Unit 2. The applicant has estimated that the total probability
of an aircraft striking a critical Beaver Valley structure as a result of all
aircraft operations within an 11-mile radius of the reactor site is 5.0 x 10 7
a year. Approximately 0.4 of this rate is attributable to small aircraft
located at Fino Airport.

. On the basis of previous analyses of aircraft movements and airport locations,
the staff finds the applicant's analysis reasonable. The probability is within,

.
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the criteria of SRP 2.2.3. Hence, the staff finds that the risk of an aircraft
crash causing radiological consequences in excess of the guidelines values of
10 CFR 100 is sufficiently low and acceptable.

The applicant has evaluated the shipment of explosive and toxic materials on the
Con Rail line that runs along the Ohio River on the opposite site. The applicapt
has determined that 94 out of 119 toxic chemicals shipped by Con Rail have a
potential to incapacitate the reactor control room operators. The applicant has
performed a probability analysis (S&W, 1981) that indicates that the total proba-
bility of the 94 chemicals shipped by rail causing a control room incapacitation
is 4.2 x 10 6 per year. This is based on the conservative assumption that the
local meteorology is at all times represented by a Pasquill g stability condition
and a wind speed of 1.1 mph (0.5 m/sec). If the observed frequency for Pasquill g
stability conditions and a wind speed of 1.1 mph were used in the analysis, the
4.2 x 10 s per year probability would be reduced by at least a factor of 10.

The applicant also provided a similar analysis on five toxic chemicals shipped
by barge. The applicant estimates that a total probability of control room
operators becoming incapacitated from this source of toxic gases is 8 x 10 7
per year. The staff review of this analysis indicates that it is based on
conservatisms similar to those used in the analysis of the rail transportation
hazards.

With respect to nearby industries, the applicant has identified a number of
toxic chemicals stored within 5 miles of the site (see Table 2.1A). Some of
these are also. stored on site by the applicant. To provide protection from
toxic chemicals stored at local industries, the applicant has proposed commu-
nication links with local officials and industries. The reactor control room
can be effectively isolated immediately when the applicant is notified of a
significant spill or leak of a toxic gas. The staff concurs in the proposal
and has asked the applicant to establish suitable communication links with
local officials and nearby industries for prompt notification in the event of
an accidental release of toxic gases. The staff will include a Technical Speci-
fication requirement to ensure that throughout the life of the plant there are
continuous communication links with current or future local industries that use
toxic materials.

Beaver Valley uses eight principal toxic materials in plant operation. The
applicant has shown that four of these chemicals have the potential to inca-
pacitate control room operators.

Chlorine, stored in eight 1-ton cylinders, is the most toxic of the chemicals
used on the site. The applicant has provided chlorine detectors in the control
room air intake system to isolate the control room automatically in the event
of an accidental release of this toxic gas.

In the event of a carbon dioxide release, the control room is provided with an
annunciator that will warn the operators of a change in tank pressure in the
supply system for the two 10-ton cylinders.

A spill of ammonium hydroxide from the 415 gallon storage tank will produce a
buoyant plume of ammonia that will rise well above the control room air intake
during the approximate 200-foot horizontal distance. This gas will not affect
control room personnel.

*
,
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Hydrazine is stored in ten 55 gallon drums as a 35% aqueous solution. On the
basis of the applicant's analysis and the conservative assumptions (e.g., anhy-
drous hydrazine rather than aqueous solution) used, the staff does not expect
the airborne concentrations to exceed toxic limits at the air intake for the
control room.

The staff concludes that special measures are not needed to protect the control
room operators from the effects of ammoniem hydroxide and hydrazine.

At the CP stage, the applicant analyzed the effects cf rail cargo explosions
on plant structures and determined that plant safety would not be impaired.
The staff has made a revised analysis, based on the current list of explosive
materials provided in the Con Rail commodities table, and has reconfirmed that
plant safety will not be impaired.

2.2.3 Conclusion Regarding the Evaluation of Potential Accidents

On the basis of its review according to GDC 4 and 19 and SRP 2.2.3, the staff
concludes that the plant is adequately protected and can be operated with an ,

acceptable degree of safety with respect to nearby transportation, industrial,
and military facilities.

2.3 Meteorology

The staff must evaluate regional and local climatological information--including
extremes of climate and severe weather occurrences that may affect the design
and siting of a nuclear plant--to ensure that the plant can be designed and
operated within the requirements of Commission regulations. The staff must
have information on the atmospheric diffusion characteristics.of a plant site
to determine that radioactive effluents from postulated accidental releases,
as well as from routine operational releases, would be within Commission
guidelines.

2.3.1 Regional Climatology

The climate of the plant site, which is in southwest Pennsylvania in a moun-
tain valley near the western edge of the Appalachian Mountains, is a humid
continental type.

Continental air masses, predominantly of polar origin, dominate the region in
winter and alternate with maritime tropical air masses in summer. The mean
annual temperature in the area is about 10*C (50 F), ranging from about -2.2 C
(28*F) in January to about 22.2*C (72*F) in July. Annual precipitation in the
area is about 915 mm (36 inches).

The site lies near a principal track of storms moving northeast along the At-
lantic Coast and of low pressure systems moving across the U.S. As a result,
a variety of severe weather phenomena affect the site area. About 53 thunder-
storms can be expected on about 36 days each year. About 70% of these thunder-
storms occur from May through August. Considering the frequency of thunder-
storms, the applicant has estimated the number of lightning strikes to the
containment structure per year to be 0.8. Hail often accompanies severe
thunderstorms. During the period 1955 to 1967, eight occurrences of hail with-

diameters of 19 mm (3/4 inch) or greater were reported in the 1-degree latitude-.

'

longitude square surrounding the site.
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Tornadoes are not uncommon in the region. For the 1-degree latitude-longitude
square (3597 mi2) surrounding the site, an average of about 1.04 tornadoes per
year were reported for the period 1954 to 1981. Using a calculated expected
mean tornado path area of 0.55 mi2, the computer probability of a tornado at
the plant site is about 1.6 x 10 4 per year. The applicant has computed a
lower probability of occurrence (about 1.4 x 10 4 per year) based on a smaller
tornado path area (0.4 mi2) and a higher annual frequency (1.22 tornadoes per
year) using the period from 1950 through 1981.

The pressure drop rate characteristics of the design-basis tornado considered
by the applicant are different from those in RG 1.76, " Design Basis Tornado
for Nuclear Power Plants," for this region of the country. The applicant's
design-basis tornado has a 390-mph rotational velocity, with a translational
velocity of 70 mph, a total pressure drop of 3 psi, and an average rate of
pressure drop of 3 psi in 3 seconds. The tornado winds and total pressure
drop are consistent with RG 1.76. However, the rate of pressure drop is not

-consistent with RG 1.76, which specifies a rate of pressure drop of 2 psf /sec.
The acceptability of the design of Category I structures with respect to NRC
design-basis tornado characteristics and load combinations is discussed in
Section 3.3.2 of this report.

High wind speeds in_the area are usually associated with severe thunderstorms
and extratropical cyclones. The highest " fastest mile" wind speed reported at
Greater .;ittsburgh Airport was 58 mph in February 1967. For plant design, the
applicant has selected an operating-basis wind speed (defined as the " fastest
mile" wind speed at a height of 30 feet with a return period of 100 years) of
80 mph.

Because the ultimate heat sink for the plant is the Ohio River, meteorological
conditions related to evaporation and heating are not relevant to determining
the adequacy of the river to perform its function for a 30-day period.

Heavy snowfall is not uncommon in the region. Maximum monthly snowfall observed
at Greater Pittsburgh Airport was 1021 mm (40.2 inches) in January 1978, and
the maximum snowfall in a 24-hour period at Pittsburgh was 373 mm (14.7 inches)
in March 1962. Ice storms, which can disrupt offsite power, are relatively
frequent. The applicant estimates that ice pellets or freezing rain may occur
about 8 times per year in the Beaver Valley region, with a glaze accumulation
of 0.5 inch or more expected once a year.

,

In a letter dated February 11, 1985, the applicant estimated the weight on the
|. ground of the 100 year return period snowpack to be 30 psf, on the basis of

American National Standards Institute (ANSI) Standard 58.1-1982, and the weight,

of the 48-hour probable maximum snowfall to be equivalent to 39 psf on the basis'
,

! of an analysis of snowfall in the northeastern U.S. that has been maximized in
! accordance with procedures in Hydrometeorological Report 53 (NUREG/CR-1486).
j The sum of these estim.ces provides a total snowload at the ground of 69 psf.

The design basis for the plant is a snow and ice load of 72 psf.
I The staff has reviewed the procedure and numerical values used by the appli-
! cant to substantiate the design basis and finds them acceptable, since they
| are consistent with current practice and utilize up-to-date data.
)

| Large-scale episodes of atmospheric stagnation occur in the region. About 41-

|,- atmospheric stagnation cases totaling at least 164 days were reported in the
;
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area in the period 1936 to 1975. These episodes have no significant impact on
the site evaluation.

On the basis of its review according to SRP 2.3.1, the staff concludes that
the applicant has identified appropriate regional meteorological conditions for
consideration in the design and siting of this plant. Thus, the applicant has
met 10 CFR 100.10 and GDC 2 and 4 with regard to meteorology.

2.3.2 Local Meteorology

Climatological data from Pittsburgh and available onsite data have been used
to assess the local meteorological characteristics of the plant site.

Extreme temperatures of -27.8 C (-18 F) and 37.2 C (99 F) have been reported
at Pittsburgh. The applicant has considered a maximum outdoor temperature ofi

32.2*C (90 F) and a minimum temperature of -20.6 C (-5 F) in the design of all
heating, ventilating, and air conditioning (HVAC) systems. Regional analyses

'

given in NUREG/CR-1390, " Probability Estimates of Temperature Extremes for the
ContiguousUnitedStates,"showthat,ontheaverage,anambienttemperature
of 35 C (95 F) will be exceeded for at least 1 hour every 2 years, and an
ambient temperature of about 41.1*C (106 F) will be exceeded at least 1 hour
every 100 years. Also, on the average, an ambient temperature of less than
-22.2 C (-8 F) is expected to occur for at least I hour every 2 years, and an
ambient temperature of less than -36.7 C (-34 F) is expected to occur for at
least 1 hour every 100 years. The applicant has demonstrated that exceedance
of extreme design temperatures will not result in sudden failure or malfunc-
tion of Category I auxiliary systems and components (see Sections 9.4.1 through
9.4.5).

Precipitation is well distributed throughout the year, ranging from about 61 mm
(2.4 inches) in February to about 97 mm (3.8 inches) in July. Maximum and mini-
mum monthly amounts of precipitation observed at Pittsburgh were, respectively,
208 mm (8.2 inches) in October 1954 and 4 mm (0.16 inch) in October 1963. The
maximum amount of precipitation in a 24-hour period at Pittsburgh was 90 mm
(3.56 inches) in October 1954.

Annual precipitation at Pittsburgh is about 919 mm (36.2 inches), and the
. applicant's onsite precipitation measurements for the 5 year period 1976 to

1980 indicate annual precipitation of about 572 mm (22.5 inches). These dif-
ferences can be attributed to differences in the periods of record and in the
terrain.

The applicant's wind data taken from the 10.7-m level of the onsite meteoro-5

! logical tower for a 5 year period (January 1976 to December 1980) indicate
prevailing winds from the southwest (10.5%) and west-southwest (10.2%), with a'

secondary peak frequency from the southeast (9.2%). Winds from the north-
,

northeast and north-northwest for this period occurred least frequently, less
than 4% of the time for each direction. The mean annual wind speed observed
at the 10.7-m level of the onsite meteorological tower for the period 1976 to
1980 was about 1.9 m/sec (4 mph), with calm conditions (defined as wind speeds-

less than the starting threshold of the anemometer) almost 0.8% of the time.

.

.
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Wind data taken from the 152-m level of the onsite tower for a 5 year period
(1976 to 1980) indicate prevailing winds from the southwest, west-southwest,
and west (37.7%). Winds from the north-northeast direction occurred least
frequently, 2. 7% of the time. The mean annual wind speed observed at the
152-m level of the tower for the 1976 to 1980 period of record was about
4.5 m/sec (10 mph), with calm conditions about 0.2% of the time.

The applicant has summarized atmospheric stability assessments based on ver-
tical temperature difference measurements for the 5 year period (1976 to 1980)
for a shallow (45.7-m to 10.7-m) layer and a deep (152-m to 10.7-m) layer.
Unstable conditions (indicating rapid diffusion rates) occur in the shallow
and deep layers 21.6% and 5.0% of the time, respectively. Neutral and slightly
stable conditions predominate and occur in the shallow and deep layers 53.2%
and 80.1% of the time, respectively. Moderately stable and extremely stable
conditions (indicating slow diffusion rates) occur 25.3% of the time in the
shallow layer and 14.9% of the time in the deep layer.

On the basis of its review according to SRP 2.3.2, the staff concludes that the
plant will adequately withstand extreme local meteorological conditions. There-
fore, the applicant meets 10 CFR 100.10 and GDC 2.

2.3.3 Onsite Meteorological Measurements Program

The present onsite meteorological measurements program was initiated at the
Beaver Valley site in January 1976. Measurements are made on a tower extending
152 m (500 feet) above a grade of 223 m (730 feet) msl. The tower is about
1100 m northeast of the Beaver Valley Unit 1 reactor structure and about 800 m
northeast of the natural. draft cooling towers for both units. The following
meteorological measurements are made on the tower: wind speed and direction
at the 10.7-m, 45.7-m, and 152-m levels; vertical temperature gradients between
the 45.7-m and 10.7 m levels and between the 152 m and 10.7-m levels; and
temperature and dewpoint at the 10.7-m level. Precipitation is measured at an
elevation of about 1 m above grade near the tower.

A digital data acquisition system, backed up by analog strip charts, has been
and is being used to record meteorological data. The measurements system was
inspected daily, and the entire system was calibrated quarterly. The joint
data recovery for wind speed and wind direction at the 10.7-m level and for
atmospheric stability (defined by the vertical temperature difference between
the 45.7-m and 10.7-m levels) for the 5 year period January 1976 to December
1980 presented in the FSAR was 90%, with yearly data recovery ranging from 85%
to 93%. The joint data recovery for wind speed and wind direction at the 152-m
level and atmospheric stability (defined by the vertical temperature difference
between the 152-m and 10.7-m levels) for the 5 year period was 88%, with yearly
data recovery ranging from 79% to 93%.

The meteorological measurement systems complies with the siting and accuracy
specifications in k.1.23, "Onsite Meteorological Programs."

To determine if the onsite data for a 5 year period are representative of
long-term conditions, data from the concurrent 5 year period for Pittsburgh
were compared with data from a 28 year period for Pittsburgh. These comparisons
indicate that estimates of atmospheric dispersion for accidental and routine

, releases for radioactive effluents, based on the 5 year period of onsite data
record, are representative of long-term conditions at the site.
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The meteorological program described above appears to meet the criteria for
upgraded meteorological measurements during plant operation as part of the
emergency response capability. The upgrading must be completed in accordance
with the schedule of NUREG-0737 Item III. A.2 (emergency preparedness), and the
staff will conduct a post-implementation review. The incorporation of current
meteorological information into a real-time atmospheric dispersion model for
dose assessments will also be considered as part of the upgraded capability.

On the basis of its review according to SRP 2.3.3, the staff finds that the
current instrumentation and data reduction precedures conform to RG 1.23,
"Onsite Meteorological Programs." The current meteorological measurements
program has provided adequate data to represent onsite meteorological condi-
tions, as required by 10 CFR 100.10.

2.3.4 Short-Term (Accident) Diffusion Estimates

To audit the applicant's estimates, the staff independently assessed short-term
(less than 30-day) accidental releases from buildings and vents using the
direction-dependent atmospheric dispersion model described in RG 1.145, "Atmo-
spheric Dispersion Models for Potential Accident Consequence Assessments at
Nuclear Power Plants," considering increased lateral dispersion during stable
conditions with low wind speeds. On September 25, 1984, 5 years (January 1977-

- December 1981) of onsite data were submitted to the staff on magnetic tane.
Inspection of the data for each year showed that the 1977 data were not consis-
tent with the data for the other 4 years. Therefore, 4 years (1978-1981) of
data were used for this evaluation. The data recovery during these 4 years
was 92%. Wind speed and wind direction data were based on measurements at the
10.7-m level, and atmospheric stability was defined by the vertical temperature
gradient measured between the 45.7-m and 10.7-m levels. A ground-level release
with a building wake factor, cA, of 800 m2 was assumed. Distances by direction
from the reactor containment structure to the exclusion area boundary were based
on the exclusion area as defined by the applicant on February 1,1985. The
relative concentration (x/Q) at the exclusion area boundary (EAB) for the O to
2-hour period was determined to be 1.6 x 10-3 sec/m3 at a distance of 547 m in
the northwest sector. The computed X/Q values for various time periods at the
outer boundary of the low population zone (5800 m) are

Period x/Q (sec/m3)
0 to 8 hours 7.2 x 10 5
8 to 24 hours 5.1 x 10 5
1 to 4 days 2.4 x 10 5
4 to 30 days 8.0 x 10 8

For the 0 to 2-hour period at the exclusion area boundary, the applicant calcu-
lated a lower (about 15%) X/Q value than that calculated by the staff. The
values calculated by the applicant for various periods at the low population
zone (LPZ) distance are within 20% of those calculated by the staff.

On the basis of the above evaluation according to SRP 2.3.4, the staff concludes
that the applicant has slightly underestimated atmospheric relative concentra-
tions at the EAB for assessments of the consequences of radioactive releases for
design-basis accidents in accordance with 10 CFR 100.11. The staff used its
independently calculated atmospheric dispersion estimates provided above in

.
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its assessment of the consequences of radioactive releases for design-basis
accidents.

2.3.5 Long-Term (Routine) Diffusion Estimates

To audit the applicant's estimates, the staff independently calculated annual
average relative concentration (X/Q) and relative deposition (D/Q) values.

The staff calculated X/Q and D/Q values for specific receptor points and in
arrays to 80 km (50 milcs) using the straight-line Gaussian atmospheric disper-
sion model described in RG 1.111. The model was modified to reflect potential
spatial and temporal variations in airflow using site-specific correction factors
developed by the applicant. Releases through the containment vent were assumed
to be partially elevated, except for the transport directions (affected sectors)
of north northeast, northeast, east-southea'st, and southeast. Dispersion in these
transport directions is affected by the large natural draft cooling towers, and,
for these transport directions, releases from the containment vent were assumed
to be at ground level, with mixing in the turbulent wake of plant structures.
Intermittent releases through the containment vent were evaluated using the
methodology in NUREG/CR-2919.

'

Onsite meteorological data from a 5 year period (January 1977-December 1981),
available to the staff on magnetic tape before Septemoer 25, 1984, were used for
this evaluation. For releases from the containment and turbine building vents,
wind speed and direction data were based on measurements made at the 10.7-m
(35-foot) level; and atmospheric stability was defined by the vertical tempera-

l ture difference between the 45.7 m (150-foot) and 10.7-m (35-foot) levels. For
releases through the process vent at the top of the cooling tower, wind speed;

and direction data were based on measurements made at the 152-m (499-foot) level,i

and atmospheric stability was defined by the vertical temperature difference
between the 152-m and 10.7-m levels.

The applicant has calculated X/Q and D/Q values similar to those calculated by
the NRC staff.4

On the basis of its evaluation performed in accordance with SRP 2.3.5, the staff
concludes that the applicant has considered representative atmospheric disper-

i sion estimates for demonstrating compliance with the numerical guides for doses
in Appendix I, to 10 CFR 50. The atmospheric dispersion estimates developed by

: the NRC staff were used in the staff assessment of compliance with Appendix I
(Section 11.3 of this report). These estimates also were used in the prepara-
tion of the staff's Draft Environmental Statement (DES) (NUREG-1094) and are
included in the assessment of the radiological impact to humans from routine
releases to the atmosphere that appears in the DES.

2.4 Hydrologic Engineering

2.4.1 Hydrologic Description

As shown in Figure 2.7, the Beaver Valley power station is in southwest
Pennsylvania, about 5 miles east of East Liverpool, Ohio, and about 25 miles
northwest of Pittsburgh, Pennsylvania. The station is on the south side of the
Ohio River adjacent to the New Cumberland Pool, about 3.0 river miles downstream-

of the Montgomery Lock and Dam and 19.7 miles upstream of the New Cumberland.

Beaver Valley 2 SER 2-11
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Locks and Dam. The normal water level in the New Cumberland Pool is maintained
by the U.S. Army Corps of Engineers at elevation 664.5 feet above mean sea level
(msl). By comparison, the station's finished grade elevation varies from 730.3
feet msl to 735 feet msl, except along the river where the station grade eleva-
tion slopes down to about 675 feet msl.

The head of the Ohio River is at Pittsburgh where the Allegheny and Monongahela
Rivers merge. From Pittsburgh, the Ohio River flows in a northwesterly direc-

. tion for about 25 miles, then westerly for another 25 miW, and finally south-
westerly for about 905 miles to Cairo, Illinois, where it joins the Mississippi
River. The Ohio River is highly regulated by many reservoirs on its tributaries
and by numerous locks and dams. The drainage area of the riter upstream of the
site is about 23,000 miz yielding a mean discharge of about 36,700 cfs.

Significant hydrologic safety related plant features include the intake struc-
ture, the alternate intake structure, and the emergency outfall structure. 'The
locations of these structures relative to other plant features are shown on
Figure 2.8.

Cooling water for both normal and accident conditions will be supplied by the
service water pumps in the intake structure located on the bank of tbs Ohio
River. Should a navigation accident such as a barge impact or gasoline barge
explosion affect the ability of the intake structure to obtain water from the
river, the alternate intake structure would automatically be switched into
service. The capability of the Ohio River to provide an adequate supply of
water is discussed in Se. tion 2.4.11 below.

On the basis of its review of the applicant's hydrologic descriptions of the
plant site and vicinity, the staff concludes that GDC 2 and 10 CFR 100 have
been met with respect to general hydrologic descriptions.

2.4.2 Floods

2.4.2.1 Flood History

The largest recorded flood on the Ohio River in the vicinity of the site oc-
curred on March 15, 1936. During this flood, the stream gaging station about
23 miles upstream of the station (at Sewickley, Pennsylvania) recorded a peak>

discharge of 574,000 cfs. The Corps of Engineers estimates that this 1936
: flood had a peak discharge of about 510,000 cfs and a maximum elevation of

703.1 feet ms1 at the site. This elevation is almost 27 feet lower than the'

station grade elevation of 730.0 feet msl.

2.4.2.2 Flood Design Considerations

Seven potential sources of site flooding were considered by the applicant. They
were

<

(1) runott as a result of probable maximum precipitation (PMP) occurring over
the site area and over the hills south of the station

(2) PMP runoff from roofs of plant structures
(3) floods on Peggs Run,

(4) floods on the Ohio River'
-

,

(5) dam failures.

,
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(6) surges and seiches
.

(7) tsunamis .j

On the basis of its review of the material presented by the applicant, the
staff concludes that there are no other credible sources of potential flooding
of.the plant site.

2.4.2.3 Effects of Intense Local Precipitation
.

Site drainage includes hiilside drainage to the south of the plant and Peggs
Run, which parallels the highway road fill just east of the plant between the;

highway and the cooling tower area. To evaluate the effects of flooding, the
applicant used PHP, which is the estimated depth of precipitation (rainfall)
which there is virtually no risk of exceeding. The PMP values used by the appli-
cant were determined from Hydrometeorological Report (HMR) No. 33 (U.S. Weather
Bureau, 1956) and engineering manual EM 1110-2-1411 (U.S. Department of the Army,
1952).

The applicant estimated a 6-hour, 10-mi2 PMP value of 24.6 inches from HMR
No. 33. He then adjusted this to a 1-hour, 10-mi2 PMP value using procedures
from Engineering Manual EM 1110-2-1411 that give a maximum 1-hour PMP as 38%
of the 6-hour PMP. Thus, the 1-hour, 10-mi2 PMP value was determined to be
9.3 inches (0.38)(24.6 inches). The applicant estimated that, for the Beaver
Valley site, a 10-minute PMP value was appropriate, so the 1-hour, 10-mi2 value
of 9.3 inches had to be further adjusted. This adjustment was done by assuming

. the ratio of the 1-hour to 6-hour PMP would be the Jame as the ratio of the
10-minute,to 1-hour PMP. Thus, the 10-minute, 10-mi2 PMP was estimated to be
3.5 inches ((0.38)(9.3 inches)), and the intensity used to determine peak local
runoff was 21 in./hr (3.5 in./10 min). The drainage areas varied from 0.02 to'

about 4 mi2 and thus were much less than 10 mi2, however, the applicant did not
adjust the PMP further to account for greater average rainfall over a smaller
area.

2.4. 2.3.1 Runoff Flooding from Roofs, the Site Area, and the Hills South of
the Station

The contributing drainage area south of the station was subdivided into two
'

subareas, E and W, as shown on Figure 2.9. Subarea E, which delineates the
area directly south of the station, is 50.1 acres in size. Subarea W, which
contains 10 1 acres, does not drain directly toward the station; however, it4

affects where runoff from subarea E will drain and thus had to be considered.i

Both subareas have steep ground slopes averaging about 30%.

The applicant determined that runoff from the hills south of the plant would
flow toward the station where it would be diverted to the east and west and
between buildings. Cross sections were located along the east and west flow4

paths as shown on Figure 2.9. Water surface elevations were then calculated
using the HEC-2 computer program (U.S. Army Corps of Engineers, 1973). Rough-
ness coefficients used were 0.03 for the channel areas and 0.04 for the over-

| banks. To determine the portion of the flood runoff that would be directed
j toward the east and the portion that would go west, the input flow data to HEC-2

were varied until the water surface elevations at cross-sections 10 and 11 were
the same. The resulting flood profile for the east flow area was then used to
select an appropriate starting water surface elevation for the analysis of.

' area I (see Figure 2.10).
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For analysis of area I, cross sestions were located as shown in Figure 2.10. l
1

Runoff from area I will flow either in a north or south' direction-between
j buildings. The flow going north will be combined with the flow from area III-
] and will thus affect the water levels in area I. To determine what portion of

the total flow would go in each direction, the input. flow data were varied in,

| the HEC-2 program until the water surface elevations at common cross-sections,
16 for area I and 59 for area III, were the same. The resultant water surface

! profiles were then used to determine maximum water surface elev.itions at doors
! to the auxiliary building, the fuel and decontamination building, the control

building, and the reactor containment building.

! For area II, the applicant also dsed HEC-2 to compute water surface elevit'io n.
Cross sections were located as shcwi in' Figure 2.10. Roughness coefficients of,

'

O.016 for the channel areas and 0.03 for the overbank areas were used as input -

to HEC-2. The resultant water surface elevations were used to determine maxi-
mum water surface elevations at doors to the service building, the. diesel gener-
ator building, the main steam valve building, and the safeguards building.

! The resulting maximum water surfa:e elevations are summarized in Table 2.2. As
shown in the table, the maximum water surface is 0.5 foot above the sill of one
of the doors in the service building. An analysis by the applicant determined
that water seeping under the door would pond to a depth of about 1.6 inches in
the service building. No Category I equipment or electrical connections are
located closer than 2 inches to the floor; thus, the applicant concluded that
the operation of safety-related equipment would not be interrupted by a probable
maximum ,ficod (PMF).

'

GDC 2 states:

Structures, systems, and components important to safety
shall be designed to withstand the effects of... floods....
The design bases...shall reflect: (1) Appropriate consid-
eration of the most severe of natural phenomena that have
been historically reported for the site and surrounding area,
with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been
accumulated,....

The maximum rainfall of record in the general area occurred at Smethport,4

, _ Pennsylvania, on July 17-18, 1942. Although Smethport is about 140 miles north-
'

east of Beaver Valley Unit 2, the National Weather Service (NWS) has determined
that the region of meteorological-homogeneity over which the Smethport storm
can be transposed with proper moisture adjustment, encompasses the Beaver Valley
Unit 2 area (U.S. National Weather Service, 1982). The maximum observed rainfall
for the Smethport storm was 30.8+ inches in a 4-1/2-hour period (U.S. National
Weather Service, 1980). The 6-hour, 10-mi2 rainfal' value for this storm was
24.7 inches (U.S. National Weather Service, 1978), and the 1-hour value was;

15.0 inches (U.S. National Weather Service, 1982).

As stated above, GDC 2 requires consideration of the most severe rainfall that
has been historically reported for the site and surrounding area. Since the

! recorded 1-hour rainfall is 15.0 inches, this value, with sufficient margin
i for : limited accuracy, quantity, and period of time, should be used for local

flood analysis of Beaver Valley Unit 2. The 1-hour rainfall value used by the+ *

applicant (9.3 inches) is considerably less than the recorded amount.-
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Since the PMP values used by the applicant were lower than required by GDC 2,
the staff performed an independent analysis using two more current NWS publica-
tions that gave higher PMP values. These reports were HMR No. 51 (U.S. National
Weather Service, 1978) and HMR No. 52 (U.S. National Weather Service, 1982).
The 1-hour, 1-mi2 PMP value determined from these reports was 17.7 inches. This
value being slightly higher than the recorded value of 15 inches was considered
to meet the requirements of GDC 2.

To determine the magnitude of flooding and direction of flow from the hills
south of the station, the staff used the topographic maps provided b) the appli-
cant in his November 8, 1984, response to staff Questions 240.15 and 240.16.
Any future alterations in the site grade, such as lowering or raising existing

~

roads, building new roads, adding or removing structures, or regrading the plant
site, could affect the direction of flows and ultimately the level of ponding at
safety-related structures. Therefore, in using the topographic maps provided by *

the applicant, the staff assumes that these maps represent the plant grade that
will exist when the plant becomes operational. Future grade changes could
affect the levels of flooding estimated by the staff.

The staff subdivided the area that drains from the hills south of the station
as shown on Figure 2.11. This subdivision of the drainage area varies only
slightly from that of the applicant, except for the westernmost portion of the
drainage area, which is identified on Figure 2.9 as area W. It appears that
the applicant assumed that a ditch at the southern edge of area W would inter-
cept the hillside flow and convey it in a westerly direction away from the plant.
However, the applicant did not provide any information to 'show that this ditch
has sufficient capacity to pass flows produced by a PMP event. Therefore, in
its analysis the staff conservatively ignored any effect that this ditch could
have in reducing flood flows (see Figure 2.11).

With a runoff coefficient of 0.9, PMF flows for the subareas shown on Figure 2.11
were calculated using the rational formula and PMP values from HMR Nos. 51 and
52. As stated previously, the applicant estimated that a 10-minute PMP value is
appropriate for the small hill drainages. The staff accepted this duration as
reasonable and thus also used it in its analysis. A 10-minute PMP value was
estimated to be 7.7 inches. The intensity used to determine peak runoff was
46.2 in./hr (7.7 in./10 min).

Using the HEC-2 computer program (U.S. Army Corps of Engineers, 1973), the
staff calculated water surface elevations using, as input, its calculated PMF
flows and cross-sectional data provided by the applic' ant. Locations of cross

'

.

sections are shown on Figure 2.9.

PMF flows from the hills south of the station would approach the plant as sheet
flow because there are no defined channels. On reaching the plant, these flood
flows would be funneled between the structures with the major portion of the
flow being directed either in an easterly or westerly direction. Cross-
sections 10 and 11, whose locations are shown on Figure 2.9 are at the high
ground point so this is approximately where the flow would split. The portions
of the total flow going west and east are determined by balancing flows so that
the water surface elevations at sections 10 and 11 would be equal. The output
from this balanced HEC-2 computer analysis was then used to determine the

. beginning water surface for area I shown in Figure 2.10.
-

.

Beaver Valley 2 SER 2-15
,

. . _ _ _ _ _ - - -- --



. _ _ . - _ . . _ _ . _. __ _ . _ _ -. ... . _ ._ .---

r

!

'

,

i

Figure 2.10 shows a delineation of the ground areas adjacent to the plant where
flood waters could potentially rise to levels exceeding door entrances and the
locations of those doors. The figure also shows those portions of roofs that
would contribute runoff to the ground areas. To determine PMF flows for areas I,
II, and III, the staff conservatively assumed that all roof drains would be
blocked and no credit was taken for any storage that may be provided on roofs.
For areas I and III, HEC-2 was used to compute water surface profiles. As shownr

on Figure 2.10, cross-section 16 of area I and cross-section 59 of area III are
at the same location and at a high ground point so flows were balanced at this
location. Once flows were balanced, water surface elevations at doors to safety-
related structures were determined from the HEC-2 water surface profiles.

For area II, the staff thinks that HEC-2 as used by the applicant is inappro-
priate for analysis because the ground area, where flooding would occur, is
surrounded by buildings that form a basin where water would pond if it flowed
in faster than it could flow out (see Figure 2.10). Thus for area II, the staff,

j assumed that the ponding area would be similar to a'small detention reservoir.
To determine the outflow from the ponding area, the staff assumed critical flow
conditions at cross-section 20, whose location is shown on Figure 2.10 and an
outflow rating curve was computed. Using the Modified Puls flood routing method,,

a maximum ponding elevation for area II was determined, and this elevation was
used as the maximum water surface elevation adjacent to doors to the service and
diesel generator buildings.

A summary of the results of the staff's analysis is shown in Table 2.3. As
shown in this table, flood levels from a PMP event would rise above the door
sills of five safety related structures.

The staff could not determine the amount of water that would seep under the
affected doors because the FSAR does not contain suficient information concerning
the type and dimensions of the doors or any information describing the path that
water would take once it entered the affected structures. Information is also
lacking that describes safety-related equipment affected by water inside the
buildings.

2.4.2.3.2 Effects of PMP on Roofs
! The effect of PMP on roofs of safety-relating buildings has not been addressed

in the FSAR. However, in a letter dated November 20, 1984, the applicant.

states his position as follows:

The roofs of the safety-related structures are designed to
support water accumulation at the parapet overflow level.
Postulating a greater PMP event results in increased over-
flow rather than increase accumulation. Therefore, no>

increase in safety can be demonstrated with respect to
i roof loading, and plant safety is not compromised.
I

It is not clear from this statement that all safety-related buildings have '

parapet walls. Additionally, no information has been provided concerning the
height of the parapets above roof low points and how water ponded to this
height would affect the roof loading design.

.

'
Because of the limited information provided by the applicant, the staff is unable-

to complete its review of the effects of PMP on roofs of safety-related buildings.
,
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2.4.3 Probable Maximum Flood on Streams and Rivers

2.4.3.1 Ohio River Floods
"

The probable maximum flood (PMF) is defined as the hypothetical precipitation-1

induced flood that is considered to be the most severe reasonably possible. A
PMF estimate for the Onio River was developed by the U.S. Army Corps of Engi-
neers, Pittsburgh District (1970). The staff reviewed this PMF during the CP'

review and again during the Unit 1 OL review and concluded that this PMF was-

acceptable. The PMF was estimated to produce a peak discharge of 1,500,000 cfs
and a maximum still water level of 730 feet msl. The finished station grade
elevation varies from 730.3 feet msl to 735 feet msl, except along the river^

where the intake structure is located. In this area, the grade elevation is
'

about 675 feet as1. The applicant states that with the exception of the service
building, entrances to all safety-related buildings are above minimum local
plant grade (732 feet asi). The service building has one door at plant grade..

'

The intake structure, which is located at elevation 675 feet msl, is equipped
with flood doors. '

Although the Ohio River PMF level at elevation 730 feet msl is below the
entrances to safety-related structures identified by the applicant, winds blowing
across the water may generate waves that could run up against the intake struc-
ture, which is close to the river. The applicant determined that coincident
wind / wave activity could result in 5-foot-high waves that would run up about

! 6.7 feet above the still water level of 730 feet msl at the intake structure.
In the analysis of the required flood protection for the additional wind / wave
increment, the applicant determined that the wave action would not exceed the

.
structural design basis for the intake structure. However, to prevent water

' from entering the intake structure, flood doors are provided and the ventila-
I tion air intakes are extended to elevation 737 feet msl. Wind generated waves
'

would not affect other safety-related structures because these structures are
away from the river bank.

To meet the staff's position, the applicant has proposed a technical Specifi-
cation that would require that a plant flood alert be issued for an Ohio River

i water level of 690 feet ms1. The plant would be shut down immediately if the
river water level reached an elevation of 695 feet msl and water were rising

' upstream.

| The staff reviewed the Ohio River flood analysis at the CP stage and concluded
i then that there was no potential danger to safety-related structures from a PMF
L with coincident wind generated waves. On the basis of its review of the FSAR,
| the staff has determined that there is no new information that would change its
! earlier conclusion. Thus, the plant meets RG 1.59, "Desi~gn Basis Floods for

Nuclear Power Plants," and GDC 2 with respect to flooding from the Ohio River.;

I 2.4.3.2 Peggs Run Floods

i The Peggs Run drainage area is shown on Figure 2.12. To compute a PMF
. hydrograph for Peggs Run, the applicant used a method proposed by McSparran
! (1968) and a PMP value from HMR No. 33. the 6-hour, 10-mi2 PMP value from HMR
! No. 33 was. distributed into 1-hour increments using a distribution pattern

from EM 1110-2-1411 (U.S. Department of the Army, 1952). The resultant PMP
; used by the applicant was as follows:.

-

.
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Time PMP

(hr) (in.)
1 2.7
2 3.4
3 9,3

4 3.7.

5 3.0
6 2.5

Total 24.6

The applicant assumed that there would be no losses in the PMP rainfall and
computed hourly PMF hydrograph values using methods described by McSparran.
The resultant PMF hydrograph is plotted on Figure 2.13, and the hourly
ordinates are tabulated below.

PMF
Time discharge
(hr) (cfs)
1 4,090
2 7,311
3 17,142 '

4 13,506
5 8,704
6 6,795

Before construction of the Beaver Valley Station, the Peggs Run channel was
located approximately between the highway embankment and where the cooling
towers are now located. Construction of the station required that a portion
of Peggs be routed through a 1400-foot-long,15-foot-diameter culvert so that
-the plant fill area could be extended across the run. Location of this culvert
is shown in Figure 2.14. The culvert empties into an open channel before
entering the Ohio River. In analyzing the flood effects of PMP occurring-
over the Peggs Run drainage area, the applicant conservatively assumed that
the 15-foot culvert would be blocked. The applicant's analysis showed that most
of the flood water (15,000 cfs) would flow to the Ohio River in the area between
the cooling towers and the road embankment. A small portion (2,000 cfs) of th'e
flood peak would overflow to the area east of the highway embankment.

Using HEC-2, the applicant estimated a maximum water surface elevation of
730.07 feet ms1. Since minimum finished plant grade elevation is 730 feet
4 inches, the applicant concluded that safety-related structures would not be
impacted by Peggs Run flooding.

Because the staff determined that PMP values from HMR Nos. 51 and 52 should be
used instead of the HMR-33 values used by the applicant, an independent analysis
of Peggs Run was also performed by the staff. The staff, however, did not use
the McSparren method as was used by the applicant to calculate a PMF hydrograph
for Peggs Run. Instead, it used a method described by the U.S. Bureau of Recla-
mation (1977). Because the methods used by the applicant and staff were dif-
ferent, the staff first computed a flood hydrograph using PMP values from HMR
No. 33 and compared this result with the applicant's flood hydrograph, which was
also computed using PMP from HMR No. 33. This was done to ensure consistency_

between the two methods used. The two hydrographs are plotted on Figure 2.13.,

.
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As'shown on this figure, the hydrographs by the two methods are quite similar
with the peak of the staff's hydrograph (18,000 cfs) slightly more conservative
than the applicant's (17,000 cfs). On this basis, the staff concluded that the
applicant's modeling procedure was acceptable and that the Bureau of Reclamation
method, readily available to NRC, could be used for computing PMF hydrograph
using PMP data from HMR Nos. 51 and 52.

Using the method described by the Bureau of Reclamation and PMP values from
HMR Nos. 51 and 52, the staff computed a PMF hydrograph assuming that there
would be no losses in the PMP. PMP values used are tabulated below:

Time PMP Time PMP Time PMP
(min) (in.) (min) (in.) (min) (in.)

10 0.3 110 0.6 210 0.6
20 0.3 120 0.8 220 0.5
30 0.3 130 0.8 230 0.5
40 0.3 140 1.5 240 0.4
50 0.3 150 2.4 250 0.4
60 0.4 160 6.3 260 0.4.

70 0.4 170 2.2 270 0.3
80 0.4 180 1.2 280 0.3
90 0.5 190 0.8 290 0.3

100 0.5 200 0.6 300 0.2

The resultant PMP flood hydrograph had a peak discharge of 28,100 cfs. This
hydrograph is also. plotted on Figure 2.13.

The HEC-2 computer program was used to compute water surface elevations conserv-
atively assuming that the Peggs Run Culvert would be 100% blocked. The location
of this culvert is shown on Figure 2.14.

The Peggs Run PMF would overflow to the area east of the highway embankment, but
the major portion of the flow wold remain west of the highway (see Figure 2.14).
To determine the portion of the flow that would remain on the west side, various
flows were assumed and water surface elevations were computed. By matching the
water surface elevations at cross-sections 31 and 50, the flows on each side of
the highway were determined. For a PMF flow of 28,100 cfs, 24,300 cfs would
flow between the cooling towers and the highway embankment and 3800 cfs would
overflow to the east side of the highway. The topography and locations of the
cross section used in this analysis are shown on Figure 2.14.

The water surface elevation computed at cross-section 40, for a flow of
24,300 cfs, is 731.3 feet. Because the lowest access to a safety-related struc-
ture is 732.0 feet (see Table 2.3), the staff concludes that a PMF on Peggs Run
will not affect the safe operation of the Beaver Valley station. Thus, the plant
meets RG 1.59, "Desi;n Basis Floods for Nuclear Power Plants," and GDC 2 with
respect to flooding from Peggs Run.

2.4.4 Potential Dam Failures

The Corps of Engineers dams on the tributaries of the Ohio River are designed
to pass localized PMFs; thus failures by overtopping are not considered credible

_ events. Although the dams are also designed for earthquake loads, during the
,

CP review both the applicant and the staff analyzed floods that could be caused
.
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by seismically induced dam failures. The applicant concluded that the worst I
case of such an arbitrarily assumed event would be a failure of Conemaugh Dam.
This failure, even when postulated coincident with a standard project flood
(which is a flood about half as severe as a PMF), would produce a water level
of 725.2 feet msl. This is lower than the flood level that would result from
the PMF on the Ohio River (730 feet msl), as discussed in Section 2.4.3.

At the CP stage, using the criteria suggested in RG 1.59, the staff considered
flood waves that could result from arbitrarily assumed seismically induced dam
failure coincident with both (1) a flood producing about half the PMF runoff
rate and (2) the simultanecus failure of more than one dam coincident with a
25 year flood. The staff concluded that, for both single and multiple dam
failures, the flood level at the site would be less than that from a PMF.

The FSAR does not contain any new information that would cause the staff to
change its conclusion that a flood caused by potential dam failure would not
affect the safety of Beaver Valley Unit 2. Thus, the staff concludes that the
plant meets GDC 2 and 10 CFR 100, Appendix A, with respect to flooding by dam
failures.

2.4.5 Probable Maximum Surge and Seiche Flooding

Beaver Valley Unit 2 is not located near,any large bodies of water where surge
or seiche flooding would be a significant consideration.

2.4.6 Probable Maximum Tsunami Flooding

A tsunami is a gravity wave system that is created by a disturbance in the crust
of the earth underlying a large body of water with the resulting uplift of the
water surface over a large area. Because Beavar Valley Unit 2 is not located
near a large body of water, a tsunami is not a credible source of flooding.

2.4.7 Ice Effects

2.4.7.1 Potential Ice Jamming

The Corps of Engineers has been maintaining records of icing in the New
Cumberland Pool of the Ohio River since 1963. During this time, there has
been no ice jamming or gouging, nor have there been any reports of rising
water levels as a result of ice buildtp. Normally ice jams form at obstructions
and irregularities; none of these exist in the vicinity of the intake structure.
Although the Shippingport Bridge crosses the Ohio River about 1000 feet upstream
of the intake structure, the three support piers of the bridge do not form a
significant channel obstruction.

The only significant ice jamming in the vicinity of the site tas in 1936. At
that time, the unadjustable wicket-type gates of an old navigation dam had to
be dropped to avoid damage from a large ice floe. The resulting low pool
caused an ice jam with about a 5-foot rise in the water level behind it. All

of the old dams in this reach of the Ohio River have been removed. The New
Cumberland Dam is equipped with adjustable gates, some of which can be lowered
to pass ice and then raised to maintain the pool at a normal elevation of
664.5 feet msl. In addition, ice can be passed through the locks. Thus an
ice jam similar to that of 1936 is unlikely to occur because the obstacles'

.
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that caused that ice jam have been eliminated. However, if a jam did occur
and the river rose 5 feet, the water level would remain 60.5 feet lower than
the minimum local plant grade elevation of 730.3 feet msl.

One of the most severe ice jams on the Ohio River occurred at the Markland Locks
and Dam in early 1978. Although the Markland Locks and Dam are about 500 miles
downstream of the site, the applicant addressed the possibility of a Markland-
type ice jam in the New Cumberland Pool. The applicant concluded that the
possibility of this type of ice jam in the New Cumberl.and Pool is very low
because the New Cumberland Dam has submergible gates that permit ice to pass
over them. In contrast, the Markland Dam gates are not submergible.

This is one reason ice piled against the dam in 1978. In addition, the combi-
nation of meteorological events that led to the Markland ice jam--extreme cold
and low flow followed by severe flooding--are of low probability. After the
Markland ice jam, the Ohio River Industry Ice Committee was formed to better
ensure communication, operating procedures, and other measures to prevent a
recurrence of the problems experienced at Markland.

For the site to be flooded by an ice jam downstream at the New Cumberland Dam,
the water level in the New Cumberland Pool would have to rise more than 65 feet
for 20 miles upstream of the dam, which is extremely unlikely. Therefore, the
staff concludes that there is no credible ice jam that could affect the safe
operation of the plant.

Formation of an ice jam upstream of the station would not affect the safe
operation of the station because, as discussed in Section 2.4.11.2, a Technical
Specification requires that the plant be shut down du.aing extreme low river
flows.

2.4.7.2 ' Potentia! Blockage of Intake by Ice

The applicant addressed the potential for blockage of the intake by ice. Be-
cause of the relatively straight shoreline and the fact that the intake can
withdraw water from elevation 646 to 659.5 feet msl, the applicant concluded
that it is unlikely that ice floes could pile up in a way that would block a

,

significant pcrtion of the intake. In addition, the cleaning mechanism for
the bar racks will remove ice as it removes other debris.

The applicant also examined the potential for frazil or anchor ice adversely
affecting the intake structure. There are no historical data on frazil ice
formation in the Ohio River. However, a survey of a number of facilities
having intakes equipped with trash racks and traveling screens similar to
those at Beaver Valley showed no problems with frazil ice formation or block-
age by ice floes. Beaver Valley Unit 1, which has been operating since 1976,
and the adjacent Bruce Mansfield plant, which has been operating since 1975,
have not experienced any problems with icing, even during the severe winter of
1977-1978.

On the basis of its review of the information provided by the applicant con-
cerning ice effects, the staff concludes that Position 2 of RG 1.27 and GDC 2
have been met with respect to ice blockage of the safety-related water intake
structure.

.

.
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2.4.8 Cooling Water Canals and Reservoirs

There are no safety-related or other cooling water canals or reservoirs
associated with Beaver Valley Unit 2.

2.4.9 Channel Diversions
,

The Ohio River is a source of both normal and emergency cooling water (see
Sections 2.4.11.1 and 2.4.11.2). There is no potential for upstream diversion
of the river because the Ohio River Valley is deeply entrenched in bedrock of
sandstones and shales.

2.4.10 Flooding Protection Requirements

As described in Section 2.4.3, a PMF on the Ohio River would result in a maximum
stillwater level of 730 feet msl. All seismic Category I structures except the
intake structure are located above this elevation. The intake structure, which
is at elevation 675 feet msl and could be subject to the effects of coincident
wind generated waves and associated runup, is flood protected to an elevation
of 737 feet msl by the extension of the ventilation aia intakes to this eleva-
tion. In addition, the structure has flood doors, and the cubicles containing
the service water pump motors are completely sealed so that even if the entire
intake structure were under water, pump operability would not be affected. Thus,
the staff agrees that locating safety-related structures at or above elevation
730 feet msl is adequate to prevent flooding from the Ohio River.

The staff has determined that runoff from local rainfall, of the severity-
specified in GDC 2, would produce water levels that would exceed the door sill
elevations of several safety related buildings. The applicant is currently
assessing the effects of this flooding on the safe operation of the plant.
Resolution of this item will be presented in a supplement to this SER.

2.4.11 Cooling Water Supply

The cooling water systems consist of the main circulating water system (CWS)
and the service water system (SWS). The CWS is a closed-loop system utilizing
a natural draft cooling tower to dissipate heat to the atmosphere. The SWS takes
water from the Ohio River through the intake structure. A portion ofthe service
water is discharged to the circulating water lines and travels from there to the

[ cooling tower. By this means, the SWS provides the makeup water necessary to
replace water losses due to evaporation and drift and to maintain acceptable
water quality in the CWS.

2.4.11.1 Normal Water Supply

Under normal operating con titions, the SWS withdraws about 27,570 gpm from the
New Cumberland Pool on the Ohio River. This water is pumped by two of three
50% capacity service water pumps located in the intake structure to cooling
equipment in various buildings. A portion of the water (19,170 gpm) is then
discharged to the main circulating water lines to be used as makeup water to
the cooling tower. The rest (8400 gpm) is discharged to the emergency outfall
structure to prevent silt buildup in the 30-inch service water discharge lines.

~ The applicant considered the effect of low flows in the Ohio River on station
.- operation. The average discharge in the Ohio River, based on 43 years of
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I records, is about 32,675 cfs. The lowest flow of record occurred during the
extreme drought of.1930 when there was a minimum flow of 1250 cfs past the site..

Since .then, eight reservoirs with low flow augmentation capabilities have been '

constructed. Had these reservoirs been operating in 1930, the minimum flow;

would have-been 4000.cfs instead of 1250 cfs. This is somewhat lower than'' the 7-day.10 year low flow, which has been estimated to be about 5200 cfs.
Because only 61.4 cfs (27,570 gpm) will-be withdrawn for normal operation of

!

Unit 1 and 128.3 cfs (57,570 gpm) will be withdrawn when both Units 1 and 2 '

'

are operational, the staff concludes that the Ohio River provides a highly
reliable source of cooling water. Thus GDC 44 has been met with respect to'

an adequate source of cooling water to dissipate heat under normal operating
: conditions.
1

[ 2.4.11.2 Emergency Water Supply' -

[ Emergency safe shutdown and cooldown of Beaver Valley Unit 2 can be. accomplished'

using the ultimate heat sink (UHS), which is the Ohio River. During an emergency
j requiring plant shutdown, the service water pumps will continue to withdraw water

from the Ohio River just as they do during normal operation. Howeve,r, water that
is normally used for cooling tower makeup will automatically be diverted to those

{ cooling systems required for emergency plant shutdown.
.

At the CP stage, the applicant proposed a minimum design river level of
648.6 feet msl based on a postulated failure of the New Cumberland Dam, which,

; _ as shown on Figure 2.7, is downstream of the site. In reviewing the applicant's
] analysis of potential low river flows, the staff determined t. hat the minimum

river flow of 4000 cfs assumed by the applicant depended on the ability of up-
stream reservoirs to augment low flows. Because such augmentation depends on,

- reservoir storage provided by others, the staff independently estimated that
the minimum river flow could be as low as 800 cfs. Thus the staff requested'
that the applicant ensure that, at a low flow of 800 cfs, the depth of water in
the intake structure would provide the required submergence so the pumps could
supply safety-related cooling water. If this could not be ensured, the staff

-required that the applicant develop a Technical Specification to define the,

minimum water level in the river at which the station would be operated. This-

requirement was necessary so that during declining river flows, the station
shut down while there was still adequate flow in the rive.r. In response to
the staff's request, the applicant proposed a Technical Specification that<

limits the operation of the station to periods when the water level in the
;- river is at or above elevation 654 feet msl. The service water pumps are
!- . designed to supply water at river levels as low as 648.6 feet msl. Therefore,

the staff concludes that a river level limit of 654 feet msl is adequate to
; ensure that the plant can be safely shut down during low flow conditions in

the Ohio River.'

Because the UHS will handle heat loads at a maximum river water tmperature of
; 86*F, the Technical Specifications also limit station operation to periods when
j the river temperature is less than or equal to 86*F. Average river water

temperature will be determined once every 24 hours. The 24-hour surveillance,

; interval is the same as that established for Unit 1. Since Unit 1 began
i operating in 1976, the river temperature has never exceeded 86*F. Because the
j Ohio River drains such 'a large area (23,000 mi2 at the site), the temperature
! of the river water remains fairly constant and temperature changes are small
| and gradual. For the river temperature to exceed 86*F, the Ohio River drainage-

j.

;
'
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area would have to experience a lengthy period of extreme warm weather. Even,

in this case, temperatures would increase very slowly. Because river water
temperatures will be monitored frequently (every 24 hours), the staff concludes
that even during an unusual warming trend, river temperatures will not increase
too rapidly to allow safe shutdown of the plant should temperatures exceed 86 F.,

Because the intake structure is on the bank of the Ohio River, it is expected
that sediment suspended in the river will accumulate in the lower part of 'he
structure. The applicant states that silt accumulation in the intake structure
will be monitored semiannually and that silt over 15 inches deep will be removed
by pumping. The 15-inch limit is based on experience gained from operation of
Unit 1. During periods of high river flows (which generally occur in the spring),
silt could accumulate to levels exceeding 15 inches. However, the spring inspec-
tion will ensure that silt does not accumulate to a level that will adversely
affect SWS pump operability. Fall inspections at Unit 2 have shown no apprecia-,

'

ble silt buildup when silt was removed during spring inspections. Thus, the
staff concludes that an allowable silt accumulation level of 15 inches and a
semiannual inspection interval are adequate to preclude sediment from accumula-
ting to a level that could affect the capability of the SWS pumps in the intake ;

structure to obtain an adequate amount of cooling water for safety-related
purposes.

4

The cooling water required for emergency shutdown is less than that required
ror normal operation. Because the flow in the Ohio River is adequate for
normal operation even under extreme drought conditions (see Section 2.4.11.1),
the flow is also adequate for emergency operation. Thus, the staff concludes
that the Ohio River meets the recommendations for a UHS in RG 1.27 and meets
GDC 44 with respect to thermal aspects of the heat transfer system.

2.4.12 Groundwater

2.4.12.1 Groundwater Description

The Beaver Valley station is located on a terrace of alluvial deposits that
were deposited by the higher stages of the ancestral Ohio River drainage
system during the Pleistocene period. The terrace is about 4000 feet long,,

and is 1800 feet wide at its widest point. It is more than 100 feet thick and
consists predominantly of sands and gravels. The permeability of these alluvial'

deposits ranges from 5.7 x 10 s to 2.0 x 10 4 fps.;

i Underlying the terrace deposits is bedrock of the Pennsylvanian age. This bed-
; rock is a carbonaceous shale that dips southeastward at about 15 to 20 feet per
j mile and has a surface elevation of about 620 feet at the site.
,

The sands and gravels in the terrace deposit on which the station is located
form the only significant aquifer in the site area. Both upstream and down-
stream of the station, the terrace pinches out against the steep bedrock
valley wall.

Recharge to the terrace aquifer is primarily from precipitation in the immediate
area. Groundwater occurs under hydrostatic conditions with the phreatic surface
having a contour in subdued relief approximating the ground surface. Beneath
the station, the groundwater elevation is normally at about 665 feet msl and| '

movement is directed in a northwest direction toward the Ohio River. Because|

L ' |
t
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plant grade is 730 feet msl, groundwater is encountered about 65 feet below the
land surface.

2.4.12.2 Groundwater Use

The groundwater wells within the site boundary are two construction wells, two
wells that supply water to the Shippingport station (adjacent to and southwest
(.f the Beaver Valley station), and two wells that will supply domestic water
to Beaver Valley Unit 2. None of these wells is downgradient from Unit 2.

2.4.12.3 Design Basis for Subsurface Hydrostatic Loading

. The applicant's design-basis groundwater level for hydrostatic and combined
' loading is elevation 730 feet msl, which is the elevation of the PMP. The staff

concurs that this level meets SRP 2.4.12 and thus concludes that it meets GDC 2.

2.4.13 Accidental Release of Liquid Effluents

SRP 2.4.13 sets forth criteria and procedures for the analysis of accidental
releases of liquid effluents in ground and surface waters. Using these, the
staff analyzed a postulated failure of the refueling water storage tank (RWST)
and the evaporator bottoms storage tank (EBST). These tanks were selected
because they have the highest potential concentrations of effluents.

The RWST is an outside tank located at grade level just east of the reactor
containment building. The staff postulated that this tank would fail and its
entire contents would be introduced instantaneously into the New Cumberland
Pool of the Ohio River (see Figure 2.8). This is a conservative assumption
because, in reality, the spill would not enter the Ohio River instantaneously;>

instead it would probably flow into Peggs Run just east of the Unit 1 cooling
tower before it entered the New Cumberland Pool.

There are three municipal-water intakes between Unit 2 and the New Cumberland
Locks and Dam. Two of these are on the opposite side of the river at Midland,
Pennsylvania, and East Liverpool, Ohio, downstream of Unit 2 about 1.3 and
5.2 miles, respectively. The third intake is on the same side of the river as
the plant at Chester, West Virginia, about 7.1 miles downstream.

j An accidental spill from the RWST would not disperse to the far shore where the
Midland and East Liverpool intakes are located. Therefore, these intakes would
not be affected. The Chester intake could be affected. However, in its evalu-
ation the staff determined that by the time the RWST' spill flowed past the
Chester intake, it would be diluted by the water in the New Cumberland Pool.

so that the concentrations of all the nuclides would be reduced to less than<

{ the limits shown in Table II of Appendix B to 10 CFR 20.

The EBST, which is located in the auxiliary building, was postulated to fail,
spilling its contents on the floor. The spill was then assumed to instantan--

eously and nonmechanistically leak through the building floor into the ground-
water where it would be dispersed and transported downgradient to the Ohio
River (see Section 2.4.12 for a discussion of the groundwater regime). There

1 are no water supply wells along this route, which is entirely within the site
boundaries. A conservative analysis by the staff indicated that, as a result

,

of dilution alone, where the contaminated groundwater would be intercepted by
,
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the Ohio River, the concentrations of all nuclides would be smaller than the
10 CFR 20 limits.

On the basis of these analyses, the staff concludes that postulated accidental
spills of radioactive effluents will not result in contamination of any surface
or groundwater supplies. Thus Unit 2 meets 10 CFR 100 with respect to potential
groundwater contamination.

2.4.14 Technical Specifications and Emergency Operating Requirements

The PMF level of 730 feet msl described in Section 2.4.3 is the design-basis
flood level for all safety-related structures. A Technical Specification will
define the actions to be taken if rising ficod levels approach the design-basis
elevation.

As discussed in Section 2.4.11.2, a Technical Specification also will define
the minimum river water level and maximum river water temperature at which plant
shutdown must be initiated. This Technical Specification is required to ensure
that during periods of declining water levels in the river, the plant is safely
shut down while an adequate supply of water is still available. The temperature
restriction is needed to ensure that river water has sufficient heat-dissipating
capacity to cool the plant adequately during an emergency condition.

2.4.15 Conclusions

The staff has reviewed the design of Bea~ver Valley Unit 2 with regard to
hydrologically and hydraulically related plant safety features. On the basis
of this review, the. staff concludes that large-scale Ohio River and Peggs Run
floods do not pose'a threat to the safe operation of the plant or to the integ-
rity of the site. The staff concludes that Unit 2 meets GDC 2 with respect to
potential flood hazards from the Ohio River and from Peggs Run.

With regard to the flooding from extreme local rainfall events, the staff con-
cludes that a PMP event would produce water levels that would exceed the door
sill elevations of the emergency diesel generator building, the auxiliary build-
ing, the fuel and decontamination building, the control building, and the service
building. However, because of the lack of information from the applicant concern-

- ing the design of doors, the staff is unable to determine the amount of water,
if any, that would seep into safety related buildings or whether the safe opera-,

tion of the plant would be adversely affected.
- In addition, the staff is unable to determine how or if roofs of safety-related

buildings would be affected by ponding from a PMP. Before the staff completes
; its review, additional information will have to be Turnished by the applicant.
- The staff has reviewed the availability of water for normal and emergency
'

cooling purposes during periods of diminished flow in the Ohio River. The staff
concludes that there is sufficient water available to maintain safe plant opera-
tion over any reasonable drought period, as requi. red by GDC 44.

As discussed in Sections 2.4.3 and 2.4.11.2, operating procedures that encompass
Technical Specifications for both severe floods and droughts are required to

- ensure the operability of safety-related equipment. The Technical Specification
-

proposed for severe floods (described briefly in Section 2.4.3) ensures that the.
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station can be safely shut down during high flows in the Ohio River. Thus the
staff finds the hydrologic aspects of this Technical Specification acceptable.
Section 2.4.11.2 states that Unit 2 will be operated only when the river water
level is above 654 feet ms1 and the river water temperature is at or below 86 F.
The staff concludes that a water level at elevation 654 feet msl and a temper-
ature of 86 F are adequate to allow the plant to be safely shut down under low-
flow or warm temperature conditions.

2.5 Geology and Seismology

2.5.1 Basic Geologic and Seismic Information

The geological and seismological aspects of the Beaver Valley site were reviewed
during the CP evaluations of Units 1 and 2 and the OL evaluation of Unit 1.

*

The conclusions reached then by the AEC and its advisors (the U.S. Geological
Survey (USGS) and the U.S. Coast and Geodetic Survey (USC&GS)) are in the Unit 1
SER-CP, the Unit 2 SER-CP, and the Unit 2 SER-OL. The staff and its advisors
concluded that there were no known active faults or other geologic structures
in the area that could be expected to localize seismicity in the immediate
vicinity of the site and that the geological and seismological aspects of the
site were acceptable.

The staff has reviewed the geological and seismological information in the
Unit 2 FSAR, and, as a result of this review, has reaffirmed its earlier conclu-
sion that there are no geologic structures in the site vicinity that could be
expected to localize earthquakes or cause surface faulting at the site.

The seismic design basis for Unit 2 is a Newmark and Hall (1969) response spec-
trum anchored to a 0.125 g high frequency acceleration. During the OL review
the staff asked the applicant for further information on how the safe shutdown
earthquake (SSE) was determined, the methods used to define the vibratory ground
motion, and the associated seismic design of the Category I structures. In
addition, the staff asked the applicant to evaluate the effects of shallow
earthquakes (observed in the 200-mile radius of the plant) and the appropriate-
ness of the vertical response spectra used in the seismic design of the plant.

In reply to the staff request for further information, the applicant submitted
a report titled " Seismic Design Response Spectra--Beaver Valley Power Station
(BVPS)-Unit 2," June 1984 and a followup report titled " Site Dependent Response
Spectra, BVPS Unit 2," December 1984. These reports addressed several areas
critical to the seismic design of Unit 2.

(1) comparison of the 5% damped Unit 2 seismic design response spectrum to a
response spectrum anchored to 0.07 g zero period acceleration (ZPA), as
defined in RG 1.60

(2) comparison of the Unit 2 design spectrum to a site-specific spectrum
obtained from strong motion recording stations with soil profiles similar
to those at the Beaver Valley site.

4

(3) comparison of the Unit 2 design spectrum to a site-specific spectrum
developed from strong motion recording stations founded on rock afplified

- to account for soil effects at the Beaver Valley site
-

.
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(4) justification for the use of the Unit 2 vertical response spectra.

(5) discussion of the effects of shallow earthquakes on the Beaver Valley site

The staff concurred with the applicant that

(1) the vertical response spectra used for the SSE seismic design were suffi-
ciently conservative

(2) the very low seismicity of the area in which the Beaver Valley site is
located coupled with the generally low energy content of ground motion
generated by shallow earthquakes makes these particular events incapable
of representing a significant factor in the seismic design of the plant

The staff reviewed the just.ification of the Unit 2 seismic design. It has asked
the applicant to provide additional information on the site-specific spectra
developed. Pending a further analysis of the influence of soil amplification
on the Unit 2 site-specific spectra, the Unit 2 design spectra are adequate
because the amount of exceedance, if any, is expected to be small and the area
in which the site is located is one of very low seismicity.

Sections 2.5.1.1 and 2.5.1.2 below contain a summary of the station geological
conditions and the bases for the staff's conclusion concerning the geological
suitability of the site. Section 2.5.2 presents the staff's seismological
analysis of Beaver Valley Unit 2. Section 2.5.3 addresses the potential for

. surface faulting in the site region.

2.5.1.1 Regional Geology

The Beaver Valley site is in the Appalachian Plateau Physiographic Province
(Fenneman, 1938). The Appalachian Plateau is bounded by the Central Lowland
Province to the west and north. Much of this boundary is expressed as a
west-to-north facing " cuesta" escarpment. The nearest approach of the Central
Lowland is about 85 miles to the west and northwest. Approximately 108 miles
east of the site is the Valley and Ridge Physiographic Province, the boundary
of which is an east-facing escarpment, the Allegheny Front. The physiography
in the site region is that of a rejuvenated peneplane with elevations ranging
from more than +1200 feet msl at the peneplane surface to less than +600 feet
msl in the valleys.

The site is within the Appalachian Plateau Tectonic Province, whose eastern
boundary is the Allegheny Front. The staff considers the western boundary to
be the same as the physiographic province boundary west and northwest of the
site, which is located about 85 miles west of the site.

The applicant's conclusion regarding the western boundary of the Appalachian
Plateau Tectonic Province is illustrated in FSAR Figure 2.5.1-1. This boundary
is essentially controlled by the mapped western limit of the Salina salt horizon,
along which it is posutlated that westward thrusting of large slabs of Paleozoic
rocks occurred during th Late Paleozoic Alleghenian Orogeny (240 million years
before present (mybp) to 330 mybp). .The boundary is also controlled by the
westernmost extent of tectonic structures that are recognized as being directly
associated with the Alleghenian Orogeny where these structures are mapped west
of the Salina salt.

.

The northwestern boundary is interpreted to be beneath,
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Lake Erie, even though the Salina continues into the Michigan Basin, because
there are no recognized Alleghenian tectonic structures northwest of that loca- I

tion. The boundary extends southward, passing to the west of the Salina salt's
i

westward extent, to include the Parkersburg-Lorain syncline, which is considered
to be an Alleghenian structural outlier by the applicant. South of Ohio the
limit of the salt follows the west boundary of the Salina Basin, but the appli-
cant extends the province boundary further to the west to include several low-
amplitude, north-east-southwest-striking folds west of Huntington, West Virginia.

In past licensing decisions it has been the staff's position that the eastern
boundary of the Central Stable Region Tectonic Province and the western boundary
of the Appalachian Plateau Tectonic Province lie just east and southeast of the
axis of the Cincinnati-Findlay Arch system. This boundary is based, in the con-
text of Appendix A, 10 CFR 100, on a general decrease of deformation features
that are attributable to the Alleghenian Orogeny, and the gradual appearance in
increasing numbers along the western flank of the Appalachian Basin of irregular,
minor erratic folds, domes, noses, etc. , that typify the broad basins and arches
of the Central Stable Region Tectonic Province. On the basis of these criteria,
it is the staff's position that the hypothetical eastern boundary of the Central
Stable Region is approximately 85 miles west of the site at its closest approach.

This conclusion is similar to that of the applicant; however, the applicant's
boundary to the southwest would exclude the 1926 southwest Ohio Modified
Mercalli Intensity (MMI) VI-VII earthquake from the Appalachian Plateau Tectonic
Province. The epicentral area is close to the boundary, and the geological
terrane is similar to much of that which characterizes the west flank of the
Appalachian Basin. Although the exclusion of this earthquake may prove to be
valid as more data become available, it is the staff's position that there is
insufficient basis at the present time for excluding it from the site's tectonic,
province. This position is consistent with the staff's conclusion reached during
the CP review for Beaver Valley Unit 2.

As a result of their review of the geological and seismological aspects of
Beaver Valley Unit 2 during the CP review, the staff and its advisor, the
National Oceanic and Atmospheric Administration (NOAA), concluded that the
seismicity in the vicinity of Anna, Ohio, including the 1937 MMI VII-VIII
earthquake was likely related to the local tectonic structure in the epicentral
area. Hcwever, since that structure had not been defined, an earthquake similar
to the 1937 event was considered possible in other parts of the Central Stable
Region Tectonic Province. The staff concludes following the OL review that that
position is still valid.

Recent information (NUREG/CR-3768), on the other hand, tends to support the
interpretation of a local, though still undefined, source for the Anna seismi-
city. The data suggest the possibility that three major tectonic features
intersect in the vicinity of the Anna, Ohio, seismic zone, and that they may
be zones of weakness that are reactivated in the present stress regime. The
three zones are (1) a northwest extension into the Anna area of the New Madrid
Rift System as suggested by subtle gravity anomalies and the presence of the
Fortville Fault, (2) the southwest projection through the area of the Grenville
Front based on gravity and magnetic anomaly data and borehole lithologic data,
and (3) a postulated rift passing into the area from the northwest subparallel
to the Midcontinent Rift System in Michigan. The latter is based on the inter-_

pretation of magnetic and gravity anomalies. However, until structure in the
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epicentral area is better defined, it is the staff's position that the 1937
Anna, Ohio, MMI VII-VIII earthquake is considered possible in other parts of
the Central Stable Region Tectonic Province, including the nearest approach of
that boundary, which is located approximately 85 miles west of the site.

Structurally the site lies northwest of the axis of the Appalachian Basin.
The basin is floored by Precambrian metamorphic and igneous rocks that are much
nearer the surface in the Central Stable Region to the west and at the surface
in the Blue Ridge Mountains to the southeast. The basin in the site region is
filled with thousands of feet of relatively undeformed sedimentary rocks ranging
from Cambrian to Permian in age. The youngest rocks are those of the Dunkard
Group of Early Permian age (260 to 290 mybp). The Paleozoic rocks consist of
sandstones, carbonates, shales, and coal. The Carboniferous (upper) (290 to
330 mybp) strata dip to the southeast toward the center of the basin at about
5 degrees. Although the site area is unglaciated (the nearest glaciated terrain
is about 20 miles north of the site), the river valleys are filled with glacial
outwash deposits and alluvium that form terraces representing periods when the
rivers were at higher levels during glacial melting. The site is on the highest
of these terraces in the Ohio River Valley, which has an average elevation of
about +735 ft msi.

The eastern flank of the Appalachian Basin is more deformed than the western
flank; it is characterized by considerable folding. The three largest folds
are the Chestnut Ridge anticline, 65 miles southeast of the site; the Laurel
Hill, about 75 miles east of the site; and the Accident Mountain anticline,
85 miles east of the site. The structural relief on these folds ranges from 500
to 2500 feet. Major folds on the western flank of the basin are the Cambridge
Arch and the Parkersburg-Lorain Syncline 80 miles west of the site. These folds,
like other structures in the Appalachian Basin, were formed during the Allegheny
Orogeny in the Late Paleozoic era, more than 240 million years ago. The
Parkersburg-Lorain Syncline is considered to be the western most significant
A11eghenian structure and is therefore regarded to be within the Appalachian
Plateau Tectonic Province.

The largest Central Stable Region structure (Eardley, 1962) near the site is the
Cincinnati Arch. The Cincinnati Arch underwent uplift in the Early Orodovician
(480 to 500 mybp). The last documented uplift occurred in the Post Permian-Pre
Late Triassic period (240 to 220 mybp) (Janssens, 1967, 1973). To the north,
the Cincinnati Arch forks, forming the Kankakee Arch, which strikes to the
northwest, and the Finlay Arch, which trends to the northeast.

The Valley and Ridge Tectonic Province is characterized by closely spaced,
northeast southwest striking anticlines that are assymetrical to the west.
Faults are usually present on the overturned limbs of these anticlines. The
faults have a thrust sense of movement and dip, at low angles, to the southeast.
These structures are related to thin-skinned tectonics that occurred during
the Allegheny Orogeny (Gwinn, 1964; Rodgers, 1970; and Cook et al., 1979).
The Valley and Ridge Tectonic Province is southeast of the Allegheny Front,
about 108 miles east of the site.

Although the Appalachian Plateau Province is relatively undeformed, there are
faults in the site region. None of these faults is capable within the meaning
of Appendix A to 10 CFR 100. (See descriptions of many of these faults in
Section 2.5.3.)

.
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2.5.1.2 Site Geology

The Beaver Valley site is situated at Shippingport, Pennsylvania, on the south
bank of the Ohio River. It is near the center of the Appalachian Plateau
Physiographic Province (Fenneman, 1938). The topography of the site area is
that of a dissected plain underlain by nearly flat-lying Paleozoic sedimentary
rocks. The area is unglaciated, and the nearest glaciated land is about 20 miles
to the north. However, the erosion and deposition of glacial meltwaters had a
profound effect on the site area. The site is on an outwash terrace that was
created by sediment deposited from glacial meltwaters at an elevation of
+735 feet msl. There is a younger terrace lower in the valley, at +688 feet
msl. The maximum elevation of the flat-topped hills in the site vicinity is
about +1200 feet msl, and the average river level is +665 feet msl. In the site
vicinity, the Ohio River Valley ranges in width from 1000 to 1400 feet.

The terrace deposits underlying the site are approximately 115 feet thick;
they consist of sands and gravel. Underlying the terrace sands are 10,000 to
11,000 feet (Beck and Mattick,1964) of flat-lying, undeformed Paleozoic sedi-
mentary rocks that range in age from Middle Cambrian to Late Pennsylvanian (550
to 290 mybp). Precambrian (pre-570 mybp) crystalline basement underlies the
Paleozoic rocks.

The uppermost bedrock unit beneath the plant is the Allecheny group of
Pennsylvanian age (290 to 330 mybp). It consists of interbedded sandstones,
shales, coal seams, and some bedded limestones. The highest stratum, the surface
of which is 115 feet deep beneath the plant', is a dark gray carbonaceous shale
that is weathered in the upper few feet. The bedding dips to the southeast at
about 15 to 20 feet per mile. On the basis of a study of coal seam and limestone
marker beds (the rocks in the site area), it is not possible, within the limits
of the techniques used, to detect the southeasterly dip of bedrock in a distance
of 10 miles. Therefore, the bedrock is essentially flat lying. The seismic
Category I foundations for Beaver Valley Unit 2 structures are founded on
dense terrace deposits, some of which have been densified using the pressure-
injected-footing technique and engineered backfill at elevations between +680
and +720 feet msl. Foundations for the plant structures are at least 55 feet
above rock surface. P-wave velocities in the bedrock are 12,000 feet per second.

The structural geology of the site area presented in the FSAR is based on
Woolsey (1905), Wagner and Lytle (1976), and Wagner et al. (1970) and geological
reconnaissance mapping of bedrock exposures in the site vicinity by the appli-
cant's geological consultants. No bedrock faults have been found within a
5-mile radius of the site. Four near-vertical joint sets have been mapped in
the area, two of which strike northeast-southwest, and two strike northwest-
southeast. The two dominant sets strike N76W and N57W and are interpreted to
be related to the Allegheny Orogeny.

Oil and gas have been withdrawn within 5 miles of the site but not within the
site area itself. The hydrocarbons are obtained from hard rock of the Pocono
Group of Mississippian Age (330 to 360 mybp), and future withdrawal will not
have an impact on the site.

Coal has been mined in the site vicinity, but westly within the Freeport coal
seam, which is stratigraphically higher than bedrock beneath the site. Coal

-

seams do underlie the site, but are too thin and too deep to be economically
.- attractive.
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Extensive landsliding has occurred in the site region (Pomeroy, 1979). Most
of the slides, both ancient and recent, have occurred in colluvial deposits or
are related to construction activities. Colluvial deposits are not extensive
in the site area, and precautions were taken during construction; thus land-
sliding is not considered to be a hazard to the Beaver Valley site.

2.5.2 Seismology

2.5.2.1 Seismicity

In FSAR Section 2.5.2.1, the applicant presents a thorough study of the
historical seismicity within a 200-mile radius of the Beaver Valley site.
The study shows that the Appalachian Plateau Tectonic Province, especially the
western portion of this province in which the site is located, is an area of
relatively low seismicity. This conclusion is substantiated by Barstow et al.
(NUREG/CR-1577). The Earthquake Frequency Map produced as a result of this
study shows that, for an area comprising some 12,000 km2 in the Beaver Valley
station region (i.e., a circular area with a radius of approximately 60 km),
the number of earthquakes reported between the years 1800 and 1977 with MMIs
of III or greater was less than four. In addition, a seismicity map (prepared
by the Pennsylvania Seismic Monitoring Network (operated by the Pennsylvania
State University)) showing the seismic activity recorded since 1975 corroborates
the relatively low activity in western Pennsylvania.

Earthquakes of special interest to the site are discussed in Sections 2.5.2.1.2
and 2.5.2.1.3 of the FSAR.

2.5.2.2 Tectonic Province

Ouring the CP review, the applicant determined that the Beaver Valley site was
located in the Appalachian Plateau Tectonic Province (APTP). The staff concurred
with this determination. However, during the OL review process, the staff voiced
its concern about the definitions of the boundaries of this province as stated

,

in the FSAR. The staff considers the APTP to be approximately equivalent to the
Appalachian Plateau Physiographic Province. Its eastern boundary is well defined
by an east-facing escarpment, the Allegheny Front. The Hadley and Devine (1974)
map of the tectonic provinces in the eastern U.S. shows the APTP bounded by the
Southern Valley and Ridge and Coastal Plain Tectonic Provinces to the south. To
the west the Cincinnati-Findley Arch delineates the boundary with the Central
Stable Region up to the Ohio State line, where the boundary veers to the north-

I east to coincide with the southern shore of Lake Erie.

Upon request from the staff for greater detail in identifying the geophysical
characteristics differentiating the APTP from the Central Stable Region, the
applicant sumitted a revised western boundary for the APTP. In FSAR Sec-
tion 2.5.2.2.1, Amendment 6, the applicant suggests that the western boundary
of the APTP is defined by the western extent of the Allegheny Orogeny. Accord-,

ingly, the revised boundary follows the edge of the Silurian salt to the north
and south and the Parkersburg-Lorain Syncline to the west. The staff concluded
that this interpretation of the boundaries was acceptable in the broad sense of
geological evidence of tectonism. However, the staff found the resulting exclu-
sion of the November 5, 1926, southern Ohio earthquake unacceptable because of
its close proximity to the vaguely defined edge of the Silurian salt deposits in
the region. Similar arguments apply to the Cleveland, Ohio, earthquake activity'
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It is the staff's position that, to license Unit 2, the November 5,area.
1926, southern Ohio earthquake and the Cleveland, Ohio, earthquakes should be
considered to have occurred within the APTP. (For additional details see
Section 2.5.1.1.)

2.5.2.3 Correlation of Earthquake Activity with Geologic Structures

FSAR Figure 2.5.2-2 shows the geologic structures and earthquake epicenters
within 200 miles of the site. Three areas where the clustering of earthquakes
appears to be significant can be identified on this map; namely (1) the Anna,
Ohio, area with the largest historic earthquake being the March 9, 1937,
intensity VII-VIII (MMI) event; (2) the Cleveland, Ohio, area with the largest
event being the April 9, 1900, intensity VI (MMI) event; and (3) the Attica,
New York, area with the largest earthquake being the August 12, 1929, intensity
VIII (MII) event.

The Attica, New York, seismicity is considered to be associated with the
Clarendon-Linden Fault System. The staff has not accepted any association
with structures for the seismicity in the Cleveland, Ohio, region or in the
Anna, Ohio", region. Hence, the only earthquakes that can be associated with a
tectonic structure inside the 200-mile radius from the Beaver Valley are those
in the Attica region.

2.5.2.4 Maximum Eartoquake Potential

The maximum earthquake potential for the site was derived from the following:

(1) the maximum earthquake potential within the tectonic province in which the
site is located

(2) the maximum earthquake potential of pertinent active fault systems and
adjacent tectonic provinces subject to applicable attenuation formulae

2.5.2.4.1 Maximum Earthquake Potential Within the APTP

As discussed in Section 2.5.2.2, the historic earthquake within the tectonic
province with the highest intensity rating is the November 5, 1926, southern
Ohio earthquake with an intensity of VI-VII (MMI) (NUREG/CR-1577). In terms of
estimated magnitude, the April 9, 1900, and the March 9, 1943, earthquakes near
Cleveland, Ohio, are the earthquakes in the APTP with the highest magnitudes,
namely, 4.7 (m ) (NUREG/CR-1577).

b

2.5.2.4.2 Maximum Earthquake Potential from Sauces Outside the APTP

According to the tectonic province approach, the effects of significant (maximum)
earthquakes in adjacent tectonic provinces may be obtained by assuming the event
at the closest approach of the tectonic province to the site and then applying
the appropriate formulae to account for attenuation. In terms of equivalent
earthquake intensity, the staff considers the intensity attenuation relation
proposed by Gupta and Nuttli (1976) the most appropriate. In terms of earth-
quake magnitude, the most recent work on ground motion attentuation in the
eastern U.S. by Nuttli and Herrmann (1981) is recommended by the staff. However,
in this study (Nuttli and Herrmann, 1981) and a subsequent study (NUREG/CR-3755),

- the investigators have defined the resulting (attenuated) ground motion in terms
.

m
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of acceleration, velocity, and displacement. Therefore, to allow a cohesive
overview of the different ground motion estimates at the Beaver Valley site,
the maximum earthquake potential in terms of ground motion for the sources
both inside the APTP and outside the tectonic provinces are discussed in
Section 2.5.2.6.

2.5.2.5 Seismic Wave Characteristics of the Beaver Valley Site

In its preliminary review, the staff voiced its concern about the type of
evidence that was presented to account for the modificaton of general seismic
wave characteristics peculiar tu the Unit 2 site. In the form of a request for
additional information from the staff dated September 19, 1985 and in several
subsequent meetings with the applicant, the following topics dealing with seis-
mic wave characteristics were discussed:

(1) Soil amplification: The Beaver Valley site consists of 50 to 100 feet of
alluvial sandy gravels over a mostly shale rock (bedrock) base. These
types of shallow soil sites exhibit ground motion amplification in the
frequency range critical to the Category I structures (e.g., see Clinton
SER (NUREG-0853) and Catawba SER (NUREG-0954)).

(2) Vertical response spectra: The applicant used a vertical spectrum that
is two-thirds of the horizontal at all frequencies. Thic is different
from the recommendations in RG 1.60, which shows the vertical spectrum
approaching the horizontal at high frequencies. The staff asked the
applicant to justify the use of the two-thirds ratio using recent strong
motion data.

(3) Shallow earthquakes: Nuttli and Brill (NUREG/CR-1577) discussed the
occurrences of very shallow earthquakes (depths of 3 km or less) which
appear to exhibit anomalously high epicentral intensities when compared
to the total felt area.

In two studies ("Sesimic Design Response Spectra--Beaver Valley Power Station
(BVPS)-Unit 2," June 1984 and " Site Dependent Response Spectra, BVPS Unit 2,"
December 1984) submitted subsequent to a staff's request for additional infor-
mation on September 19, 1983, the applicant addressed the topics mentioned.
The effects of soil amplification and vertical response spectra are discussed
in Section 2.5.2.6 because they comprise an integral part of the Beaver Valley's
seismic derign response spectra analysis. The effects of shallow earthquakes
are discussed in Section 2.5.2.5.1.

2.5.2.5.1 Effects of Shallow Earthquakes

At the staff's request, the applicant undertook a comprehensive investigation
of the ground motion resulting from shallow earthquakas (generally this means
earthquakes with focal depths of 3 km or less). In a recent study by Nuttii
and Brill (NUREG/CR-1577), the investigators noted that, for those events where
both intensity and instrumentally determined magnitudes are available, the
intensity ratings for these shallow events are anomalously high when compared
to the magnitudes. For instance, the above-mentioned study assigned a magnitude
of 3.4 (m ) to the November 5, 1926, southern Ohio earthquake with an intensityb
of VI-VII. The magnitude-intensity relationship developed by Herrmann and

, Nuttli (1975) would have predicted a magnitude of 5.0 (m ) f r this event.
b
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Another characteristic of shallow earthquakes is the relatively small area of
perceptibility of these events (e.g., 600 km2 for the 1926 southern Ohio event).

In a theoretical study by Nuttli and Herrmann (1978), the authors noted that
the surface wave excitation (Love-wave and Raleigh-wave excitation) at the
shorter periods is significantly higher for the shallow earthquake model (depth
of 2.5 km) than the deeper earthquake model (depth of 19.5 km). However, the
anomalously low radius of perceptibility associated with the shallow earthquakes
(NUREG/CR-1577) indicates that these surface waves attenuate rapidly.

In the report, " Site Dependent Response Spectra, BVPS Unit 2," December 1984,
the applicant noted that although anomalously high accelerations have been
recorded from earthquakes with shallow focal depths, these accelerations occur
in the form of high frequency spikes of short (time) duration. Therefore, such
accelerations exhibit low energy content. Thus, the likelihood that large struc-
tures such as the nuclear power plant structures would be adversely affected by
small shallow earthquakes is quite remote. In addition, the recurrence rate of
shallow earthquakes in the Beaver Valley region is extremely low. As a asult,
the applicant concluded that currently available information on the characteris-
tics of shallow earthquakes coupled with the very low recurrence rate of such
events renders these considerations insignificant when it concerns the Unit 2
seismic design criteria. The staff concurs with the applicant that neither the
historical earthquake data nor the instrumentally recorded data of the APTP
indicate that the occurrence of a shallow earthquake near the Beaver Valley site
is likely. In addition, the staff agrees with the applicant that large struc-
tures typical of nuclear plants are not likely to be adversely affected by the
type of ground motion observed during shallow earthquakes in the eastern U.S.

2.5.2.6 Safe Shutdown Earthquake

At the_ time the Unit 2 OL review was initiated, the FSAR indicated that the
seismic design of Category I structures was based on response spectra proposed
by Newmark and Hall (1969) which were anchored to a high frequency peak ground
acceleration (PGA) of 0.125 g (FSAR Figure 3.7B-1). The PGA of 0.125 g was'

based on an investigation by Whitman (1968) who recommended a (conservative)
i amplification factor of 3.5 for the Unit 2 site and a high frequency PGA of

0.035 g.

During the OL review process, the staff requested elaboration on the determina-
tion of the SSE and the manner in which the seismic design spectra were devel-
oped. In the request for further clarification, the staff noted the following,

| considerations which needed to be taken into account in the determination of
the SSE and its equivalent vibratory ground motion specification. Following

|
requirements promulgated in Appendix A to 10 CFR 100, several earthquakes need'

to be analyzed to arrive at the SSE for the Unit 2 site:

,
(1) The historical earthquake within the APTP with the hightest intensity that

' is not associated with a tectonic structure is the 1926 southern Ohio earth-
quake with an intensity of VI-VII (MMI). Using the trend-of-the-mean of
the Trifunac and Brady (1975) relationship between intensity and PGA would
result in a high frequency PGA of 0.09 g.

,

(2) The Cleveland, Ohio, earthquakes of 1900 and 1943 (magnitude 4.7 (m )) c-
b

| curred in the boundary region of the Central Stable Region and Appalachian
1. .
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Plateau Tectonic Provinces. For the purpose of licensing Unit 2, the staff
considers these earthquakes to be the historical earthquakes within the.
APTP.with the highest magnitude not associated with a tectonic structure.
Applying the Nuttli and Herrmann (1981, 1984) relationship between magnitude
and horizontal acceleration, assuming an epicentral distance of 15 km and a
depth of 5 km for the event, the arithmeti average of the horizontal accel-
eration would be 0.08 g. Caution should be used in applying this relation-
ship to near-field earthquakes because the relationships were not developed
for epicentral distances less than 20 km.. (See discussion on near-field
ground motion in Nuttli and Herrmann (1984).) In addition, the attenuation
is frequency dependent, and in the relationship used it is assumed that the
peak acceleration occurs at around 5 Hz.

(3)- The influence of maximum historical earthquakes outside the APTP is deter-
mined by moving the event to a point, inside its assigned tectonic province
or on the tectonic feature associated with it, closest to the Beaver Valley
Unit 2 site.

The largest historical earthquake within the 200-mile radius from the
Unit-2 site associated with'a tectonic structure is the 1929 Attica, New
York, earthquake with an intensity of VIII. The tectonic structure asso-
ciated with this earthquake is the Clarendon-Linden Fault System, which is

-160 miles from the site at its closest approach (see Section 2.5.3 for
further discussion). Applying the Gupta and Nuttli (1976) intensity at-
tenuation relationship, the Beaver Valley site intensity for this earth-
quake would be VI (MMI), which is less han the site intensity. discussed
under item 1.

Using the estimated magnitude of 5.8 (m ) f r the 1929 Attica, New York,
b

event and the Nuttli and Herrmann (1981, 1984) relationship between magni-
tude and horizontal acceleration, the arithmetic average of the horizontal
acceleration would be 0.02 g.

For.the Central Stable Region (Tectonic Province), the historic earthquake
with the largest intensity, not associated with a structure, is the March 9, -

1937, Anna, Ohio, earthquake with an intensity of VII-VIII (MMI) and a
revised estimated magnitude of 5.0 (m ) (NUREG/CR-1577, Appendix B2). Theb
closest approach of the Central Stable Region to the Beaver Valley site is
approximately 85 miles. Using the Gupta and Nuttli (1976) intensity atten-
uation relationship, the site intensity due to this earthquake is V (MMI).
The Nuttli and Herrmann (1981) magnitude / acceleration relationship predicts
a mean horizontal site acceleration of 0.02 g for the magnitude 5.0 (m )
event. b

For the tectonic provinces to the south and west, it is necessary only to
consider the northern Valley and Ridge Province and its maximum historic
earthquake because maximum historic earthquakes in the other tectonic pro-
vinces differ by one intensity unit, at most, while their closest distance-

from the Beaver Valley site is much larger and, therefore, the site inten-
sity would be less. The largest historic earthquake in the northern Valley
and Ridge Tectonic Province (Hadley and Devine, 1974) is the February 21,
1954, event near Wilkes Barre, Pennsylvania, with an intensity of VII (NOAA,
1973). The closest distance of this province to the site is approximately-

100 miles. Using the Gupta and Nuttli (1976) intensity attenuation-
,
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relationship, the site intensity due to the maximum historial earthquake in
the northern Valley and Ridge Tectonic Province is V (MMI). This is less
than the intensity associated with the SSE.

(4) The New Madrid Sesmic Zone, although it is 400 miles from the site at its
closest approach, needs to be considered because of the 1811 and 1812
earthquakes, the largest of which had an intensity of XI-XII (MMI) and an
estimated magnitude of 7.4 (m ). To evaluate the effects of this earth-b
quake on Beaver Valley, the staff relied on two recent studies by Nuttli
and Herrmann (1981, 1984). The attenuation relationships in these studies
predict an average peak horizontal acceleration of 0.03 g or less and an
average peak horizontal velocity of 14.4 cm/sec or less. It should be
noted that the Gupta and Nuttli (1976) intensity attenuation relationship
predicts a site intensity of VII at the Beaver Valley site, although
another study by Nuttli (1973) shows an isoseismal map for the December 16,
1811, earthquake with the Beaver Valley site area experiencing an intensity
of V-VI (MMI). In addition, Nuttli and Herrmann (1981) note that the
attenuation relationships discussed are in reasonable agreement with
observed data for earthquakes with magnitudes b6 tween 5.0 and 6.5 (m )

b
and that there is insufficient data to assess the attenuation characteris-
tics of earthquakes of greater magnitude.

Th'e applicant concluded and the staff concurs that on the basis of studies per-
formed by Nuttli and others, the most reliable estimate of the effects of the
1811.and 1812 New Madrid earthquakes on the Beaver Valley site are those obtained
from intensity observations and the' estimated isoseismal contours. According
to the available data, the site intensity at the Beaver Valley site was at most
V-VI (MMI). This is less than the intensity associated with the SSE.

On the basis of the review of the geological and seismological informatica
presented in the FSAR and its evaluation presented above, the staff made the
following recommendations:

(1) Using guidelines described in the SRP (NUREG-0800), the applicant should
compare the Unit 2 design spectra with the appropriate intensity based on
RG 1.60 spectra and should describe the effects of local site conditions
and discuss exceedances, if any.

(2) At nuclear power plant sites that exhibit a relatively shallow stratum of
soil over bedrock, the ground motion at the site resulting from near-field
earthquakes can better be assessed by constructing 84 percentile site-
specific spectra from strong motion earthquake records because they are
more in accord with the controlling earthquake size, frequency spectrum,
and local site conditions. Even in the case where the geophysical site
conditions cannot be matched, the site-specific spect 'a developed from
rock-based station records appropriately modified to account for (theoret-
ically) obtained site conditions (amplification) are frequently a better
measure of the required design criteria than the deterministic response
spectra recommended in RG 1.60.

2.5.2.6|1 Site-Independent Response Spectra

I
~

In Section 4 of the Seismic Design Response Spectra report of June 1984, the
.- appliant compared the Beaver Valley Unit 2 SSE horizontal design response'
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spectrum for 5% damping to a 5% damped spectrum anchored to 0.07 g ZPA as
defined in RG 1.60. The staff asked the applicant to elaborate on this evalua-
tion because it does not address the effects of local soil amplification.

2.5.2.6.2 Site-Matched Response Spectra

This method of determining the appropriate seismic design response spectra is
the preferred method because in its ideal form it (1) matches the local rock / soil
conditions, (2) matches the magnitude of the (near-field) SSE, and (3) takes
into account the variation in amplitude and frequency content of the earthquake
wave propagation characteristics.

The applicant performed an extensive study to select appropriate recording
stations and appropriate strong motion records. In reviewing the results, the
staff noted that all the selected recording stations (Appendix 2 of the June
1984, Seismic Design Response Spectra report) exhibited a deficiency that would
put the validity of site-matched response spectra into question without fur-
ther study. That is, the staff noted that the Beaver Valley site consists of
115 feet of alluvial sands and gravels over carbonaceous shale rock with a shear
wave velocity contrast at elevation 620 feet of 1200 ft/sec for the overlying
soil as compared with 6000 ft/sec for the bedrock. Analyses of nuclear power
plant sites consisting of shallow layers of low velocity soil (V 5 2000 ft/sec)

s
over bedrock with relatively high shear velocities (V 2 6000 ft/sec) haves
shown that these contrasts may result in significant wave amplification (e.g. ,
see Clinton SER (NUREG-0853) and Midland SER (NUREG-0793)). The strong motion
recording stations selected to determine the Beaver Valley site-specific spec-
trum did not exhibit this high velocity contrast at depth.

2.5.2.6.3 Site-Dependent Response Spectra from Soil Response Analysis

To obtain site- specific response spectra that account for soil amplifications,
the applicant performed the following analysis:

(1) An appropriate soil profile model was developed for the Beaver Valley
Unit 2 site.

(2) A suitable suite of earthquake records from strong motion recording stations
founded on rock outcrops was selected.

(3) The SHAKE wave propagation analysis program was used to determine the
appropriate subsurface rock motion coincidental with the Beaver Valley
site bedrock interface.

(4) Statistical (84 percentile) response spectra were obtained from the rock
records modified under item 3 and subsequently amplified by a SHAKE
layered soil analysis program to account for the site soil amplification.

The applicant addressed the problem in a very comprehensive manner and by using
a many phased approach; the applicant facilitated a comparative review of the
different aspects involved in assessing the adequacy of the seismic design.
After reviewing the additional information submitted by the applicant (Seismic
Design Response Spectra report, June 1984 and Site Dependent Response Spectra
report, December 1984), the staff expressed its concerns about the conclusions
reached at a meeting held in Bethesda, Maryland, on December 7,1984. These
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concerns dealt mainly with the use of mean spectra rather than 84 percentile
spectra to evaluate the Beaver Valley Unit 2 seismic design spectra. The
applicant indicated that the study will be supplemented to include the 84 per-
centile site-specific spectra. It is the staff's opinion that although slight
exceedances are expected in the high frequency range, the Beaver Valley Unit 2
design spectra will prove to be conservative considering the relatively low
seismicity of the region. However, the staff is withholding a comprehensive
discussion until the supplement to the above-mentioned studies has been received
and reviewed. This issue, therefore, is considered a confirmatory item and
will be addressed in a supplement to the SER.

2.5.2.7 Operating Basis Earthquake

During the CP review stage, an operating basis earthquake (0BE) of 0.06 g was
considered adequate for the site. Assuming that the 0.125 g acceleration is
the appropriate SSE acceleration for the site, the OBE is in accordance with
the requirements of 10 CFR 100, Appendix A ( SSE). However, the staff is
withholding its decision on the adequacy of the OBE until the requested material
can be reviewed.

2.5.3 Surface Faulting

The Appalachian Plateau Tectonic Province is relatively undeformed. There are
no known faults within 5 miles of the site. Many faults have been mapped in
the region around the site. Some of these faults are described below.

The imbricate thrusting, thin-skinned tectonics, which is so characteristic of
the Valley and Ridge Tectonic Province 108 miles east of the site, also charac-
terizes the Plateau Province, particularly the eastern section. The low angle
thrust faults are believed to have originated by the slippage of large masses of
rock (hundreds of miles long by several miles thick) along weaker salt and shale
strata during the Alleghenian Orogeny (Cook et al., 1979, 1980) more than
240 million years ago.

The Clarendon-Linden Fault lies about 160 miles northeast of the site in the
Central Stable Region Tectonic Province. The mapped portion is about 60 miles
long, but it probably extends across Lake Ontario into Canada. It is comprised
of a zone of several faults that experienced several periods of displacement:
first down to the east, followed by reverse movement up on the east (Van Tyne,
1976). Historic seismicity--including the 1929 MMI VIII Attica earthquake--has
been attributed to this fault zone. Elevated pore pressures along the fault
caused by solution mining of salt and the relatively high in situ horizontal
stresses are interpreted to have caused many of the earthquakes monitored
between 1970 and 1977 (Fletcher and Sykes, 1977). Near-surface displacement
on this fault zone has not been found, even though numerous investigators have
searched for it. Many cientists interpret the absence of surface displacement
to be caused by the presence of the Salina Formation in the subsurface that,
being relatively plastic because of a high content of salt, is absorbing most
of the offset in the rock below and not transferring it to the hard rock
above.

The Transylvania Fault (the presence of which is based on an interpretation of
magnetic patterns near a zone of structural discontinuity (Wagner and Lytle,

. 1976)) passes several miles south of the site. The anomaly trends east-southeast
,
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toward east-west striking faults along latitude 40 N that extend across the
Valley and Ridge, Great Valley, and Blue Ridge Mountains. Novement on this
fault is interpreted to have taken place in the Paleozoic (more than 240 mybp)
and again in the Mesozoic (138 mybp) (Wagner and Lytle, 1976). Root and Hoskins
(1977) suggest that the anomaly and faults may be the extension onto the con-
tinent of an oceanic fracture zone that is represented off shore by the Kelvin,

'

Fault zone. There is no evidence that any of the structures in this postulated
zone are younger than Jurassic (138 mybp) and are therefore not capable, accord-
ing to Appendix A to 10 CFR 100.

Several minor reverse and tear faults related to the Allegheny Orogeny have been
mapped in the site region within a 100-mile radius (Ver Steeg, 1944; Janssens
et al, 1976). These faults are ancient and, therefore, not capable according
to Appendix A to 10 CFR 100.

A minor fault was mapped 5 1/4 miles from the site. The amount of displacement
could not be determined, but the fault strikes N35 E and dips 17 NW. The appli-
cant interprets this feature to be a gravity fault that occurred during sediment-;

ation. Regardless of its origin, it is overlain by unfaulted Paleozoic (more
than 240 mybp) sandstone and is therefore not capable.

On the basis of its review of the faults in the site region, the staff finds
that there are no capable faults or other geologic structures th.at represent a
hazard to the Beaver Valley site.

2.5.4 Stability of Subsurface Materials and Foundations

2.5.4.1 Site Foundation Conditions
.

'2.5.4.1.1 General Site and Plant Description
-

As described above, Beaver Valley Unit 2 is on the south .,ank of the Ohio River,
approximately 25 miles northwest of Pittsburgh. The m or struttures are built
on the highest of three Pleistocene terraces that ar composed predominantly of
alluvial deposits. These deposits were derived frcm the inplace weathering of
local materials that were transported by glacial outwash by the ancestral Ohio
River drainage system during the Pleistocene period.p Sequential deposition,
erosion, and subsequent deposition formed the terrives at the site. The surface
of the upper terrace slopes gently toward the Ohio /.iver from about elevation
760 feet to 735 feet. The soils of this terrace consist predominantly of inter-
bedded sands, gravels,,and silty sands and gravels. A steep natural slope
originally separated the upper terrace from the intermediate terrace and a
gentle natural slope separates the intermediate terrace from the lower (flood-
plain) terrace (FSAR Figure 2.5.4-1). The intake structure is located north of
the main structure on the floodplain of the Ohio River. The near surface soils
of the intermediate terrace, with original ground surface at elavations 685 to
700 feet, and the present floodplain, with the original ground surface elevation
675 feet, consist of medium stiff to soft clays and silts. These recent river
silts and clays extend to approximate elevation 655 feet; they are underlain by
sand and gravels to bcdrock at about elevation 620 feet. Parts of the inter-
mediate terrace are overlain by fill placed during the construction of the ,

Shippingport Atomic Power Station (SAPS) and Beaver Valley Unit 1.

The bedrock in the general area of the site consists of interbedded sandstones,
shales, coal seams, and occasional limestones. The rock underlying the plant-
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site is a dark gray carbonaceous shale that dips gently southeastward. It is
slightly weathered for the first few feet; the weathering effects rapidly
decrease with depth.

FSAR Table 3.2-2 lists the seismic Category I structures, systems, and compo-
nents for Beaver Valley Unit 2 whose foundations were reviewed. They include
the reactor containment building, auxiliary building, fuel and decontamination
buildings, diesel generator building, service building, main steam and cable
vault, safeguards area, refueling water storage tank, primary demineralized
water storage tank, primary intake structure, buried pipelines, pipe tunnels,
and emergency outfall structure. Figure 2.8 of this SER shows a general lay-
out of the plant facilities.

The original ground surface in the main plant area ranged from about eleva. tion
735 to 760 feet msl. The final plant grade is at elevation 735 feet. T"r
bottom of excavation for the power block structures was above elevation 6;5 feet,
except for a local area within the containment cofferdam. All seismic Cata-
gory I structures are founded either on a natural terrace of gravelly sand and
sandy gravel, or on select granular backfill. The groundwater level at the site
is elevation 665 feet, the same as the normal level of the adjacent Ohio River.

Both normal cooling water and emergency cooling water are obtained from the Ohio
River and pumped from the primary intake structure through two 30-inch-diameter
service water supply lines, as shown in FSAR Figure 2.5.4-54. These pipelines
are supported on select granular backfill up to the valve pit. The intake struc-
ture is founded in the lower terrace section and is directly adjacent to the
Ohio River, about 600 feet from the main plant area. The founding elevation
of this structure varies between 634.5 and 640.5 feet.

2.5.4.1.2 Properties of Subsurface Materials

(1) Field Investigations

The subsurface conditions at the site were investigated by drilling exploratory
borings, installing piezometers, and performing geophysical surveys. Approxi-
mately 300 borings were drilled for the construction of SAPS and Beaver Valley
Units 1 and 2. The applicant also used borings made by others for a sludge pipe-
line system and for the Beaver Valley emergency response facility. Figure 2.15
of this report shows a generalized subsurface profile based on the data derived
from the borings; Figure 2.16 shows a subsurface profile across the northern
portion of the reactor containment structure.

In addition to the original subsurface investigations described above, three
sets of borings were drilled to verify the effectiveness of soil densification
performed during construction in the following locations:

(1) the northern half of the containment building and extending east and west
beneath most seismic Category I structures

(2) the northern part of the area along the 30-inch service water lines from
the intake structure to the valve pit

(3) two areas on the east and west sides of the intake structure
.

*

.
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The staff discussed the effectiveness of these soil densification programs with!

the applicant during the review of the Preliminary Safety Analysis Report (PSAR),
and the staff was generally satisfied with the applicant's documentation of the

T data supporting the applicant's claim of effectiveness of densification. The
I applicant provided confirmatory information for the areas near the intake struc-

ture and along the service water lines, as discussed in Section 2.5.5 of this
} SER. The applicant has furnished longitudinal sections of all seismic Cate-

gory I pipelines (1) from valve pit 1 to the' main plant structures, and (2) from
th( main plant area to the emergency outfall structure.

Six piezometers were installed for studying the groundwater table locations at
the site. In 1968 and again in 1977, the applicant's consultant (Weston Geo-

' physical Engineers) conducted geophysical surveys at the site to measure the
in situ compression and shear wave velocities of the foundation soil and rock.

i As shown in FSAR Figure 2.5.4-17, the seismic compression (P) wave velo-ity of~

the undisturbed in situ soil in the general vicinity of the densified zone
; measured in 1968 ranges from about 1500 fps at elevation 730 feet to about
i 2000 fps at elevation 680 feet, which is above the goundwater table. The'

geophysical survey conducted in 1977 indicated a P-wave velocity of the in
j situ soil densified by the pressure-injected footing (PIF) technique ranging

from 2000 fps at elevation 685 feet to about 2500 fps at approximately eleva-
tion 665 feet. The corresponding shear (S) wave velocities ranged from about .

900 fps to-1050 fps in the 1968 survey and from 700 to 1000 fps in the 1979
survey.

There were anomalies in the 1977 seismic survey shown in FSAR Figure 2.5.4-17
concerning the elevation of the groundwater table in 1977,and the P-wave velocity,

below the water table. The applicant has confirmed'that the groundwater table
'

in 1977 was at approximately elevation 665 feet and not'at 652 feet as shown in
that figure. The applicant revised the FSAR and the anomalous value for the

j- P-wave velocity between elevations 652 and 665 feet.

The measured P-wave and S-wave velocities of the-(shale) bedrock below 620 feet
are 12,000 fps-and 6000 fps, respectively,.in the general vicinity of the densi-
fied soil zone.

,

(2) Subsurface Profile, -

1

i As shown in Figure 2.15, the subsurface profile at the main plant ~ area consists
of about 115 feet of medium dense to dense granular soils (interbedded sands,
gravels, and silty sands and gravels), underlain by shale bedrock at about ele-
vation 620 feet. A zone of loose granular material was discovered in the con-
tainment excavation between about elevations 640 and 660 feet and was densified,

'
under. seismic Category I structures using the PIF technique, as discussed in the

' 1976 report on the Unit 2 soil densification program (Duquesne, 1976). A lens
of very stiff, silty clay was also noted at about elevation 679 feet during the
excavation for the northern portion of the reactor containment. (The containment
mat foundation is founded at'about elevation 680 feet.) Thit silty clay lens,

i. which was not found during the original subsurface investigation, extends east-
ward to areas under the northern portions of the safeguards area and the
refueling water storage tank (RWST). At the RWST, the top surface of this
silty clay layer is at approximate elevation 688 feet; it is about 20 feet
thick at the northern edge of the safeguards area and about 10 feet thick at

_

the northern edge of the RWST. This clay layer thins to the south and is not
*

.
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present at about the east-west center line of the safeguards area. FSAR
Table 2.5.4-1 lists the boring logs that provide the data from which the
subsurface profiles at the site were determined.

The soil profile in the intake structure area consists of clay and silty clay
from ground surface at elevation 675 feet to about 655 feet, and sands and
gravels with lenses of loose materials susceptible to liquefaction from eleva-
tion 655 feet to bedrock elevation at 620 feet. Soils near the intake structure
were densified using the vibroflotation technique.

(3) Labcratory Investigations

The applicant performed laboratory tests to determine the engineering and index
properties of the intermediate and lower terrace lenses of silts and clays.
FSAR Appendix 2.5D presents the results of these laboratory investigations.
Soil classification tests and consolidation tests were performed on undisturbed
block samples of the stiff silty clay lens that was encountered just below the
reactor containment base mat. The average value of liquid limit of the silty
clay was 50; the average value of the plastic limit was 23. This value was
equal to the natural water content, thus indicating precompression of this clay.
From the consolidation tests, the average values shown in Table 2.4 were derived
for consolidation settlement calculations.

The consolidated undrained (CU) triaxial compression test results for the silty
clay indicated an effective friction angle of 25.7 degrees, assuming that the
effective cohesion intercept was zero. The unconsolidated undrained (UU) tri-
axial compression tests showed the undrained shear strength to be approximately
4.3 ksf.

The results of the grain size analyses and density tests performed on samples
of the in situ sands, gravels, and soils at the reactor containment foundation
elevation are also given in FSAR Appendix 2.50. The average properties of the
in situ sands and gravels are shown in Table 2.5.

The engineering properties of the in situ sands and gravels were not determined
by laboratory tests because undisturbed samples of these granular materials
could not be obtained. The applicant estimated, for design purposes, the
engineering properties of these materials by using. accepted empirical correla-

i tions of these properties to subsurface conditions determined by test borings,
'

geophysical surveys, and field testing (Seed, Arango, and Chan, 1975).

Standard penetration tests (SPTs) were performed in conjunction with borings,

I outside the area densified by the PIF technique. The applicant used the
relationship between relative density and SPT blow counts (N) suggested in
Marcuson and Bieganowski (1977), and determined thrt the in situ sands and
gravels could be classified as medium dense to dense. Although the elative
density of these materials indicates angles of internal friction ranging between
33 and 40 degrees, the applicant has chosen an angle of 30 degrees for design
purposes.

For the purpose of estimating static settlements of buildings, the applicant
used an empirical relationship (Hardin and Drenevich, 1972) for the low strain
shear moduli of the in situ sand and gravel. These shear moduli values compared
reasonably well with moduli calculated from in situ seismic velocity measurements.

.
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For example, at the reactor containment foundation elevation of 680 feet, the
empirical relationship indicated a value of about 4.5 x 103 ksf compared to the
measured value of about 4.1 x 103 ksf for the low strain shear modulus (see
FSAR Figure 2.5.4-12).

Except for an inability to obtain and test undisturbed samples of granular
materials in the main plant area, the applicant's testing program is in accor-
dance with RG 1.138, " Laboratory Investigations for Engineering Analysis and
Design of Nuclear Power Plants." Where undisturbed samples of granular materials
were not obtained and tested, as recommended in SRP 2.5.4, the applicant has
determined the engineering properties of these materials by acceptable procedures.
Therefore, the staff has concluded that the applicant has adequately investigated
and analyzed the subsurface conditions and established appropriate subsurface
material properties for foundation design and soil-structure interaction
analysis.

2.5.4.1.3 Groundwater Conditions

.The applicant recorded (1) the groundwater level readings in four temporary
observation wells installed at the bottom of the excavation for the reactor
containment foundation and (2) the Ohio River levels in the spring of 1976. A
comparison of these readings showed that there was essentially no time lag
between the level of the Ohio River and the groundwater level in the observa-
tic, wells. Falling head permeability tests conducted in three of the obser-
vation wells gave coefficient of permeability values ranging from a minimum of
0.9 x 10 3 to a maximum of 3.9 x 10 3 cm/sec. Six piezemeters were installed
at different locations on the site in 1977 as part of the settlement monitoring
program. The groundwater levels recorded in the piezometers also agreed with
the Ohio River levels.

On the basis of these observations, the applicant has assumed, and the staff
agrees, that the groundwater level at the plant site is the same as that of the
Ohio River at its various stages. Thus, the design-basis groundwater level is
elevation 665 feet during normal water level in the Ohio River, 690 feet during
a 25 year flood, and 705 feet during the standard project flood. Section 2.4
above contains a more detailed discussion of the groundwater conditions and
discusses the design basis for subsurface hydrostatic loading.

2.5.4.2 Excavation and Backfill

2.5.4.2.1 Excavation and Foundation Treatment

Dewatering was not required during excavation because the bottoms of all
excavations in the main plant area were above the normal groundwater level of
elevation 665 feet except for a local area within the containment cofferdam
(see FSAR Figure 2.5.4-19).

Soil material had been placed over portions of the intermediate terrace and
floodplain at the Beaver Valley Unit 2 site during construction of Shipping- .

port Atomic Power Station and Beaver Valley Unit 1. This material was removed
from the Unit 2 area by excavating north and east of the reactor containment
area to elevation 690 feet msl and replacing the material with compacted select
granular fill to plant grade of 735 feet. The excavation for the containment
structure was made to elevation 679 feet within an enclosed steel sheetpile-

.

'
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retaining wall driven to 671 feet. On the east and west sides of the sheetpile
containment, the excavation was carried to elevations 700 and 703 feet, respec-
tively, while on the south and northwest sides the excavation was to 715 feet.
The excavation slopes were generally 1.5 horizontal to 1 vertical. The suita-
bility of the foundation materials beneath the seismic Category I structures,
buried piping, and duct lines was verified by inplace density tests using a
Washington densometer (American Society of Testing and Materials (ASTM) 02167)
and/or nuclear densometer (ASTM 02922). Soft spots at the bottom of excavations
were removed and backfilled with compacted fill. After the containment area was
excavated to the required depth, a 25-foot square grid was laid over the floor
of the excavation and inplace density tests were performed at each grid inter-
section. Bag samples of soil were taken from these grid intersection points to
be used for classification purposes.

As a result of this foundation documentation program, the applicant found a
stiff silty clay lens along the northern perimeter of the containment excavation
at elevation 679 feet. Within the excavation, the silty clay lens had a chord
length of about 100 feet and a maximum width of about 30 feet. To remo.'e the
silty clay lens, the containment excavation was deepened to about elevation
674 feet over the area where the silty clay lens occurred. The applicant
found that the silty clay lens extended below 674 feet. Because the applicant's
investigations indicated that the silty clay posed no engineering problems, the
applicant stopped further excavation of th.is material below 674 feet and filled
the over-excavation with lean concrete backfill (Duquesne,1976). The NRC
Region I inspector questioned the use of lean concrete rather than the approved
granular backfill (Inspection and Enforcement (IE) Report 50-412/76-02, dated
May 26, 1976). Also, because the presence of the silty clay was not reported
in the PSAR, the applicant was asked to investigate the extent of this material
at the site. -

Six borings were drilled within the reactor containment cofferdam to determine
the thickness of the silty clay that was left beneath the lean concrete. This
investigation revealed that a zone of loose granular material existed from
approximately elevation 640 feet to 660 feet under roughly the northern portion
of the containment and extended east and west beneath the planned location of
most of the seismic Category I structures. The extent of the unacceptably loose
zone was defined from additional exploratory borings. A significant number of
these borings had corrected standard penetration test (N ) values less than 10,1

as determined by the Gibbs and Holz (1957) relationship. To remedy this situ-
ation, the applicant densified the loose materials by the PIF technique as
reported in Duquesne (1976). The staff reviewed this densification program

| during the construction stage and found it acceptable. The purpose of this
| densification was to preclude liquefaction of the loose granular material and
| the resulting settlement of structures during an SSE.

Soil was densified by the PIF tecFlique during a feasibility investigation in
which 24 pressure-injected footings were installed in four test panels and the
resulting degree of soil densification verified by conventional boring and

' sampling techniques. (The PIF is a compaction pile that derives an increased
bearing capacity by densifying the soils around an expanded base.) At Beaver
Valley Unit 2 a modified PIF technique densified the loose soil by both volume

I displacement and vibration. The material used for the shaft was ordinary port-
i land cement concrete. The concrete shafts were, however, not continued up to
l the bottom of the foundation mat to provide a separation between the PIF and the

'

>
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overlying mat foundation., as shown in Figure 2-3 of Duquesne (1976). Concrete
was used in the shafts from about elevation 640 feet to 660 feet, and compacted
granular material was used to backfill the shafts from about 660 feet to about
680 feet. The PIF concrete shafts were spaced in a 7.5-foot triangular grid
pattern, as shown in Figure 4-1 of Duquesne (1976). The volume of concrete
injected into a PIF shaft was approximately 6.3 fta per foot of depth of the
shaft, and the equivalent diameter of the shaft was about 2.83 feet.

Satisfied with the results of the feasibility study, the applicant installed
1271 PIFs throughout the affected site area between September 1976 and August
1977. As seen from FSAR Figure 2.5.4-15, the PIF technique was used to densify
soil below the following major seismic Category I structures: reactor contain-
ment, fuel and decontamination buildings, auxiliary building, diesel generator
building, safeguards building, and refueling water storage tank. Only about
one-half of the areas beneath the reactor containment,. auxiliary building, and
diesel generator building needed densification.

The applicant demonstrated the effectiveness of the soil densification by
drilling 164 verification borings. The results of the verification borings
indicated that the SPT (N ) values increased significantly over the N values1 1obtained before densification. In the containment area test panels, the
corrected mean blow count less one standard deviation, in the loose zone, was
9.4, and the corrected mean blow count less one standard deviation, after
densification, was 24.3. Similar increases in the blow counts were observed
in the test panels outside the containment area.

The applicant removed the silty clay layer found in the reactor containment
excavation and the lean concrete fill mentioned above. This was verified by
the NRC Region I inspector in IE Inspection Report 50-412/77-03 dated April 11,
1977. Subsequent borings in the main plant area revealed that the silty clay
layer extended under the northernmost half of the safeguards building and the
RWST foundations. The maximum thickness of the silty clay layer was approxi-
mately 12 feet under the northern edge of the safeguards building (Duquesne,
1976).

A sheet pile cofferdam was driven to bedrock to facilitate construction of the
' intake structure. Two rows of sheetpile walls (that are tied together) extend
along the river to the east and west of the intake structure. The river bottom
directly in front (and north) of the structure was dredged to elevation 645 feet
with an average side slope of approximately 3.5 to 1.

2.5.4.2.2 Backfill

Well graded sand and gravel (SW and GW) were used as the select granular back-
fill beneath and adjacent to seismic Category I structures. The backfill
material conformed to the following grain size requirements:

Sieve size % passing, by dry weight
6 inches 100
No. 200 0-15 (nonplastic fines)

The fill material was placed in loose lifts of 6 to 12 inches and compacted to
a minimum of 95% of the maximum dry unit weight obtained from compaction tests

~

performed in accordance with ASTM D1557, Method D, with a minimum required
inplace dry density of 130 pcf.-
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For design purposes, the soil properties shown in Table 2.6 were used for the
select compacted fill, based on laboratory test results.

The low strain shear moduli of the select granular fill were estimated using
equations available in Hardin and Drenevich (1972). The dynamic properties of
the fill material are discussed in Section 2.5.4.3.4 below.

2.5.4.3 Stability of Foundations

2.5.4.3.1 Design Criteria

The applicant used state-of-the-art procedures to analyze the foundation
stability of seismic Category I structures and systems. The minimum safety
factor for bearing capacity used for the design of these facilities was 3.0
for all loading conditions.

2.5.4.3.2 Bearing Capacity

All seismic Category I structures have reinforced concrete mat foundations.
FSAR Table 2.5.4-4 gives the approximate plan dimensions, the applien roundation
loads, and the ultimate bearing capacity of each foundation. Table 2.7 of this
report gives the plan dimensions, mat elevations, and approximate bearing pres-
sures for the foundations of major seismic Category I structures. Because the
mat four.dations are embedded in dense sands and gravels, the ultimate bearing
capacity is quite high, ranging from 33 ksf for the decontamination building to
120 ksf for the auxiliary building. The calculated static foundation stresses
range from 2.5 ksf to 7.5 ksf--the upper value being the foundation pressure
beneath the reactor containment building. In response to a staff question, the
applicant revised FSAR Table 2.5.4-4 (in Amendment 6) to incorporate the dynamic
foundation loads. The foundation stresses, including the effects of dynamic
loads, range from 3.8 ksf to 12.4 ksf. Therefore, the factor of safety against
a bearing capacity failure is satisfactory.

2.5.4.3.3 Settlement

Foundation soils supporting structures and components in the main plant area
consist of compacted select coarse grained fill and medium dense to dense in
situ coarse grained materials. A layer of fine grained silty clay underlies
the foundation soils beneath the northern portions of the safeguards area and
the RWST. The applicant has calculated the total static and potential dynamic
settlements of the Category I structures in the main plant area using the soil
properties discussed in Section 2.5.4.1.2 above.

The applicant has evaluated the potential dynamic settlements of the seismic
Category I structures using the procedures suggested by Lee and Albaisa (1974);
the magnitude of these dynamic settlements range from 0.09 inch (reactor con-
tainment) to 0.16 inch (service building). These dynamic settlements are not
significant compared to the static settlements, as seen from the following
discussion.

The total static settlement of structures founded on granular soils was assumed
to consist of two components--an elastic (immediate) settlement and a time-
dependent settlement equal in magnitude to the elastic component. The settle-
ment of the clay layer underlying the safeguards area and the RWST was determined*

-

.
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using one-dimensional consolidation theory. The total settlement of structures
with a clay layer beneath them was estimated by adding the consolidation settle-
ment of the clay layer to the elastic settlement of the'in situ sand and
compacted fill.

Using the settlement data given in FSAR Figures 2.5.4-20 and 2.5.4-46, Table 2.5
compares the estimated and measured total settlement at the corners of a few
Category I structures. This table also gives the percentage of applied loading
of these structures as of January 10, 1984, as provided by the applicant.

The differential settlements between adjacent structures and across the s+.ruc-
ture foundation can be estimated from the predicted total settlements in FSAR
Figure 2.5.4-20. The applicant has stated that the Category I structures are
not specifically designed for differential settlement or tilt. However, in a
letter dated August 8, 1984, the applicant committed to review the measured
settlements periodically, as part of a settlement monitoring program, to detect
any unusual movements of structures throughout the life of the plant.
'

The applicant has analyzed the piping systems between adjacent structures for
a differential settlement of 0.5 inch. If this analysis showed an overstress
in pipes, the applicant analyzed the pipes for the predicted differential
settlements, giving credit for the observed settlement that had occurred up
to the time when piping connections were made between structures.

Although the applicant is monitoring the settlements of all seismic Category I
structures, as stated above, there is no program to monitor the settlement of
buried pipelines. Because the pipelines have been buried in the soil without
the instrumentation for settlement monitoring, the applicant will demonstrate
the safety of buried pipes against the effects of differential settlements by
an analytical evaluation of the expected differential movements of buried pipes
to determine if the pipes are capable of withstanding such differential movements
without exceeding the allowable pipe stresses. Such an analytical evaluation
and demonstration of the adequacy of the buried pipelines against the effects of
differential settlements is an acceptable alternative to settlement monitoring
of buried pipes.

Longitudinal sections of pipelines (shown in FSAR Figures 2.5.4-52 and 2.5.4-54
and discussed in response to question 241.2) indicate a considerable thickness
of silty clay directly below compacted granular backfill. Also, as seen in
FSAR Figure 2.5.4-54, a steep gradient exists in the embankment slope that
contains the 30-inch-diameter pipelines from the present floodplain to the
main plant area. These conditions can cause differential settlements of the
overlying pipelines. The applicant has been asked to evaluate this differential
settlement and include the results in an FSAR amendment; the staff regards this
as a confirmatory item.

2.5.4.3.4 Liquefaction Potential

The seismic Category I structures at the main plant area are supported either
on select compacted granular fill or medium dense to dense terrace sands and

,

gravels; these materials are not susceptible to liquefaction. However, during'

additional boring exploration in the reactor containment excavation (done as a
i result of IE Inspection Report 50-412/76-02), a loose zone of potentially

liquefiable granular material was discovered approximately between elevationsi

i.
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640 and 660 feet. This zone was effectively densified (as described in
Section 2.5.4.1.2 above).

The possibility and the consequences of liquefaction of the granular materials
in the vicinity of the intake structure were thoroughly evaluated by the
applicant (and reviewed by the NRC staff) at ;he CP stage (PSAR Amendment 13).
Because liquefaction of these soils was considered likely, the applicant.

densified two areas west and east of the intake structure, each 90 feet by
75 feet, using the Terra Probe method. Areas immediately north of the intake
structure and beneath the structure were not densified. The applicant's
sliding stability analysis for the intake structure deternined that the safety
factors were satisfactory (letter dated September 14, 1984).

The applicant evaluated the effectiveness of the Terra Probe densification by
liquefaction analyses of the soils in the vicinity of the intake structure,
using the data obtained by verification borings in the densified areas. For
analyzing the liquefaction potential of the soils beneath and north of the
intake structure, borings in the vicinity before densification (ir.cluding the
only preconstruction boring beneath the intake structure) were used.

The evaluation using the SSE indicated that the soils within the densified zones
should not liquefy. The soils directly beneath the intake structure had a mini-
mum factor of safety against liquefaction of 1.3 with the groundwater level at
elevation 665 feet (corresponding to normal river water level), and 1.1 with the
groundwater level at elevation 690 feet. The applicant has, thus, shown that
the soils east and west of the intake structure and beneath the structure have
some margin of safety against liquefaction for the combination of SSE and the
25 year flood. The standard project flood (elevation 705 feet msl) combined
with an SSE would produce a factor of safety of about 1; the standard project .

flood combined with an OBE would produce a safety factor sufficiently greater
than unity.

The applicant determined that the undensified area immediately north of the
intake structure might liquefy during the SSE. Therefore, the applicant
performed a static slope stability analysis for the dredged slopes (FSAR
Figure 2.5.4-32) on the west and east. sides of the intake structure, assuming
that the liquefied soil north of the intake structure had weight but no shear
strength. The results of the static slope stability analysis for normal water
and 25 year flood conditions indicate that the dredged slopes are stable if
the upper 10 feet of soil north of the intake structure liquefies.

The areas immediately south of the intake structure and beneath and adjacent
to the 30-inch service water supply lines that run from the intake structure
to the main plant area were densified to the top of bedrock by vibroflotation,
as reported in the PSAR Amendment 13. FSAR Figure 2.5.4-16 shows the densified
areas. Verification borings in this area indicated that the relative density
of the densified zones exceeded 75%, except for 2 of 17 sand and gravel samples
that showed less than 75%.

2.5.4.3.5 Seismic Loading

Seismic Category I structures (including buried piping) have been designed for
an SSE corresponding to a peak horizontal ground acceleration of 0.125 g at

- the ground surfice. The peak horizontal acceleration for the OBE was taken as
*

.
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0.06 g. Vertical accelerations were assumed to be two-thirds of the horizontal
accelerations. The evaluations of liquefaction potential assumed equivalent
uniform stress cycles at these acceleration levels. Detailed discussion of
the design earthquake is in Section 2.5.2 above.

Soil-structure interaction analyses of most of the seismic Category I structures
were performed using the lumped mass and spring method. Only the reactor con-
tainment and the fuel building were analyzed using the finite element analysis
technique. The dynamic soil properties used in these analyses and in liquefac-
tion analyses of soils were derived from the following sources:

(1) in situ cross-hole seismic wave velocity measurements for in situ soils

(2) the empirical relationship of Hardin and Drenevich (1972) for low strain
shear modulus of compacted structural fill

(3) variation of shear modulus and damping with strain levels from Seed and
Idriss (1970)

As stated in Section 2.5.4.1.2 above, the engineering properties of the in situ*

sands and gravels were not determined by laboratory tests because it was not
possible to obtain undisturbed samples of these granular materials. In the
soil-structure interaction analysis of the reactor containment, the applicant
varied the soil shear modulus value by 30%, but did not so vary the damping
value.

' 2.5.4.3.6 Lateral Earth Pressures

The static lateral earth pressure coefficients for the design of below ground
walls were through accepted procedures (Bowles, 1977). A value of 0.5 was
used for the coefficient of lateral earth pressure at rest, K , for the in situg
sands and gravel. The value of K was chosen as 0.6 for compacted granularg

backfill to account for the increase in lateral pressure resulting from compac-
tion. The design hydrostatic pressures acting on the structures are discussed
in Section 2.4 above.

The dynamic lateral earth pressures resulting from horizontal and vertical
ground accelerations were determined using the procedures developed by Monabe-
Okabe and described by Seed and Whitman (1970).

2.5.4.4 Instrumentation

Because the structures at the site are founded on soils and are likely to
undergo settlement for a long time, the applicant plans to continue the settle-
ment monitoring program that was started during construction. The instrumen-
tatio.: consists of permanent benchmarks and piezometers installed at several
locations on the site, and settlement markers on each structure. During con-
struction, the applicant measured the settlements monthly and compared them
with predicted settlements. After the completion of construction, when the
settlement data indicate no significant additional settlement, the frequency
of. measurements will be reduced. Some results of settlement monitoring are
discussed in Section 2.5.4.3.3 above.

.
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2.5.4.5 Conclusion

The staff reviewed the applicant's design criteria and the results of the
applicant's field investigations, laboratory tests, and engineering analyses
in accordance with SRP 2.5.4 and concluded that the plant foundations will
safely support the seismic Category I structures and systems. This conclusion
is subject to the applicant's furnishing a confirmatory analytical evaluation
to demonstrate the adequacy of buried pipes to withstand the effects of differ-
ential settlements. The analysis is expected by early 1986.

2.5.5 Stability of Slopes

The applicant has analyzed the stability of slopes for the following three
areas:

(1) the riverward slope that supports the 30-inch service water pipelines
leading to the intake structure

(2) the dredged side slopes east and west of the intake channel located in
front of the intake structure

(3) the slopes at the emergency outfall structure (EOS)

2.5.5.1 Slopes Near Intake Structure

The static and dynamic stability of the riverward slope were analyzed by two
methods: the simplified Bishop Method (which uses a circular arc failure surface)
and the Morganstern-Price Method (which allows an arbitrarily shaped failure
surface). These stability analyses were performed using the computer program,

LEASE II, which employs a pseudo-static approach for dynamic stability analysis.
The horizontal seismic coefficient was taken as 0.125 for the SSE, and the ver-
tical seismic coefficient was taken as 0.083.

The applicant also considered additional failure surfaces through the silty
clay layer, as shown in FSAR Figure 2.5.4-57. This figure also shows the soil
properties of various layers, as used in the analysis. The groundwater table
was taken at elevation 705 feet, corresponding to the standard project flood.
This dynamic slope stability analysis produced a minimum safety factor of 1.29.
Thus, satisfactory safety factors would be attained for the 25 year flood with
groundwater at elevation 690 feet.

2.5.5.2 Dredged Slopes of the Intake Channel

lhe applicant has reported the results of the stability analysis of the side
slopes east and west of the intake channel in front of the intake structure in
a letter dated August 17, 1984. These resulta indicate that failure of these
slopes will not block the intake channel.

2.5.5.3 Slopes Near the EOS

The emergency outfall structure (E05), constructed at the far western part of
the site, provides missile protection for the emergency discharge point of the
service water system, and raises the discharge point above the probable maximum
flood (PMF) level (elevation 730 feet). As shown in Figure 2.17, there are two'

.
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sets of slopes in the vicinity of the EOS: the steep valley wall about 150 feet
to the southwest of the E05, called the colluvial slope, and the terrace directly
northeast of the EOS, called the riverward slope.

Subsurface profiles for these slopes were developed using 11 borings (designated
EOS series) drilled by the applicant's consultant and some borings (designated
PL series) performed by others in this general area. Four piezometers were
installed in the soils under the colluvial slope. The groundwater levels followed
quite closely the levels of the Ohio River. Because of the complex character of
the soil deposits in this area, it is difficult to develop a soil profile showing
specific continuous soil types between adjacent borings. Generally, on the steep
valley walls, the bedrock surface is overlain by coarse colluvium (sandy gravel)
derived from the weathering of the parent sandstone bedrock at higher ele"ations.
The coarse colluvium is, in turn, overlain by fine colluvium (sandy clay) derived
from the weathering of shales, claystones, and limestones. Bedrock strata in
the site area are essentially flat lying, with a slight regional dip (less than
5 degrees) to the southeast. At the base of the valley and extending north toi

the river there is an interfingering of the colluvial slopes with the glacial
outwash and alluvial soils deposited by the Ohio River. The terrace north of,

boring E05-10 has been eroded, and more recent river deposits of silt and clay
have replaced portions of the original coarse grained outwash deposits.

!

Properties of the fine grained soils were determined by laboratory tests, while
those of the coarse grained soils were estimated from correlations with SPT
blow counts and soil sample descriptions. Tables 2.9 and 2.10 give the properties
of different soil types used in the static and dynamic slope stability analyses.
The applicant has justified the use of effective strength parameters (i.e.,
effective friction angle 9, and effective cohesion, c) in the dynamic stability
analysis where permanent slope displacenents are anticipated in a letter dated
August 1, 1984.

-

The static stability analyses of the colluvial slope south of the EOS indicated
safety factors greater than 1.5. However, the applicant has reported that minor
surface sloughing of the upper slope (above elevation 780 feet) was possible
because shallow circular surfaces of failure gave safety factors of 1.0.

i The dynamic stability analysis of the colluvial slope indicated a minimum factor
of safety of 0.8 for a circular arc within the fine grained colluvium. Therefore,
the applicant assumed that some movement of the slope would occur in the event
of the SSE, and estimated the plastic (permanent) displacement of the slope
using a computer program, SIDES, which is based on the Newmark model (Newmark,
1965). The acceleration time histories from the El Centro 1940 earthquake
(N-S component) and the 1952 Kern County earthquake (S69E component of the Taft
record) were used in this analysis. The cumulative displacement of the slope
predicted by the SIDES program (S&W, 1979) was less than an inch. The applicant
states that the SIDES program has been checked for accuracy.

The applicant analyzed the static and dynamic slope stability of the riverward
slope north of the EOS for the combined loading of SSE and the normal water

'

level of elevation 665 feet. The safety factors in the static and dynamic
cases were 1.6 and 1.2, respectively. The applicant also analyzed the OBE
with the standard project flood (elevation 705 feet). The resulting safety
factor was 1.3. In a letter dated August 12, 1984, the applicant reported that
satisfactory safety factors were obtained for the SSE with the 25 year flood.

.
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2.5.5.4 Conclusion

10n the basis of a review of the applicant's design criteria and the results of
the applicant's analyses, the staff has concluded that the slopes at the site
are generally stable for the loading conditions considered by the applicant.
In those cases where earthquakes might cause slope movements or soil liquefaction,
the applicant has evaluated the * magnitude of the movements and the consequences
of slope failure. These effects will not affect the ability of the plant to
achieve safe shutdown.

2.5.6 Embankments and Dams

There are no seismic Category I embankments or dams at the site that might
affect the safety of the seismic Category I structures,

i

.

.

'
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Approx. elevation, ft layer description

el 735 Final grade el 735
. .

Select granular | |
backfill ! !

! |

| REACTOR CONTAINMENTI

| BUILDING
'
i

| |
| |
. .

Select granular | |
backfill | |

! |

| el 680 (bottom of I
foundation

el 665 Normal water table

el 660

Approximate lim *ts-

of zone of loose
granular material
(densified during
construction) ,

el 640

Medium dense to dense
(interbedded) sands,
gravels, and silty
sands and gravels
(with silty clay lens
from approximate
el 665 ft to 685 ft
beneath part of
safeguards area and
RWST)

4.

el 620

(Shale) bedrock

NOTES:
(1) Original grade ranged from el 760 to 735 feet.
(2) Backfill depth varies from structure to structure. '

(3) Zone of loose granular material existed only at the northern
portion of the power block area. ' "

i

Figure 2.15 Generalized subsurface profile at the 4

Unit 2 power block area
.
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Figure 2.16 Subsurface profile of northern portion of containment structure
Source: FSAR Figure 2.5.4-3
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Table 2.1 Population in the vicinity of the Beaver Valley site

Distance from the plant, miles

Year 0-1 0-2 0-3 0-4 0-5 0-10

1980 565 3653 8375 12,379 16,535 138,800
1990 580 3739 8569 12,668 16,927 142,602
2030 609 3927 9006 13,319 17,851 152,559

9

Table 2.'1A Stationary offsite toxic chemicals stored within 5 miles *

of the Beaver Valley Unit 2 control room air intake

Distance to
Chemical Stored quantity intake, miles

Arco Polymers, Inc.

Styrene 50,000-250,000 tons 4.5
Ethylbenzene 50,000-250,000 tons 4.5
Toluene 500-5,000 tons 4.5
Benzene 5,000-25,000 tons 4.5
Butadiene 5,000-25,000 tons 4.5
Pentane 25,000 tons 4.5,

Pennsylvania Power Company,
Bruce Mansfield Plant

Sulfuric acid 20,000 gal 1.0 -

Sodium hydroxide
(50% solution) 20,000 gal 1.0

Ammonium hydroxide
(29% solution) 10,000 gal 1.0

Dimethylamine gas 125 ft3 1.0
Hydrazine .

(35% solution) 1,500 gal 1.0
Morpholine 175 gal 1.0

Source: FSAR Table 2.2-10.

.

*

.
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Table 2.2 Summary of applicant's local flood analysis,

Probable maximum precipitation
(HMR No. 33)

Maximum water
Lowest access surface eleva- Maximum water
to building from tion at access depth over

Category I structures yard, ft msl doors, ft sill, ft

_ Main steam valve
cbuilding area 735.5 732.5 -

Safeguards building 737.5 732.5 -

Reactor containment
(equipment hatch) 767.83 735.1 -

Emergency diesel
generator building

1 door 732.5 732.5 -

3 doors 732.5 732.4 -.

Auxiliary building
3 doors 735.5 735.4 -

Fuel and decontamination
building

1 door 735.5 735.3 -

3 doors 735.5 735.3 -

Control building
3 doors (south) 735.5 735.4
1 door (north) 735.5 732.4*

| Service building
1 door (58-30-B) 732.0 732.5 0.5
1 door 732.5 732.5 -

,

*732.4 is the elevation listed by the applicant. The staff believes this
is an error and should be 735.4 because the ground level in the area is 735.

r

|

|

|
!

~

t- .

!
|
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Table 2.3 Summary of staff's local flood analysis

Probable maximum precipitation
(HMR Nos. 51 and 52)

Maximum water
Lowest access surface eleva- Maximum water
to building from tion at access depth over

~ Category I structures yard, ft ms1 doors, ft sill, ft

Main steam valve
building area 735.5 732.8 -

.

'

Safeguards building 727.5 732.8 -

I Reactor containment
(equipment hatch) 767.83 735.5 -

Emergency diesel
generator building

1 door 732.5 732.8 0.3
3 doors 732.5 *-

Auxiliary building
.

3 doors 735.5 735.8 0.3

Fuel and decontami. nation
building

1 door 735.5 735.8 0.3
3 doors 735.5 735.7 0.2

Control building
3 doors (south) 735.5 735.8 0.3
1 door (north) 735.5 732.8 0.3

Service building
1 door (58-30-8) 732.0 732.8 0.8
1 door 732.5 732.8 0.3

* Topographic maps show that the ground slopes away from these doors.,

Therefore, the staff concluded that water would not pond at this location.,

.

.

- .
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ITable 2.4 Consolidation test results
,

Parameter Value

Compression index 0.12
.

Recompression index 0.02

Overconsolidation ratio (OCR) 1.3 to 2.4

Coefficient of consolidation (C )y
Less than preconsolidation
pressures 5 x 10-3 to 1.8 x 10-2 cm2/sec

Greater than preconsolidation
pressures 2.5 x 10-3 cm2/sec

Coefficient of
secondary consolidation (Ca) 5 x 10 4 to 2 x 10-3 2cm /sec

Table 2.5 Average properties of in situ 3 ands and
gravel

Property Value
-

Dry unit weight, pcf 117

Specific gravity 2.65

Void ratio 0.4
Saturated unit weight below
groundwater table, pcf 136

Total unit weight above groundwater table,
assuming an average water content of 7%, pcf 125

.

*

.
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Table 2.6 Soil properties for the select
compacted fill

Property Value -

Dry unit weight, pcf 130i

i

Specific gravity 2.65

Void ratio 0.27

Saturated unit weight, pcf 144
-

$ Total unit weight above
water table (moisture
content 5%), pcf 136,

Angle of internal friction, degree 36 .

:

,

Table 2.7 Foundation data for major seismic Category I structures
.

Approximate Approximate bearing pressure
dimensions of Approximate
contact area, mat elevation, Static, Dynamic,

Structure ft ft ksf ksf

Auxiliary building 120 x 146 703.0 5. 7 - 10.6

Control room
extension 65 x 81 703.0 3.5 5.6;

Decontamination
; . building 33 x 33 729.5 6.3 11.5 ;

Diesel generator;'~

building 81 x 83 713.0 3.1 5.9

Fuel building 44 x 110 717.3 6.3 11.5
'' '

|

Reactor
containment 142 dia. 681.0 7.5 12.4

'

' Safeguards area '60 x 96 714.5 3.2 4.7

Service building 55 x 186 724.5 4.0 4.6

Source: FSAR Table 2.5.4-4,

:
.

!. *
L
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Table 2.8 Settlements of corners of major seismic
Category I structures"

Settlement, in.

Measured % Loading
Structure Predicted (1/1/84) (1/10/84)

Reactor 1.7(NE) 1.38(NE) 95.3
containment 1.6(SE) 1.06(SE)

1.7(SW) 1.06(SW)
1.5(NW) 1.00(NW)

Safeguards 1.6(NE) 1.12(NE) 97.8
area 0.9(SE) 0.58(SE)

1.2(SW) 0.60(SW)
2.0(NW) 0.91(NW)

Fuel 1.8(NE) 0.14(NE) 94.7
building 1.8(SE) NA

1.4(SW) 0.14(SW)
0.8(NW) 0.23(NW)

Auxiliary 2.0(NE) 0.66(NE) 97.3
building 1.6(SE) 0.58(SE)

1.5(SW) NA

0.8(NW) 0.59(NW)

Service 1.2(NE) 0.28(NE) 93.3
building 1.1(SE) 0.24(SE)

1.4(SW) 0.50(SW)
1.4(NW) 0.78(NW)

Diesel 0.6(NE) 0.17(NE) 92.8
generator 0.4(SE) 0.14(SE)
building 1.2(SW) NA

1.1(NW) 0.17(NW)

Control 1.0 -0.10(NE) 91.5
room (at the -0.04(SE)
extension center of -0.20(SW)

the -0.12(NW)
building)

Refueling 1.0(NE) NA NA
water 0.6(SE) NA NA
storage tank 0.8(SW) NA NA

1.0(NW) NA NA

'*The applicant has indicated that this percentage
represents loading resulting from civil, steel,
and concrete components only.-

. NOTE: NA equals not available.
.
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Table 2.9 -Soil properties used in the colluvial slope analysis

Friction
Total unit angle H, Cohesion

Soil type weight, pcf degrees c, psf

Fine colluvial soils 125 28 0

Coarse colluvial soils 135 40 0

Fine alluvial soils 120 30 0

Coarse alluvial soils 130 30 0

Table 2.10 Soil types used in the riverward slope analysis

Friction
Total unit angle B, Cohesion

Soil type weight, pcf degrees c, psf

Fill (compacted
granular 136 36 0

Fill'(uncontrolled) 120 30 0

Sand and sandy gravel 125 30 0

Silty clay 125 32* 0

*For the dynamic case, the silty clay friction angle was
assumed to be zero, and cohesion values ranging from 200 psf
to 2500 psf were used to represent undrained loading
conditions.

a
e

:

~
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3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS;

3.1 General
,

In FSAR Section 3.1 the applicant presents a discussion of conformance to the
|

; NRC general design criteria (GDC) for nuclear power plants specified in Appen- a

; dix A to 10 CFR 50. The staff has reviewed the final design and the design
criteria using this information to verify that the plant has been designed to
meet the requirements of the GDC.,

[ The staff review of structures, systems, and components relies extensively on
i the application of industry codes and standards that have been used as accepted

industry practice. These codes and standards cited in this report have been
previously reviewed by the staff, found acceptable, and incorporated into the
SRP (NUREG-0800).*

i 3.2 Classification of Structures, Systems, and Components

3.2.1 Seismic Classification

GDC 2 requires, in part, that nuclear power plant structures, systems, and
components important to safety be de' signed to withstand the effects of earth-'

'

quakes without loss of capability to perform their safety functions. Certain
of these plant features are necessary to ensure (1) the integrity of the reactor
coolant pressure boundary (RCPB), (2) the capability to shut down the reactor
and maintain it in a safe shutdown condition, and (3) the capability to prevent
or mitigate the consequences of accidents that could result in potential off-
site exposures comparable to 10 CFR 100 guideline exposures..

#

10 CFR 100, Appendix A, defines the earthquake for which these safety related
plant features are designed as the safe shutdown earthquake (SSE). The SSE is
based on an evaluation of the maximum earthquake potential and is that earth-

. quake that produces the maximum vibratory ground motion for which structures,
' systems,_and components are designed to remain functional. Those plant features

that are designed to remain functional if an SSE occurs are designated seismic
Category I in RG 1.29, " Seismic Design Classification." RG 1.29 is the princi-

: pal document used in the NRC staff review for identifying those plant features
'

that, as a minimum, should be designed to seismic Category I requirements.

4

FSAR Tables 3.2-1 and 3.2-2 acceptably identify the Beaver Valley Unit 2 struc-
~tures, systems, components and equipment that must be designed to withstand the,

effects of an SSE and remain functional. These tables, in part, identify major
{ components in fluid systems, mechanical systems, and associated structures

designated as seismic Category I. In addition, FSAR piping and instrumentation
diagrams (P& ids) identify the interconnecting piping and valves and the boundary,

,

limits of each seismic Category I system. The staff has reviewed Tables 3.2-1 '

'

and 3.2-2 and the fluid system P& ids and concludes that the structures, systems,
;

and components have been properly classified as seismic Category I items in i-

'

conformance with RG 1.29, Revision 3..

|
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In its review of FSAR Section 3.9, the staff confirmed that acceptable design
i interfaces exist between seismic Category I and nonseismic portions of piping

systems. All other structures, systems, and components that may be required
! for operation of the facility need not be designed to seismic Category I re-

quirements, including those portions of Category I systems such as vent lines,
fill lines, drain lines, and test lines on the downstream side of isolation;

; valves and portions of these systems that are not required to perform a safety
i function.

The staff concludes that the Beaver Valley Unit 2 structures, systems, and com-
ponents are properly classified as seismic Category I in accordance with RG 1.29.
This constitutes an acceptable basis for satisfying, in part, GDC 2, and is,
therefore, acceptable.

3.2.2 System Quality Group Classification

GOC 1 requires that nuclear power plant systems and components important to,

safety be designed, fabricated, erected, and tested to quality standards commen-
surate with the importance of the safety functions to be performed. These
pressure retaining components of fluid systems are part of the RCPB and other
fluid systems important to safety, where reliance is placed on these system to
(1) prevent or mitigate the consequences of accidents and malfunctions origina-
ting within the RCPB, (2) parmit shutdown of the reactor and maintain it in a
safe shutdown condition, and (3) retain radioactive material. RG 1.26, " Quality

1 Group Classification and Standards for Water , Steam , and Radioactive-Waste-
. Containing Components of Nuclear Power Plants," is the principal document used'

in the staff review for identifying on a functional basis the components of those
systems important to safety as quality groups A, B, C or D. 10 CFR 50.55a iden-
tifies those American Society of Mechanical Engineers (ASME) Boiler and Pressure

| Vessel Code (ASME Code), Section III, Class 1 components that are part of the
RCPB.

'

4

Conformance of these RCPB components with 10 CFR 50.55a is discussed in Sec-
tion 5.2.1.1 of this report. These RCPB components are designated in RG 1.26
as quality group A. Certain other RCPB components that meet the exclusion
requirement of footnote 2 of 10 CFR 50.55a are classified quality group B in*

accordance with RG 1.26. In classifying system components, the applicant used
American Nuclear Society (ANS) safety classes 1, 2, 3, and nonnuclear safety
(NNS), as defined in American National Standards Institute (ANSI) standards in
ANSI N18.2-1973, " Nuclear Safety Criteria for the Design of Stationary Pressu-
rized Water Reactor Plants," and ANSI N18.2a-1975, "American National Standard
Revision and Addendum to Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," as an alternative acceptable method of meet-
ing RG 1.26. Safety classes 1, 2, 3, and NNS correspond to quality groups A,
B, C, and D in RG 1.26.

A summary of the relationship of the NRC quality groups and ANS safety classes
is as follows:

NRC quality Beaver Valley 24

i group PWR Safety class.
A 1
B 2, .

i C 3' ~

D NNS
*4
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The staff has reviewed the use of ANS safety classes in FSAR Table 3.2-1 and it.

finds the classification of components acceptable. Quality group A (safety
class 1) components of the RCP8 are constructed * in accordance with ASME Code,
Section III, Division 1, Class 1. Components in fluid systems that are classi-
fied quality group B (safety class 2) are constructed in accordance with ASME
Code, Section III, Division 1, Class 2. Components in fluid systems that are
classified quality group C (safety class 3) are constructed in accordance with
ASME Code, Section III, Division 1, Class 3. The staff finds the codes and
standards used in the construction of components acceptable.

FSAR Table 3.2-1 acceptably identifies the safety-related systems and components
that are important to safety. As noted above, this table, in part, identifies
major components in fluid systems (such as pressure vessels, heat exchangers,
storage tanks, pumps, piping, and valves) and mechanical systems (such as cranes,
refueling platforms, and other miscellaneous handling equipment). In addition,
FSAR P& ids identify the classification boundaries of interconnecting piping and
valves. The staff has reviewed FSAR Table 3.2-1 and the fluid system P& ids and
concludes that pressure-retaining components have been properly classified in
in conformance with RG 1.26, Revision 3.

Thus, the staff concludes that construction of components in fluid systems
identified in FSAR Table 3.2-1 is (1) in conformance with the ASME Code and
industry standards, the Commission's regulations, and RG 1.26 and (2) provides
assurance that component quality is commensurate with the importance of the
safety function of these systems. This constitutes an acceptable basis for
satisfying GDC 1; the construction is, therefore, acceptable.

3.3 Wind and Tornado Criteria and Loading

3.3.1 Wind Design Criteria

All seismic Category I structures exposed to wind forces were designed to with-
stand the effects of the design wind. The design wind specified has a velocity
of 80 mph based on a recurrence interval of 100 years.

The procedures that were used to transform the wind velocity into pressure
loadings on structures and the associated vertical distribution of wind pres-
sures and gust factors are in accordance with Paper 3269 of the American
Society of Civil Engineers (ASCE). This document is acceptable to the staff.

On the basis of its review, the staff concludes that the plant design is accep-
table and meets GDC 2 with respect to the capability of the structures to with-
stand design wind loading so that the design reflects

(1) appropriate consideration for the most severe wind recorded for the site
with an appropriate margin

* Constructed, as used herein, is an all-inclusive term comprising the materials
certification, design, fabrication, examination, testing, and inspection re-
quired in the manufacture and installation of components.

.

.
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(2) appropriate combinations of the effects of normal and accident conditions

with the effects of natural phenomena
.

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

The applicant has met these requirements by using ASCE Paper 3269, which the
;

staff has reviewed and found acceptable, to transform the wind velocity into an
effective pressure on structures and to select pressure coefficients corres- '

ponding to the structural geometry and physical configuration.

The applicant has designed the plant structures with sufficient margin to prevent
structural damage during the most severe wind loadings that have been determined
appropriate for the site so that the requirements of item 1 above are met. ' In,

addition, as required by item 2 above, the design of seismic Category I struc-
tures has included, in an acceptable manner, load combinations that occur as a
result of the most severe wind load and the loads resulting from normal and
accident conditions.

The procedures used to determine the loadings on structures induced by the
design wind specified for the plant are acceptable because these procedures
have been used in the design of conventional structures and have proved to pro-
vide a conservative basis that, together with other engineering design consi-
derations, ensures that the structures will withstand such environmental forces.
The use of these procedures provides reasonable assurance that in the event of

| design-basis winds, the structural integrity _of the plant structures that have
] to be designed for the design wind will not be impaired and, in consequence,

safety-related systems and components located within these structures are ade-
quately protected and will perform their intended safety functions if needed.
Thus, item 3 above is satisfied.

3.3.2 Tornado Design Criteria,

All seismic Category I structures exposed to tornado forces and needed for the
safe shutdown of the plant were designed to resist a tornado of 290 mph tangen-'-

tial wind velocity at a radius of 150 feet and a 70-mph translational wind velo-
city. With regard to the pressure drop rate, although RG 1.76 stipulates a
pressure drop rate of 2 psi per second for Region I, in developing the struc--

tural design, the applicant used a pressure drop of 3 psi over a 3-second inter-;

val. The applicant has performed analyses and calculations to demonstrate that
the results from both are comparable for Beaver Valley Unit 2. The staff has
reviewed the justifying document and finds it acceptable. Thus, this item is
considered resolved. Tornado missiles also are considered in the design, as
discussed in Section 3.5 below.

The procedures that were used to transform the tornado wind velocity into
pressure loadings are similar to those used for the design wind loadings, as

' discussed in Section 3.3.1 above. The tornado-missile effects were determined
using procedures discussed in Section 3.5. The total effect of the design
tornado on Category I structures is determined by appropriate combinations of
the individual effects of the tornado wind pressure, pressure drop, and tornado-
missiles. Structures are arranged on the plant site and protected in a way that

; collapse of structures not designed for the tornado will not affect other safety-
- related structures.

,

.

r
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The staff concludes that.the plant design is acceptable and meets GDC 2 with
respect to the structural capability to withstand design tornado wind loading
and tornado missiles so that the design reflects

(1) appropriate consideration for the most severe tornado recorded for the
site with an appropriate margin

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

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

The applicant has met these requirements by using ASCE Paper 3269 to transform
the wind velocity generated by the tornado into an effective pressure on struc-
tures and to select pressure coefficients corresponding to the structural geo-
metry and physical configuration.

The applicant has designed the plant structures with sufficient margin to pre-
vent structural damage during the most severe tornado loadings that have been
determined appropriate for the site so that the requirements of item 1 above
are met. In addition, as required by item 2 above, the design of seismic
Category I structures has included, in an acceptable manner, load combinations
that occur as a result of the most severe tornado wind load and the loads re-
sulting from normal and accident conditions.

The procedures used to determine the loadings on structures induced by the
.

design-basis tornado specified for the plant are acceptable because these pro-
cedures have been used in the design of conventional structures and been proved
to provide a conservative basis that, together with other engineering design
considerations, ensures that the structures will withstand such environmental
forces.

The use of these procedures provides reasonable assurance that, in the event of
a design-basis tornado, the structural integrity of the plant structures that
have to be designed for the tornadoes will not be impaired and, in consequence,
safety related systems and components located within these structures are ade-
quately protected and will perform their intended safety functions if needed.
Thus, item 3 above is satisfied.

3.4 Water-Level (Flood) Design

3.4.1 Flood Protection

To ensure conformance with GDC 2, the review of the overall plant flood protec-
tion design included all systems and components whose failure because of flooding
could prevent safe shutdown of the plant or result in uncontrolled release of
significant radioactivity.

Beaver Valley Unit 2 is on the same site as Beaver Valley Unit 1. The finished
grade at the Unit 2 site ranges between 730.25 feet to 735 feet mean sea level
(msl), which is equal to or above the maximum external flood calculated for the
site. In 1970, the U.S. Army Corps of Engineers determined the probable maximum

.

-

.
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flood (PMF) that results from Ohio River flooding to be 730.0 feet msl. An
analysis of coincident wind / wave activity during the CP review showed the maxi-
mum wave height to be 5 feet and the associated wave runup to be 6.7 feet above
the standing water level of 730 feet msl. (See Section 2.4 for further dis-
cussion on the PMF level.)

The intake structure shared by Units 1 and 2 is the only building housing safety-
related equipment that is subject to the erfects of coincident waves and associ-
ated runup from external flooding. Design-basis flood protection for the intake
structure assumes the PMF loss of offsite power, and a concurrent single active
failure. The intake structure has four cubicles that house essential pumps and
equipment for both Units 1 and 2. These cubicles are located on an operating
floor whose elevation is 705 feet msl. To protect the equipment within these
cubicles from failure because of the PMF, the four doors to the cubicles and
the two sliding flood doors that interconnect adjacent compartments must be
closed and sealed. A plant alert will be issued when the Ohio River water level

reaches 690 feet msl; however, the applicant has indicated that the emergency
procedure actions begin when water level reaches 680 feet ms1 and escalate as
the water level rises. A Technical Specification will require flood protection
measures be taken for all safety-related systems, components, and structures
when the water level of the Ohio River at the intake structure exceeds 695 feet
msl, which is 10 feet below the PMF level. This Technical Specification, which
is the same as that for Unit 1, is applicable at all times and requires that
the following protective actions be taken, as a minimum: achieve hot standby
within 6 hours, achieve cold shutdown within the following 30 hours, and close
and seal the six cubicle flood doors in the four intake structure cubicles.

The roof of the four pump cubicles is at elevation 730 feet msl. Therefore, to
prevent the entry of water, the ventilation air intakes for the cubicles have
been raised to elevation 737 feet, to allow for the 5-foot maximum wave and the
6.7-foot runup above the standing water level of 730 feet.

To further ensure that the watertight integrity of the cubicles is maintained,
an inflatable seal system is provided at each sliding door. These seals will
be tested annually by pressurizing them from the dedicated air vessel and
monitoring them for leakage for 4 days (the duration of the PMF) to verify that
the pressure drop is within acceptable limits. The equipment hatches will be
gasketed in accordance with the flood protection procedures that are to be
initiated once the flow level reaches elevation 695 feet. The cubicle pump
shafts are provided with seals that may leak at a rate of a small fraction of a
gallon per minute. To remove this water and any other water inleakage, each
cubicle is provided with a sump pump with a rated capacity of 65 gpm.

Access to the safety-related equipment at the intake structure is by means of a
foot bridge located at elevation 705 feet or a stairway leading to grade at
elevation 675 feet. Both of these approaches will be under water durig a PMF.
Consequently, the safety-related intake structure is not accessible during the
PMF. However, the applicant states, once the cubicles have been prepared for
the PMF, as described above, no operations are required in the intake structure
until the river level drops below elevation 705 feet. On this basis, the staff
concludes that these design provisions meet Positions C.1 and C.2 of RG 1.59
and Position C.1 of RG 1.102.

.

.
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With the exception of the intake structure, access to all seismic Category I
structures is located above grade. As indicated above, access to the intake
structure will not be possible during a PMF. All seismic Category I structures
that enclose safety-related systems or components in areas at floor levels
below elevation 703 feet have water stops placed in construction joints of the
reinforced concrete exterior. These water stops continue to at least elevation
730 feet. Penetrations entering these buildings below grade are sealed to pre-
vent inleakage. Further, the applicant indicates the lowest floor level of all
seismic Category I structures is above the groundwater level.

To protect the containment from the PMF, a water relief system has been provided.
This system consists of a 6-inch pipe outside the containment building that ex-
tends downward through the 10-foot-thick base mat and into the porous concrete
sub-base. Should the water level rise,- an alarm in the control room would be
activated. Then a sump pump would remove the water to prevent the' buildup of
hydrostatic pressure.

The site storm drainage system using catch basins and underground conduits col-
lects and directs surface water and roof runoff to the Ohio River. Thus, the
applicant states, flooding of safety-related buildings will not result from
probable maximum precipitation (PMP). However, the staff is continuing its
review of the PMP, as discussed in Section 2.4.3 of this report.

To prevent potential internal flooding events outside containment from leading
to unacceptable consequences, the applicant has taken the following actions:

(1) Redundant safety-related components are located in hydraulically separate
building areas.

(2) Wherever possible, safety related components are located above the maximum
flood level of the building.

(3) Safety-related monitoring instrumentation has been provided in building
sumps and fluid systems to alert the operator of failures that could lead
to flooding conditions.

(4) All piping connections between large tanks outside the buildings and the
building interiors have been provided with isolation valves to prevent
flooding in the event of piping failures within the buildings. In addition,
tanks located within safety-related structures have been assumed to fail
and flood the building interior, and acceptable consequences have been con-
firmed. In this regard, the flood protection guidelines of BTP ASB 3-1,
" Protection Against Piping Failures in Fluid Systems Outside Containment,"
have been satisfied. (See Section 9.3.3 of this SER for further discussion
of interior flood protection.)

On the basis of the above, the staff concludes that the facility design is in
compliance with GDC 2 with respect to flood protection and with Position C.1 of
RG 1.102, Positions C.1 and C.2 of RG 1.59, and BTP ASB 3-1. It is, therefore,
acceptable. The design of the facility for providing protection from flooding
meets SRP 3.4.1.

.

-

.
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3.4.2 Water-Level (Flood) Design Procedures

The design flood level resulting from the most unfavorable condition or combi-
nation of conditions that produce the maximum water level at the site is dis-
cussed in Section 2.4 above. The hydrostatic effect of the flood was considered
in the design of all seismic Category I structures exposed to the water head.

The procedures utilized to determine the loadings on seismic Category I struc-
tures induced by the design flood or highest groundwater level specified for
the plart are acceptable because these procedures provide a conservative basis
for engineering design to ensure that the structures will withstand such envi-
ronmental forces.

The staff concludes that the applicant has met GDC 2 with respect to the capa-
bility of the structure to withstand the effects of the flood or highest ground-
water level so that the design reflects

(1) appropriate consideration for the most severe flood recorded for the site
with an approp'riate margin

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

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

The applicant has designed the plant structures with sufficient margin to
prevent structural damage during the most severe flood or groundwater and the
associated dynamic effects that have been determined appropriate for the site

,so that the requirements of item 1 above are met. In addition, as required by.

*

item 2 above, the design of seismic Category I structures has included, in an
acceptable manner, load combinations that occur as a result of the most severe
flood- or groundwater-related loads and the loads resulting from normal and
accident conditions.

The procedures utilized to determine the loadings on seismic Category I struc-
tures induced by the design flood or highest groundwater level specified for
the plant are acceptable because these procedures have been used in the design
of conventional structures and have been proved to provide a conservative basis
that, together with other engineering design considerations, ensures that the
structures will withstand such environmental forces.

The use of these procedures provides reasonable assurance that, in the event of
j floods or high groundwater, the structural integrity of the seismic Category I
'

structures will not be impaired and, in consequence, seismic Category I systems
and components located within these structures will be adequately protected and
may be expected to perform nccessary safety functions, as required, thus satis-
fying item 3 above.

.

' -

.
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3.5 Missile Protection
.

3.5.1 Missile Selection and Description

3. 5.1.1 Internally Generated Missiles (Outside Containment)

GDC 4 requires that plant structures, systems, and components whose failure
could lead to offsite radiological consequences or that are required for safe
plant shutdown be protected against postulated missiles associated with plant
operation. The missiles considered in this evtluation outside containment in-
clude those missiles generated by rotating or pressurized (high-energy fluid
system) equipment. The design adequacy of the facility for protection against
low trajectory turbine missiles, including compliance with RG 1.115, "Protec-
tion Against Low-Trajectory Turbine Missiles," is discussed separately in Sec-
tion 3.5.1.3.

Protection is provided by any one or a combination of compartmentalization,
barriers, separation, orientation, and equipment design. The primary means of
providing protection to safety-related equipment from damage resulting from
internally generated missiles is through the physical arrangement of the plant.
Safety-related systems are physically separated from nonsafety-related systems,
and components of safety-related systems are physically separated from their
redundant components. Stored spent fuel in the fuel building is protected
(1) by the fuel pool walls, which prevent damage by internal missiles that could
result in radioactive release and (2) by not locating any high-energy piping
system or rotating machinery in the vicinity of the fuel. The applicant has
identified the safety-related structures, systems, and components outside con-
tainment that are required for safe shutdown and has evaluated the potential for
internally generated missiles affecting these safety-related structures, systems,
and components. Pressurized system equipment and rotating components were evalu
ated as potential missile sources.

The applicant concluded that valves in high pressure systems are not a credible
source of missiles because of their compliance with the criteria of ASME Code
Section III, proper stud tightening, hydrostatic testing of the pressure-
retaining parts, volumetric and surface testing to verify soundness, and criti-
cal valve inservice inspections in accordance with ASME Code Section XI. Pumps
and fans outside containment were evaluated for potential missile generation
as a result of a failure or an overspeed condition. Regarding pumps and fans
other than the auxiliary feedwater turbine-driven pump, no credible missiles
are postulated because the applicant concluded that the maximum'no-load speeds
for these pumps and fans are equivalent to the maximum operating speed of the
motors; therefore, a pipe break or si~ngle failure could not result in a speed
in excess of the no-load condition (no overspeed) and no credible missiles are
postulated. To prevent the generation of fan blade missiles, the maqufacturer's
specifications regarding the blade locknut torques and blade tip angle will be
followed. To ensure that any such missiles will be contained, the fan blade
will be surrounded by a housing capable of containing the missile. The applicant
will perform an analysis that will demonstrate that potential fan blade missiles
will be contained by the fan housings. This approach is acceptable.

The turbine-driven auxiliary feedwater pump is located in the safeguards building
- at elevation 718 feet 6 inches within one of the two separate concrete compart-

.
ments, each housing one of the two redundant motor-driven auxiliary feedwater.
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pumps. Each compartment is designed to contain any missiles generated within
the compartment. Thus, the separate motor-driven auxiliary feedwater pump is
protected from missiles generated by the turbine-driven auxiliary feedwater pump.
The rod control motor generator sets were evaluated for potential flywheel-
missile generation. The staff concludes that it is not credible for the motor-
generator sets to generate missiles because of material and fabrication standards,
nondestructive testing, and design stress'es, as well as the speed and torque
limitations on the 1800-rpm induction motor.

In response to a staff request for information on the location of pressurized
containers and the means employed to ensure that they will not become a source
of internally and externally generated missiles, the applicant has stated that
non-ASME Code pressurized tanks and compressed air / gas cylinders with pressures
greater than 275 psi are considered credible missiles. Where essential struc-
tures, systems, or components are identified in the area of these pressurized
containers and no physical separation exists, the missile source will be re-
strained and/or contained by the supporting structure and shields.

To preclude nonsafety-related components near components required for safe shut-
down from damaging the safe shutdown equipment, the equipment that is not safety
related will be seismically supported.

In regard to a staff concern that temperature and pressure sensors may become
potential missile sources, the applicant stated that temperature sensors are
considered a potential source of missiles if the system in which they are in-
stalled is a high energy system (pressure greater than 275 psi) and the failure
of a single'circumferential weld could result in the generation of a missile.
However, the applicant's analysis of sensor weld stresses has demonstrated that
the designs are conservative and a single weld failure will not cause a missile. '

Therefore, temperature sensors are not considered credible missile sources.
Pressure sensors are not installed directly on system piping, but rather they
are mounted on other structures with instrument tubing routed to the sensing
points on the piping system. Therefore, the applicant concluded that there is
no failure mechanism that could result in pressure sensors becoming a missile
source.

|.

! In a letter dated January 8,1985, the applicant committed to provide an analy-
sis to demonstrate that adequate protection is provided for safety-related

, equipment from missiles generated by nonsafety-related equipment by separation
| of safety and non-safety-related equipment. This analysis will consider the

effects of the most limiting single active failure concurrent with the!

postulated internally generated missiles.

On the basis of the above review, the staff concludes that the design conforms
with GDC 4 as it relates to protection against internally generated missiles
outside containment and is therefore, acceptable, penoing receipt of an accept--

| able analysis of internally generated missiles. The design of the facility
| providing protection from internally generated missiles outside containment
i meets SRP 3.5.1.1 pending the above confirmation.

3.5.1.2 Internally Generated Missiles (Inside Containment)
:

Plant structures, systems, and components inside containment whose failure
j could lead to offsite radiological consequences or that are required for safe-

|. -
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plant shutdown must be protected against the effects of internally generated
missiles in accordance with GDC 4. Potential missiles that could be generated
inside containment are those generated by failure of rotating components, fail-
ure of pressurized components (high-energy fluid system), and gravitational
effects.

The applicant's analysis of potential missiles indicates that the catastrophic
failure of the reactor vessel, steam generators, pressurizer, and reactor coo-
lant pump casings that would lead to the generation of missiles is not credible
because of the material characteristics, inspections, conservative design, and
quality control during fabrication and erection. Nuts and bolts are of negligi-
ble concern because of the small amount of energy they contain.

The applicant evaluated the potential of the control rod drive mechanism (CRDM)
becoming a missile as a result of a gross failure of the CRDM housing. The
applicant concludcd that the CRDM was not a credible missile source because of
its material properties and conservative design, as demonstrated by hydrostatic
testing. This analysis also considered the consequences should the CRDM top plug
become loose and subsequently be ejected. The control rod cluster would travel
upward until it impacted the upper support plate. This impact would cause a
fracture that would allow the drive shaft to continue accelerating upward until
it hit the missile shield, thus preventing it from affecting safety-related
equipment.

The applicant's review of the valves within the reactor coolant pressure bound-
ary indicated that there are no credible failures that could lead to missiles,

because of the conservative design codes, design stresses, and surface and volu-
metric material examinations and hydrotests to which the valves are subjected.

With regard to those valves that extend above the operating floor (such as the
relief valves in the region of the pressurizer), bonnet failures were postu-
lated. The analysis showed that any postulated bonnet missiles wculd be stopped
by the pressurizer cubicle walls and roof. Therefore, the containment liner
and safety-related equipment would not be affected.

Non-safet9-related components that could fail and potentially affect safety-
related components are seismically supported. No mis'siles generated as a
result of gravitational effects were identified.

In regard to the potential for missiles generated by pressurized tanks and
cylinders damaging or degrading those items required for a safe shutdown, the
applicant stated that non-ASME Code pressurized tanks and compressed air / gas
cylinders with pressures greater than 275 psi are considered credible missiles.
Where essential structures, systems, or components are identified in the area
of these pressurized containers and no physical separation exists, the missile
source will be restrained and/or <ontained by the supporting structure and
shields.

The reactor coolant pump flywheel is not considered a credible source of
missiles, as discussed in Section 5.4.1.

In regard to the staff's concern that temperature and pressure sensors may be-
come potential missile sources, the applicant stated that temperature sensors

.

are considered a potential source of missiles if the system in which they are
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installed is a high-energy system (pressure greater than 275 psi) and the failure
of a single circumferential weld could result in the generation of a missile.
However, the applicant's analysis of sensor weld stresses has demonstrated that
the designs are conservative and a single weld failure will not cause a missile.
Therefore, temperature sensors are not considered credible missile sources.
Pressure sensors are not installed directly on system piping, but rather they
are mounted on other structures with instrument tubing routed to the sensing
point on the piping system. Therefore, the applicant concluded that there is no
failure mechanism that could result in pressure sensors becoming a missile source.

To prevent the generation of fan blade missiles, the manufacturer's specifica-
tions regarding the blade locknut torque and blade tip angle will be followed.
To ensure that any such missile will be contained, the fan blade will be sur-

'

rounded by a housing capable of containing the missiles. The applicant will
perform an analysis that will demonstrate that potential fan blade missiles will>

!. be contained by the fan housings. This approach is acceptable.
.

In a letter dated January 8,1985, the applicant committed to provide an analy-1

sis to demonstrate that adequate protection is provided for safety-related equip-
ment from missiles generated by non-safety-related equipment by separation of4

safety and non-safety related equipment. This analysis will consider the effects,

of the most limiting single active failure concurrent with the postulated inter-
'

nally generated missiles.

On the basis of the above review, the staff concludes that the design is in
conformance with GDC 4 as it relates to protection against internally generated,

i missiles inside containment and is therefore, acceptable, pending receipt of an
acceptable analysis of internally generated missiles. The design of the facil-

! ity providing protection from internally generated missiles inside containment
meets SRP 3.5.1.2, pen' ding the above confirmation.

4 3.5.1.3 Turbine Missiles

|
'

The staff has reviewed the Beaver Valley Unit 2 facility with regard to the
turbine missile issue and concludes that the probability of unacceptable damage
to safety-related systems and components from turbine missiles is acceptably
low (i.e., less than 10 7 per year) provided that the turbine missile genera-
tion probability is maintained at 10 s per reactor year or less for the life of
the plant by an acceptable maintenance program. In reaching this conclusion,

: the staff has factored into consideration the unfavorable orientation of the
turbine generator.,

The staff considers the turbine missile issue a confirmatory item if the appli-
p cant agrees to

L
' (1) submit for NRC approval, within 3 years of obtaining an operating license,

a turbine system maintenance program based on the manufacturer's calcula-
tions of missile generation probabilities, or3

(2) volumetrically inspect all low pressure turbine rotors at the second
refueling outage and every other (alternate) refueling outage thereafter
until a maintenance program is approved by~the staff, and conduct turbine

. steam valve maintenance (following initiation of power output) in accord-
! ance with SRP 10.2.,
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3.5.1.4 Missiles Generated by Natural Phenomena

GDC 2 requires that structures, systems, and components essential to safety be
designed to withstand the effects of natural phenomena, and GDC 4 requires that
these same plant features be protected against missiles. The missiles generated
by natural phenomena that are of concern are those resulting from tornadoes.
The site is a tornado Region I site, as identified in RG 1.76. The missile spec-
trum used by the applicant is Spectrum II as identified in the SRP. The staff
has evaluated this spectrum and concludes that it is representative of missiles
at the site. It is, therefore, acceptable. A discussion of the protection
afforded safety-related equipment from the identified tornado missiles includ-
ing compliance with RG 1.117 is in Section 3.5.2 below. A discussion of the
adequacy of barriers and structures designed to withstand the effects of the
identified tornado missiles is provided in Section 3.5.3 of this SER.

On the basis of its review of the tornado-missile spectrum, the staff concludes
that the spectrum was properly selected. It meets GDC 2 and 4 with respect to
protection against natural phenomena and missiles and meets RGs 1.76 and 1.117
with respect to identification of missiles generated by natural phenomena. It
is, therefore, acceptable. The staff thus concludes that the tornado-missile
spectrum meets SRP 3.5.1.4.

3.5.2 Structures, Systems, and Components To Be Protected from Externally
' Generated Missiles

GDC 2 requires that all structures, systems, and components important to the
safety of the plant be protected from the effects of natural phenomena, and
GDC 4 requires that all structures, systems, and components important to the
safety of the plant be protected from the effects of externally generated
missiles. As noted above, the site is in tornado Region I, as identified in
RG 1.76. Selection of the tornado missile spectrum is discussed in Sec-
tion 3.5.1.4 above.

The applicant has identified all safety-related structures, systems, and com-
ponents requiring protection from externally generated missiles. All safety-
related structures are designed to withstand postulated tornado generated
missiles without damage to safety-related equipment. All safety-related sys-
tems and components and stored fuel are located within tornado-missile-
protected structures or are provided with tornado-missile barriers.

The ventilation openings in buildings housing essential equipment are protected
from tornado missiles by reinforced concrete labyrinths. The onsite emergency
diesel generator air intake and exhaust openings are protected by missile bar-
riers. The main steam valve house vent panels are located on the roof of the
building and beneath a horizontal concrete missile barrier. The auxiliary feed-
water pumps take suction from the primary plant demineralized water storage
tank (PPDWST), which is seismically designed and enclosed in a missile- and
tornado protected structure. Buried safety-related systems such as piping and
electrical circuits are adequately protected by the overlaying earth. The ul-
timate heat sink, the Ohio River, has inherent protection against natural phe-
nomena. Thus, they meet GDC 2 and 4 with respect to external missile protec-
tion and RGs 1.13, 1.27, and 1.117 concerning tornado missile protection for

'
safety-related structures, systems, and components, including stored fuel and
the ultimate heat sink. Protection from low-trajectory turbine missiles,
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including compliance with RG 1.115, is discussed in Section 3.5.1.3 above.
The supplementary leak collection and release system (SLCRS) is located in the
equipment room on the top of the auxiliary building. This area is not protected
from missiles generated by natural phenomena. However, the SLCRS is not re-
quired to function to ensure a safe shutdown following a tornado. Therefore,
the staff concludes that the above design is acceptable.

On the basis of the above, the staff concludes that the identified safety-
related structures, systems, and components to be protected from externally
generated missiles and the provisions in the plant design providing this pro-
tection are in accordance with G0C 2 and 4 with respect to missile and environ-
mental effects and with RGs 1.13, 1.27, and 1.117 concerning protection of safety-
related plant features including stored fuel and the ultimate heat sink from
tornado missiles. They are, therefore, acceptable. The protection provided
against externally generated missiles meets SRP 3.5.2.

3.5.3 Barrier Design Procedures

The plant's seismic Category I structures, systems, and components are shielded
from or designed to withstand various postulated missiles. Missiles considered
in the design of structures include tornado generated missiles and various
containment-internal missiles, such as those associated with a LOCA.

The applicant has provided information discussing the procedures that were used
in the design of the structures, shields, and barriers to resist the effect of
missiles. The applicant stated that the overall structural response of the
concrete barriers to missile impact was evaluated using methods presented in
Appendix C of SWEC0 7703 (Stone and Webster, 1977). The staff has reviewed the
pertinent sections of the report and determined that the criteria used in cal-
culating the overall structural response of the concrete barriers meet the in-
tent of SRP 3.5.3. Thus, this item is considered resolved.

The staff concludes that the barrier design is acceptable an'd meets GDC 2 and 4
with respect to the capabilities of the structures, shields, and barriers to
provide sufficient protection to equipment that must withstand the effects of
natural phenomena (tornado missiles) and environmental effects, including the
effects of missiles, pipe whip, and discharging fluids.

The procedures utilized to determine the effects and loadings on seismic
Category I structures and missile shields and barriers induced by the design-
basis missiles selected for the plant are acceptable because these procedures
provide .a conservative basis for engineering design to ensure that the struc-
tures or barriers are adequately resistant to and will withstand the effects
of such forces.

The use of these procedures provides reasonable assurance that if design-basis
missiles strike seismic Category I structures or other missile shields and
barriers, the structural integrity of the structures, shields, and barriers
will not be impaired or degraded to an extent that will result in a loss of
required protection. Seismic Category I systems and components protected by
these structures are, therefore, adequately protected against the effects of
missiles and will perform their intended safety function, if needed. Conform- i

. ance with these procedures is an acceptable basis for satisfying in part, GDC 2 |

and 4. '

,

.
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3.6 Protection Against Dynamic Effects Associated with the Postulated
Rupture of Piping

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

The guidelines for meeting GDC 4 concerning protection against postulated pip-
ing failure in high- and moderate-energy fluid systems outside containment are
in BTP ASB 3-1, " Protection Against Postulated Failures in Fluid Systems Outside
Containment." The applicant has used SRP 3.6.1 and BTP ASB 3-1 in analyzing
the effects of high- and moderate-energy pipe breaks. The applicant has identi-
fied all high- and moderate-energy piping systems in accordance with the above
guidelines and has identified those systems requiring protection from postulated
piping failures.

The main steam and feedwater lines, including the isolation valves, are located
in the main steam and feedwater valve house and steam tunnel and have been class-
ified as part of the break exclusion boundary. The applicant has performed a
subcompartment analysis for the main steam and feedwater piping in the valve
house to ensure that the resulting jet impingement and environmental effects of
the postulated pipe break in one of these lines will not result in adverse con-
sequences. The results of this analysis indicate that the main steam valve
house structural integrity is not affected by the pressure increase from the
resulting blowdown. However, the applicant's s6bcompartment analysis did not
consider the effects on the environment qualification envelope of the superheated
steam condition that may result from the . postulated steamline break in the valve
house or other areas affecting safety-related equipment. This has been identi-
fied by Westinghouse as a generic deficiency in their steamline-break analysis.
The applicant has committed to provide the results of an analysis that confirms
that safety-related equipment affected by the steamline-break environment is
properly qualified to function.

Thus, the staff concludes that GDC 4 has been satisfied as it relates to how
the plant design accommodates the effects of postulated pipe breaks in high-
energy fluid piping systems outside containment.

The means used to protect safety-related systems and components throughout
the plant are physical separation, enclosure in suitably designed structures,
environmental qualification, and restraints (where separation or the use of

" enclosures is not feasible). The applicant has provided the criteria and as-
sumptions used in evaluating the effects of high- and moderate , energy pipe
breaks outside containment that identify locations of postulated pipe breaks,
jet impingement barriers, wall penetrations, and pipe anchors. A concurrent
single active failure was assumed with the postulated pipe break in accordance
with the above criteria. The staff has reviewed the methodology and finds it-

acceptable. However, the applicant's analyses for all pipe-break locations
including pipe whip, jet impingement, flooding, and environmental effects of
postulated high- and moderate-energy pipe breaks on safety-related equipment
and structures in response to the staff's previously identified concerns are
not complete. By letter dated January 8, 1985, the applicant stated that this
information will be provided at a later date and will be based on the guide-
lines of BTP ASB 3-1. Until acceptable information is received, this will re-

~
main a confirmatory item. Further discussion of the environmental qualifica-

-

tion of safety-related equipment is contained in Section 3.11 of this SER. On
.
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the basis of its review, the staff concludes that the applicant has adequately
designed and protected the areas and systems required for safe plant shutdown
following postulated pipe breaks outside containment, including the combination
of pipe failure and single active failure. The plant design, therefore, meets
GDC 4 and BTP ASB 3-1 with regard to the protection of safety-related systems
and components from postulated high and moderate-energy line breaks outside
containment pending confirmatory review of the applicant's additional analysis.
The design of the facility for providing protection from high- and moderate-
energy pipe failures outside containment meets SRP 3.6.1 pending the above con-
fi rmation.

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

GDC 4 requires that structures, systems, and components important to safety be
designed to be compatible with and to accommodate the effects of the environ-
mental conditions as a result of normal operations, maintenance, testing, and
postulated accidents, including LOCAs. These structures, systems, and compo-
nents shall be adequately protected against dynamic effects--including the
effects of missiles, pipe whip, and discharging fluids--that may result from
equipment failure and from events and conditions outside the nuclear power
plant.

The staff's review, conducted in accordance with SRP 3.6.2, pertains to the
methodology used for protecting safety related structures, systems, and com-
ponents against the effects of postulated pipe breaks both inside and outside
containment. The staff has used the review procedures identified in SRP 3.6.2
to evaluate the effect that breaks in high energy fluid systems would have on
adjacent safety-related structures, systems, or components with respect to jet
impingement and pipe whip. The staff also reviewed the location, size, and
orientation of postulated failures and the methodology used to calculate the
resultant pipe whip and jet impingement loads that might affect nearby safety-
related structures, systems, or components.

Pipe whip need only be considered in those high-energy piping systems having
fluid reservoirs with sufficient capacity to develop a jet stream. The cri-
teria for determining high- and moderate-energy lines are in BTP ASB 3-1 (in
SRP 3.6.1), and these criteria have been used correctly by the applicant. The
FSAR lists all high energy systems.

For high-energy piping within the containment penetration area where breaks are
not postulated, SRP 3.6.2 sets forth certain criteria for the analysis and sub-
sequent augmented inservice inspection requirements. Breaks need not be postu-
lated in those portions of piping within the containment penetration region that
meet the requirements of ASME Code Section III, Paragraph NE-1120, and the addi-
tional requirements outlined in BTP MEB 3-1 (SRP 3.6.2). Augmented inservice
inspection is required for those portions of piping within the break exclusion
region.

For ASME Code Section III, Class 1 high-energy fluid system piping not in the
containment penetration area, SRP 3.6.2 states that breaks are to be postulated
at every location where the fatigue cumulative usage factor, as determined by
the ASME Code, is greater than 0.1. Breaks also are to be postulated at those
ASME Code Class 1 piping locations where the primary or secondary stress inten--

sity range (including the zero load set) as calculated by equation (10) and-
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either equation (12) or (13) in Paragraph NB-3653 of ASME Code Section III
exceeds 2.4 S, for normal and upset conditions including the operating basis
earthquake.

The applicant has provided drawings of break locations showing types of breaks,
structural barriers, and restraints for the feedwater lines inside and outside
containment and for the main steamlines outside containment. The staff finds
this information acceptable. The applicant has committed to supply similar
information for the remainder of the high-energy lines by July 1985. This is
considered to be a confirmatory item and will be addressed in a supplement to
this SER.

The results of the evaluation of jet impingement effects are not currently avail-
able in the FSAR. In a letter dated October 24, 1984, the applicant has com-
mitted to provide the results of this evaluation by July 1985. This is consi-
dered to be a confirmatory item and will be addressed in a supplement to this
SER.

As discussed in Section 3.9.3.1 of this SER, the applicant has requested an
exemption from GDC 4 and the need to consider reactor coolant loop pipe breaks.
If the staff grants this exemption, the criteria for postulating pipe breaks,
which are presented in FSAR Section 3.6.2, will be revised to reflect these
changes.

On the basis of its review of FSAR Section 3.6.2 and contingent on the resolu-
tion of the open items, the staff finds that the pipe rupture postulation and
the associated effects are adequately considered in the plant design. There-
fore, they are acceptable and meet GDC 4.

The proposed pipe rupture locations have been adequately assumed, and the
design of piping restraints and measures to deal with the subsequent dynamic
effects of pipe whip and jet impingement provide adequate protection for the
structural integrity of safety-related structures, systems, and components.

The provision for protection against dynamic effects associated with pipe rup-
tures of the reactor coolant pressure boundary inside containment and the re-
sulting discharging fluid provide adequate assurance that design-basis LOCAs will

!

not be aggravated by the sequential failures of safety-related piping, and that '

emergency core cooling system performance will not be degraded by these dynamic
effects.

The proposed piping and restraint ~ arrangement and applicable design considera-
tions for high- and moderate-energy fluid systems inside and outside contain-
ment, including the reactor coolant pressure boundary, will provide adequate
assurance that the structures, systems, and components important to safety that
are in close proximity to the postulated pipa rupture will be protected. The
systems'will be designed to mitigate the consequences of pipe ruptures so that
the reactor can be safely shut down and maintained in a safe shutdown condition
in the event of a postulated rupture of a high- or moderate-energy piping system
inside or outside containment.

.

.

Beaver Valley 2 SER 3-17



..- . . . . . . . . . .

.

3.7 Seismic Design

3.7.1 Seismic Input

The design of Beaver Valley Unit 2 seismic Category I structures, systems, and
components uses the spectra for the safe shutdown earthquake (SSE) correspond- -

ing to a maximum ground surface acceleration of 0.12 g, and the spectra for the
one-half safe shutdown earthquake ( SSE) corresponding to a maximum ground ac-

. celeration of 0.06 g. These spectra differ from the spectra defined in RG 1.60."

The vertical design response spectra used in the design are taken to be two-
of the horizontal design response spectra for the entire frequency range. The
Beaver Valley Unit 2 site-specific response spectra are subject to the review
and approval of the staff.

The damping ratios (expressed as a percentage of critical) used in the analysis
of various seismic Category I structures, systems, and components comply with
those in RG 1.61. However, the applicant was requested to confirm that the
stress and strain levels of key structural elements comply with those of Posi-
tion C.3 of RG 1.61. The applicant demonstrated this compliance by reanalyzing
the auxiliary building to show that the seismic responses of structures are in-
sensitive to variations of damping values for the structural elements. This
confirmatory information is acceptable to the staff.

The staff concludes that the seismic design parameters used in the plant design
are acceptable. The applicant has met the relevant requirements of GDC 2 and
Appendix A to 10 CFR 100 by appropriate consideration for the most severe earth-
quake recorded for the site with an appropriate margin and considerations for
two levels of earthquakes, the SSE and SSE. The applicant has met these re-
quirements by the use of the methods and procedures indicated below.

The site-specific seismic design response spectra ( SSE and SSE) applied in
the design of seismic Category I structures, systems, and components have been
reviewed and approved by the staff. The specific percentage of critical damp-
ing values used in the seismic analysis of seismic Category I structures, sys-
tems, and components conforms with RG 1.61. The artificial synthetic time
history used for the seismic design of Category I plant structures, systems,
and components is adjusted in amplitude and frequency content to obtain re-
sponse spectra that envelop the design response spectra specified for the site.
Conformance with the staff recommendations on the site-specific spectra and
RG 1.61 ensures that the seismic inputs to Category I structures, systems, and
components are adequately defined to form a conservative basis for the design
of Category I structures, systems, and components to withstand seismic loadings.

3.7.2 Seismic System Analysis

This topic is incorporated into Section 3.7.3 below.

3.7.3 Seismic Subsystem Analysis

The review of the seismic system and subsystem analysis for the plant included
the seismic analysis methods for all Category I structures, systems, and compo-
nents. It included procedures for modeling, development of floor response spec-

,
tra, inclusion of torsional effects, evaluation of Category I structure over-

,

turning, and determination of composite damping. The review has included design

Beaver Valley 2 SER 3-18

.

- - - - - . - - . - - - -- - .-- . - , - , - - .+--7 ,- , - . - -.



. _s .

criteria and procedures for evaluation of interaction of non-Category I
structures with Category I structures and the effects of parameter variations
on floor response spectra. The review also included criteria and seismic anal-
ysis procedures for Category I buried piping outside the containment.

The plant site is a relatively uniform gravel terrace approximately 110 feet
deep, resting on bedrock. The containment structure and the fuel building were
analyzed to account for the sc ' structure interaction (SSI) effects using the
finite element method. They also analyzed for the same effects using the
lumped-mass-spring approach. tame lumped-mass-soil spring method was used
for all other seismic Catego 'uctures. However, in the final analysis,
the lumped-mass-soil-spring as used for all buildings other than the
containment structure.

For all seismic Category I except the containment structure, floor
response spectra were des the modal analysis time history method.
Floor response spectra ft 'ent were developed using the modal
analysis method with PLA' program used in the finite element
analysis of the contain'

The system and subsyst re performed by the applicant on an elastic
basis. Modal response time history methods form the basis for the
analyses of all major Ca cructures, systems, and components. When the
modal response spectrum m 3 used, all modes except the closely spaced
modes are combined by the 3 -root-of-the-sum-of-the-squares (SRSS) method.
The double sum method in com. ance with RG 1.92 is used to combine the closely
spaced modes.

On November 30, 1984, the staff met with the applicant and his consultants.
The staff stated that the applicant's three step SSI analysis of the contain-
ment structure with the seismic design motion at the ground surface was not
sufficient. The staff suggested that, as described in SRP 3.7.2.II.4, seismic
design motion should be at the foundation level in the free field because this
generally provides more conservative results.. In a submittal dated February 1,

' 1985, the applicant stated his review of the issue had led to the concl.usion
that the three-step analytical method was sufficient as performed. In a sub-
mittal dated March 25, 1985, the applicant further stated that a panel of six
consultants had been assembled to review the SSI analyses in question. Each of
the panel members listed by the applicant is recognized in the engineering com-
munity as an expert in the performance of SSI analyses. Each of the panel mem-
bers provided an individual evaluation of the SSI analyses performed for Beaver
Valley Unit 2; all panel members found the SSI analyses to be appropr.iate for
design. However, within the engineering community there remains a lack of una-
nimity as to the appropriateness of the various analytical methods available
to characterize the very complex physical processes that are considered in an
SSI analysis. The review panel approach taken by the applicant provides a high
level of confidence that acceptable SSI analyses have been performed for Beaver
Valley Unit 2. In the course of completing the review of the Beaver Valley
Unit 2 appl' cation, the staff will audit the analyses reviewed by the applicant's
expert panel and utilize the results of this audit as an element in the overall
confirmation of the seismic adequacy of Beaver Valley Unit 2. Pending these
confirmatory efforts, this issue is satisfactorily resolved.

~

.

.
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The staff-has reviewed the responses for the auxiliary building analyses and
finds them acceptable. For the intake structure, the applicant reiterated his

,

-

position that this structure is a facility shared by Units 1 and 2 that was
previously addressed by the applicant ard was reviewed and approved by the
staff, including a show-cause order in 1979. The staff has reviewed the docu-.

ments submitted by the applicant and finds them acceptable. Therefore, the
auxiliary building and the intake structures can be excluded from future sub-,

mittals with regard to responses for items 4, 7, and 23.

Completion of the review of this section is pending the resolution of the items
listed above, and the following conclusions are subject to resolution of the
unresolved items and review and approval of the confirmatory items yet to be
received from the applicant.

The staff concludes that the plant design is acceptable and meets GOC 2 and
Appendix A to 10 CFR 100.

The applicant has met GDC 2 and Appendix A to 10 CFR 100 with respect to the
capability of the structures to withstand the effects of the earthquakes so
that their design reflects

(1) appropriate consideration for the most severe earthquake recorded for the
site with an appropriate margin (GDC 2), including coresideration of two
levels of earthquakes (Appendix A to 10 CFR 100)

i

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

(3) the importance of the safety functions to be performed (GDC 2); the use of
a suitable dynamic analysis or a suitable qualification test to demon-

| strate the structures, systems, and components can withstand the seismic
and other concurrent loads, except where it can be demonstrated that the4

use of an equivalent static load method provides adequate considerationr

[ (Appendix A to 10 CFR 100)
i

The applicant has met item 1 above by use of the acceptable seismic design
parameters, according to SRP 3.7.1. The combination of earthquake-related
loads with those resulting from normal and accident conditions in the design
of Category I structures as specified in SRP 3.8.1 through 3.8.5 will be in
conformance with item 2 above.

The staff concludes that the applicant's use of the seismic structural analysis
'

procedures and criteria provides an acceptable basis for the seismic design,
which is in conformance with item 3 above.

3.7.4 Seismic Instrumentation Program

The type, number, location, and utilization of strong motion accelerographs to
record seismic events and to provide data on the frequency, amplitude, and phase
relationship of the seismic response of the containment structure comply with
RG 1.12. Supporting instrumentation is being installed on seismic Category I
structures, systems, and components to verify the seismic responses determined

' analytically for such Category I items..

.

i.

e
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The staff concludes that the plant's seismic instrumentation system is accept-
able and meets GDC 2, Appendix A to 10 CFR 100, and 10 CFR 50.55a.

The applicant has met Appendix A to 10 CFR 100 by providing the instrumentation
that is capable of measuring the effects of an earthquake, which meets GDC 2.
The applicant has met 10 CFR 50.55a by providing an inservice inspection pro-
gram that will verify operability by performing channel checks, calibrations,
and functional tests at acceptable intervals. In addition, the installation

i of the specified seismic instrumentation in the reactor containment structure
and other Category I structures, systems, and components constitutes an accept-

| able program to record data on seismic ground motion as well as data on the
! frequency and amplitude relationship of the seismic response of major structures

and systems. A prompt readout of pertinent data at the control room can be
| expected to yield enough timely information to guide the operator in evaluating

the seismic response in the event of an earthquake. Data from seismic instru-
mentation of this type will be sufficient to determine that the seismic analy-
sis assumptions and the analytical model used for the design of the plant are
adequate and that allowable stresses are not exceeded under conditions where
continuity of operation is intended. The provision of such seismic instrumen-
tation complies with RG 1.12.

3.8 Design of Seismic Catecory I Structures

3.8.1 Concrete Containment

The containment structure is a heavily reinforced concrete, steel-lined vessel
with a 10-foot-thick flat base mat, cylindrical walls, and a hemispherical dome.
The inside diameter of the containment cylinder is 126 feet, and the cylinder
wall is 4.5 feet thick. The containment is not structurally integral with any
of the structures surrounding it; a shake space is provided between the contain-
ment and the adjacent structures.

The reinforced concrete containment is designed for a pressure load of 45 psi
from a design-basis accident, and i designed and constructed to the require-
ments of American Concrete Institute (ACI) Code ACI 318-71, " Building Code
Requirement for Reinforced Concrete." The containment steel liner is designed
following the requirements of ASME Code Section III, Division 1.

With respect to considering tangential stress for the containment design, the
applicant met the applicable provisions of SRP 3.8.1. However, the SRP requires
that concrete reactor vessels and containments, including the liners, be design-
ed in accordance with ASME Code Section III, Division 2. The applicant has
been requested to resolve these concerns by demonstrating that the intent of
ASME Code Section III, Division 2 is met pertaining to load combination, analy-
sis procedures, design allowables, materials, quality control, and special con-
struction techniques for the concrete containment including specific criteria
used in the design for liners. The staff has reviewed the responses submitted
by the applicant and finds them acceptable. These items are resolved.

The staff has reviewed the applicant's submittal regarding the ultimate capa-
city analysis of the containment and finds it acceptable. This item is resolved.

- The staff concludes that the applicant has met 10 CFR 50.55a and GDC 1 with
respect to ensuring that the concrete containment is designed, fabricated,
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erected, constructed, tested, and inspected to quality standards commensurate
with its' safety function to be performed by meeting the RGs and industry stan-
dards indicated below.

The applicant has met GDC 2 by designing the concrete containment to withstand
,

the most severe earthquake that has been established for the site with suffi-
-

cient margin and to withstand the combinations of the effects of normal and
accident conditions with the effects of environmental loadings such as earth-
: quakes and other natural phenomena. -

The applicant has met GDC 4 by ensuring that the design of the concrete contain-
ment is capable of withstanding the dynamic effects associated with missiles,

( pipe whip, and discharging fluids.

The applicant has met GDC 16 by designing the concrete containment so that it
is an essentially leaktight barrier to prevent the uncontrolled release of
radioactive effluents to the environment.

The applicant has met GDC 50 by designing the concrete containment to accom-
modate, with sufficient margin, the design leakage rate and calculated pressure

; and temperature conditions resulting from accident conditions, and by ensuring
that the design conditions are not exceeded during the full course of-the acci-

-

dent condition. In meeting these design requirements, the applicant has used
the recommendations of the RGs and industry standard.s 'ndicated below.i4

The criteria used in the analysis, design, and construction of'the concrete
containment structure to account for anticipated loadings and postulated con-'

,

1 ditions that may be imposed on the structure during its service lifetime con-
form with established criteria'and with codes, standards, guides, and specifi-
cations acceptable'to the staff. These include meeting the intent of RGs 1.31
and 1.55 and ASME Code Section III, Divisions .1 and 2..

1

| The use of these criteria as defined by applicable codes, standards, guides,
| and specifications; the loads and loading combinations; the design'and analysis
| procedures; the structural acceptance criteria; the materials, quality control

programs, and special construction techniques; and the testing and inservice
i surveillance requirements provide reasonable assurance that, in the event of
: winds, tornadoes, earthquakes, and various postulated accidents within and out-
! side the containment, the structure will withstand the specified design condi-
! tions without impairing its structural integrity or its safety function of limit-

ing the release of radioactive material.

3.8.2 Steel Containment

Beaver Valley Unit 2 has a concrete containment structure. Therefore, this SRP
section is nct rpplicable.,

- 3.8.3 Concrete and Structural Steel Internal Structures

The containment internal structures consist of heavily reinforced concrete
walls and slabs. The reinforced concrete primary shield wall forms the reactor
cavity at the center of the containment. Concentric to the primary shield
wall is.the reinforced concrete crane wall, which is supported by reinforced.

concrete columns extending .from the foundation mat. Between the primary shield
,
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wall and the crane wall are reinforced concrete walls and slabs that separate
the internals into cubicles. The slabs at the floor of three cubicles provide
structural platforms for the steam generator and reactor coolant pump.

The major code used in the design of concrete internal structures was ACI 318-71.
For steel internal structures, the American Institute of Steel Construction
(AISC) " Specification for the Design, Fabrication and Erection of Structural
Steel for Buildings" was used.

SRP 3.8.3 specifies that the code to be used in the design of concrete internal
structures is ACI 349, as augmented by RG 1.142. The applicant has provided
information regarding an assessment and justification for all deviations of the
internal structural design and analysis from the applicable staff positions in
SRP 3.8.3. The staff has reviewed the information on the controlling load com-
binations for different parts of the internal structures and finds them compa-
tible to those of ACI 349 and RG 1.142. This item is resolved.

Additionally, two action items (2 and 13) of the 28 action items discussed in
Section 3.8.6 were pending the results of the applicant's confirmation program
in verifying the design of the internal structures (including steam generator
cubicle) for final pressure loads. The results were submitted by the applicant
and were reviewed and approved by the staff. Tnese two items are resolved.

The staff finds the applicant's responses to item 28 (which describes the tem-
perature load application in the analysis of the steam generator cubicle) and
item 27 (which describes the seismic design of the polar crane) acceptable.
These two items are considered resolved.

'

The staff concludes that the design of containment internal structures is '

acceptable and meets the relevant requirements of 10 CFR 50.55a and GDC 1, 2,
4, 5, and 50.

The applicant has met the requirements of 10 CFR 50.55a and GDC 1 with respect
to ensuring that the containment internal structures are designed, fabricated,
erected, constructed, tested, and inspected to quality standards commensurate
with the safety function to be performed by meeting the guidelines of the RGs
and industry standards indicated below.

The applicant has met GDC 2 by designing the containment internal structure to
withstand the most severe earthquake that has been established for the site
with sufficient margin and to withstand the combinations of the effects of

~

normal and accident conditions with the effects of environmental loadings such
as earthquakes and other natural ~ phenomena.

The applicant has met GDC 4 by ensuring that the design of the internal struc-
tures is capable of withstanding the dynamic effects aosociated with missiles,
pipe whip, and discharging fluids.

The applicant has met GDC 5 by demonstrating that structures, systems, and
components are not shared between units or that, if shared, sharing will not
impair their ability to perform their intended safety functions.

- The applicant has met GDC 50 by designing the containment internal structures
. to accommodate, with sufficient margin, the design leakage rate and the calcu-

lated pressure and temperature conditions resulting from accident conditions and
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by ensuring that the design conditions are not exceeded during the full course
of the accident condition. In meeting these design requirements, the applicant
has used the recommendations of the RGs and industry standards indicated below.

The criteria used in the design, analysis, and construction of the containment
internal structures to account for anticipated loadings and postulated condi-
tions that may be imposed during their service lifetimes conform with estab-
lished criteria and with codes, standards, and specifications acceptable to the
staff. These include meeting RGs 1.10, 1.15, 1.55, and 1,94; ACI 349; ASME
Code Section III, Division 2; ASME Code Section III, Division 1, Subsections NE
and NF; and the AISC " Specifications for the Design, Fabrication, and Erection
of Structural Steel for Buildings."

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and inservice
surveillance requirements provide reasonable assurance that, in the event of
earthquakes and various postulated accidents occurring within the containment,
the interior structures will withstand the specified design conditions without
impairment of structural integrity or the performance of required safety
functions.

3.8.4 Other Seismic Category I Structures

Seismic Category I structures other than the containment and its interior
structures are all of structural steel and concrete. The structural components
cons.fst of slabs, walls, beams, and columns. The major code used in the design
of doncrete Category I structures is ACI 318-71. For steel Category I struc-
tures, the AISC " Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings" is used. The applicant has provided an assess-
ment and justification of all deviations from the applicable requirements of
ACI 349 as augmented by RG 1.142. The staff has reviewed this submittal and
finds it acceptable.

The staff has reviewed the responses provided by the applicant and has deter-
mined that six of nine action items related to this SER section (see Sec-
tion 3.8.6) are resolved. However, item 19 requires the applicant to submit
confirmatory information on the analysis of seismic wave effect on conduits at
bends and tees, and items 20 and 22 require the applicant to provide further
evaluation of the seismic design and analysis. The staff has reviewed the
responses provided by the applicant to the above three items and finds them
acceptable. These items are resolved.

The concrete and steel Category I structures were designed to resist various
combinations of dead loads; live loads; environmental loads including winds,
tornados, SSE, and SSE; and loads generated by postulated ruptures of
high energy pipes such as reaction and jet impingement forces, compartment
pressures, and impact effects of whipping pipes.

The various Category I structures are designed and proportioned to remain with-
in limits established by the staff under the various load combinations. These

- limits are, in general, based on ACI 318-71 and on the AISC specification for
, concrete and steel structures, respectively, modified as appropriate for load

combinations that are considered extreme.-
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The materials of construction, their fabrication, construction, and installation,
are in accordance with ACI 318-71 and the AISC specification for concrete and
steel structures, respectively.

The applicant confirmed that there are no safety related masonry walls for
Beaver Valley Unit 2.

The staff concludes that the design of safety-related structures other than the
containment is acceptable and meets the relevant requirements of 10 CFR 50.55a
and GDC 1, 2, 4, and 5.

The applicant has met 10 CFR 50.55a and GDC 1 with respect to ensuring that
the safety related structures other than containment are designed, fabricated,
erected, constructed, tested, and inspected to quality standards commensurate
with the safety function to be performed by meeting the guidelines of the RGs
and i'ndustry standards indicated below.

The applicant has met GDC 2 by designing the safety related structures other
than containment to withstand the most severe earthquake that has been estab-
lished for the site with sufficient margin and to withstand the combinations
of the effects of normal and accident conditions with the effects of environ-
mental loadings such as earthquakes and other natural phenomena.

The applicant has met GDC 4 by ensuring that the design of the safety-related
structures is capable of withstanding the dynamic effects associated with
missiles, pipe whip, and discharging fluids.

The applicant has met GDC 5 by demonstrating that structures, systems and com-
ponents are not shared between units or that, if shared, sharing will not im-
pair their ability to perform their intended safety functions.

The applicant has met Appendix B to 10 CFR 50 because the Unit 2 quality
assurance program provides adequate measures for implementing guidelines
relating to structural design audits.

The criteria used in the analysis, design, and constructicn of all the plant
Category I structures to account for anticipated loadings and postulated con-
ditions that may be imposed during their service lifetimes conform with estab-
lished criteria and with codes, standards, and specifications acceptable to the
staff. These include meeting RGs 1.10, 1.15, and 1.94; ACI 349; and the AISC
" Specification for the Design, Fabrication, and Erection of Structural Steel
for Buildings."

The use of these criteria as defined by applicable c' odes, standards, and speci-
fications; the load and loading combinations; the design and analysis procedures;
the structural accep:.ance criteria; the materials, quality control programs, and
special construction techniques; and the testing and inservice surveillance re-
quirements provide reasonable assurance that, in he event of winds, tornadoes,
earthquakes and various postulated accidents occurring within and outside con-
tainment, the structures will withstand the specified design conditions with-
out impairment of structural integrity or the performance of required safety
functions.

'
.

*

.
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3.8.5 Foundations
,

Foundations of Category I structures are described in FSAR Section 3.8.5.
Primarily, these foundations are reinforced concrete and of the mat type.
The major code used in the design of the concrete mat foundations is ACI 318-71.
These concrete foundations have been designed to resist various combinations of
dead loads; live loads; environmental loads including winds, tornadoes, SSE,
and SSE; and loads generated by postulated ruptures of high-energy pipes.

The design and analysis procedures that were used for these Category I founda-
tions are the same as those approved on previously licensed applications and,
in general, are in accordance with procedures in ACI 318-71. The various
Category I foundations were designed and proportioned to remain within limits
established by the staff under the various load combinations. These limits
are, in general, based on ACI 318-71 and on the AISC specification for concrete
and steel structures, respectively, modified as appropriate for load combinations
that are considered extreme. The applicant has provided an assessment and jus-
tification of all deviations of the Unit 2 design from the applicable require-
ments of ACI 349 as augmented by RG 1.142. The staff has reviewed this sub-
mittal and finds it acceptable.

The issues regarding safety factors against sliding and overturning for the
auxiliary building and intake structure are resolved. The safety fac. tors
against sliding and overturning for the containment structure based on new SSI
analysis need to be addressed by the applicant. (See Section 3.7.3.)

The materials of construction, their fabrication, construction, and installa-
tion are in accordance with ACI 318-71 and the AISC specification for concrete
and steel structures, respectively. '

The criteria that were used in the analysis, design, and construction of all
the plant Category I foundations to account for anticipated loadings and postu-
lated conditions that may be imposed on each foundation during its service life-
time conform with established criteria and with codes, standards, and specifi-
cations acceptable to the staff.

The staff concludes that the design of the seismic Category I foundations is
acceptable and meets 10 CFR 50.55a and GDC 1, 2, 4, and 5.

The applicant has met 10 CFR 50.55a and GDC 1 with respect to ensuring that the
seismic Category I foundations are designed, fabricated, erected, constructed,
tested, and inspected to quality standards commensurate with the safety function

.

to be performed by meeting the RGs and industry standards indicated below.

I' ~

The applicant has met GDC 2 by designing the seismic Category I foundations to
withstand the most :;evere earthquake that has been establish:.d for the site,

j with sufficient margin and to withstand the combinations of the effects of
normal and accident conditions with the effects of environmental loadings such
as earthquakes and other natural phenomena.

The applicant has met GDC 4 by ensuring that the design of the seismic Cate-
gory I foundations is capable of withstanding the dynamic effects associated

,

i with missiles, pipe whip, and discharging fluids..

j.'
l'
'
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The applicant has met GDC 5 by demonstrating that structures, systems, and
components are not shared between units or that, if shared, sharing will not
impair their ability to perform their intended safety functions.

The criteria used in the design, analysis, and construction of the plant seis-
mic Category I foundations to account for anticipated loadings and postulated
conditions that may be imposed on each foundation during its service lifetime
are in conformance with established criteria and with' codes, standards, and
specifications acceptable to the staff. These include meeting RG 1.142 and
ACI 349 and the AISC specifications for the design, fabrication, and erection
of structural steel for buildings.

The use of these criteria as defined by applicable codes, standards, and speci-
fications; the loads and loading combinations; the design and analysis proce-
dures; the structural acceptance criteria; the materials, quality control, and
special construction techniques; the testing and inservice surveillance require-
ments provide reasonable assurance that, in the event of winds, tornadoes, earth-
quakes, and various postulated events, seismic Category I foundations will with-
stand the specified design conditions without impairment of structural integrity
or the performance of required safety functions.

3.8.6 Structural Audit

From January 30 through February 3, 1984, the staff met with the applicant and
the applicant's consultants to conduct the structural audit. The audit covered
each major safsty-related structure at Beaver Valley Unit 2.

The staff conducted the audit to -

(1) investigate in detail how the applicant has implemented the structural and
seismic design criteria that the applicant committed to use before obtaining
construction permits for the facility

(2) verify that the key t,tructural and seismic design and the related calcula-
tions have been conducted in an acceptable way

(3) identify and assess the safety significance of those areas where the plant
structures were designed and analyzed using methods other than those
recommended by the SRP

As a result of the audit, the staff identified 28 action items. The staff's
review and evaluation of the information resulting from these action items also
provided a basis for the staff's conclusions in this SER.

3.9 Mechanical Systems and Compon

The review under SRP 3.9.1 through 3.9.6 pertains to the structural integrity
and functional capability of various safety-related mechanical components in
the plant. The staff's review is not limited to ASME Code components and sup-
ports but is extended to other components such as control rod drive mechanisms,
certain reactor internals, and any safety-related piping designed to industry
standards other than the ASME Code. The staff reviews such issues as load com-
binations, allowable stresses, methods of analysis, summary of results, and

,

preoperational testing. The staff's review must arrive at the conclusion that.
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there is adequate assurance of a mechanical component performing its safety-
related function under all postulated combinations of normal operating condi-
tions, system operating transients, postulated pipe breaks, and seismic events.

3.9.1 Special Topics for Mechanical Components

The review of this section was performed following SRP 3.9.1. The staff has
reviewed the design transients and methods of analysis used for all seismic
Category I components, component supports, core support structures, and reactor
internals designated as Classes 1 and CS under the ASME Code Section III and
those not covered by the Code. The assumptions and procedures used for the
inclusion of transients in the fatigue evaluation of ASME Code Classes 1 and CS
have been reviewed. The staff's review also covered the computer programs used
in'the design and analysis of seismic Category I components and their supports
and experimental and inelastic analytical techniques.

The applicant has provided a list of the design transients and the number of
cycles for each design transient used for design. At least 5 OBEs of 10 cycles
each and 1 SSE of 10 cycles have been included in conformance with SRP 3.9.1.-

On the basis of its review of the design transients and their respective number
of cycles, the staff concludes that they are acceptable. j

The applicant performed analyses of mechanical components by the use of
computer programs. FSAR Section 3.9.1 includes a list of all the computer
programs used for static and dynamic analyses to determine the structural
integrity and functional integrity of seismic Category I Code ancf non-Code
items, and the analyses to determine stresses, along with a description of the
program. Design control measures to verify the adequacy of the design of
safety-related components are required to meet 10 CFR 50, Appendix 8. '

On the basis of its review of FSAR Section 3.9.1, the staff concludes that the
design transients and resulting loads and load combinations with appropriate
specified design and service limits for mechanical components and supports are
acceptable and meet GDC 1, 2, 14, and 15; 10 CFR 50, Appendix B; and 10 CFR 50,
Appendix A.

The applicant has met GDC 14 and 15 by demonstrating that the design transients
and resulting loads and load combinations, with appropriate specified design
and service limits, that the applicant has used for designing ASME Code Class 1
and CS components and supports and reactor internals provide a complete basis
for the design of the reactor coolant pressure boundary for all conditions and
events expected over the service lifetime of the plant.

The applicant has met GDC 2 and 10 CFR 100, Appendix A, by including seismic
events in design transients that serve as design bases to withstand the effects
of natural phenomena.

The applicant has met 10 CFR 50, Appendix B, and GDC 1 by having submitted in-
formation that demonstrates the applicability and validity of the design methods
and computer programs used for the design and analysis of seismic Category I,
ASME Code Class 1, 2, 3, and CS structures and non-Code structures within the
present state-of-the-art limits and by having design control measures that are

. acceptable to ensure the quality of the computer programs.
.
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3.9.2 Dynamic Testing and Analysis of Systems, Components, and Equipment

The staff has reviewed the methodology, testing procedures, and dynamic analy-
ses employed by the applicant to ensure the structural integrity and function-
ality of piping systems, mechanical equipment, and their supports under vibra-
tory loadings acccording to SRP 3.9.2. The staff's review included (1) the
piping vibration, thermal expansion, and dynamic effects testing, (2) the
seismic system analysis methods, (3) the dynamic responses of structural com-
ponents within the reactor caused by steady-state and operational flow tran-
sient conditions for nonprototype reactors, (4) flow-induced vibration testing
of reactor internals to be conducted during the preoperational and startup test
program, and (5) the dynamic analysis methods used to confirm the structural
design adequacy and functional capability of the reactor internals and piping
attached to the reactor vessel when they are subjected to loads from a LOCA in
combination with an SSE.

3.9.2.1 Piping Preoperational Vibration and Dynamic Effects Testing

Piping vibration, thermal expansion, and dynamic effects testing will be con-
ducted during a preoperational testing program. The purpose of these tests is
to ensure that the piping vibrations are within acceptable limits and that the
piping system can expand thermally in a manner consistent with the design intent.

,

During the Beaver Valley Unit 2 preoperational and startup testing progrum, the
applicant will test various piping systems for abnormal, steady-state, or tran-
sient vibration and for restraint of thermal growth. Systems to be monitored
will include (1) ASME Code Class 1, 2, and 3 piping systems; (2) high-energy
systems inside seismic Category I structures; (3) high-energy portions of
systems whose failure could reduce the functioning of seismic Category I plant
features to an unacceptable safety level; and (4) seismic Category I portions
of moderate-energy piping systems located outside containment. Steady-state
vibration whether flow induced or caused by nearby vibrating machinery, could
cause 108 or 109 cycles of stress in the pipe during its 40 year life. For
this reason, the staff requires that the stresses associated with steady-state
vibration be minimized and limited to acceptable levels. The test program will
consist of a mixture of instrumented measurements and visual observations by
qualified personnel.

In a letter dated February 15, 1985, the applicant provided the vibration pre-
operational test acceptance criteria for Beaver Valley Unit 2. For steady-state '

vibration the maximum alternating stress intensity will be limiting to 61.5% of
the endurance limit defined as the alternating stress intensity, S,, at 108
cycles as given in Appendix I, Figure I-9.1, of Section III of the ASME Code-

for carbon steels. For austenitic pipe steels, the maximum alternating stress
intensity will be limited to 100% of the endurance limit defined t.s the alter-
nating stress intensity, S,, at 1011 cycles as given in Appendix I, Figure I-9.2.2,

; of Section III of the ASME Code. When curve A, 8, or C of Figure I-9.2.2 is
used, the applicable ASME Code requirements for each curve shall be met.

The staff has reviewed the Beaver Valley Unit 2 piping vibration acceptance
criteria and finds that these criteria will provide an acceptable level of

i
- safety for piping vibration during the plant's 40 year life.
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On the basis of its review of FSAR Section 3.9.2.1, the staff concludes that
the applicant has met GDC 14 and 15 with respect to the design and testing of
the reactor coolant pressure boundary. This provides reasonable assurance that
rapidly propagating failure and gross rupture will not occur as a result of
vibratory loadings. In addition, the testing ensures that design conditions
are not exceeded during normal operation, including anticipated operational
occurrences, because there is an acceptable vibration, thermal expansion, and
dynamic effects test program that will be conducted during startup and initial
operation of specified high- and moderate-energy piping, including all associ-
ated restraints and supports. The tests provide adequate assurance that the
piping and piping supports have been designed to withstand vibrational dynamic
effects resulting from valve closures, pump trips, and other operating modes
associated with the design-basis flow conditions. In addition, the tests pro-
vide assurance that adequate clearances and free movement of snubbers exist for

,

I

unrestrained thermal movement of piping and supports during normal system heat-
up and cooldown operations. The planned test will develop loads similar to
those experienced during reactor operations.

3.9.2.2 Seismic Subsystem Analysis

The staff's review according to SRP 3.9.2 included FSAR Section 3.7.3, " Seismic
Subsystem Analysis." Areas reviewed were seismic analyses methods, determina-
tion of the number of earthquake cycles, basis for selection of frequencies,
the combination of modal responses and spatial components of an earthquake,
criteria used for damping, torsional effects of eccentric masses,. interaction
of other piping with Category I piping, and Category I buried piping systems.

The scope of the review of the Beaver Valley Unit 2 seismic system and subsystem
analysis includes the seismic analysis methods for all seismic Category I piping
piping systems and components. The staff has reviewed how the dynamic system
analysis is performed, the method of selection of significant modes, whether
the number of masses or degrees of freedom is adequate, and how consideration
is given to maximum relative displacements. The review included design method-
ologies and procedures used for the evaluation of the interaction of nonseismic
Category I piping with seismic Category I piping and the seismic methods that

"

consider the effect of fill settlement and movement at support points, penetra-
tion, and anchors for seismic Category I buried piping systems. In addition,
the staff reviewed seismic analysis procedures for reactor internals. The sys-
tem and subsystem analyses are performed by the applicant on an elastic basis.

. Modal response spectrum, multidegree of-freedom, and time history methods form
! the basis for the analyses of all major seismic Category I systems and compo-
! nents. When the response spectrum method is used, modal responses are combined

by the square-root-sum-of-the-squares rule.
'

For the dynamic analysis of seismic Category I piping, each piping system was
( idealized as a mathematical model consisting of lumped masses connected by
| elastic members. The stiffness matrix for the piping system was determined
j- using the elastic properties of the pipe. This includes the effects of tor-
| sional, bending, shear, and axial deformations as well as change in stiffness
j because of curved members. Next, the mode shapes and the undamped natural fre-
! quencies were obtained. The dynamic response of the system was calculated by
| the response spectrum method of analysis. For a piping system that was sup-

ported at points with different dynamic excitations, the response analysis was
'

performed using an enveloped response spectrum.
.

*

.

L
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On the basis of its review of FSAR Section 3.7.3, the staff concludes that the
applicant has met GDC 2 with respect to demonstrating the design adequacy of
all seismic Category I piping systems, components, and their supports to with-
stand earthquakes by meeting RGs 1.61 and 1.92 and by providing acceptable

; seismic analysis procedures and criteria. The scope of review of the seismic
system analysis included the seismic analysis methods of all Category I piping

'

systems, components, and their suoports. It included review of procedures for
modeling and inclusion of torsionc1 effects, seismic analysis of multiply sup-
ported equipment and components with distinct inputs, and determination of com-
posite damping. The review has included design criteria and procedures for
evaluation of the interaction of non-Category I piping with Category I piping.
The review has also included criteria and seismic analysis procedures for reac-
tor internals.

3.9.2.3 Preoperational Flow-Induced Vibration Testing of Reactor Internals

Flow-induced vibration testing of reactor internals will be conducted during
the preoperational and startup test program. The purpose of this test is to
demonstrate that flow-induced vibrations similar to those expected during oper-

,

|

ation will not cause unanticipated flow-induced vibrations of significant mag-
nitude or structural damage.

| The H.B. Robinson Unit 2 reactor has been established as the prototype for the
'

Westinghouse three-loop plant-internals verification program. The only signi-
ficant difference between the internals of Beaver Valley Unit 2 and those of

l H.B. Robinson Unit 2 is the substitution of 17x17 fuel assemblies for 15x15
assemblies and the replacement of the annular thermal shield with neutron

|
shielding panels.

The change to the neutron shielding panels and 17x17 fuel assemblies has been
tested at the Trojan plant. The three-loop internals assurance program con-
ducted at H.B. Robinson Unit 2 supplemented by the Trojan data satisfies RG 1.20,
" Comprehensive Vibration Assessment Program-for Reactor Internals During Pre-|

'

!
'

operational and Start-Up Testing," Revision 2, for nonprototype Category I
plants. .

The applicant has committed to test the reactor internals in accordance with
RG 1.20. The applicant will conduct a visual inspection before hot functional
testing. The internals will then be subjected to an operating time of suffi-
cient duration to ensure that a minimum of 108 cycles of vibration will be
experienced by the critical components. At completion of the flow test, the
vessel head will be removed and the internals will be inspected for evidence of
wear and loose parts. All major load-bearing surfaces; torsional, lateral, and

; vertical restraints; locking and bolting devices whose failure could adversely
affect the structural integrity of the internals, and all other locations that
were examined on the prototype design will be inspected. The inside of the
vessel will be inspected with all the internals removed both before and subse-
.quent to hot functional testing to verify that no loose parts or foreign mate-
rial is present. Important welds, bearing surfaces, and alignment and locking '

devices in the internals will be inspected with the aid of a 5x or 10x magni-
fying glass.

The staff finds the inspection program to be sufficient and the hot functional
,,

test to be of adequate length. On the basis of its review of FSAR Section 3.9.2.4, ,
.

-
.
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the staff co~ncludes that the applicant has met GDC 1 and 4 with respect to the
reactor internals being designed and tested to quality standards commensurate
with the importance of the safety functions being performed and being appropri-
ately protected against dynamic effects by meeting RG 1.20 for the conduct of
preoperational vibration tests and by having a preoperational vibration program
planned for the reactor internals that provides an acceptable basis for verifying
the design adequacy of these internals under test loading conditions comparable
to those that will be experienced during operation. The combination of tests,
predictive analysis, and post-test inspection provides adequate assurance that
the reactor internals will, during their service lifetimes, withstand the flow-
induced vibrations of the reactor without loss of structural integrity. The
integrity of the reactor internals in service is essential to ensure the proper
positioning of reactor fuel assemblies and unimpaired operation of the control
rod assemblies to permit safe reactor operation and shutdown.

3.9.2.4 Dynamic System Ana~ lysis of Reactor Internals Under Faulted Conditions

The applicant has analyzed the reactor internals and unbroken loops of the
reactor coolant pressure boundary, including the supports, for the combined
loads resulting from a simultaneous LOCA and SSE. The applicant has described
the methodology used in developing the dynamic loads resulting from an asym-
netric load from a postulated pipe break at the reactor pressure vessel nozzle
safe-end in FSAR Section 3.9N.2.5.

On the basis of its review of FSAR Section 3.9.2.5 and the load combinations
and stress limits in the tables in FSAR Section 3.9.3, the staff concludes that
the applicant has met GDC 2 and 4 with respect to the design of systems and
components important to safety to withstand the effects of earthquakes and the
appropriate combinations of the effects of normal and postulated accident con-
ditions with the effects of the SSE by performing a dynamic system analysis
that provides an acceptable basis for confirming the structural design adequacy
of the reactor internals and unbroken piping loops to withstand the combined
dynamic loads of a postulated LOCA and the SSE. The analysis provides adequate
assurance that the combined stresses and strains in the components of the reac-
tor coolant system and reactor internals will not exceed the allowable design
stress and strain limits for the materials of construction, and that the result-
ing deflections or displacements at any structural element of the reactor inter-
nals will not distort the reactor internals geometry to the extent that core
cooling may be impaired. The methods used for component analysis have been
found to be compatible with those used for the system analysis. The proposed
combination of component and system analyses are, therefore, acceptable. The
assurance of structural integrity of the reactoi internals under LOCA conditions
for the most adverse postulated loading event provides added confidence that the
design will withstand a spectrum of lesser pipe breaks and seismic loading events.

3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports, and * ore
Support Structures

The staff's review under SRP 3.9.3 is concerned with the structural integrity
and functional capability of pressure-retaining components, their supports, and
core support structures that are designed in accordance with ASME Code Sec-
tion III, or earlier industrial standards. The staff has reviewed loading

~
combinations and their respective stress limits, the design and installation of
pressure-relief devices, and the design and structural integrity of ASME Code
Class 1, 2, and 3 components and component supports."
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'3.9.3.1 Loading Combinations, Design Transients, and Stress Limits

The first area of review is the methodology used for load combinations and
allowable stress limits in FSAR Section 3.9.3.

The applicant's methodology used for load combinations does not conform to the
acceptance criteria in SRP 3.9.3. Specifically, for the design of the appli-
cable ASME Code Class 2 and 3 piping systems, pipe supports, equipment, and
their supports, the applicant has not included the LOCA load effects in the
loading combinations for faulted condition as listed in FSAR Tables 3.9.B-8,
3.9.8-9, 3.9.B-14, 3.9.B-15, and 3.9.B-16. The applicant has requested an
exemption from GDC 4 and the need to consider reactor coolant loop pipe breaks
for Beaver Valley Unit 2. The basis for this exemption is a fracture mechanics
analysis submitted by the applicant which demonstrates that since large margins
against unstable crack extension exist, leakage detection systems can detect
leaks long before a pipe crack would occur. This has been identified as the
leak-before-break concept. The staff has required that current primary loop
heavy component support design margins be maintained (i.e., LOCA loads includ-
ed), even though the leak-before-break concept has been proposed. In a letter
dated November 5, 1984, the applicant stated that primary coolant system equip-
ment and its supports have been designed and constructed for the full spectrum
LOCA effects in conjunction with an SSE and that granting of the exemption re-
quest will not alter the design of these supports. Leak before break may be
used, however, in the elimination of protective devices against dynamic effects
of pipe whip and jet impingement. Pending the staff's decision on the GDC 4
exemption request, this is considered an open item and will be addressed in a
supplement to this SER.

The staff requires that the functional capability of essential piping systems
designed to level C or D service limits be demonstrated. In a letter dated
July 2, 1984, the applicant provided justification for ensuring the functional
capability of essential piping systems. On the basis of its review of the in-
formation provided by the applicant, the staff found that the applicant has not
considered the effects of primary coolant loop breaks on the branch lines. In
the November 5, 1984 letter discussed above, the applicant requested an exemption
of the analysis of branch lines for the effects of primary coolant loop breaks.
The applicant has stated that if this exemption is not granted, associated
branch line stresses will be quantified for LOCA effects to ensure the func-
tional capability of branch lines.,

The ASME Code requires that a design specification be prepared for Class 1, 2,
and 3 components such as pumps, valves, and piping systems. The design speci-
fication is intended to become a principal document governing design and con-
struction of these components and should specify loading combinations, design
data, and other design data inputs. The Code also requires a stress report for
ASME Code Class 1 components and Class 2 and 3 piping systems, or calculation
files for other ASME Code Class 2 and 3 components. An audit was conducted of
design documents for selected pumps, valves, and piping systems. The staff
reviewed the selected design specifications and design reports for compliance
with ASME Code requirements. The staff has not completed its review and is
awaiting further clarification from the applicant. The staff will discuss this
item in a supplement to the SER.

~

On the basis of its review of FSAR Sections 3.98.3.1 and 3.9N.3.1 and contin-
- gent on the satisfactory resolution of the open item, the staff concludes that
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the applicant has met 10 CFR 50.55a and GDC 1, 2, and 4 with respect to the
design and service load combinations and associated stress and deformation
limits specified for ASME Code Class 1, 2, and 3 components by ensuring that
systems and components important to safety are designed to quality standards
commensurate with their importance to safety and that these systems can accom-
modate the effects of normal operation as well as postulated events such as
LOCAs and the dynamic effects resulting from earthquakes. The specified design
and service combinations of loading as applied to ASME Code Class 1, 2, and 3
pressureretaining components in systems designed to meet seismic Category I
standards provide assurance that, in the event of an earthquake affecting the
site for other service loading caused by postulated events or system operating
transients, the resulting combined stresses imposed on system components will
not exceed allowable stress and strain limits for the materials of construction.
Limiting the stresses under such loading combinations provides a conservative
basis for the design of system components to withstand the most adverse combin-o

ation of loading events without loss of structural integrity.

3.9.3.2 Design and Installation of Pressure-Relief Device

The staff has reviewed FSAR Section 3.9.3.3 with respect to the design, instal-
lation, and testing criteria applicable to the mounting of pressure-relief de-
vices used for the overpressure protection of ASME Code Class 1, 2, and 3 com-

1 ponents. This review, conducted in accordance with SRP 3.9.3, includes the
evaluation of the applicable loading combinations and stress criteria.

The design review extends to consideration of the means provided to accommodate
the rapidly applied reaction force when a safety valve or relief valve opens
and the transient fluid-induced loads applied to the piping downstream of a
safety or relief valve in a closed discharge piping system.

In accordance with Item II.D.1 of NUREG-0737, pressurized-water-reactor (PWR)
and boiling-water-reactor (BWR) licensees and applicants are required to con-
duct testing to qualify the reactor coolant system relief and safety valves,
block valves, and associated piping and supports under expected operating
conditions for design-basis transients and accidents.

The Electric Power Research Institute (EPRI) was contracted by the PWR OwnersI

Group to develop and carry out a generic test program and to provide the
generic test data to be used by the PWR utilities' to satisfy the Item II.D.1
requirements. Testing of valves in the EPRI program was completed by Decem-
ber 31, 1981.

By letter dated April 1, 1982, from D. P. Hoffman, chairman of the PWR Safety
and Relief Valve Test Program Subcommittee, the EPRI/PWR Owners Group trans-
mitted reports on the following to NRC:

.

(1) valves selection / justification

(2) valve inlet fluid condition for pressurizer safety and relief valves in
Westinghouse-designed plants

(3) test condition justification

(4) safety and relief valve test
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(5) application of RELAP5/M00 1 for calculation of safety and relief valve
discharge piping hydrodynamic loads

Additionally, by letter dated June 1, 1982, the applicant submitted reports
documenting block valve testing performed by EPRI. These generic reports are
being reviewed by the staff .

On the basis of a review of the EPRI generic reports, the staff has concluded
that they contain data that can be used by the applicant to prepare an Item
II.D.1 plant-specific response for the valves and associated piping for Beaver
Valley Unit 2.

The staff requires that these plant-specific submittals be made before fuel
load in accordance with the schedule of NUREG-0737 and the September 29, 1981
clarification letter (Generic Letter 81-36) on this matter. Once the staff has
received this information, it will report its findings in a supplement to this
SER.

On the basis of its review of FSAR Section 3.98.3.3 and contingent on an accept-
able resolution of the above confirmatory item, the staff's concludes that the
applicant has met 10 CFR 50.55a and GDC 1, 2, and 3 with respect to tne crite-
ria used for the design and installation of ASME Code Class 1, 2, and 3 over-
pressure relief devices by ensuring that safety and relief valves and their in-
stallations are designed to standards that are commensurate with their safety
functions, and that they can accommodate the effects of discharge caused by nor-
mal operation as well as postulated events such as LOCAs and the dynamic effects
resulting from the SSE. GDC 14 and 15 are also met with respect to ensuring that
the reactor coolant pressure boundary design limits for normal operation includ-
ing anticipated operational occurrences are not exceeded. The criteria used by
the applicant in the design and installation of ASME Code Class 1, 2, and 3 safe-
and relief valves provide adequate assurance that, under discharging conditions,
the resulting stresses will not. exceed allowable stress and strain limits for
the materials of construction. Limiting the stresses stresses under the load-
ing combinations associated with the actuation of these pressure-relief devices
provides a conservative basis for the design and installation of the devices to
withstand these loads without loss of structural integrity or impairment of the
overpressure protection function.

3.9.3.3 Component Supports

The staff's review of FSAR Sections 3.98.3.4 and 3.9N.3.4 relates to the metho-
dology used by the applicant in the design of ASME Code Class 1, 2, and 3 com-
ponent supports. The review includes assessment of the design and structural
integrity of the supports and addresses three types of supports: plate and
shell, linear, and component standard types.

The staff's review of the design of component supports identified an issue
regarding the categorization and evaluation of constraint of free end displace-
ment stresses. It is the staff's position that, for the design of componenti

supports, stresses produced by seismic anchor point motion and the thermal ex-
pansion of piping should be categorized as primary stresses. The application
of this position is most critical for those supports that would be subjected to
large deformations. FSAR Table 3.9.B.14 describes the load combinations for_

pipe supports for all balance-of plant (B0P) piping systems except the quench
r
1
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spray system (QSS), the recirculation spray system (RSS), and the safety
injection system (SIS). The effects of seismic anchor point motion and the
thermal expansion of piping are included in the load combinations for the normal
and upset conditions but are not accounted for in the faulted condition. In a
letter dated March 12, 1985, the applicant stated that since the normal / upset
loads, including thermal effects and seismic anchor point motion, do not cause
inelastic deformation in pipe supports, the ductile chr.cacteristics of the sup-
port material and the self equilibrating characteristics of any additional ther-
mal effects and seismic anchor motion associated with the faulted condition
ensure that deformations remain acceptably small. The applicant also stated he
that he has compared typical support strains for the normal / upset and faulted
conditions including the effects of SSE anchor motion and SSE anchor motion,
respectively. The comparison demonstrates that pipe and equipment supports are
inherently designed for the effects of SSE anchor motion because of their con-
servative design for h SSE for the normal / upset conditions. This study included
a substantial number of large-bore piping and equipment supports supplied by
the architect-engineer, and the residual heat removal heat exchanger and pump
supports supplied by the nuclear steam supply system (NSSS) supplier. The
results showed a small percent increase in strain for faulted condition over
the normal / upset condition, and the combined stress for the faulted condition
remained well below the material yield stress (S ). In addition, Table 3.98-15y
for QSS, RSS, and SIS pipe supports was revised to include the effects of ther-
mal expansion and seismic anchor motion for the faulted condition. This
faulted load combination meets a stress allowable of 0.95 S . On the basis ofy
the review of the information provided by the applicant, the staff determined
that the applicant has provided an adequate assurance that 80P pipe and equip-
ment supports will not fail as a result of gross plastic deformation caused by
piping thermal expansion and seismic differential building movements. Unlike
most other plants for which Westinghouse has been the NSSS supplier and has had
the design responsibility for the primary coolant loop and supports, the NSSS
scope of support design for Beaver Valley Unit 2 is limited to supports assoc-
fated with certain auxiliary equipment. For the design of these supports, the
staff does not agree with the justification provided by the applicant that the
treatment of stresses produced by seismic anchor point motion of piping and
thermal expansion of piping as primary stresses is not applicable to Unit 2
component supports because it originated with a later addenda than the ASME
Code of record. However, the staff believes that the applicant's study
discussed above provides an adequate basis to reasonably conclude that, for the
limited number of NSSS auxiliary equipment and pipe supports, the deformation
caused by piping thermal expansion and seismic differential building movements
will not affect the operability of supported components.

The staff has reviewed the design and construction of the component supports in
the primary coolant loop. The primary loop component supports utilized ASME
Code, Subsection NF, in design only. The staff raised a concern regarding the
use of the higher ASME Code stress limits without the compensatory ASME Code
requirements related to support construction. The applicant stated.that fab-
rication of the primary equipment supports extended beyond the requirements of
the American Institute of Steel Construction specification and included the
(1) procurement of material according to the ASME Code, (2) procurement of mate-
rial with mill certifications, (3) full ultrasonic inspection, (4) stress relief
of material, and (5) Charpy impact test. Additionally, in a letter dated October 2,,

~ 1984, the applicant committed to keep all stresses in the primary equipment sup-
- ports below the material yield stress when LOCA and SSE loads are combined in
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accordance with NUREG-0484 (Revision 1). On the basis of the additional
fabrication requirements and the commitment to keep stresses below yield stress,
the staff concludes that the construction of the primary equipment component
support provides a level of safety equivalent to that provided by ASME Code
Subsection NF and is, thus, acceptacle.

On the basis of its review of FSAR Sections 3.98.3.4 and 3.9N.3.4, the staff
finds that the applicant has met 10 CFR 50.55a and GDC 1, 2, and 4 with respect
to the design and service load combinations and associated stress and deforma-
tion limits specified for ASME Code Class 1, 2, and 3 component supports by
ensuring that component supports important to safety are designed to quality
standards commensurate with their importance to safety, and that these supports
can accommodate the effects of normal operation as well as postulated events
such as LOCAs and the dynamic effects resulting from the SSE. The combination
of loadings (including system operating transients) considered for each compo-
nent support within a system, including the designation of the appropriate ser-
vice stress limit for each loading combination, has met RGs 1.124 and 1.130 and
is in accordance with NUREG-0484, Revision 1. The specified design and service
loading combinations used for the design of ASME Code Class 1, 2, and 3 compo-
nent supports in systems classified as seismic Category I provide assurrance
that, in the event of an earthquake or other service loadings caused by postu-
lated events or system operating transients, the resulting combined stresses
imposed on system components will not exceed allowable stress and strain limits
for the materials of construction. Limiting the stresses under such loading
combinations provides a conservative basis for the design of support components
to withstand the most adverse combination of loading events without loss of
structural integrity.

The evaluatic'n findings for Class CS components are in Section 3.9.5.

3.9.4 Control Rod Drive Systems

The staff's review under SRP 3.9.4 covers the design of the control rod drive
system up to its interface with the control rods. The rods and drive mechanism
shall be capable of reliably controlling reactivity changes either under condi-
tions of anticipated normal plant operational occurrences or under postulated
accident conditions. The staff reviewed the information in FSAR Section 3.9.4
relative to the analyses and tests performed to ensure the structural integrity
and functionality of this system during normal operation and under accident
conditions. The staff also reviewed the life-cycle testing performed to demon-
strate the reliability of the control rod drive system over its 40 year life.

A detailed review of the design of the control rod drive system with respect to
its capability to control reactivity and cool the reactor core with appropriate
margin in conjunction with either the emergency core cooling system or the
reactor protection system was not performed betause of the system's similarity
to other Westinghouse plants that were found acceptable. The staff is not aware
of any significant design changes in the control rod drive system for Beaver
Valley Unit 2.

On the basis of its review of the above information, the staff concludes that
the design of the control rod drive system is acceptable and meets GDC 1, 2,

_ 14, 26, 27, and 29 and 10 CFR 50.55a.
-

.
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The applicant has met GDC 1 and 10 CFR 50.55a with respect to designing compo-
nents important to safety to quality standards commensurate with the importance
of the safety functions to be performed. The design procedures and criteria
used for control rod drive systems are in conformance with the requirements of
appropriate ANSI and ASME codes.

The applicant has met GDC 2, 14, and 26 with respect to designing the control
rod drive system to withstand the effects of earthquakes and anticipated normal
operational occurrences with adequate margins to ensure its structural integrity
and functional capability and with extremely low probability of I?akage or gross
rupture of the reactor coolant pressure boundary. The specified design tran-
sients, design and service loadings, combination of loads, and limiting the
stresses and deformations under such loading combinations are in conformance
with the appropriate ANSI and ASME codes and acceptable regulatory positions
specified in SRP 3.9.3. .

The applicant has met GDC 27 and 29 with respect to designing the control rod
drive system to ensure it is capable of controlling reactivity and cooling the
reactor core with appropriate margin, in conjunction with either the emergency
core cooling system or the reactor protection system. The operability assur-
ance program is acceptable with respect to meeting system design requirements
in observed performance as to wear, functioning times, latching, and overcoming
a stuck rod.

3.9.5 Reactor Pressure Vessel Internals

The staff's review under SRP 3.9.5 is concerned with the load combinations,
allowable stress limits and other criteria used in the design of the reactor
internals. The staff has limited its review according to SRP 3.9.5 to include
the design and analysis of the reactor internals and the deformation limits
specified for those components. A detailed review of the configuration and
general arrangement of the mechanical and structural internal elements was not
performed because of the similarity with other Westinghouse plants that were
found acceptable. The staff is not aware of any significant design changes in
the reactor internals for Beaver Valley Unit 2.

On the basis of its review of FSAR Section 3.9.5, the staff concludes that the
design of reactor internals is acceptable and meets GDC 1, 2, 4, and 10 and
10 CFR 50.55a.

The applicant has met GDC 1 and 10 CFR 50.55a with respect to designing the
reactor internals to quality standards commensurate with the importance of the
safety functions to be performed. The design procedures and criteria used for
the reactor internals are in conformance with the requirements of Subsection NG
of ASME Code Section III.

The applicant has met GDC 2, 4, and 10 with respect to designing components
important to safety to withstand the effects of earthquakes and of normal
operation, maintenance, testing, and postulated LOCAs with sufficient margin to
ensure that their capability to perform safety functions is maintained and the
specified acceptance fuel design limits are not exceeded.

. The specified design transients, design and service loadings, and combination
of loadings as applied to the design of the reactor internals structures and

,
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components provide reasonable assurance that, in the event of an earthquake or
a system transient during normal plant operation, the resulting deflections and
associated stresses imposed on these structures and components would not exceed
allowable stresses and deformations under such loading combinations. This pro-
vides an acceptable basis for the design of these structures and components to
withstand the most adverse loading events that have been postulated to occur
during service lifetime without loss of structural integrity or impairment of
function.

3.9.6 '

'rvice Testing of Pumps and Valves

The re. under SRP 3.9.6 is concerned with the inservice testing of certain
safety related pumps and valves typically designated as ASME Code Class 1, 2, -

or 3. Other pumps and valves not categorized as Class 1, 2, or 3 may be in-
cluded if the staff considers them safety related.

.In Sections 3.9.2 and 3.9.3 above, the staff discusses the design of safety-
related pumps and valves in Beaver Valley Unit 2. The load combinations and
stress limits used in the design of pumps and valves ensure that the compo-
nent pressure boundary integrity is maintained. In addition, the applicant
will periodically test and perform measurements of all safety-related pumps
and valves. These tests and measurements are performed in ac:.ordance with
Section XI of the ASME Code. The tests verify that these pumps and valves
operate successfully when called upon. Periodic measurements are made of
various parameters and compared to baseline measurements to detect long-term
degradation of the pump or valve performance. The staff reviews the appli-
cant's program for preservice and inservice testing of pumps and valves using
SRP 3.9.6 and gives particular attention to those areas of the test program
for which the applicant requests relief from the requirements of Section XI of
the ASME Code. The applicant must provide a commitment that the inservice test-
ing of ASME Code Class 1, 2, and 3 components will be in accordance with the
revised rules of 10 CFR 50.55a(g).

The applicant has not yet submitted the program for the preservice and inservice
testing of pumps and valves; therefore, the staff has not completed its review.
The staff will report the resolution of these issues in a supplement to this
SER.

There are several safety systems connected to the reactor coolant pressure
boundary that have design pressure below the rated reactor coolant system (RCS)
pressure. There are also some systems that are rated at full reactor pressure
on the discharge side of pumps but have pump suction below RCS pressure. To
protect these systems from RCS pressure, two or more isolation valves are
placed in series to form the interface between the high pressure RCS and the
low pressure system. The leaktight integrity of these valves must be ensured
by periodic '.eak testing to prevent exceeding the design pressure of the low-
pressure systems.

Pressure isolation valves must be Category A or AC, according to Paragraph
IWV-2000 of the Code, and to meet the appropriate requirements of IWV-3420 of

'Section XI of the ASME Code, except as discussed below.

. Limiting conditions for operation must be added to the Technical Specifications
that will require corrective action (shutdown or system isolation) when the,

.
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final approved leakage limits are not met. Also, the Technical Specifications
must provide surveillance requirements that will state the acceptable leak rate
testing frequency.

Periodic leak testing of each pressure isolation valve must be performed at
least once each refueling outage, after valve maintenance, before return to
service,'and for systems rated as less than 50% of RCS design pressure each
time the valve has moved from its fully closed position unless justification
is given. The testing interval should average about 1 year. Leak testing -

should also be performed after all disturbances to the valves are complete,
before power operation following a refueling outage, maintenance, and so forth.

The staff's position on leak rate limiting conditions for coeration is that
leak rates must be equal to or less than 1 gpm for each valve to ensure the in-
tegrity of the valve, demonstrate the adequacy of the redundant pressure isola-
tion function, and give an indication of valve degradation over a finite period
of time. Significant_ increases over this limiting value would indicate valve
degradation from one test to another.

The Class 1 to Class 2 boundary will be considered the isolaticn point that
must be protected by redundant isolation valves. In cases where pressure iso-
lation is provided by two valves, both will be independently leak tested. When
three or more valves provide isolation, only two of the valves must be leak tested.,

In a letter dated November 7,1984, the applicant submitted a list of pressure,

isolation valves to be included in the leak rate testing program along with
four sets of piping and instrument diagrams. On the basis of its review of
that submittal, the staff determined that the applicant's response is
incomplete with respect to tne above staff position on pre'ssure isolation
valves leak testing requirement. The specific concerns have been transmitted
to the applicant. The staff will report its final evaluation in a supplement
to this SER.

3.10 Seismic and Dynamic Qualification of Seismic Catecory I Mechanical and
Electrical Equipment

3.10.1 Scismic and Dynamic Qualification of Electrical and Mechanical
Equipment

The staff evaluation of the adequacy of the applicant's program for qualifica-
tion of electrical and mechanical equipment important to safety for seismic
and dynamic loads consists of (1) a determination of the acceptability of the
procedures used, standards followed, and the completeness of the program in
general and (2) an onsite audit of selected equipment items to develop the
basis for the staff judgment on the completeness and adequacy of the implemen-
tation of the entire seismic and dynamic qualification program.

The Seismic Qualification Review Team (SQRT) has reviewed the methodology and
procedures of the seismic and dynamic qualification program in FSAR Sections
3.9.2, 3.9.3, and 3.10. The SQRT has concluded that the information provided
in the FSAR meets the intent of 3RP 3.10 and provides adequate assurance that
such equipment will function prcperly under all imposed design and service ;

;-

,
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loads including the loadings impose by the SSE, postulated accidents, and
LOCAs with the exception of the following:

(1) The applicant should identify the in plant dynamic loads that may be
induced during the operation of Beaver Valley Unit 2 and address their
effects on the seismic and dynamic qualification of safety related
equipment.

(2) The applicant should commit to establish a maintenance and surveillance-

program to maintain equipment in a qualified status throughout the life of
the plant.

(3) The applicant should commit to establish a central filing system capable
of retrieving qualification documentation, in an auditable manner, before
the plant operation.

(4) The applicant should commit to update the equipment lists and pertinent
qualification information in the tables in FSAR Sections 3.9 and 3.10.

(5) For any balance-of plant (80P) and NSSS equipment not covered under the
Westinghouse generic qualification program--as approved by the staff and
for which single axis and/or single frequency testing methods were used--
justification should be provided for the validity of the methodology in
light of the current staff licensing criteria as specified in SRP 3.10.

In the letter of August 8,1984 and the followup meeting of September 18, 1984,
the applicant stated his intention of complying with the above staff requests.>

Specifically, the applicant will incorporate the seismic and all other pertinent
dynamic loads, including accident loads, in the seismic qualification programs,
which should include fatigue cycling effects. In addition, a surveillance and
maintenance program to maintain equipment, in both harsh and mild environments,
in a qualified status throughout the plant life will be presented by the appli-
cant at a pre-audit meeting yet to be scheduled. The applicant will also update
the equipment list and the pertinent qualification information during the process
of preparation of the SQRT equipment summary list. With regard to the validity
of single-axis and/or single-frequency testing methods, the applicant will provide
examples comparing qualification results using single-axis and single-frequency
testing methods with those using multi-axis and multi-frequency testing methods
during the pre-audit meeting.

The above information and commitments have been found to satisfactorily respond,

| to the previously identified staff's concern based on the review of the FSAR.

The applicant should submit FSAR amendments to document the resolution of the
identified FSAR deficiencies. In addition, the SQRT will follow the applicant's
effort closely and will confirm its imp ~lementation during the onsite audit.
During the audit, the staff will review in detail the applicant's implementation
of the qualification program to confirm that all applicable loads and combina-
tions of loads have been defined, that operability has been verified through
appropriate tests and analyses, that assemblies (rather than individual compo-
nents) have been verified operable, and that for all safety related equipment
operability can be ensured throughout the life of the plant. A substantial por-
tion (85% to 90%) of the equipment must be qualified, documented in an auditable
manner, and installed on the site before an onsite audit by the SQRT can be per-
formed. Shortly after the applicant indicates that the work is substantially-

.
.
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; complete, the SQRT will conduct an onsite audit. The staff will then report

the results of the audit and the resolution of the staff concerns described
above in a supplement to the SER.

.

3.10.2 Pump and Valve Operability Assuranca
!'

The staff evaluation of the adequacy of the applicant's pump and valve opera-
*

'

bility assurance program consists of (1) a determination of the acceptability
of the procedures used, standards followed, and the completeness of the program'
in general and (2) an onsite audit of selected equipment items to develop the

i basis for the staff judgment on the completeness and adequacy of the implemen-
tation of the entire pump and valve operability assurance program. The staff
has reviewed the methodology and procedures of the pump and valve operability
assurance program in FSAR Section 3.9.3.2. .The staff has concluded that, except
for the areas discussed below, the information provided in the FSAR does meet
the intent of the staff acceptance criteria as specified in SRP 3.10, which

, requires applicant's qualification program to (1) meet the requirements and
1 recommendations of IEEE 323-1974; the regulatory positions of RG 1.148; and the

draft standards ANSI /ASME N551.1, N551.2, N551.3, N551.4, and ANSI B.16.41 and
N41.6 and (2) provide adequate assurance that such equipment will function pro-
perly under all imposed design and service loads including the loadings imposed
by the SSE, postulated accidents, and LOCAs.

s

j Areas That Need Further Clarification or Resolution

j (1) There should be a list of equipment types that clearly shows the methods ^
'

used for qualification. This list should also address which standards are
; met, in particular those cited in SRP 3.10.

| (2) Clarification of how aging was incorporated in the qualification process
i should be contained in the FSAR. In addition, the applicant should commit
; to establish a maintenance and surveillance program to maintain equipment

in a qualified status throughout the life of the plant. The criteria for
; the maintenance and surveillance program should be contained in the FSAR.
J

,

i (3) SRP 3.10.II.1.a(2) indicates that equipment should be tested in the opera-
i tion condition, that is normal plant loadings should be superimposed on
; seismic and dynamic loads, including thermal, flow-induced loads and de-
t graded flow conditions. The FSAR should clearly indicate how this require-
I ment is met. In addition, the FSAR should clearly show the loads and con-
!. ditions considered in the qualification of safety-related pumps and valves.
{
| (4) The FSAR must clearly state the extent to which draft standards ANSI /ASME
| QNPE-1 (N551.1), QNPE-2 (N551.2), QNPE-3 (N551.3), QNPE-4 (N555.4), and
i ANSI N41.6 and standard ANSI B.16.41 are used. In addition, the FSAR must
I indicate the applicant's position with respect to RG 1.148 and the extent

to which the applicant follows the requirements and recommendations of,

! Standard 344-1975 of the Institute of Electrical and Electronics Engineers
(IEEE).;

1

i (5) The FSAR should show the extent to which operational testing is being used ;

i to meet the requirements of SRP 3.10. It should also show the extent to i

! which operational testing is performed at full-flow and temperature-

[. conditions.
+

i
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By letter dated August 8, 1984, the applicant has responded to the concerns
identified by the staff in the draft SER for pump and valve operability. In
general, the responses are acceptable and the applicant should make appropriate
amendments to the FSAR. During the subsequent evaluation, the following addi-
tional concerns arose, which require further clarification. Many of the system
preoperational tests in FSAR Table 3.9B-1 are to be monitored visually rather
than by calibrated instrumentation. Visual monitoring alone may not be adequate
to detect subtle system responses that may differ from the responses predicted
by qualification analyses. The applicant should provide justification that
preoperational test results will validate the qualification of the systems,
components, and supports. In addition, it is not clear that the operability
qualification for each pump motor considers all environmental conditions over
its qualified life (aging, radiation, accident environment). The environmental
qualification of the pump motors is not specifically mentioned in FSAR Sec-
tion 3.98.3.2.1 as compared to valve operators as described in FSAR Sec-
tion 3.9B.3 2.2, item 5.

The applicant should submit FSAR amendments to resolve the identified FSAR
deficiencies. In addition, the Pump and Valve Operability Review Team (PVORT),
which consists of NRC staff members and consultants from Idaho National Engi-
neering Laboratory (INEL), will follow the applicarlt's effort closely and will
confirm its findings during the onsite audit. During the audit, the staff will
review in detail the applicant's implementation of the qualificat;on program to-

confirm that all applicable loads and combinations of loads have been defined,
that operability has been verified through appropriate tests and analyses, that
assemblies (rather than individual components) have been verified operable, and
that for all safety-related equipment operability can be ensured through the
plant life. A substantial portion (185% to 90%) of the equipment must be quali-
fied, documented in an auditable manner, and installed on the site before an
onsite audit shortly thereafter. The staff will report the results of its
audit and the resolution of its concerns in a supplement to the SER.

3.11 Environmental Qualification of Mechanical and Electrical Equipment

3.11.1 Introduction

Equipment that is used to perform a necessary safety function must be demon-
strated to be capable of maintaining functional operability under all service
conditions postulated to occur during its installed life for the time it is
required to operate. This requirement--which is embodied in GDC 1 and 4 and in
Section, III, XI, and XVII of Appendix B to 10 CFR 50--is applicable to equip-
ment located inside as well as outside containment. More detailed requirements
and guidance relating to the methods and procedures for demonstrating this
capability for electrical equipment are in 10 CFR 50.49, " Environmental Quali-
fication of Electric Equipment Important to Safety for Nuclear Power Plants,"
and NUREG-0588, " Interim Staff Position on Environmental Qualification of
Safety-Related Electrical Equipment." NUREG-0588 supplements IEEE Standard 323
and various RGs and industry standards.

3.11.2 Background

NUREG-0588 was issued in December 1979 to promote a more orderly and systematic
implementation of electrical equipment qualification programs by industry and

,

to provide guidance to the NRC staff for use in ongoing licensing reviews. The
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positions contained in this document provide guidance on (1) how to establish
environmental service conditions, (2) how to select methods that are considered
appropriate for qualifying equipment in different areas of the plant, and (3) other
factors such as margin, aging, and documentation. In February 1980, the NRC re-
quested certain near-term OL applicants to review and evaluate the environmental
qualification documentation for each item of safety-related electric equipment
that could be exposed to a harsh environment and to identify the degree to which
their qualification programs comply with the staff positions in NUREG-0588.

IE Bulletin 79-01B, " Environmental Qualification of Class 1E Equipment," is-
sued January 14, 1980, and its supplements dated February 29, September 30,
and October 14, 1980, established environmental qualification requirements
for operating reactors. This bulletin and its supplements were provided to
OL applicants for consideration in their reviews.

A final rule on environmental qualification of electric equipment important to
safety for nuclear power plants became effective on February 22, 1983. This
rule, 10 CFR 50.49, specifies the requirements to be met for demonstrating the
environmental qualification of electrical equipment important to safety located
in a harsh environment. In accordance with this rule, equipment for Beaver
Valley Unit 2 may be qualified to the criteria specified in Category II of
NUREG-0588.

The qualification requirements for mechanical equipment are principally con-
tained in Appendices A and B of 10 CFR 50. The qualification methods defined
in NUREG-0588 can also be applied to mechanical equipment.

The applicant has provided some equipment qualification information in FSAR
Secti,on 3.11.

3.11.3 Completeness of the Environmental Qualification Program

The staf f has reviewed the information in FSAR Section 3.11. However, before
the staff can complete its review, it must establish that the applicant complies
with 10 CFR 50.49, GDC 4, and Sections III, XI, and XVII of Appendix B to
10 CFR 50.

As a result of the issuance of 10 CFR 50.49, some of the information requested
in SRP 3.11 and RG 1.70, Section 3.11, is no longer required for staff review.
Other new information is required, however, and is defined in 10 CFR 50.49. By
utilizing these guidelines to demonstrate compliance with the Commission's re-
gulations, applicants can significantly reduce the need for requests for addi-
tional information from the NRC staff. The information required may be sub-
mitted in FSAR Section 3.11 or in a separate submittal. If the latter approach
is chosen, FSAR Section 3.11 should reference the information in the environ-
mental qualification program submittal. The following guidelines summarize the
information to be furnished to the staff:
(1) The applicable criteria should be identified and shown to have been incor-

porated into the environmental qualification program.

(2) The systems and components selected for harsh environment qualification
'

should be identified and demonstrated to be complete. Correlation with
FSAR Table 3.2.1 should be provided for identification of safety related
equipment. Safety-related equipment exempt from the harsh environment
qualification requirements should be justified.
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The scope of safety-related electrical equipment that should be identified
is defined in 10 CFR 50.49(b)(1).

To demonstrate compliance with 10 CFR 50.49(b)(2) concerning nonsafety-
related electrical equipment whose failure could prevent the satisfactory
accomplishment of safety functions and with 10 CFR 50.49(b)(3) concerning
postaccident monitoring equipment, the following information should be
provided:

(a) A list of all non-safety related electrical equipment located in a
harsh environment whose failure under postulated environment condi-
tions could prevent the satisfactory accomplishment of safety func-
tions by the safety-related equipment. A description of the method
used to identify this equipment must also be included. The nonsafety-
related equipment identified must be included in the environmental
qualification program.

(b) A list of all postaccident monitoring equipment currently installed,
or that will be installed before plant operation, that is specified
as Category 1 and 2 in Revision 2 of RG 1.97 and is located in a
harsh environment. The equipment identified must be included in the
environmental qualification program. In addition, any TMI Action
Plan equipment that the applicant previously committed to install
before fuel load should be identified and qualified in accordance
with the applicable criteria.

(3) The normal, abnormal, and accident environments should be provided for
each plant zone. References should be made to other FSAR sections, where
appropriate, for methodologies used to determine accident environments.
The requirement for calculation of the radiation doses to equipment in 4

close proximity to recirculating fluid systems inside and outside contair.-
ment for LOCA events in which the primary system does not depressurize
should be incorporated into the program (NUREG-0737, Item II.B.2). The
time-dependent environments should be defined for accident conditions.

(4) The qualification methodology should be summarized by reference to appro-
priate criteria (RGs, industry standards, etc.) and should address the
following areas:

(a) margin
! (b) aging
| (c) dose rate and synergistic effects
| (d) use of analysis for qualification
l (e) the maintenance / surveillance program, in particular its conformance
[ with RG 1.33 and the industry standard it endorses, and its use in

the aging pro 1 ram for equipment qualification

(5) All equipment located in a harsh environment should be identified by its
tag number and its location, and its operability time should be provided.

.

Mild-environment equipment need not be included in this list. For elec-
trical equipment, the information requested in Appendix E of NUREG-0588
and in SRP 3.11 concerning test results should be submitted. An accept-

1

able format for this information was provided with IE Bulletin 79-01B in !
'

the form of "SCEW sheets." Other formats providing the same information
.- may be submitted however.
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The information requested in item 4 of Appendix E to NUREG-0588 need not
be submitted but should be available for audit by the staff.

(6) For mechanical equipment, the staff review will concentrate on materials
that are sensitive to environmental effects (seals, gaskets, lubricants,
fluids for hydraulic systems, diaphragms, etc). A review and evaluation
should be performed by the applicant that includes the following:

(a) identification of safety related mechanical equipment located in
harsh-environment areas, including required operating time

(b) identification of nonmetallic subcomponents of this equipment

(c) identification of the environmental conditions for which this equip-
ment must be qualified (The environments defined in the electrical
equipment program are also applicable to mechanical equipment.)

(d) identification of nonmetallic material capabilities

(e) evaluation of environmental effects

The list of equipment identified should be submitted. From this list, the
staff will select approximately three items of mechanical equipment for
which documentation of environmental qualification should be provided for
review. Also, the results of the review should be provided for all mechani-
cal equipment in harsh environment areas and corrective actions identified.
Justification for interim operation must be submitted before fuel load for
any mechanical equipment whose qualificati,cn cannot be established.

After the staff receives the above information, it will review the environmen-
tal qualification program for compliance with 10 CFR 50.49 and Appendix B to
10 CFR 50 and request any additional information needed to establish the pro-
gram's acceptability. The staff will then perform an audit review of the
applicant's electrical equipment environmental qualification files and associ-
ated installed equipment. Following this audit, an SER supplement will be pre-
pared' documenting the results of the staff review and evaluation. Before the
staff issues an operating license, the staff must be able to conclude that the
applicant complies with 10 CFR 50.49 and Appendix B to 10 CFR 50.

.

.

*
.
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4 REACTOR

4.1 Introduction

The Beaver Valley 2 nuclear steam supply system (NSSS) is supplied by Westing-
house Electric Corporation and is designed to operate at a core thermal power
of 2660 MWt. Sufficient margin exists to ensure that fuel damage will not occur
during steady-state operation or anticipated operational occurrences.

The NSSS is a three-loop design having a total primary coolant flow rate of !
100.8 x 106 lb/hr. The reactor coolant and moderator are light water at a pres- |

,-

|t sure of 2250 psia. The reactor core is made up of 157 fuel assemblies having
identical mechanical designs but different fuel pellet enrichments. Each as-
sembly consists of a 17x17 array containing 264 fuel rods. The center position
is used for incore instrumentation, and the remaining 24 thimbles are used for
rod cluster control assemblies, neutron source assemblies, and burnable poison

| rods. .

[
The design of the Beaver Valley 2 reactor is similar to that of the North Anna
units.

4.2 Fuel System Design

The Beaver Valley Unit 2 fuel assembly described in the FSAR (as amended through
Amendment 2, July 1983) is a 17x17 array of 0.374-inch-diameter fuel rods. This
design will be referred to as the standard fuel assembly (SFA) in the following
paragraphs.

1FSAR Section 4.2 presents the SFA design bases. For the Westinghouse (W) analy-
'g

| sis, plant design conditions are divided into four categories of operation that
; are in accordance with their anticipated frequency of occurrence and risk to
; the public and that are consistent with traditional industry classification

(ANSI N18.2-1973 and N212-1974). Condition I is normal operation, Condition II
is incidents of moderate frequency, Condition III is infrequent incidents, and
Condition IV is limiting faults. Fuel damage is then related to these condi-
tions of operation, which are coupled to the fuel design bases and design limits.

j The subsections of the design bases section address topics such as cladding,
p fuel material, fuel rod performance, spacer grids, fuel assembly, reactivity

control assembly, burnable poison rods and source rods, and surveillance pro-
gram. Thus, as part of the discussion of the cladding design bases, material
and mechanical properties, the stress-strain limits, vibration and fatigue, and
chemical properties are also presented. A similar approach is taken for the
other major subtopics.

The review according to SRP 4.2 provides assurance that (1) the fuel system is
not damaged as a result of normal operation and anticipated operational occur-
rences (A00s), (2) fuel system damage is never so severe as to prevent control
rod insertion when it is required, (3) the number of ftal rod failures is not

_ underestimated for postulated accid %ts, and (4) coolability is always main-
,

tained. "Not damaged" is 6 fined as meaning that fuel rods do not fail, that

Beaver Valley 2 SER 4-1
,

B
_. _ _ _ _ _ _ _ _ _ _ _ - -



_ -

. .-. ..... . .-. --.-

fuel system dimensions remain within operational tolerances, and that func-
tional capabilities are not reduced below those assumed in the safety analysis.
This objective implements GDC 10, and the design limits that accomplish this
are called specified acceptable fuel design limits (SAFDLs). " Fuel rod failure"
means that the fuel rod leaks and that the first fission product barrier (the
cladding) has, therefore, been breached. Fuel rod failures must be accounted
for in the dose analysis required by 10 CFR 100 for postulated accidents. " Cool-
ability," which is sometimes termed "coolable geometry," means, in general,'that
the fuel assembly retains its rod-bundle geometrical configuration with adequate
coolant channels to permit removal of residual heat after a severe accident.
The general requirements to maintain control rod insertability and core cool-
ability appear repeatedly in GDC 27 and 35. Specific coolability requirements
for loss-of-coolant accidents (LOCAs) are in 10 CFR 50.46.

The staff review includes design bases, description and design drawings, design
evaluation, and testing, inspection, and surveillance plans. In assessing the
adequacy of the design, the staff weighs several items involving operating ex-
perience, prototype testing, and analytical predictions in terms of specific
acceptance criteria for fuel system damage, fuel rod failure, and fuel cool-
ability. Recently, W developed the optimized fuel assembly (OFA), which is
described in WCAP-9500. (This report was approved by the NRC; see Rubenstein,
May 15, 1981 and Tedesco, May 22, 1981.) The OFA design also consists of a
17x17 array of fuel rods with the rods having a diameter of 0.360 inch, which
is somewhat smaller than the rod diameter in the SFA. Because the format of
WCAP-9500 followed RG 1.70, some of the fuel design bases and design limits for
the OFA were not presented in WCAP-9500 in a form that facilitated the staff's
cross-checking of SRP 4.2. Therefore, the staff posed several questions
(Rubenstein, August 8, 1980) to clarify the design bases and limits. Responses
to those questions are in letters from W (Anderson, January 12, 1981 and

,

April 21, 1981). These responses are applicable to the SFA as well (Petrick,
September 9, 1981). Reference to these questions and answers will be made at
several places in the review that follows.

4.2.1 Design Bases

Design bases for the safety analysis address fuel system damage mechanisms and
suggest limiting values for important parameters so that damage will be limited
to acceptable levels. For convenience, acceptance criteria for these design
limits are grouped into three categories in the SRP: (1) fuel system damage
criteria, which are most applicable to normal operation (W plant Condition I),
including A00s (W plant Condition II); (2) fuel rod failure criteria, which
apply to normal operation (W plant Condition I), A00s (W plant Condition II),
and postulated accidents (W plant Conditions III and IV); and (3) fuel cool-
ability criteria, which apply to postulated accidents (W plant Conditions III
and IV).

The FSAR has referenced WCAP-9500 to augment the fuel system design bases and
limits. As noted above, some of the design bases and limits requested in the
SRP were not presented in the originally submitted WCAP-9500; however, these
were supplied in several responses to NRC questions (Anderson, January 12,
1981 and April 21, 1981). WCAP-9500 and the augmenting responses provide the
majority of the design bases and limits for the Beaver Valley Unit 2 fuel

_ design.
-

.
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The FSAR also provides design bases and limits in addition to those provided
in WCAP-9500. These design bases and limits were reviewed and found to be ac-
ceptable with respect to SRP guidelines. Therefore, the design bases and limits
(fuel system damage criteria, fuel rod failure criteria, and fuel coolability
criteria *) in the FSAR (and WCAP-9500) are acceptable. The applicant should
confirm that the peak pellet design-basis burnup of 53,000 mwd /MTU shown in the
second paragraph of FSAR Section 4.2.1 is consistent with the region discharge
burnup ot 33,000 mwd /MTU shown under " Basis" in FSAR Section 4.3.1.1.-

4.2.2 Description and Design Drawings

Fuel system components--including fuel rods, bottom and top nozzles, guide and
instrument thimbles, grid assemblies, rod cluster control asstmblies, burnable
poison assemblies, neutron source assemblies, and thimble plug assemblies--are
described in.FSAR Section 4.2.2. In addition, FSAR Tables 4.1-1 and 4.3-1 pro-
vide numerical values for various core component parameters. Although each
parameter listed in SRP 4.2.II.B is not provided in the FSAR, enough informa-
tion is provided in sufficient detail to provide a reasonably accurate repre-
sentation of the SFA design; thus, this information is acceptable. However,
there appear to be some OFA data rather than SFA data in several places in the
FSAR. In Figure 4.2-1, the fuel rod diameter is shown as 0.360 inch (0FA
size) rather than 0.374 inch (SFA size), as indicated in Table 4.1-1), and in
FSAR Tables 4.1-1 and 4.3-1, the Zircaloy weights are given as 41,415 and
38,230 pounds, respectively. Several other discrepancies in the FSAR also were
noted. In Figure 4.2-1, 204 fuel rods are shown as required, rather than 264
as noted in Section 4.1.1 and Table 4.3-1; certain dimensions (e.g., 154.0 REF,
133.4 REF, 112.8 REF, etc.) appear to be incorrectly shown in Figure 4.2-2; and
FSAR Tables 4.1-1 and 4.3-1 give the fuel weight (as UO ) as 181,190 and2
181,205 pounds, respectively. The applicant should specify the correct values
for Beaver Valley Unit 2 fuel.

4.2.3 Design Evaluation

In the following paragraphs, the W methods of demonstrating that the SFA fuel
design meets the design criteria that have been established are reviewed.

The methods of demonstrating that the design criteria have been met include
operating experience, prototype testing, and analytical predictions.

* Fuel system damage criteria for cladding design stress, cladding design strain,
strain fatigue, fretting wear, oxidation and crud buildup, rod bowing, axial
growth, fuel rod and nonfueled rod pressures, assembly liftoff, and control
material leaching.

Fuel rod failure criteria for internal hydriding, cladding collapse, over-
heating-of cladding, overheating of fuel pellets, pellet / cladding interaction,
and cladding rupture.

Fuel collability criteria for fragmentation of embrittled cladding, violent
expulsion of fuel, cladding ballooning and flow blockage, and structural
damage from external forces.
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4.2.3.1 Fuel System Damage Evaluation

The following paragraphs discuss the evaluation of the ability of the SFA fuel
to meet the fuel system damage criteria described in Section 4.2.1, above. The
criteria apply to normal operation and anticipated transients.

,

(1) Cladding Design Stress

Westinghouse used its performance analysis and design (PAD) code to analyze
cladding stress (WCAP-8720). That code has been reviewed and found acceptable
(Stolz, February 9, 1979). Typical calculated design values for cladding
effective stress are stated to be considerably below the 0.2% offset yield
stress design limit.

(2) Cladding Design Strain

The PAD code was used in the strain analysis, as indicated in the response to
Question 231.2* and in FSAR Section 4.2.3.3. Typical design values of steady-
state and transient creep strain, as calculated by that cods, are below the 1%
strain criterion. Thus, the staff concludes that the SFA cladding strain de-
sign limits have been met.

(3) Strain Fatigue

W used the PAD code for the strain range and strain fatigue life usage analysis.
Experimental data obtained from W testing programs ('see FSAR Section 4.2.3.3)
were used by W to derive the Zircaloy fatigue design curve, according to the
response to-Question 231.4. For a given strain range, the number of-fatigue
cycles is less than that required for. failure, considering (see FSAR Sec-
tion 4.2.3.3) a minimum safety factor of 2 on stress amplitude or a minimum
safety factor of 20 on the number of cycles (the fatigue usage factor is less
than 1.0). The computations were performed with an approved code. The staff
concludes that the SFA fatigue design basis has been met.

(4) Fretting' Wear

With regard to the W fretting analysis of the fuel cladding, the staff concludes:

(a) Cladding fretting and fuel vibration have been experimentally investigated,
as shown in WCAP-8278 and WCAP-8279, and noted in FSAR Section 4.2.3.1(1).
The staff has approved WCAP-8278 and WCAP-8279 (Rubenstein, March 19,-
1981 and June 30, 1982).

(b) The out-of pile flow tests and analyses (WCAP-9401 and WCAP-9402) to deter-
mine the magnitude of fretting wear that is anticipated for the OFA design
have been previously reviewed and found acceptable (Rubenstein, April 23,
1981). These analyses are also acceptably conservative for SFA applications.

(c) Light-water-reactor operating experience demonstrates that the number of
fretting-induced fuel failures is insignificant.

*All questions and responses referred to in this manner were part of the review
of WCAP-9500, and the first application of the SFA (on the Shearon Harris.

Docket (50-400)).
-
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(d) There should be only a small dependence of cladding stresses on fretting
wear because this type of wear is local, at grid-contact locations, and
relatively shallow in depth.

(e) The built-in conservatisms (that is, safety factors of 2 on the stress
amplitudes and 20 on the number of cycles) in the strain fatigue analysis
as well as the calculated margin to fatigue life limit adequately offset
the effect of fretting wear degradation.

Therefore, the staff concludes that the SFA fuel rods will perform adequately
with respect to fretting wear.

Fretting wear has also been observed on the inner surfaces of guide thimble
tubes where the fully withdrawn control rods reside. Significant wear is
limited to the relatively soft Zircaloy-4 guide thimble tubes because the
Inconel or stainless steel control rod claddings are relatively wear-resistant.
The extent of the wear is both time dependent and plant dependent and has, in
some non-W cases, extended completely through the guide thimble tube wall.

.

W has predicted that an SFA can operate under a rod cluster control assembly
{RCCA) for a period of time that exceeds that amount of rodded time expected
with current three-cycle fuel scheme: before fretting wear degradation would
result in exceeding the present margin to the 6 g load criterion for the fuel
handling accident. However, the staff required several applicants to perform
a surveillance program because of the uncertainties in predicting wear rates
for the standard 17x17 fuel assembly design. The objective of this program was
to demonstrate that there was no hold formation in rodded guide thimble tubes,
thus providing some confidence which the ability to scram is ensured. These
applicants formed an owners group, which submitted a generic report (Leasburg,
March 1, 1982) that provides postirradiation examination results on guide
thimble tube wear in the W 17x17 fuel assembly design. On the basis of its
review of this report, the staff has concluded (Rubenstein, April 19, 1982)
that the W 17x17 fuel assembly desi n is resistant to guide thimble tube wear.0

(5) 0xidation and Crud Buildup

The FSAR does not contain an explicit discussion of cladding oxidation, hydriding,
and crud buildup. However, FSAR Sections 4.4.2.9.1 and 4.4.2.11 indicate that
the thermal model used for computation of radial fuel rod temperature distribu-
tions combines crud, oxide, fuel-cladding gap, and fuel pellet conductances and
that the model has been quantified by comparison of its results with those from
in-reactor thermocouple measurements, out-of reactor measurements of fuel and
cladding properties, and measurements of fuel and cladding dimensions during
fabrication. FSAR Section 4.4.2.11.5 states that allowance is made in the fuel
center melt evaluation for the temperature rise as a result of the buildup of
oxides and crud on the fuel rod surface over the life of the core. FSAR Sec-
tion 4.4.4.5.2 states that the ef.ect of crud on flow and enthalpy distribution
in the core is accounted for in the steady-state analysis by the assumption
that there is a crud thickness several times that which would be expected to
occur. Also, the operating experience of W-designed reactors indicates that a
flow resistance allowance for possible crud deposits is not required because
there has been no detectable long-term flow reduction reported for any plant.

.

Beaver Valley 2 SER 4-5

_ _ _ _ _ _ _ _ - _ _ - . - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _



.

.

The applicable models for cladding oxidation and crud buildup are discussed in
the supporting documentation (Salvatori, January 4,1973) for the fuel perfor-
mance code PAD-3.1. (These models were previously approved by the staff.)
A new temperature-dependent cladding oxidation model is also presented in
WCAP-9179 (FSAR Section 4.2.3). Because the temperature-independent model in
PAD-3.1 is conservative with respect to the approved model in WCAP-9179 (Ruben-
stein, October 21, 1982), the staff continues to find the older models appli-
cable. These models affect the cladding-to-coolant heat transfer coefficient
and the temperature drop across the cladding wall. Mechanical properties and
analyses of the cladding are not significantly impacted by oxide and crud build-
up. On the basis of the W discussion of the impact of cladding hydriding on
fuel performance (Anderson, January 12, 1981) and the staff's previous review'

of the oxidation and crud buildup models, the staff concludes that these effects
have been adequately accounted for in the SFA.

(6) Rod Bowing

A rod bowing correlation (Anderson, April 19, 1978) for the amount of fuel rod
bowing as a function of fuel burnup has been approved (Meyer, March 2, 1978).
The correlation has also been used by others (Rubenstein, October 21, 1982) to
analyze the SFA design. Revision 1 of WCAP-8691, the rod bowing topical report,
has been approved (Rubenstein, October 25, 1982). There is no mention in FSAR
Sections 4.2, 4.3, and 4.4 that the rod bowing analysis was actually performed
for Beaver Valley Unit 2 fuel. The applicant must confirm that the rod bowing
analysis has been performed.

(7) Axial Growth

As noted in the SER for Shearon Harris, which also uses the SFA design
(Rubenstein, October 21, 1982), the staff is aware of supporting information
(Bloom, 1972; Appleby, 1972) that was not cited by W, but that also implies
that irradiation growth of strainless steel should not be significant at the
temperatures and fluences associated with PWR operation. Furthermore, because
the staff is unaware of any operating experience that indicates axial growth-
related problems in W NSSS plants, the staff concludes (Rubenstein, October 21,
1982) that W has made sufficient accommodation for control, source, and burnable
poison rod growth in its NSSS designs.

The W analysis of shoulder gap spacing (FSAR Section 4.2.3.5.1) for the SFA has
found that interference will not occur until burnups beyond traditional values
are achieved. Therefore, the staff has found (Rubenstein, October 21, 1982)
that the required shoulder gap spacing has been reasonably accommodated. How-
ever, for extended burnup applications, the adequacy of the spacing should be
reverified. Furthermore, because stress-free irradiation growth of zirconium-
bearing alloys is sensitive to texture (preferred crystallographic orientation)
and retained in cold work--which, in turn, are strongly dependent on the specif-

i ic fabrication techniques that are employed during component production--the
design shoulder gap should reverified if the current W fabrication specifica-

; tions are significantly altered.

i Finally, the staff finds the W analysis'of fuel assembly growth acceptable
(Rubenstein, October 21,19827 However, as stated in the above discussion on

; shoulder gap spacing, fuel assembly growth should be reverified if significant-

.

changes are made in the current W fabrication techniques.,
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; (8) Fuel Rod and Nonfueled Rod Pressures

As noted in FSAR Section 4.2.3.1(2), the approved W Pad-3.3 fuel performance
code, WCAP-8720 (and WCAP-8785) (Stolz, February 9, 1979), was used in deter-
mining the internal gas pressure of the fuel rods as a function of irradiation
time. The applicant must confirm that the fuel rod internal pressure is con-
sistent with the approved topical report, WCAP-8963 (Stolz, May 19, 1978).

The analysis of nanfueled rod internal pressure for the SFA is generally based
on Subsections NB and NG of ASME Code Section III (FSAR Section 4.2.1.6). As
noted in FSAR Sections 4.2.1.6, 4.2.2.3.2, and 4.2.2.3.2, the control rod,
neutron source rod, and burnable poison rod cladding is cold-worked Type 304
stainless steel, which is not covered by the ASME Code. Therefore, W defines
the stress intensity limit, Sm, for this material as equal to 2/3 of the 0.2%
offset yield stress. The yield for this material is approximately 62,000 psi.
A strain limit of 1% also applies to the cladding. Predicted maximum values
of rod internal pressure have been provided in the applicant's response to
Question 231.2, and they are well below those imposed by the cladding stress
and strain limits.

i

The staff concludes that there is adequate assurance that nonfueled core compo-
nent rods can operate safely during Conditions I and II because appropriate
stress 2nd strain limits are met even though the maximum internal rod pressure
may exceed system pressure.

.

(9) Assembly Liftoff

In response to a staff question on this topic, W confirmed (Rubenstein, Octo-
ber 21, 1982) that momentary lif toff will occur only during a turbine overspeed
transient. (This is also stated in FSAR Section 4.4.2.6.2.) W has further
found: (a) proper reseating will occur after momentary lif toff, (b) damage to
adjacent assemblies will not occur even if one assembly is fully lifted and the
adjacent ones remain seated, and (c) no adverse consequences of momentary lift-
off are expected. The staff agrees with the W conclusions and, therefore, con-
cludes that fuel assembly liftoff has been adequately addressed for the SFA
design.

(10) Control Material Leaching

Although the design basis for the SFA control rods is to maintain cladding
integrity, and the probability of control rod cladding failures appears to be
quite low, the staff has considered the corrosion behavior of.the control mate-
rial and burnable poison and concludes that a breach in the cladding should not
result in serious consequences because the hafnium absorber material and the
poison material (borosilicate glass) are relatively inert.

4.2.3.2 Fuel Rod Failure Evaluation

The following paragraphs discuss the evaluation of the ability of the SFA fuel
to operate without failure during normal operation and anticipated transients,
and the accounting for fuel rod failures in the applicant's accident analysis.
The fuel rod failure criteria described in Section 4.2.1, above, were used for
this evaluation.,

.
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(1) Internal Hydriding

W has used moisture and hydrogen control limits in the manufacture of earlier
fuel types and has found that typical end-of-life cladding hydrogen levels are
less than 100 ppm--a level below which hydride blister formation is not antici-
pated in fuel cladding. As described in FSAR Section 4.2.3.1(3), the moisture
levels in the uranium dioxide fuel are limited by W to less than or equal to
20 ppm. This specification is compatible with the American Society for Testing
and Materials specification for sintered uranium dioxide pellets, which allows
2 mg of hydrogen per gram of uranium (2 ppm). These are the limits provided in
the SRP and are, therefore, acceptable.

Therefore, the staff concludes that reasonable evidence has been provided that
hydriding as a fuel failure mechanism will not be significant in the SFA.

(2) Cladding Collapse

In calculating the time at which cladding cellapse will occur, W uses the
generic methods described in WCAP-8377, which was approved (Stello, January 14,
1975) for licensing applications. Inputs to the analysis include cladding
ovality, helium prepressurization, free volume of the fuel rod, and limiting
power histories.

The applicant has not yet confirmed that the calculated cladding collapse time
for Beaver Valley Unit 2 fuel using WCAP-8377 methods is more than the expected
residence of the fuel. The staff will report on the resolution of this issue
in a supplement to this SER.

(3) Overheating of Cladding-

As stated in SRP.4.2, adequate cooling is assumed to exist when the thermal
margin criterion to limit the departure from nuclear boiling (DNB) or boiling
transition in the core is satisified. The method employed to meet the DNB
design basis is reviewed in Section 4.4.

(4) Overheating of Fuel Pellets

The design evaluation of the fuel centerline melt limit is performed with the W
fuel performance code, PAD-3.3 (WCAP-8720). This code, which has been approved
(Stolz, February 9, 1979), is also used to calculate initial conditions for
transients and accidents described in SRP 15 (see Paragraph 4.2.3.3(1) below
for further comments on PAD-3.3).

In applying the PAD-3.3 code to the centerline melting analysis, the melting
temperature of the uranium dioxide is assumed to be 5081*F unirradiated and is
decreased by 58F* per 100,000 mwd /t. Tlis relation has been almost universally
adopted by the industry and has been accepted by the staff in the past. The
expressions for thermal conductivity and gap conductance, described in FSAR
Section 4.4.2.11, are unchanged from that originally described in the PAD code.

To avoid using the PAD code to calculate a continuous set of burnup-dependent
conditions necessary to cause the centerline 'nelting, W has performed the cal-
culation for a single case, as described in WCAP-9500. This was done by assum-,

ing a uranium dioxide melting temperature of 4701*F, which corresponds to the
,

D
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melting temperature at 65,000 mwd /t, and melting occurred at a linear power.

rating of approximately 21 kW/ft. The limiting local power for the worst Con-
dition II transient--boron dilution with automatic rod control--is less than or
equal to 18 kW/ft for W plants with 17x17 fuel. Thus, the centerline melt
criterion is satisified in an acceptable manner.

(5) Pellet / Cladding Interaction

The only two pellet / cladding interaction (PCI) criteria in current use in licens-
ing (1% cladding strain and no fuel melting), although not broadly applicable,
are easily satisified. As noted in the discussion of the cladding stress and
strain evaluation, W uses an approved code, PAD, to calculate creep strain, and
the values calculated by that code are below the 1% strain criterion. As indi-
cated in the discussion on overheating failures, the noncenterline-melt crite-
rion is satisfied based on an analysis (FSAR Section 4.2.3.2(4)) with an
approved code. Therefore, the two existing licensing criteria for PCI have
been satisfied.

In addition to the SRP-type treatment of PCI, FSAR Section 4.2.3.3(a) addresses
PCI from the standpoint of its effect on fatigue life. PCI produces cyclic
stresses and strains that can affect fatigue life of the cladding. Further- '

more, gradual compressive creep of the cladding onto the fuel pellet occurs as
a result of the differential pressure exerted on the fuel rod by the coolant.,

W contends that, by using prepressurized fuel rods, the rate of cladding creep
Ts reduced, thus delaying the time at which fuel-to-cladding contact first
occurs. The staff agrees that fuel rod prepressurization should improve PCI
resistance, although the amount is presently unquantified.

In conclusion, W has used approved methods to demonstrate that the present PCI
acceptance criteria have been met.

|
(6) Cladding Rupture

|

| The large-break LOCA analysis for Beaver Valley Unit 2 was performed with a
revised cladding rupture temperature correlation that has been approved (Miller,
December 1, 1981) as a integral part of the 1981 emergency core cooling system
(ECCS) evaluation model. This new model eliminates the need for supplemental
calculations that were required from applicants that used earlier ECCS models.

| The use of the new cladding rupture temperature correlation is found to be ac-
| ceptable. The overall impact of cladding rupture on the response of the Beaver
| Valley Unit 2 fuel design to the LOCA is evaluated in Section 15.6.5 of this
| report and is not reviewed further in this section.

l
l 4.2.3.3 Fuel Coolability Evaluation

The following paragraphs discuss the evaluation of the ability of the SFA fueJ,

! to meet the fuel coolability criteria described in Section 4.2.1 above. Those
; criteria apply to postulated accidents.
' (1) Fragmentation of Embrittled Cladding

The primary degrading effect of a significant degree of cladding oxidation is
embrittlement of the cladding. Such embrittled cladding will have a reduced, ,

ductility and resistance to fragmentation. The most severe occurrence of such,
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embrittlement is during a LOCA. The overall effects of cladding embrittlement
on the SFA design for the LOCA are analyzed in Section 15.6.5 and are not re-
viewed further in this section.

One of the most significant analytical methods that is used to provide input
to the analysis in Section 15.6.5 is the steady-state fuel performance code,
which is reviewed in Section 4.2. This code provides fuel pellet temperatures
(stored energy) and fuel rod gas inventories for the ECCS evaluation model as

| prescribed by Appendix K to 10 CFR 50. The code accounts for fuel thermal con-
ductivity, fuel densification, gap conductance, fuel swelling, cladding creep,
and other pheno'nena that affect the initial stored energy. For this purpose,
W uses a relatively new fuel performance code, PAD-3.3 (WCAP-8720). This code
has been approved by the staff (Stolz, February 9, 1979). Therefore, the staff
finds the analysis described for the Beaver Valley Unit 2 fuel design acceptable
as docketed for all cycles of operation.

For non-LOCA events, the locked rotor accident (a one pump seizure, with two
and three loops operating) is the most severe undercooling event that is
analyzed. This event is analyzed in FSAR Section 15.3.3, which notes that the

i peak cladding temperature is well below the 2700 F design limit. The analysis
i of this event is reviewed in Section 15.3.3 of this report, but it is clear
l that the Beaver Valley Unit 2 fuel design meets the non-LOCA peak cladding

temperature, design limit.

(2) Violent Expulsion of Fuel Material

The analysis that demonstrates that the design limits are met for this event
with the SFA is in FSAR Section 15.4.8 and is reviewed in Section 15.4.8 of
this report.

(3) Cladding Ballooning and Flow Blockage

The large-break LOCA analysis for Beaver Valley Unit 2 was performed with the
revised cladding ballooning and assembly flow blockage models that have recently
been approved (Miller, December 1, 1981) as integral parts of the 1981 ECCS
evaluation model. These revised models eliminate the need for supplemental
calculations that have been required from applicants that used the earlier
ECCS models. The use of the revised models is acceptable.

The overall impact of cladding ballooning and assembly flow blockage on the
response of the Beaver Valley Unit 2 fuel design to the LOCA is evaluated in
Section 15.6.5 and is not reviewed further in this section.

(4) Structural Damage from External Forces

FSAR Section 4.2.3.4 states that W has performed these analyses utilizing
models described in WCAP-8236 (and WCAP-8288) and WCAP-9401 (and WCAP-9402).
WCAP-9401 essentially augments the information presented in WCAP-8236 because
both WCAP reports apply to similar assemblies. WCAP-9401 has been reviewed
and approved (Rubenstein, April 23, 1981); therefore, these models are accept-
able for these analyses.

It is unclear from the discussion of the grid analysis in FSAR Section 4.2.3.4
whether this analysis includes the combined LOCA and seismic loads using the

.
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square-root-of-sum-of-squares (SRSS) method (SRP 4.2, Appendix A), or if these
loads are considered separately. Consequently, the use of combined LOCA and
seismic loads using the SRSS method must be confirmed to satisfy SRP 4.2.

The FSAR does not show that fuel assembly nongrid component stresses from
combined LOCA and seismic loads remain below P (crit) as defined in SRP 4.2,
Appendix A. The applicant must provide these nongrid component forces so the
staff can complete its review.

.

4.2.4 Testing, Inspection, and Surveillance Plans

4.2.4.1 Testing and Inspection of New Fuel

As required by SRP 4.2, testing and inspection plans for new fuel should include
verification of significant fuel design parameters. Although details of the
manufacturer's testing and inspection programs should be documented in quality
control reports, the FSAR should also describe the programs for onsite inspec-
tion of new fuel and control assemblies after they have been delivered to the
plant.

The W quality control program that will be applied to the Beaver Valley Unit 2-

fuel is discussed in FSAR Section 4.2.4; it addresses fuel system components
and parts, pellets, rod inspection, assemblies, othu inspections, and process
control. Fuel system components and parts inspection depends on the component |
parts and includes dimensional and visual examinations, audits of test reports,
material certification, and nondestructive examinations. Pellet inspections,
for example, are performed for dimensional characteristics such as diameter,
density, length, and squareness of ends. Fuel rod, control rod, burnable
poison, and source rod inspections reportedly consist of nondestructive exam-
ination techniques such as leak testing, weld inspection, and dimensional mea-
surements. Process control procedures are described in detail. In addition.
FSAR Section 4.2.4.4 states that if any tests and inspections are to be per-
formed by others on behalf of W, W will review and approve the quality control
procedures, inspection plans, and so forth, to ensure that they are equivalent
to the description provided in FSAR Sections 4.2.4.2 and 4.2.4.3 and are per-
formed properly to meet all W requirements.

On the basis of information provided in FSAR Section 4.2.4 and the commitment
by W to ensure the acceptability of any tests and inspections performed by
others on behalf of W, the staff concludes that the fuel testing and inspection

-

program for new fuel is acceptable.-

4.2.4.2 Online Fuel System Monitoring

The applicant has provided information regarding the plant's online fuel rod
failure detection methods to satisfy the gu delines described in SRP 4.2 II.D.2.
The reactor coolant radiation monitors--which include high- and low-range off-
line liquid monitors in the reactor coolant letdown line that can detect con-
ditions that indicate fuel rod failure--are briefly mentioned in FSAR Sec-
tions 4.2.3.3 and 4.2.4.7 and are discussed in FSAR Sections 11.5.2.2 and
11.5.2.4.10. The ability of the reactor coolant letdown radiation monitors to
detect fuel rod failures has been confirmed in Table 11.5-2 in Amendment 6 of
the FSAR. In addition, the applicant has committed to use these techniques to.

monitor failures in his September 7, 1984 letter., ,
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4.2.4.3 Postirradiation Surveillance

The W test (Eggleston, 1978) and surveillance (Jones and Iorii, May 1982;
SkarTtka and Iorff, August 1983) programs to examine detailed aspects of the
17x17 fuel assembly are noted in FSAR Section 4.2.4.5. FSAR Section 4.2.4.6
states that (1) postirradiation fuel inspections are routinely conducted during
refueling; (2) these inspections include a qualitative visual examination of
some discharged fuel assemblies from each refueling; (3) gross problems of
structural integrity, fuel rod failure, rod bowing and crud deposition are
identified; and (4) additional surveillance is provided if the visual examina-
tion identifies unusual behavior or if the plant instrumentation indicates
gross fuel failures.

The staff concludes that the applicant has satisified SRP 4.2 II.D.3 regarding
the need for postirradiation surveillance.

4.2.5 Evaluation and Findings

The following have not yet been provided by the applicant:

(1) confirmation that the peak pellet design basis burnup of 53,000 mwd /MTU
is consistent with the region discharge burnup of 33,000 mwd /MTU (see
Section 4.2.1)

(2) specification of the correct values for several parameters (fuel rod
diameter and Zircaloy weight) in the description of and design drawings
for Beaver Valley Unit 2 fuel (see Section 4.2.2)

(3) confirmation that the rod bowing an'alysis has been performed with latest
approved correlation (see Section 4.2.3.1(6)

(4) confirmation that the fuel rod internal pressure is consistent with
WCAP-8963 (see Section 4.2.3.1(8))

(5) confirmation that the predicted cladding collapse time exceeds the expected
residence of the fuel (see Section 4.2.3.2(2))

(6) confirmation that combined seismic and LOCA loads, using the SRSS method
and a worst-case LOCA, are applied in calculating grid stresses (see Sec-
tion 4.2.3.3(4))

(7) provision of fuel assembly nongrid component forces from combined seismic
and LOCA loads to meet SRP 4.2 (see Section 4.2.3.3(4))

When the above are provided, the staff will be able to conclude that the Beaver
Valley Unit 2 fuel has been designed so that (1) the fuel design limits will
not be exceeded as a result of normal operation and A00s, (2) fuel damage during
postulated accidents would not be severe enough to prevent control rod insertion
when it is required, and (3) coolability will always be maintained, even after
severe postulated accidents, thereby meeting 10 CFR 50.46; GDC 10, 27, and 35;
10 CFR 50, Appendix K; and 10 CFR 100. -

The applicant has provided sufficient evidence that these design objectives,

will be met based on operating experience, prototype testing, and analytical
,
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predictions. Those analytical predictions dealing with structural response,
control rod ejection, and fuel densification have been performed in accordance
with (1) RG 1.77 and methods that the staff has reviewed and found to be ac-
ceptable alternatives to RG 1.60 and 1.126, and (2) guidelines for " Evaluation
of Fuel Assembly Structural Response to Externally Applied Forces" in Appendix A
to SRP 4.2.

The applicant has provided for testing and inspection of the fuel to ensure
that it is within design tolerances at the time of core loadings. The appli-
cant has made a commitment to perform online fuel failure tr.onitoring and
postirradiation surveillance to detect anomalies or confirm that the fuel has
performed as expected.

Following satisfactory resolution of the open and confirmatory items, the staff
will be able to conclude that the applicant has described methods of adequately
predicting fuel rod failures during postulated accidents so that radioactivity
releases are not underestimated and thereby meets the related requirements of
10 CFR 100.

4.3 Nuclear Design

The Beaver Valley Unit 2 power plant has a reactor core consisting of 157 fuel
assemblies of the W 17x17 design. The core has a design heat output of 2652 MWt
and is similar in most respects to the Virgil C. Summer reactor and other recent
W three-loop reactors. The staff has reviewed the nuclear design of the Beaver
Valley Unit 2 reactor according to SRP 4.3 on the basis of information in the
FSAR, and amendments thereto, and the referenced topical reports.-

4.3.1 Design Bases

Design bases are presented that comply with the applicable GDC. Acceptable
fuel design limits are specified (GDC 10), a negative prompt feedback coeffic-
ient is specified (GDC 11), and a tendency toward divergent operation (power
oscillation) is not permitted (GDC 12). Design bases are presented that re-
quire a control and monitoring system (GOC 13) that automatically initiates
a rapid reactivity insertion to prevent fuel design limits from being exceeded
in normal operation or anticipated transients (GOC 20). The control system is
required to be designed so that a single malfunction or single operator error
will cause no violation of fuel design limits (GDC 25). A reactor coolant bora '
tion system is provided that is capable of bringing the reactor to cold shutdown
conditions (GDC 26), and the control system is required to control reactivity
changes during accident conditions when combined with the engineered safety
features (GDC 27). Reactivity accident conditions are required to be limited
so that no damage to the reactor coolant system boun jary occurs (GDC 28).

The staff finds the design bases in the FSAR to be acceptable.

4.3.2 Design Description

The FSAR contains the description of the first-cycle fuel loading which consists
of three different enrichments and has a first-cycle length of approximately
1-1/2 to 2 years. The enrichment distribution, burnable poison distribution,
soluble poison concentration, and higher isotope (act.inido) content as a func-,

tion of core exposure are presented. The values presented for the delayed,

.
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neutron fraction and prompt neutron lifetime at the beginning and end of cycle
are consistent with those normally used and are acceptable.

4.3.2.1 Power Distribution

The design bases affecting power distribution are:

(1) The generic design peaking factor for the reactor is 2.32. However, at
present, the peaking factor in the core cannot be greater than 2.19 during
normal operation of full power to meet the initial conditions assumed in
the LOCA analysis.

(2) Under normal conditions (including maximum overpower), the peak fuel power
will not produce fuel centerline melting.

(3) The core will not operate during r.ormal operation or anticipated opera-
tional occurrences with a power distribution that will cause the departure
from nucleate boiling ratio (DNBR) to fall below 1.3 (W-3 correlation with
modified spacer factor).

The first part of the following discussion assumes the W generic design total
peaking factor, F , of 2.32 provides the (only) required limiting peak powerg
density. This is, at present, the only value of F discussed in FSAR Sec-q
tion 4.3, and the methodology and calculations and surveillance used to demon-
strate limiting conditions of operation are appropriate only to that value of
2.32 (for first cycle). The F limit of 2.19 will be discussed following that
for 2.32. 9

The 2.32 F peaking factor is determined and maintained via calculations ofq
extremes of allowed transient power distributions and periodically measured
radial power distributions and radial peaking factors F and F These alsoxy 3g.

provide maximum initial conditions for events described in Section 15 that en-
sure assure that peak full power does not cause centerline fuel melting or
result in DNB during anticipated operational occurrences.

The applicant has described how the core will be operated and power distribu-
; tion monitored to ensure that these ifmits are met. The core will be operated

in the constant axial offset control (CAOC) mode, which has been shown to result
in peaking factors less than 2.32 for both constant power and load following
operation. The applicant has elected to use an improved load follow package,
developed by W.

CAOC is described in WCAP-8385 (proprietary, WCAP-8403, nonproprietary). This
report contains methodology for operation with anJ without part-length control
rods. The former mode allows better return to power capability than the latter.
Use of part-length rods has been withdrawn from W reactors. The improved load
follow strategy provides a return to power capability during operation without
part-length rods comparable to the level previously obtainable from operation
with part-length rods.

The improved load follow strategy involves a redesignated control rod bank and.

modified overlap that allows greater reactivity insertion than the former design.

,
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bank within the constraints of a widened, asymmetric CAOC band. The control
bank has been changed from eight to four rods. The four rods removed from the
control bank have been reassigned as a shutdown bank, thus maintaining shutdown
margins. (There are also an extra eight rods assigned to shutdown banks, com-
pared to other W three-loop reactors.) The CAOC band has been changed from 25
to +3, 12, al (delta flux difference). The greater inserted reactivity is iavailable for return to power capability upon control rod withdrawal. Another
element in the load follow strategy is the use of moderator temperature reduc-
tions to augment return to power capability. The temperature reduction adds
reactivity during rapid return to power through the inherently negative moder-
ator temperature coefficient.

The analysis used to calculate the maximum peaking factor that can occur using.

the improved strategy expands the set in the CAOC topical report to 18 calcula-
tional cases. However, with the reassigned control bank, maneuvers resulting
in greater control rod insertion for a longer duration become operationally
practical but tend to become slightly more limiting in terms of total peaking
factors. Therefore, simulated load follow maneuvers that return WI to the
target value (and thereby reduce control rod insertion) have been replaced by
load follow strategies that maintain the deeper rod insertion. As a result of
its evaluation, the staff agrees with the W conclusion that substitution of
these more conservative cases will maintain the limiting nature of the 18-case
load following analysis.

The analysis performed by W indicated that the peaking factor limit could not
be met at the beginning of If fe (80L) of cycle 1 because of the wide AI band.
This resulted in limiting the width of the band for the first 20% of the cycle
typically, and until 3000 MWD /MTU burn up to the value of 15% al. This 15% AI
is the value previously justified by the CAOC analysis. These features will be
incorporated in the Technical Specifications.

The staff concludes, for the reasons stated above, that the improved load fol-
low package will continue to prevent the 2.32 peaking factor limit from being
exceeded in normal operation of the power plant. It is, therefore, acceptable.

Two types of instrumentation systems are normally provided to monitor core power
distribution. Excore detectors with two axial sections are used to monitor core
power, axial offset, and azimuthal tilt for the 2.32 F limit,and movable incoreq
detectors permit detailed power distributions to be measured. These systems are
used in operating reactors supplied by W, and the staff finds their use accept-
able for Beaver Valley Unit 2 when a 2.32 ilmit is the minimum requirement (or
possibly lower when cycle-specific 18-case analyses so indicate). .

The 2.32 peaking factor is an acceptable Ifmit for all events considered in
Section 15 with the exception of the LOCA. For that event, the analysis for
Beaver Valley Unit 2, as described in Section 15.6, uses a 2.19 value to main-
tain a cladding temperature of less than 2200*F. Because this is less than the
generic 2.32 value, some additional or altered means of power distribution i
analysis or surveillance would have to be used to ensure compliance with the
2.19 limit. The generic 2.32 value is essentially never reached in reactor |
cycle-specific normal operation, and lower Ilmiting values can usua11y be deter- ;

mined and used in conjunction with cycle-specific 18-case analyses or with im-
|proved surveillance.'

.

!
;
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In response to staff questions, the applicant has indicated that an improved
surveillanco system, the axial power distribution monitoring system (APDMS),
will be provided. This system chosen by the applicant uses incore movable
detectors. (This is different from the excore detector system chosen for
Shearon Harris.) This incore system has been described in WCAP-8589. This
report and the APDMS have been reviewed and approved by the staff and have been
successfully employed for a number of years at several plants, including Beaver
Valley Unit 1. The uncertainty analysis and Technical Specifications involved
in using this system have been approved. Thus, the use of this incore APDMS is
fully acceptable. The required F value can be maintained.

q

4.3.2.2 Reactivity Coefficients

Reactivity coefficients are expressions of the effect on core reactivity of
changes in such core conditions as power, fuel and moderator temperature, moder-
ator density, and boron concentration. These coefficients vary with fuel burn-
up and power level. The FSAR presents values of the coefficients and evaluates
the uncertainties of these values. The staff has reviewed the calculated values
of reactivity coefficients and concluded that they adequately represent the full
range of expected values. The staff has also reviewed the reactivity coeffi-
cients used in the transient and accident analyses and concludes that they con-
servatively bound the expected values, including uncertainties. Further, moder-
ator and power Doppler coefficients--along with boron worth--are measured as
part of the startup physics testing to ensure that actual values are within
those used in these analyses.

4.3.2.3 Control
.

To allow for changes in reactivity as a result of reactor heatup, load following,
and fuel burnup with consequent fission product buildup, a significant amount
of excess reactivity is built into the core. The excess reactivity is controlled
by a combination of full-length control rods and soluble boron. Soluble boron
is used to control changes resulting from

(1) moderator density and temperature changes from ambient to operating
temperatures

(2) equilibrium xenon and samarium butidup

(3) fuel depletion and fission product buildup (that portion not controlled
by lumped burnable poison)

(4) transient xenon resulting from load following*

Control rods are used to control reactivity change resulting from

(1) moderator reactivity changes from hot zero to full poweri
'

(2) fuel temperature changes (Doppler reactivity changes)

Burnable poison rods placed in some fuel assemblics are used for radial flux
; shaping and to control part of the reactivity change resulting from fuel deple-
| tion and fission product buildup.
i

*

| The applicant has provided data to show that adoquato control exists to satisfy.

the above requirements with enough additional control rod worth to provido a
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hot shutdown effective multiplication factor less than the design-basis value
of 0.982 during initial and equilibrium fuel cycles with the most reactive
control rod stuck out of the core. In addition, the chemical and volume con-
trol system will be capable of shutting down the reactor by adding soluble boron
and maintaining it shut down in the cold, xenon-free condition at any time in
core life. These two systems satisfy GDC 26.

Comparisons have been made between calculated and measured control rod bank
worth in operating reactors and in critical experiments. These comparisons
lead to the conclusion that bank worths may be calculated to within approxi-
mately 10L In addition, bank worth measurements are performed as part of the
startup test program to ensure that conservative values have been used in safe-
ty analyses.

.

On the basis of these comparisons, the staff concludes that the applicant has
'

made suitably conservative assessments of reactivity control requirements and
that adequate control rod worths have been provided to ensure shutdown
capability.

4.3.2.4 Control Rod Patterns and Reactivity Worths

The control rods are divided into two categories--shutdown rods and regulating
rods. The shutdown rods are always completely out of the core when the reactor
is at operating conditions. Core power changes are made with regulating rods
tnat are nearly out of the core when it is operating at full power. Regulating
rod insertion will be controlled by power-dependent insertion limits required.

in the Technical Specifications to ensure that

(1) there is sufficient negative reactivity available to permit rapid shut-
down of the reactor with adequate margin

(2) the worth of a control rod that might be ejected is not greater than that
which has been shown to have acceptable consequences in the safety analysos

The staff has reviewed the calculated rod worths and the uncertainties in these
worths, and concludes that rapid shutdown capability exists at all times in
core life assuming the most reactive control rod assembly is stuck out of the
core.

| 4.3.2.5 Stability

The stability of the Beaver Valley Unit 2 core to xenon induced spatial oscf1-
lations is discussed in the FSAR. Tha overall negative reactivity (power)
coefficient provides assurance that the reactor will be stable against total
power oscillation. The applicant also concluded that sustained radial or
azimuthal xenon oscillations are not possible. This conclusion is based on
measurements on an operating reactor of the same dlmonsions that showed stabil-
ity against these oscillations. The staff concurs with this conclusion.

This core is predicted to be unstable with respect to axial xenon oscillations
af ter about 12,000 HDT of exposure. The applicant has acceptably shown that
axial oscillations may be controlled by the regulating rods to prevent reaching
any fuel damage limits.,

'

.

i
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4.3.2.6 Criticality of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by adequate
design of fuel transfer and storage facilities. The applicant has presented
information on calculational techniques and assumptions used to ensure that
criticality is avoided. The staff has reviewed this information and the cri-
teria that will be employed and finds them acceptable.

4.3.2.7 Vessel Irradiation

The applicant has presented values for the neutron flux in variuus energy ranges
at mid-height of the pressure vessel inner boundary. Core flux shapes calcu-
lated by standard design methods are input to a transport theory calculation
(Sn) that results in a neutron flux of 2.9 x 1010 neutrons per square centimeter
per second having energy greater than 108 electron-volts at the inner vessel
boundary. This results in a fluence of 2.9 x 1018 neutrons per square centim-
eter for a 40 year vessel life with an 80% use factor. The methods used for
these calculations are state of the art, and the staff concludes that acceptable
analytical procedures have been used to calculate the vessel fluence. The re-
quirements for surveillance programs and the pressure-temperature limits for
operation are discussed in Section 5.3.3.

4.3.3 Analytica'l Methods

The applicant has described the computer programs and , calculational techniques
used to obtain the nuclear characteristics of the reactor " design. The calcul-
ations consist of three distinct types, which are performed in sequence:

I determination of effective fuel temperatures, generation of macroscopic few-
group parameters, and space-dependent few group diffusion calculations. The

'

programs used (LASER, TWINKLE, LEOPARD, TURTLE, and PANDA) have been applied
as part of the applications for most earlier W-designed nuclear plants, and
the predicted results have been ccmpared with measured characteristics obtained
during many startup tests for first-cycle and reload cores. These results
have validated the ability of these methods to predict experimental results.
Therefore, the staff concludes that these methods are acceptable for use in
calculating the nuclear characteristics of Beaver Valley Unit 2.

4.3.4 Summary of Evaluation Findings !

The Beaver Valley Unit 2 nuclear design was reviewed according to SRP 4.3. All
areas of review and review procedures from that section have been followed
either for this reactor or for previous similar reactors (e.g., Summer) or for
topical report reviews.

|

The appItcant has described the computer programs and calculational techniques
used to predict the nuclear characteristics of the reactor design and has pro-
vided examplos to demonstrate the ability of the analyses to predict reactivity
and physics characteristics of the Deaver Valley Unit 2 plant.

To allow for chan0es of reactivity as a result of reactor heatup, changos in,

( operating conditions, fuel burnup, and fission product butidup, a significant
amount of excess reactivity is designed into the core. The applicant has
provided substantial information relating to core reactivity balancos for the-

first cycle and has shown that means have boon incorporated into the design to.

,
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control excess reactivity at all times. The applicant has shown that suffi-
cient control rod worth is available to make the reactor subcritical with an
effective multiplication factor no greater than 0.982 in the hot condition at
any time during the cycle, with the most reactive control rod stuck in the fully
withdrawn position. On the basis of its review, the staff concludes that the
applicant's assessment of reactivity control requirements over the first-core
cycle is suitably conservative, and that adequate negative worth has been pro-
vided by the control system to ensure shutdown capability. Reactivity control
requirements will be reviewed for additional cycles as this information becomes,

'

available. The staff also concludes that nuclear design bases, features, and
limits have been established in conformance with GDC 10, 11, 12, 13, 20, 25,
26, 27, and 28.

The applicant has met GDC 11 with respect to prompt inherent nuclear feedback
characteristics in the power operating range by calculating a negative Doppler
coefficient of reactivity and by using calculational methods that have been
found acceptable. The staff has reviewed the Doppler reactivity coefficients
in this case and found them to be suitably conservative,

i

The applicant has met GDC 12 with respect to power oscillations that could re-
sult in conditions exceeding specified acceptable fuel design limits by showing
that such power oscillations are not possible and/or can be easily detected and
thereby remedied, and by using calculational methods that have been found
acceptable.

The applicant has met GDC 13 with respect to provisions of instrumentation and
controls to monitor variables and systems that can affect the fission process4

by providing instrumentation and systems to mcnitor the core power distribu-
tion, control rod positions and patterns, and other process variables such as
temperaturo and pressure and by providing su' table alarms and/or control room
indications for these monitored variables.i

; The applicant has met G0C 26 with respect to provision of two independent reac-
tivity control systems of different designs by (1) having a system that can
reliably control anticipated operational occurrences; (2) having a system that
can hold the coro subcritical under cold conditions; and (3) having a system
that can control planned, norrral power changes.

The applicant has met GOC 27 with respect'to reactivity control systems that
have a combined capability in conjunction with poison addition by the ECCS of
rollably controlling reactivity changes under postulated accident conditions
by providing a movable control rod system and a liquid poison system, and per-,

i forming calculations to demonstrate that the core has sufficient shutdown
margin with the highest worth stuck rod.

The applicant has m.t GDC 20 with respect to postulated reactivity accidents I

(reviewed under Section 15.4.8) by meeting RG 1.77, meeting the criteria on
the capability to cool the core, and using calculational methods that have
been found acceptable for reactivity insertion accidents.

The applicant has mot GOC 10, 20, and 25 with respect to speciflod acceptable |
fuel design limits by providing analysos demonstrating (1) that normal opera-
tion, including the effects of anticipated operational occurrences, have mot.

fuel design critoria; (2) that the automatic initiation of the reactivity con-,

trol system ensures that fuel design critoria are not exceeded as a result of'
i

I
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anticipated operational occurrences and ensures the automatic operation.of sys-
tems and components important to safety under accident conditions; and (3) that
no single malfunction of the reactivity control system causes violation of the
fuel design limits.

4.4 Thermal-Hydraulic Desian

The thermal-hydraulic design performance and safety criteria for the Beaver
Valley Unit 2 are given in Section 4.4.1.

4.4.1 Design Bases

The margin to departure from nucleate boiling (DNB) at any point in the core is
expressed in terms of the departure from nucleate boiling ratio (DNBR), which
is defined as the ratio of the heat flux required to produce DNB at the calcu-
lated local coolant conditions to the 1ctual heat flux. The thermal-hydraulic
design basis for the prevention of DN8 is in FSAR Section 4.4.1(1).

The fuel temperature design basis, which is in FSAR Section 4.4.1(2), is
evaluated in Section 4.2 above.

The core flow design basis is in FSAR Section 4.4.1(3), and the hydrodynamic
stability design basis is in FSAR Section 4.4.1(4).

4.4.2 Thermal-Hydraulic Design Methodology
,

4.4.2.1 Departure from Nucleate Boiling

The thermal-hydraulic design analysis was performed using the W-3 critical
heat flux (CHF) correlation in conjunction with the THINC-!V computer program.
THINC-IV is an open channel computer ccde which determines the coolant density,
mass velocity, enthalpy, vapor void, static pressure, and DNBR distribution
along parallel flow channels within a reactor core. '

The W-3 correlation was developed from data obtained from experiments conducted
with fluid flowing inside single heated tubes. As test procedures progressed
to the use of rod bundles instead of tubes, the correlation was modified to
include the effects of "R" and "L" mixing vane grids and axially nonuniform
power distributions.

The applicant has proposed a minimum DN8R of 1.30 to ensure that there is a 954
probability at a 95% confidence that CHF will not occur on the Ilmiting fuel
rod. The use of the W 3 CHF correlation with a minimum DNBR of 1.30 has been
previously approved by the staff.

A correlation factor was developed to adopt the W-3 correlation to 17x17 fuel
assemblies with top sp11t mixing van grids (R grid) such as those to be used
for Beaver Valley Unit 2. This correlation factor, termed the " modified spacer

,

factor," was developed as a multip11er on the W-3 correlation. A description
of the 17x17 fuel assembly test program and a summary of the results are de-
scribed in the staff-approved W topical reports WCAP 8298-P A and WCAP-8299-A.
The test program predicted heat flux includes a 0.88 multiplier, which is part
of the 17x17 modified spacer factor. However, a multiplier of 0.856 has been
conservatively applied for all DNB analyses. The test results indicated that,

.
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a reactor core using this geometry may operate with a minimum DNBR of 1.28 and '

satisfy the design criterion. However, a minimum DNBR of 1.30 is conservatively
used for this plant.

A description of the THINC-IV computer code is given in WCAP-7956,'"THINC-IV--
An Improved Program for Thermal-Hydraulic Analysis of Rod Bundle Cores." The
design application of the THINC-IV program is given in detail in WCAP-8054,
" Application of the THINC-IV Program to PWR Design." Both WCAP-7956 and
WCAP-8054 have been reviewed and approved by the staff.

The staff has previously reviewed under a different docket, a November 2, 1977
letter from C. Eiche1dinger (W) to J. Stolz (NRC), which described THINC-IV
analyses using a cosine upper plenum radial pressure gradient with a maximum
value of 5 psi at the core center and 0 psi at the periphery. The results of
these analyses showed that the effects of a core exit pressure distribution on

;the minimum DNBR are negligible. The staff conducted a similar sensitivity '

study using COBRA-IV. The staff's results also showed that the effects are
small (NUREG-0847). On the basis of these analyses, the staff concludes that
the use of a uniform exit pressure gradient in the Beaver Valley Unit 2 thermal-
hydraulic design is acceptable.

On the basis of its findings that the CHF correlation and the thermal-hydraulic
computer code used by the applicant have been previously approved and that the.

use of a uniform core exit pressure gradient has been adequately justified,
the staff concludes that the DNB design methodology used in the oesign of
Beaver Valley Unit 2 is acceptable. -

4.4.2.2 Core Flow

The core flow design basis requires that the minimum flow that will pass
through the fuel rod region and be effective for fuel rod cooling be 95.5% of
the primary coolant flow rate. The remainder of the flow, called bypass flow,
will be ineffective for cooling because it will take the following bypass paths:

(1) flow through the spray nozzles into the upper head for hosd cooling
purposes

(2) flow entering into the rod cluster control rod guide thimbles to cool the
control rods

(3) leakage flow from the vessel inlet nozzle directly to.the vessel outlet
nozzle through the gap between the vessel and the barrel

(4) flow between the baffle and barrel
,

(5) flow in the gaps between the fuel assemblies on the core periphery and
the adjacent baffle wall |

The amount of bypass flow is determined by a series of hydraulic resistance
calculations on the coro and vessel internals and verified by model flow tests. |

Because the amount of bypass flow is consistent with approved plants of similar
design, the staff concludes that the core bypass flow used in the design analy- ;
Sis, 4.5%, is acceptable..

|.

|
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4.4.2.3 Hydr.odynamic Instability

For steady-state, two phase heated flow in parallel channels, the potential
for hydrodynamic instability exists. Two specific types of flow instabilities
are considered for W PWR operation. These are the Ledinegg or flow excursion
type of static instability and the density wave type of dynamic instability. '

The applicant stated that the core was stable because W reactors will not
experience any Ledinegg instability over Condition I aiid II operational ranges.
Open-channel configurations, which are a feature of W PWRs, are more stable

; than closed-channel configurations. This was shown By flow stability tests,
which were conducted at pressures up to 2200 psia. The results showed that
for flow and power levels typical of reactor conditions, no flow oscillations
could be induced above 1200 psia.

Also, a method developed by Ishii (Saha et al., 1976) for evaluating density
wave stability in parallel closed-channel systems was used to assess the
stability of typical W reactor designs. The results indicate that a large
margin to density wave instability exists. Finally, data from numerous rod
bundle tests performed over wide ranges of operational conditions show no
evidence of premature ONB or of inconsistent data that might be indicative of
flow instabilities in the rod bundles.

.

The staff concludes that past operating exportence, flow stability experience,
and the inherent thermal hydraulic design of W PWRs serve as a basis for
issuance of an operating licenso.

4.4.3 Design Abnormalities '

4.4.3.1 Fuel Rod Bowing

A significant parameter that affects the thermal-hydraulic design of the core
is rod-to-rod bowing within fuel assemblies. The W methods for prodleting the
ef fects of rod bowing on DNB are in WCAP 8691, RovTsion 1, "Fuol Rod Dow Evalu-
ation," which has boon approved by the staff.

, For plants designed by W, the staff has approved the generic margins given in
! Table 4.1, which may be used to offset the reduction in DNBR as a result of

rod bowing.

Plant-specific margins that could be available are:

(1) The Technical Specification minimum flow rate is greater than the design
flow rato.

] (2) The Technical Specification maximum T,y, h h m W @@ T,y,.
(3) The trip setpoints are more Ifmiting than the thermal hydraulic analysis

indicates.

In a lotter dated July 12, 1904, responding to the staf f's concerns, the appli-
cant stated that a 9.1% margin ja maintained at Deavor Valley Unit 2 to accom-
modate full and low flow DNOR penalties. This in consistent with WCAP 0601,.

which has boon approved by the staff, and thus is acceptablo. However, the
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applicant should insert into the basis of the Technical Specification any of
the generic or plant-specific margins that may be used to offset the reduction
in DNBR as a result of rod bowing.

4.4.3.2 Crud Deposition

Crud deposits in the core and an associated change in core pressure drop and
flow have been observed in some PWRs not of W design. The staff requested that
the applicant describe the procedures to detect flow degradation as a result of
crud buildup. The applicant responded that, except for steam generator tube
plugging, there have been no reports of significant flow reduction in a rela-
tively short period of time at any W plant.

The staff will ensure that the Technical Specifications contain the requirement
that the actual reactor coolant system flow rate be verified to be greater than
or equal to the minimum design flow rate plus uncertainties at least once every
12 hours. In addition, the staff will ensure that the applicant performs a'

-

channel calibration at least once every 18 months,
t

4.4.4 Loose Parts Monitoring System
!

The applicant has provided a description of the loose parts monitoring system
(LPMS) that will be used at Beaver Valley Unit 2. The design will consist of

| 10 active instrumentation channels, each comprising a piezoelectric accoloro- I

; meter (sensor) and signal conditioning equipment. Sensors are fastened !

mechanically to the reactor coolant system (RCS) at each of the followingI

potential loose parts collection regions:
! (1) reactor pressute vessel, upper head region

(2) reactor pressure vessel, lower head region
'

(3) each steam generator, reactor coolant inlet region

The system will be capable of detecting a metallic loose part that weight frJ1,

0.25 to 0.30 pound impacting within 3 feet of a sensor and having a kinetic
energy of 0.5 foot pound on the inside surface of the RCS pressure boundary.,

The staff was concerned about compilance with Paragraph C 4.K of RG 1.133,
" Loose Part Detection Program for the Primary System of Light Water Cooled |
Reactors," which states that the portion of the system within containment will '

be designed and installed to function following all seismic events up to and
including the operating basis earthquake (00E). The applicant, in F$AR :
Table 1.8, took exception to this as requiring the system to be seismically !qualified. After discussions with the staff, the applicant, in a letter dated '

March 4, 1985, stated that, despite this, the system was qualiffed to loads i

greater than those expected at the Beavor Valley Unit 2 site for an OBE. The
staff, therefore, considers this issue accostably resolved. In t letter dated i

i October 12, 1904, the appItcant responded aceptably to the starf's concerns.
However, the staff finds the following suWects stf11 need to be addressed por
Paragraph C.3.a(2) of R01.133. The app 1tcant thould commit to provide the,

i'

alert level for startup and power operation to the NRC staff within 90 days
following completion of the startup test program. The Technical $pecifications
should have a section on the LOMS addressing operability and surveillance re-
quirements similar to the Westinghouse Standard Technical Specifications. |,

4, ,
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4.4.5 Thermal-Hydraulic Comparison

Table 4.2 compares the thermal-hydraulic design parameters for Beaver Valley
Unit 2 with those for the Virgil C. Summer plant. The thermal-hydraulic design
of the Virgil C. Summer plant has been previously reviewed and approved by the
staff.

Beaver Valley Unit 2 was designed to operate at a thermal power comparable
with that of the Virgil C. Summer plant. The W-3 CHF correlation and THINC-IV '

computer program were used in the design of both plants. The comparability of
the Beaver Valley Unit 2 with the Virgil C. Summer plant supports the conclu-
sion that the Beaver Valley Unit 2 thermal-hydraulic design is acceptable.

4.4.6 N-1 Loop Operation

N-1 loop operation refers to operation of the reactor with one of the reactor's
coolant loops out of service. Thus, in the case of Beaver Valley Unit 2 only
two coolant loops are available to supply coolant to the reactor core. The
applicant has not requested N-1 loop operation.

To exercise the option to operate in the N-1 mode, the applicant must provide
core thermal-hydraulic analyses taking into account the ef fect of partial loop
operation on core inlet flow distribution, minimum ONBR (MONBR), and the effect
of N-1 loop operation on postulated transients and accidents. If the applicant
chooses to not use the N 1 loop operation, the staff will require that the
Technical Specif.fcation include appropriate provision to ensure that this type
of operation is prohibited.

4.4.7 Inadequate Core Cooling Instrumentation

NUREG 0737 Item !!.F.2 clarifies the requirements for inadequate core cooling
(ICC) instrumentation that is to be installed and operating before fuel load.
The staff has reviewed the applicant's submittal of the instrumentation for
indication of ICC (Section 4.4.6.4) and found it insufficient; therefore, the
staff will require the applicant to provide the itemized documentation of a
complete ICC instrumentation system on a schedule that will permit completion
of the staff review before fuel load. The staff will report its findings in an
SER supplement.

4.4.8 Conclusion

The thermal hydraulic design of the Beaver Valley Unit 2 has been reviewed
according to SRP 4.4. The scope of the review included the design critoria,
core design, and the steady state analysis of the core thermal hydraulic per-
formance. The review concentrated on the differences between the proposed core
des 10n and those designs that have been previously reviewed and found accept-
able by the staff. The staff found all such differences acceptable. The ap-
plicant's thermal hydraulle des 1 n analyses woro performod using analytical0
methods and correlations that have been previously reviewed by the staff and t

found acceptable. ;

The staff concludes that the initial core has been designed with appropriate
1

mar 0in to ensure that acceptable fuel design Ilmits are not exceeded during '

'

steady state operation and anticipated operational occurrences. The thermal-
hydraulic design of the initial core, therefore, moots GDC 10, and is acceptable :.
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for design approval. This conclusion is based on the applicant's analyses of
the core thermal-hydraulic performance that were reviewed by the staff and
found to be acceptable. However, to completely resolve the issue of the LPMS,
the applicant should commit to provide the information required by Para-
graph C.3.a(2) of RG 1.133 within 90 days following completion of the startup
test program and should include a section in the Technical Specifications
addressing operability and surveillance requirements of toe LPMS. The appli-
cant also should provide information on how the unit comp'ies with NUREG-0737

' Item II.F.2. This issue will be addressed in a supplement to this SER.

The staff will ensure that the Technical Specifications will include

(1) any generic or plant-specific margins that may be used to offset the
reduction in DNBR as a result of rod bowing

(2) a requirement to verify that the actual RCS flow rate is greater than or-
equal to the minimum design flow rate plus uncertainties at least once
every 12 hours; in addition, a requirement that the channel calibration is
done at least once every 18 months. o

4.5 Reactor Materials

4.5.1 Control Rod Drive Structural Materials

The staf f concludes that the control rod drive mechanism structural materials
are acceptable and meet the requirements of GOC 1, 14, and 26 as well as .

i

10 CFR 50.55a.

This conclusion is based on the applicant's having demonstrated that the
properties of materials selected for the control rod drive mechanism components
exposed to the reactor coolant satisfy Appendix'I of Section III of the ASME
Code, and Parts A, B, and C of Section II of the Code and conform with the
staff position that the yield strength of cold-worked austenitic stainless
steel should not exceed 90,000 psi. Conformance to the recommendations of
RG 1.85 is discussed in Section 5.2.1.2.

In addition, the controls imposed on the austenitic stainloss steel of the
mechanisms satisfy, to the extent practical, the recommendations of RGs 1.31,
" Control of Ferrite Content in Stainless Steel Weld Metal," and 1.44, " Control
of the Use of Sensitized Stainless Steel." The alternative method of control
of ferrite content by testing of the purchased material and the modification
of testing procedures to evaluate weldments for stress corrosion cracking have
been reviewed by the staff and are acceptable. The app 1tcant has confirmed
that the tempering temperatures and aging temperatures of heat treatable mate-
rials in the control rod drive mechanism are specified to eliminate the suscop-
tib(11ty to stress corroston c acking in reactor coolant. The fabrication and
heat treatment practices performed provide assurance that stress corrogion
crackin0 will not occur during the desfon 11fe of the components. The compati-
bility of all materfals used in the control rod system in contact with the
reactor coolant satisf fes the criteria of ArtIclos NO 2160 and NO 3120 of Sec-
tion !!! of the Code. Cleaning and cleanIfness controls are in accordance, to
the extent practical, with ANSI N45.2.1 1973, " Cleaning of Fluid Systems and
Associated Components During Constrection Phase of Nuclear Power Plants," and
RG 1.37, " Quality Assurance Requirements for Cleaning Flufd Systems and Asso-*

clated Components of Water Cooled Nuclear Power Plants." The applicant's use'
,
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of oxygen-saturated reactor grade water when flushing open systems and the use
of controlled disposable materials and standard cleaning methods to control
contamination levels of harmful elements and their compounds are acceptable to
the staff.

4.5.2 Reactor Internal and Core Support Materials

The staff concludes that the materials used for the construction of the
reactor internal and core support structure are acceptable and meet 0]C 1 and
10 CFR 50.55a.

The applicant has met GDC 1 and 10 CFR 50.55a with respect to ensuring that
the design, fabrication, and testing of the materials used in the reactor
internal and core support structure are of high quality standards and adequate
for* structural integrity. The controls imposed on components constructed of
austenitic stainless steel satisfy, to the extent practical, RGs 1.31 and 1.44.
Where the recommendations of those RGs were not followed, the alternative
approaches taken by the applicant have been reviewed by the staff and are ac-
ceptable (see Section 4.5.1).

- The materials used for the construction of components of the reactor internal
and core support structure have been identified by specification and found to
be in conformance with NG-2000 of Section III and Parts A, B, and C of Sec-
tion II of the ASME Code. Conformance to RG 1.85, " Code Case Acceptability
ASME Section III Materials," is discussed in Section 5.2.1.2. As proven by
extensive tests and satisfactory performance, the specified materials are com-
patible with the expected environment and corrosion is expected to be negifgible.
The controls imposed on the reactor coolant chemistry provide reasonable assur-
ance that the reactor internal and core supp' ort structure will be adequately
protected during operation from conditions that could lead to stress corrosion
of the materials and loss of component structural integrity.

The material selection, fabrication practices, examination and testing proce-
dures, and control practices performed in accordance with these recommendations
provide reasonable assurance that the materials used for the reactor internal
and core support structure are in a metallurgical condition to preclude inser-
vice deterioration. Conformance with the ASME Code and the RGs constitutes
an acceptable basis for meeting, in part, GDC 1 and 10 CFR 50.55a.

4.6 Functional Desian of Reactivity Control Systems

The functional design of the reactivity control systems has been reviewed to
confirm that they meet the various reactivity control conditions for all modes
of operation. These conditions are the capability to

(1) operate in the unrodded, critical, full power mode throughout plant life

(2) vary power level from full power to hot shutdown and ensure control of
power distributions within acceptable Ilmits at any power level

(3) shut down the reactor in a manner sufficient to mitigate the effects of
postulated events discussed in Section 15 of this SER

.

'

.
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The control rod drive system (CRDS), the safety injection system (SIS), andt

| the chemical and volume control system (CVCS) constitute the reactivity control
| systems.

The CRDS is composed of control rod drive mechanisms (CRDMs) to which the rod
cluster control assemblies (RCCAs) are attached. The CRDM is a magnetically
operated jack. The magnetic jack is an arrangement of three electromagnets

! that are energized in a controlled sequence to insert or withdraw a given RCCA
| in discrete steps. The RCCAs are divided into two categories, control and
i shutdown.

The control category of RCCAs may be automatically inserted or withdrawn to
i

compensate for changes in reactivity associated with power-level changes and
power distribution, variations in moderator temperature, or changes in boron
concentration. The shutdown category of RCCAs, which are fully withdrawn during

|
;
-

power operations, is used solely to insert large amounts of negative reactivity '

to shut down the reactor. (See Section 4.3 of this SER for further discussion.)

The RCCAs are the primary shutdown mechanisms for normal operation, accidents, ;
and transients. They insert automatically on a reactor trip signal. Concen-
trated boric acid solution is injected by the SIS in the event of a LOCA, steam-
line break, or loss of normal feedwater flow, thereby complying with GDC 29.

The CRDM magnetic jacks are cooled by a forced air cooling system. Cooling is
provided by three ventilation subsystems, each with two 33% capacity fans. The
CRDM ventilation system fan draws containment ambient air through the CRDM
shroud and then through cooling cores that are cooled by the reactor plant com-
ponent cooling water system, before discharging the air to the containment, thus

| limiting the maximum temperature in the magnetic jack coils. The CRDM cooling
I system is not a safety-related system because its function is not required to f

,

| ensure operability of the CRDM's scram capability. However, all the fans are
! seismic Category I and powered from the emergency buses. The applicant has

performed a failure mode and effects analysis that shows that a complete loss
of CRDM cooling air may result in a loss of the insulation on the CRDM magnetic
jackcoils. However, this condition is acceptable because it would result in ;

tripping of the control rods, thus causing a fail-safe condition.

Failure of electrical power to an RCCA will result in the insertion of that as-;

sembly, as will shearing of the connection between the RCCA and CRDM. Single |
failure of an RCCA is considered in transient and accident analyses that in-;

clude the most reactive RCCA stuck outside the core. An analysis of accident j
withdrawal of an RCCA had acceptable results. On the basis of this review,
review, the staff concludes that GDC 23 and 25 are satisified. ,

t

The SIS is automatically actuated to inject borated water into the reactor
| coolant system when a safety injection actuation signal (SIAS) is received. {
i I

| The $15 pumps take suctian from the refueling water storage tank (RWST). The
~

l SIS is discussed further in Section G.3 of this SER.

The CVCS is designed to accommodato slow or long-term reactivity changes such
as those caused by fuel burnup or by variation in the xenon concentration re-
sulting from changes in reactor power level. The CVCS is used to control reac-,

tivity by adjusting the dissolved boron concentration in the reactor coolant
,

,.
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system (RCS). The boron concentration is controlled (1) to obtain optimum RCCA
positioning; (2) to compensate for reactivity changes associated with variations
in coolant temperature, core burnup, and xenon concentration; and (3) to provide
shutdown margin for maintenance and refueling operations or emergencies. A
portion of the CVCS (the charging pumps, the boric acid transfer pump discharge, jand the boric acid tanks) injects a concentrated boron solution into the RCS to
help ensure plant shutdown in the event of an SIAS. The boric acid concentra-
tion in the RCS is controlled by the charging and letdown portions of the CVCS.

The CVCS can maintain the reactivity of the r'eactor within required bounds by
means of the automatic makeup system to replace minor leakage without signifi-
cantly changing the boron concentration in the RCS. Dilution of the RCS boron
concentration required for the reactivity losses occurring as a result of fuel
depletion may be accomplished by manual action. The CVCS is discussed further
in Section 9.3.4 of this SER.

The concentration of boron in the RCS is changed under the following conditions:

(1) startup: boron concentration decreased to compensate for moderator
temperature and power increase

(2) load follow; boron concentration increased or decreased to compensate
for xenon transients following load changes

(3) fuel burnup: boron concentration decreased to compensate for burnup

(4) cold shutdown: boron concentration increased to compensate for increased
moderator density as a result of cooldown

Soluble poison concentration is used to control slow operating reactivity
'

changes. If necessary, an RCCA movement also can be used to accommodate such
! changes, but assembly insertion is used mainly to control anticipated opera-

tional occurrences even with a single malfunction, such as a stuck rod. Ineither case, fuel design limits are not exceeded. The soluble poison control
is capable of maintaining the core subcritical under cold shutdown conditions.
This conforms to GDC 26.

The reactivity control systems, including the addition of concentrated boric
acid solution by the SIS, are capable of controlling all anticipated operational
changes, transients, and accidents. (For further information on the performance
of the charging and borating portions of the CVCS with respect to small-break
LOCAs, see Section 6.3.1 of this SER.) All accident analyses are performed
with the assumption that the mo,t reactive RCCA is stuck out and cannot be
inserted, which complies with GDC 27.

Compliance with GDC 28 is discussed 'n Sections 4.3, 15.4.6, and 15.4.8 of this
SER.

On the basis of the above review, the staff concludes that the functional design
of the reactivity control systemt, meets GOC 23, 25, 26, 27, 28, and 29 with
respect to the fail-safe design, malfunction protection design, redundancy and
capability, combined systems capability, reactivity limits, and protection
against anticipated operational occurrences. It is, therefore, acceptable.
The functional design of the reactivity control systems meets SRP 4.6.

'

.
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Table 4.1 Generic margins.

% reduction
in rod bow

Margin penalties
F

Use of a design minimum departure from 1.6
nucleate boiling ratio (DNBR) of 1.'30
instead of the 95/95 DNBR limit of 1.28

Reduction in fuel rod pitch for the hot 1. 7
channel analysis,

Use of a thermal diffusion coefficient (TDC) 1.2
of 0.038 instead of a TDC of 0.051

Addition of an extra grid in the design 2.9
of the W 17x17 fuel assembly relative to
the 15x15 fuel design

Use of a 0.86 multiplier on the modified 1. 7
spacer factor (F) of the W-3 correlation
instead of a 0.88 multiplier

Maximum generic margin that may be claimed 9.1

Source: U.S. Nuclear Regulatory Commission, " Interim Safety
Evaluation Report on the Effects of Fuel Rod Bowing on Thermal
Margin Calculations for Light Water Reactors," December 1976.

$

,
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Table 4.2 Reactor design comparison,

Beaver Valley
Parameter Unit 2 V. C. Summer

Performance characteristics
Reactor core. heat output (MWt) 2,652 2,775
System pressure (psia)
Minimum DNBR at nominal design 2,250 2,250

conditions
Typical flow channel 2.26 1.98
Thimble (cold wall) flow channel 1.83 1.68
Minimum DNBR for design transients 1.30 1.30
Critical heat flux correlation R (V-3 w/ R (W-3 w/

modified space modified space
factor) factor)

Coolant flow

Total flow rate (108 lb/hr) 100.8 109.6
Effective flow rate for heat 96.3 102.6

transfer (106 lb/hr)
Average velocity along fuel 14.4 15.6

rods (ft/s)
Effective core flow area (ft ) 41.6 41.62

Coolant temperature

Naminal reactor inlet (*F) 542.5 556.0
Average rise in core (F*) 70.3 66.6

*

Pressure drop across core (psi) 21.4 2.1 23.2 1 2.3

Heat transfer 100% power

Active heat transfer surface 48,600 48,600
2area (ft ),

Average heat flux 181,400 189,800
2(Btu /hr/ft )

Maximum heat flux 420,900 440,400
2(Btu /hr/ft )3

Average linear heat rate 5.20 5.44
(kW/ft)

Maximum thermal output (kW/ft) 12.1* 12.6

*This limit is associated with the value of Fq = 2.32.

-

-
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5 REACTOR COOLANT SYSTEM

5.1 Summary Description

The reactor coolant system (RCS) consists of three similar heat transport loops
connected to the reactor pressure vessel. Each loop contains a reactor coolant
pump, steam generatur, and associated piping. In addition, the system includes
a pressurizer, a pressurizer relief tank, interconnecting piping, and instru-
mentation necessary for operational control. All of these components are in
the containment building.

During operation, the RCS transfers the heat generated in the core to the steam
generators where steam is produced to drive the turbine generator. Borated
demineraliz'ed water is circulated in the RCS at a flow rate and temperature
consistent with achieving the required reactor core thermal-hydraulic perform-
ance. The coolant also acts as a neutron moderator and reflector and as a sol-
vent for the neutron-absorbing boric acid used for chemical shim control.

The reactor coolant pressure boundary (RCPB) provides a second barrier against
the release of radioactivity generated within the reactor and is designed to
ensure a high degree of integrity throughout the life of the facility.

The RCS pressure changes during normal operation are controlled by the use of
the pressurizer where water and steam are maintained in equilibrium by electri-
cal heaters and water spray. Spring-loaded safety valves and power-operated
relief valves (PORVs) are mounted on the pressurizer; they discharge to the
pressurizer relief tank where steam is condensed and cooled by mixing with water.

5.2 Integrity of Reactor Coolant Pressure Boundary

5.2.1 Compliance with ASME Code and Code Cases
,

5.2.1.1 Compliance with the Codes and Standard Rule, 10 CFR 50.55a

The pressure-retaining components of the RCPB as defined by 10 CFR 50.55a have
been properly classified in FSAR Table 3.2-1 as American Society of Mechanical
Engineers Boiler and Pressure Vessel Code (ASME Code) Section III, Class 1 com-
ponents. These Section III, Class 1 components are designated quality Group A
in conformance with RG 1.26. The quality Group A RCP8 components were reviewed
in accordance with SRP 5.2.1.1, and the results of this review are in this SER
section. The review of other pressure-retaining components, such as those con-

| structed to ASME Code Section III, Class 7. and Class 3, is in Section 3.2.2.

The ASME Code editions and addenda used in the construction of these quality
Group A components are identified in FSAR Table 5.2-1 and are those that are
required to ensure compliance with 10 CFR 50.55a.

In addition to the quality Group A component of the RCPB, certain lines that
-

perform a safety function and that meet the exclusion requirements of foot-
note 2 of 10 CFR 50.55a are classified quality Group B in accordance with

-

.
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Position C.1 of RG 1.26 and are constructed as ASME Code Section III, Class 2
components. Valve leakage monitoring system lines that do not perform a safety
function and that meet the exclusion requirements of footnote 2 of 10 CFR 50.55a
are classified quality Group D on the downstream side of the isolation valves.

The staff concludes that construction of components of the RCPB in conformance
with the appropriate ASME Code editions and addenda and with the Commission's
regulations provides assurance that component quality is commensurate with the
importance of the safety function of the RCPB. This constitutes an acceptable
basis for satisfying GDC 1, and is, therefore, acceptable.

5.2.1.2 Applicable Code Cases

The applicant has identified ASME Code cases whose requirements have been ap-
plied in the construction of pressure-retaining ASME Code Section III, Class 1
components within the RCPB (quality Group A). The staff has reviewed these
cases in accordance with SRP 5.2.1.2 with one exception: the revised SRP in-
cludes a new requirement for the review of ASME Code cases that are used in
the construction of Class 2 and Class 3 components. Because the revision of
10 CFR 50.55a under which Beaver Valley Unit 2 is reviewed is applicable only
to those ASME Code cases used in the construction of Class 1 components, the
staff has limited its review in accordance with this revision of the regulation.

The basis for acceptance in the staff review has been the Code cases found to
be acceptable in RGs 1.84 and 1.85 and the Code cases found to be acceptable by
the staff for plants similar to Beaver Valley Unit 2 before publication of
RGs 1.84 and 1.85. The staff concludes that compliance with the requirements
of these Code cases will result in a component quality level that is commensu-
rate with the importance of the safety function of the RCP8. This constitutes
an acceptable basis for satisfying GDC 1, and is, therefore, acceptable.

5.2.2 Overpressure Protection

Overpressure protection for Beaver Valley Unit 2 has been reviewed in accord-
ance with SRP 5.2.2. Conformance with the acceptance criteria, except as
noted, formed the basis for the staff's conclusion that the design of the
facility for overpressure protection is acceptable.

The RCPB is protected from overpressurization by three safety relief valves
(SRVs) and three power-operated relief valves (PORVs), in combination with the
reactor protection system and operating procedures. This combination of fea-
tures provides overpressure protection in accordance with GDC 15, the ASME
Code Section III,.and 10 CFR 50, Appendix G. These criteria ensure RCPB over-
pressure protection for both power operation and low temperature operation
(startup and shutdown).

5.2.2.1 Overpressure Protection During Power Operation

Overpressure protection during power operation is provided by the pressurizer
spray system, three PORVs, and three spring-loaded SRVs, all of which are con-
nected to the pressurizer.

.

>
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The pressurizer spray system is designed to maintain the RCS pressure below the
PORV relief setpoint of 2335 psig during normal design transients.

The PORVs are sized to prevent actuation of a high pressurizer pressure reactor
trip at 2410 psig for all design transients up to and including the design step
load decreases with steam dump. The PORVs also limit undesirable openings of
the SRVs.

The SRVs provide the final overpressure protection during power operation.

The PORVs and SRVs are designed in accordance with ASME Code Section III, and
periodic testing and inspection are performed in accordance with Section XI of
the Code. FSAR Chapter 14 states that the SRVs will be checked and adjusted in
accordance with RG 1.68, Revision 2.

In response to NUREG-0737 Item II.D.1, the applicant has stated that valves and
piping configurations similar to those at Beaver Valley Unit 2 have been tested
in the Electric Power Research Institute (EPRI) safety and relief valve test
program. The evaluation of the applicant's response to Item II.D.1 is in
Section 3.9.3.

In res'ponse to NUREG-0737 Item II.D.3, the applicant states that PORV and SRV
status will be indicated in the control room. The evaluation of the applicant's
compliance with II.D.3 is in Section 7.5.

Each SRV has a relieving capacity of 345,000 pounds of saturated steam per hour
at 2485 psig, and each PORV has a relieving capacity of 210,000 pounds of satu-
rated steam per hour at 2335 psig. The combined capacity of two of these three
safety valves is adequate to prevent the pressurizer pressure ~from exceeding
the ASME Code Section III limit of 110% design pressure following the worst RCS
pressure transient, which is a complete loss of steam load from full power
without a direct reactor trip, with concurrent loss of main feedwater. This
event was analyzed with no credit taken for the automatic steam dump system,
automatic rod control, or auxiliary feedwater, and with no credit taken for
signals generated by a turbine trip, which would normally trip the reactor. The

| reactor is assumed to be tripped by high pressurizer pressure, overtemperature
! AT, or high pressurizer water level signals. The analysis for this case takes
| no credit for the pressurizer spray system, the pressurizer PORVs, or steam dump,
[ but it does take credit for the operation of the steam generator safety valves.

There are five of these Code safety valves in each of the three secondary loops.i

| They have a combined relieving capacity of 13.4 x 106 pounds of steam per hour
with one of the valves stuck closed. This is 15% more than the rated capacity
of 11.6 x 108 pounds per hour and is sufficient relieving capacity for the
secondary system.

The above analyses were performed in a full plant simulation. This included
the RCS with an explicit reactor vessel, hot leg, pressurizer with an explicit,

surge line, primary side of the steam generator, reactor coolant pump, cold
leg, and the secondary side of the steam generator. These were modeled using,

the LOFTRAN digital computer program, which has been reviewed by the staff and
found acceptable.

~

.
.
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5.2.2.2 Overpressure Protection During Low-Temperature Op.eration
|

The criteria for overpressure protection during low-temperature operation of
the plant are in BTP RSB 5-2.

Low-temperature overpressure protection is primarily provided by two of the
three pressurizer PORVs. These two have automatically adjusted opening set-
points, adjusted as a function of reactor coolant temperature. The reactor
coolant temperature measurements will be auctioneered to obtain the lowest
value. This temperature will be translated into a PORV setpoint curve that
will adequately account for the lag in the temperature change of the reactor

' vessel and for possible single failures in the auctioneering system, so the
system pressure will always be below the maximum allowable pressure. This PORV
setpoint curve and the requirement for its periodic updating shall be in the
Technical Specifications to ensure that the stress intensity factors for the
reactor vessel at any time in the life of the plant are lower than the reference
stress intensity factors specified in 10 CFR 50, Appendix G.

The system logic will first annunciate at a predetermined low RCS temperature
to alert the operator to arm the system. The staff will require a Technical
Specification on this temperature. Another alarm on the main control board will
annunciate whenever the measured pressure approaches, by a predetermined amount,
the reference pressure. When the measured pressure increases further, an
actuation signal will be transmitted to the PORVs to mitigate the pressure
transient.

The applicant has performed low-temperature overpressure transient analyses to
determine the maximum pressure for the postulated worst-case mass input and,

heat input events. The mass input transient analysis was performed assuming
| the inadvertent actuation of a high head safety injection pump, which pressur-

izes the RCS. The heat input analysis was performed for an incorrect reactor
coolant pump start assuming that the RCS was water solid at the initiation of

.

the event and that a 50F* mismatch existed between the RCS (250*F) and the sec-
ondary side of the steam generators (300 F). These temperatures were assumed
because at lower temperatures the mass input case is limiting. The results of
these analyses show that the allowable limits will not be exceeded. '

An acceptance criterion for NUREG-0737 Item II.G.1 is that the PORVs and asso-
ciated block valves have safety grade emergency power supplies (see Section 8.3).

As a backup to the low-temperature overpressure protection system, both inlet
lines to the residual heat removal (RHR) system have a pressure relief valve
that is designed to relieve the combined flow of two charging pumps (high head
safety injection pumps) at the set pressure of the relief valves. These RHR;

relief valves provide overpressure protection after the RHR system is put into'

operation and the RHR suction isolation valves are open at an RCS pressure of
less than 425 psig.

With a single failure of one of the two PORVs and no credit for the RHR system
relief valves, the low temperature overpressure protection system can relieve
the capacity of only one high head safety injection (HHSI)/ charging pump and
maintain pressure below the Appendix G limits. Thus operating procedures will

,
require the removal of power from all HHSI/ charging pumps that are not required

*

.
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to be operable. To prevent an accidental overpressurization by an accumulator |
discharge, operating procedures will stipulate that (1) the accumulator isola- |

tion valves shall be closed when the RCS pressure is below the safety injection |

(SI) unblock setpoint and (2) after they are closed, their operating power shall
be removed. To prevent overpressurization as a result of an excessive tempera-
ture differential between the RCS and an isolated steam generator, there will
also be restrictions on the conditions under which a reactor coolant pump may
be started. The staff will require Technical Specifications on these three
items.

5.2.2.3 Conclusions

Subject to appropriate Technical Specifications, the staff concludes that the
overpressure protection system for both normal and low-temperature conditions
will be acceptable and meets the relevant criteria of GDC 15 and 31. It is,
therefore, acceptable. Conformance to Appendix G to 10 CFR 50 will be confirmed
when the PORV setpoint curve is found acceptable for the Technical Specification.

, The overpressure protection system prevents overpressurization of the RCPB un-
| der the most severe transients and limits reactor pressure during normal opera-
; tional transients. Overpressurization protection is provided by three safety

valves. These valves discharge to the pressurizer relief tank through a common
header from the pressurizer. The safety and power-operated relief valves in
the primary system--in conjunction with the steam generator safety and atmos-
pheric steam dump valves in the secondary system, and the reactor protection
system--will protect the primary system against overpressure.

The peak primary system pressure following the worst transient is limited to
the ASME Code-allowable value (110% of the design pressure) with no credit taken
for relief systems that are not safety grade. It was assumed that the plant is
operating at design conditions (102% of rated power) and the reactor is shut
down by a high pressurizer pressure trip signal. The calculated pressure is
less than 110% of design pressure.

Overpressure protection during low-temperature operation of the plant is pro-
vided by two PORVs and RHR suction relief valves in conjunction with adminis-,

trative controls.
!

The applicant has met GDC 15 and 31. The criteria of Appendix G to 10 CFR 50
are expected to be met when the PORV setpoint curve is generated. In addition,
the applicant has responded to NUREG-0737 Items II.D.1 and II.D.3.

5.2.3 Reactor Coolant Pressure Boundary Materials

The staff concludes that the plant design is generally acceptable and meets
GDC 1, 4, 14, 30, and 31; Appendices 8 and G of 10 CFR 50; and 10 CFR 50.55a. .

This conclusion is based on the following.

The materials used for construction of components of the RCPB have been iden-
tified by specification and found to be in conformance with Section III of
the ASME Code. Compliance with the above Code provisions for materials speci-
fications satisfies the quality standards requirements of GDC 1 and 30 and
10 CFR 55.55a.

.
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The materials of construction of the RCPB exposed to the reactor coolant have
been identified, and all of the materials are compatible with the primary cool-
ant water, which is chemically controlled in accordance with appropriate Tech-
nical Specifications. This compatibility has been proven by extensive testing
and satisfactory performance. This includes satisfying, to the extent practi-
cal, the recommendations of RG 1.44, " Control of the Use of Sensitized Stain-
less Steel." Where the recommendations of the regulatory guide were not fol-
lowed, the alternative approaches taken have been reviewed by the staff and
are acceptable (see Section 4.5.1).

General corrosion of all materials in contact with reactor coolant is negligi-
ble, and accordingly, general corrosion is not of concern. Compatibility of
the materials with the coolant and ccmpliance with the Code provisions satisfy
the requirements of GDC 4 relative to compatibility of components with environ-
mental conditions.

The materials of construction for the RCPB are compatible with the thermal
insulation used in these areas. The thermal insulation used on the RCPB is
either the reflective stainless steel type or is made of nonmetallic compounded
materials that meet most of the recommendations of RG 1.36, " Nonmetallic Ther-
mal Insulation for Austenitic Stainless Steels." The use of standard commer-
cial packaging with receipt inspection for damage, as an alternative approach
to the special packaging recommendations in the guide, is acceptable to the
staff. Conformance with the above recommendations satisfies the requirements
of GDC 14 and,31 relative to prevention of failure of the RCPB.

The ferritic steel tubular products and the tubular products fabricated from
austenitic stainless steel have been found to be acceptable by nondestructive
examinations in accordance with provisions of the ASME Code Section III. Com-
pliance with these Code requirements satisfies the quality standards require-
ments of GDC 1 and 30 and 10 CFR 50.55a.

The fracture toughness tests required by the ASME Code, augmented by Appendix G
to 10 CFR 50, provide reasonable assurance that adequate safety margins against
nonductile behavior or rapidly propagating fracture can be established for all
pressure-retaining components of the RCPB. The use of Appendix G of ASME Code
Section III and the results of fracture toughness tests performed in accordance
with the Code and NRC regulations in establishing safe operating procedures
provide adequate safety margins during operating, testing, maintenance, and
postulated accident canditions. Compliance with these Code provisions and NRC
regulations satisfies GDC 31 and 10 CFR 50.55a regarding prevention of fracture
of the RCPB.

The applicant has taken alternative approaches to the recommendations of
RG 1.50, " Control of Preheat Temperature for Welding Low Alloy Steels." The
alternative approaches taken by the applicant are that welding procedures are
qualified within the preheat temperature range (minimum limit plus 50F*) rather
than at the minimum preheat temperature, and preheat temperatures are main-
tained for an extended period of time rather than preheat temperatures main-
tained until the start of post-weld heat treatment. The staff concludes that
these alternative approaches are adequate to prevent hydrogen cracking (the
concern of RG 1.50) and will not cause other hazards. Accordingly, the staff
accepts these alternative approaches.

.
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The controls used provide reasonable assurance that cracking of components made
from low-alloy steels will not occur during fabrication. If cracking does oc-
cur, the required Code inspections should detect such flaws. These controls
satisfy the quality standards requirements of GDC 1 and 30 and 10 CFR 50.55a.

RG 1.34, " Control of Electroslag Weld Properties," is not applicable because
the electroslag welding prccess was not used on RCPB components.

The controls imposed on welding ferritic and austenitic steels under conditions
of limited accessibility satisfy, to the extent practical, the recommendations
of RG 1.71, " Welder Qualification for Areas of Limited Accessibility." The
applicant's contractors maintain close supervisory control of the welders and
recurrence of welding situations in production are adequate to ensure that the
most skilled welders are used in areas of limited accessibility. The staff
concludes that as such welds are inspected, qualification of the welders making
acceptable welds occurs automatically under the Code because the welders have
demonstrated their capability to make the welds under limited access condi-
tions. These controls satisfy the quality standards requirements of GDC 1 and
50 and 10 CFR 50.55a.

The controls imposed on weld cladding of low-alloy steel components by austen-
itic stainless steel are in accordance with RG 1.43, " Control of Stainless Steel
Weld Cladding of Low-Alloy Steel Components." These controls provide reasonable
assurance that the practices that could result in underclad cracking will be
restricted. The controls also satisfy the quality standards requirements of
GDC 1 and 30 and 10 CFR 50.55a.

The controls to avoid stress corrosion cracking in RCPB components constructed
of austenitic stainless steel limit yield strength of cold-worked austenitic,

! stainless steel to 90,000 psi and satisfy, to the extent practical, the recom-
| mendations of RGs 1.44 and 1.37, " Quality Assurance Requirements for Cleaning

of Fluid Systems Associated Components of Water Coolant Nuclear Plants." The
alternate approaches taken by the applicant were reviewed by the staff and are
acceptable (see Section 4.5.1).

The controls followed during material selection, fabrication, examination, pro-
tection, sensitization, and contamination, provide reasonable assurance that
the RCPB components of austenitic stainless steels are in a metallurgical con-
dition that minimizes susceptibility to stress corrosion cracking during ser-
vice. These controls meet the requirements of GDC 4 relative to compatibility
of components with environmental conditions and the requirements of GDC 14
relative to prevention of leakage and failure of the RCPB.

,

!

! The controls imposed during welding of austenitic stainless steels in the RCPB
satisfy, to the extent practical, RGs 1.31, 1.34, and 1.71. The alternative*

approaches taken by the applicant were reviewed by the staff and are acceptable
(see Section 4.5.1). These controls provide reasonable assurance that welded
components of austenitic stainless steel did not develop microfissures during
welding and have high structural integrity. These controls meet the quality
standards requirements of GDC 1 and 30 and 10 CFR 50.55a and satisfy the re-
quirements of GDC 14 relative to prevention of leakage and failure of the RCP8.

.

.
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5.2.4 Reactor Coolant Pressure Boundary Inservice Inspection and Testing

5.2.4.1 Compliance with the Standard Review Plan

The Beaver Valley Unit 2 review under SRP 5.2.4 is continuing because the appli-
cant has not submitted a complete preservice inspection (PSI) program and has
not completed the PSI examinations. The staff review to date was conducted in
accordance with the SRP except as discussed below.

.

The review according to SRP 5.2.4.II.3 will be done when the complete Beaver
Valley Unit 2 PSI program has been received.

The review according to SRP 5.2.4.II.4 has not been done because this area ap-
plies only to inservice inspections (ISIS), not to PSI. This subject will be
addressed during review of the ISI program after licensing.

The review according to SRP 5.2.4.II.5 has been done. The applicant has incor-
porated ASME Code Article IWB-3000, " Acceptance Standards for Flaw Indica-
tions," into the PSI program. However, ongoing NRC generic activities and
research projects indicate that the presently specified ASME Code procedures
may not always be capable of detecting the acceptable size flaws specified in
the IWB-3000 standards. For example, ASME Code procedures specified for volu-
metric examination of the reactor vessel, bolts and studs, and piping have not
proven to be capable of detecting the acceptable size flaws in all cases. The
staff will continue to evaluate the development of new or improved procedures
and will reauire that these improved procedures be made a part of the inservice
examination requirements. The applicant's repair procedures based on ASME Code
Article IWB-4000, " Repair Procedures," have not been reviewed. Repairs are
not generally necessary in the PSI program. This subject will be' addressed
during the staff review of the ISI program.

The review under SRP 5.2.4.II.7 has not been completed because the applicant
has not provided the specified information. ASME Code Paragraph IWB-1220 es-
tablishes criteria for exempting certain categories of welds from volumetric
and surface examination. Neither the FSAR nor the PSI program identifies any
such exemptions.

The review according to SRP 5.2.4.II.8 has not been completed because the ap-
plicant has not identified all limitations to examination. As the PSI pro-
gresses, specific areas in which ASME Code examination requirements cannot be
met will be identified. The complete evaluation of the PSI program will be
presented in a supplement to this SER after the applicant submits the required
examination information, identifies all plant-specific areas in which ASME Code
Section XI requirements cannot be met, and provides a supporting technical
justification.

5.2.4.2 Examination Requirements

GDC 32 requires, in part, that components of the RCPB be designed to permit
periodic examination and testing of important areas and features to assess
their structural and leaktight integrity. To ensure that no deleterious de-
fects develop during service, selected welds and weld heat-affected zones
(HAZs) will be examined periodically..

-
,
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.The design of the ASME Code Class 1 and 2 components of the RCPB incorporates
provisions for access for inservice examinations, as required by Paragraph
IWA-1500 of Section XI of the ASME Code. 10 CFR 50.55a(g) defines the detailed irequirements for the preservice and inservice programs for light-water-cooled
nuclear power facility components. Based on the construction permit (CP) date
of May 3, 1974, components (including supports) that are classified as ASME
Code Class 1 and 2 must meet the preservice examination requirements in the
editions of Section XI of the ASME Code and addenda in effect 6 months before
the date of issuance of the CP. The components (including supports) may meet
requirements in subsequent editions of the Code and addenda that are incorporated
by reference in 10 CFR 50.65a(b), subject to the limitations and modifications
listed therein. It is the intent of the applicant to comply with the PSI re-
quirements of the 1980 edition of the Code, including addenda through winter
1980, except where specific relief is requested. The initial ISI program must
comply with the requirements of the latest edition and addenda of Section XI of
the ASME Code in effect 12 months before the date of issuance of the OL, sub-
Ject to the limitations and modifications listed in 10 CFR 50.55a(b).
5.2.4.3 Evaluation of Compliance with 10 CFR 50.55a(g)

The staff has cumpleted its review of the information in the FSAR through
Amendment 7 and the partial PSI program submitted June 29, 1984. The applicant
har voluntarily updated the preservice examination requirements for Beaver
Valley Unit 2 based on the 1980 ASME Code, Section XI, through the winter 1980
addenda.

The staff has reviewed the PSI program for the systems and components within
the RCPB. However, the applicant must provide information on the following:

(1) The PSI program should contain a list of components subject to examination
and a description of the welds exempted from examination in accordance
with IW8-1220 and IWC-1220 and include the criteria for exemption. In
addition, the staff needs the examination isometric drawings to determine
the acceptability of the sample of welds selected to be examined.

(2) FSAR Table 5.2.1 states that the reactor coolant pipe wil be fabricated
from either SA 376 Grade 304N (wrought stainless steel) or SA 351 Grade
CF8A (cast stainless steel), and the reactor coolant pipe fittings will
be fabricated from SA 351 Grade CF8A. The applicant should address the
effectiveness of the required ultrasonic examinations to detect poten-
tial inservice degradation of the cast stainless weldments in the RCPB
piping and fittings.

The specific areas where the Code requirements cannot be met will be identified
after the examinations are performed. The applicant has committed to identify
all plant-specific areas where the Code requirements cannot be met and provide
a supporting technical justification for requesting relief. The staff will
complete its review after the applicant

(1) dockets an acceptable resolution to the above issues
(2) dockets a complete and acceptable PSI program
(3) submits all relief requests with a supporting technical justification

.
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The staff considers the review of the Beaver Valley Unit 2 PSI program an open
issue subject to the applicant providing the above items. At a public meeting
between the staff and the applicant on December 12, 1984, the applicant indi-
cated that the PSI program document is scheduled ta be completed in April 1985.
Evaluation of the response will be reported in a supplement to the SER.

The initial ISI program has not been submitted t,y the applicant. This program
will be evaluated after the applicable ASME Code edition and addenda can be
determined based on 10 CFR 50.55a(b), but before inservice inspection begins
during the first refueling outage.

5.2.4.4 Conclusions

The conduct of periodic examinations and hydrostatic testing of pressure-
retaining components of the RCPB, in accordance with the requirements of
Section XI of the ASME Code and 10 CFR 50, will provide reasonable assurance
that structural degradation or loss of leaktight integrity occurring during
service will be detected in time to permit corrective action before the safety
functions of a component are compromised. Compliance with the preservice and
inservice examinations required by the Code and 10 CFR 50 constitutes an ac-
ceptable basis for satisfying the inspection requirements of GDC 32.

This review was done with the assistance of personnel from INEL.

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection

A limited amount of leakage is to be expected from components forming the RCP8.
Means are provided for detecting and identifying this leakage in accordance
with GDC 30. Leakage is classified into two types, identified and unidenti-
fled. Components such as valve stem packing, pump shaft seals, and flanges are
not completely leaktight. Because this leakage is expected, it is considered
identified leakage and is monitored, limited, and separated from other leakage
(unidentified) by directing it to closed systems as identified in Position C.1
of RG 1.45, " Reactor Coolant Pressure Boundary Leakage Detection Systems."

In the containment building, identified leakage from valve stems, pump seals,
reactor vessel flanges, and pressurized relief valves is kept within a closed
system by being piped to the primary drains transfer tank or pressurizer relief
tank. Flow or temperature devices are provided in the leakoff lines to indi-
cate the source of leakage. The primary drains transfer tank and the pressur-
izer relief tank are monitored for pressure, temperature, and water level.
Leakage collected in these tanks is pumped to the radioactive gaseous waste
system or the boron recovery system through flow-monitoring devices.

All RCPB leakage in the containment structure that is not collected in the pri-
mary drains transfer tank or in fae pressurizer relief tank is collected in the
unidentified leakage sump. Unidentified leakage is monitored by seismic Cate-
gory I, Class 1E sump level instrumentation in both the incore instrumentation
sump and containment sump, and by the sump pump run time monitoring system.
(This system is capable of detecting a 1 gpm change in the leakage rate into
the sump within 1 hour.) Indications, alarms, and ways to determine leak rate
in gallons per minute are provided in the control room. Thus, RG 1.45, Posi-
tion C.2, regarding collection of unidentified leakage and flow monitoring is.

met. -

,
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Unidentified leakage is also detected by containment airborne particulate ra-
dioactive monitors and containment gaseous radioactive monitors. These moni-
tors respond to the increase in airborne radioactivity resulting from leakage.
Indications and alarms are provided in the control room and operate continu-
ously to detect high activity in the containment. The time to detect reactor
coolant leakage by airborne particulate and gaseous radioactive monitors de-
pends on reactor coolant activity, level, location of leakage, leak rate, and
background concentration from previous leakage. The sensitivity of the con-
tainment atmosphere radiation monitors is such that leaks of 1 gpm are detected
in less than 1 hour. The radiation monitors are seismic Category I and are
located in flood and missile protected structures. As a backup, unidentified
leakage is also detected by pressure, temperature, and humidity monitors that
are capable of detecting a 5 gpm leak rate in less than 1 hour under normal
operating conditions. Indications and alarms are provided in the control room.
Thus, the system satisfies GDC 2 and RG 1.29, Positions C.1 and C.2, and
RG 1.45, Positions C.3, C.5, and C.6, regarding methods of unidentified leak
detection, sensitivity, and capability to perform its function following an
earthquake.

For intersystem monitoring, radiation monitors are used u detect reactor cool-
ant leakage into the primary component coolant water system supplying the RHR
heat exchangers, letdown heat exchangers, and reactor coolant seal water and
thermal barrier heat exchangers. Leakage through steam generator tubes is de-
tected by radiation monitors in the condenser air ejector vent line and by
using the sampling system. Safety injection accumulator leakage is detected by
level and pressure instruments provided for each accumulatc r. Further, the
periodic sampling of the accumulators and other piping condcting to the RCS is
utilized to detect intersystem leakage to the safety injec.;:icn system. Thus,
RG 1.45, Position C.4, regarding intertystem leakaga'is su icfied.

The applicant has provided indicators and alarms for each leak detection system
in the control room as well as provisions for testing and calibration during
plant operation. Procedures for converting various indicators to a common
leakage equivalent are available to the operators.' Thus, Positions C.7 and C.8
of RG 1.45, regarding instruments and alarms and provisions for testing and
calibration are satisfied.

The applicant has stated that the plant Technical Specifications would provide
limiting conditions for identified and unidentified leakage, thus satisfying
RG 1.45, Position C.9.

The leakage detection systems provided to detect leakage from components of the
RCPB furnish reasonable assurance that structural degradation that may develop
in pressure-retaining components of the RCPB will be detected on a timely basis
so that corrective actions can be taken before such degradation could become
sufficiently severe to jeopardize the safety of the system, or before the leak-
age could increase to a level beyond the capability of the makeup system to
replenish the loss.

On the basis of the above evaluation, the staff concludes that RCPB leakage
detection systems are diverse and provide reasonable assurance that primary
system leakage (both identified and unidentified) will be detected and will
meet GDC 2 and 30 with respect to protection against natural phenomena and pro-
visions for RCPB leak detection and identification. They also will meet,
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RG 1.29, Positions C.1 and C.2, and RG 1.45, Positions C.1 through C.9, with
respect to seismic classification and RCPB leakage detection system design.
They are, therefore, acceptable. The detection of leakage through the RCPB
meets SRP 5.2.5.

5.3 Reactor Vessel

5.3.1 Reactor Vessel Materials

5.3.1.1 Materials and Fabrication

The staff has reviewed the reactor vessel materials and finds them acceptable,
meeting GDC 1, 4, 14, 30, 31, and 32; the materials testing and monitoring re-
quirements of Appendices B, G, and H of 10 CFR 50; and 10 CFR 50.55a. This
conclusion is based on the following.

The materials used for construction of the reactor vessel and its appurtenances
have been identified by specification and found to be in comformance with Sec-
tion III of the ASME Code. Special requirements of the applicant with regard
to control of residual elements have been identified and are considered accept-
able. Compliance with the above Code provisions for material specifications
satisfies the quality standards requirements of GDC 1 and 30 and 10 CFR 50.55a.

Ordinary processes were used for the manufacture, fabrication, welding, and
nondestructive examinations of the reactor vessel and its appurtenances. Non-
destructive examinations in addition to ASME Code requirements were also per-
formed. Since the applicant certified that the requirements of Section III of
the ASME Code have been compiled with, the processes and examinations used are
considered acceptable. Compliance with these Code provisions meets the quality
standards requirements of GDC 1 and 30 and 10 CFR 50.55a.

When components of ferritic steels are welded, Code controls are supplemented
by conformance with the recommendations of regulatory guides as follows:

(1) The controls imposed on welding preheat temperatures are in conformance,
to the ex' tent practical, with RG 1.50, " Control of Preheat Temperature for
Welding of Low-Alloy Steel." The alternative approaches taken by the ap-
plicant were reviewed by the staff and are acceptable (see Section 5.2.3).
These controls provide reasonable assurance that components made from
low-alloy steels did not crack during fabrication and the potential for
subsequent cracking is minimized. These controls also satisfy the quality
standards requirements of GDC 1 and 30 and 10 CFR 50.55a.

(2) RG 1.34, " Control of Electroslag Weld Properties," is not applicable be-
cause electroslag welding was not used in fabricating the reactor vessel.

(3) The controls imposed during weld cladding of ferritic steel components are
in conformance with RG 1.43, " Control of Stainless Steel Weld Cladding of
Low-Alloy Steel Components." The welding process used provides reasonable
assurance that underclad cracking did not occur during weld cladding.
These controls satisfy the quality standards requirements of GDC 1 and 30
and 10 CFR 50.55a.
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When compor.ents of austenitic stainless are welded, Code controls are supple-
mented by conforming with the recommendations of regulatory guides as follows:

,

(1) The controls imposed on delta ferrite in austenitic stainless steel welds
satisfy, to the extent practical, RG 1.31, " Control of Ferrite Content in i
Stainless Steel Weld Metal." The alternative approaches taken by the ap-
plicant have been reviewed by the staff and are acceptable (see Sec-
tion 4.5.1). The controls used provide ' reasonable assurance that the welds
do not contain microcracks. These controls also satisfy the quality stan-
dards requirements of G0C 1 and 30 and 10 CFR 50.55a, and the requirements
of GDC 14 regarding fabrication to prevent rapid propagating failure of ,

>

the RCPB.

(2) RG 1.34 is not applicable because electroslag welding was not used in fab-
ricating the reactor vessel. *

<

The controls (during all stages of welding) to avoid contamination and sensiti- -

zation that could cause stress corrosion cracking in austenitic stainless steels
conform with the recommendations of applicable regulatory guides as follows:

(1) The controls to avoid contamination and excessive sensitization of
austenitic stainless steel satisfy, to the extent practical, RG 1.44,
" Control of the Use of Sensitized Stainless Steel." The alternative ap-
proaches taken by the applicant have been reviewed by the staff and are
acceptable (see Section 4.5.1).

The controls used provide reasonable assurance that welded components were
not contaminated or excessively sensitized before and during the weld-
ing process. These controls satisfy the quality standards requirement of
GDC 1 and 30 and 10 CFR 50.55a, and the GDC 4 requirement relative to ma-
terial compatibility. I

(2) The controls regarding onsite cleaning and cleanliness controls of
austenitic stainless steel are in conformance with RG 1.37, " Quality As-
surance Requirements for Cleaning of Fluid Systems and Associated Compo-
nents of Water-Cooled Nuclear Power Plants," or the applicant's alternative
approaches are acceptable to the staff, as discussed in Section 4.5.1.
These controls provide reasonable assurance that austenitic stainless

1

steel components were properly cleaned on site and that Appendix B of
10 CFR 50 regarding controls for on site cleaning of materials and

;
components is satisfied. '

Integrity of the reactor vessel studs and fasteners is ensured by conforming,
to the extent practical, to RG 1.65, " Materials and Inspections for Reactor
Vessel Closure Studs." The applicant's alternative approaches of (1) using a
modified SA-540, Grade B-24, for closur) stud material which is allowed by Code i

Case 1605, and (2) not specifying a maximum ultimate tensile strength and rely-
ing on the bolting material's low allow steel chemistry, heat treatment, and

i toughness requirements to control ultimate tensile strength are acceptable to
[ the staff. Compliance with these recommendations and the applicant's alterna-
i tive approaches satisfy the quality standards requirements of GDC 1 and 30 and
( 10 CFR 50.55a; the prevention of fracture of the RCPB requirement of GDC 31; '

| and the requirements of Appendix G (10 CFR 50), as detailed in the provisions
[ of the ASME Code, Sections II and III..

p
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5.3.1.2 Fracture Toughness

The staff has reviewed the fracture toughness of ferritic reactor vessel and
RCPB materials and the materials surveillance program for the reactor vessel
beltlines according to SRP 5.2.3.II.3.a and SRP 5.3.1.II.5, II.6, and II.7
(Appendices G and H to 10 CFR 50).

GDC 31 requires, in part, that the RCPB be designed with sufficient margin to
ensure that when stressed under operating, maintenance, testing, and antici-
pated transient conditions, the boundary behaves in a no3 brittle manner, and
the probability of rapidly propagating fracture is minimized. GDC 32 requires,
in part, that the RCPB be designed to permit an appropriate material surveil-
lance program for the reactor pressure vessel. The fracture and toughness re-
quirements were reviewed in accordance with 10 CFR 50, Appendix G, " Fracture
Toughness Requirements," and Appendix H, " Reactor Vessel Materials Surveillance
Program Requirements."

5.3.1.3 Compliance with 10 CFR 50.55(a)

The edition and addenda of the ASME Code that are applicable to the design and
fabrication of the reactor vessel and RCPB components are specified in 10 CFR
50.55(a). The ASME Code edition and addenda that are required depend upon the
date the CP was issued. The Beaver Valley Unit 2 CP was issued on May 3, 1974.
On the basis of the CP date, 10 CFR 50.55(a) requires that ferritic materials
used for the reactor vessel be constructed to editions that are no earlier than
the winter 1971 addenda to the 1971 ASME Code and that ferritic materials used
in piping, pumps, and valves be constructed to editions no earlier than the
winter 1972 addenda to the Code. The ferritic materials meet all the above
requirements.

BTP MTEB 5-2 requires that the fracture toughness of ferritic RCPB materials
be assessed to the requirements of the Code, as augmented by Appendix G to
10 CFR 50. The staff has addressed how the ferritic RCPB materials conform
to the above requirements in its review of the applicant's compliance with
Appendix G to 10 CFR 50,

5.3.1.4 Compliance with Appendix G, 10 CFR 50

On the basis of its review of the applicant's submittal, the staff has deter-
mined that the fracture toughness requirements of Appendix G to 10 CFR 50 have
been met.

5.3.1.5 Compliance with Appendix H, 10 CFR 50

The materials surveillance program at Unit 2 will monitor changes in the frac-
ture toughness properties of ferritic materials in the reactor vessel beltlins
region resulting from exposure to neutron irradiation and the thermal environ-
ment, as required by GOC 32. The Unit 2 surveillance program, which must be in

compliance with Appendix H to 10 CFR 50, requires that fracture toughness data
be obtained from material specimens that are representative of the limiting
base, weld, and heat-affected zone materials in the beltline region. These
data will permit the determination of the conditions under which the vessel can

,

be operated with adequate margins of safety against fracture throughout its,

*

.
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service life. On the basis of the information supplied by the applicant, the
staff has determined that the Unit 2 surveillance program has met all the re-
quirements of Appendix H to 10 CFR 50,

5.3.1.6 Conclusions Regarding Compliance with Appendices G and H, 10 CFR 50

On the basis of its review, the staff concludes that the applicant has met the
fracture toughness requirements of Appendices G and H to 10 CFR 50.

Appendix G, " Protection Against Nonductile Failure," to Section III of the ASME
Code, will be used, together with the fracture toughness test results required
by Appendices G and H to 10 CFR 50, to calculate the pressure-temperature limi-
tations for the reactor vessel.

The fracture toughness te:,ts required by the ASME Code and Appendix G of
10 CFR 50 will provide reasonable assurance that adequate safety margins against
the possibility of nonductile behavior or rapidly propagating fracture can be
established for all pressure-retaining components of the reactor coolant boundary.
The use of Appendix G to Section III of the ASME Code as a guide in establishing
safe operating procedures and the use of the results of the fracture toughness
testr 7erformed in accordance with the ASME Code and NRC regulations will provide
adequate safety margins during operating, testing, maintenance, and anticipated
transient conditions. Compliance with ti.ese Code provisions and.NRC regulations
constitutes an acceptable basis for satisfying the fracture toughness requirements
of GDC 31.

The materials surveillance program required by Appendix H to 10 CFR 50 provides
information on the effects of irradiation on material properties so that changes
in fracture toughness of material in the reactor vessel beltline can be properly
assessed and adequate safety margins against the possibility of vessel failure
can be provided.

Compliance with Appendix H to 10 CFR 50 ensures that the surveillance program
will be capable of monitoring radiation-induced changes in the fracture tough-
ness of the reactor vessel material and satisfies the materials surveillance
requirements of GDC 32.

5.3.2 Pressure-Temperature Limits

Appendices G and H to 10 CFR 50 describe the conditions that require pressure-
temperature limits for the RCP8 and provide the general bases for these limits.
These appendices specify that pressure-temperature limits must provide safety
margins for the RCPB at least as great as the safety margins recommended in
Appendix G to Section III of the ASME Code. Appendix G to 10 CFR 50 requires
additional safety margins whenever the reactor core is critical, except for
low-level physics tests.

The following pressure-temperature limits imposed on the RCPB during operation
and tests are reviewed to ensure that they provide adequate safety margins
against nonductile behavior or rapidly propagating failure of ferritic compo-
nents, as required by G0C 31:

(1) preservice hydrostatic tests.

(2) inservice leak and hydrostatic tests,
,

.
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(3) heatup and cooldown operations
(4) core operation

The pressure-temperature limit curves that were submitted for review are in
compliance with Appendi'x G to 10 CFR 50.

The pressure-temperature limits to be imposed on the reactor coolant system for
all cperating and testing conditions must have adequate safety margins against
nonductile or rapidly propagating failure and must be in conformance with es-
tablished criteria, codes, and standards. The use cf operating limits based on
these criteria--as defined by applicable regulations, codes, and standards--
provides reasonable assurance that nonductile or rapidly propagating failure
will not occur, and will constitute an acceptable basis for satisfying GDC 31,

5.3.3 Reactor Vessel Integrity

Although most areas are reviewed separately in accordance with other review
plans, reactor vessel integrity is of such importance that a special summary
review of all factors relating to reactor vessel integrity is warranted. In
this section, this staff addresses the fracture toughness of ferritic reactor
vessel and RCPB materials, the pressure-temperature limits for cperation of the
reactor vessels, and the materials surveillance program for the reactor vessel
beltline. The acceptance criteria and references that are the basis for the
evaluation are in SRP 5.3.3.II.1, II.6, and II.7 (Appendices G and H, 10 CFR 50).

The staff has reviewed the factors contributing to the structural integrity'of-

the reactor vessel and concludes that the applicant has complieu with Appen-,

'

dices G and H to 10 CFR 50. Thus, the staff concludes that there are no special
considerations that make it necessary to consider potential reactor vessel frac-
ture for Deaver Valley Unit 2.

5.4 Component and Subsystem Design

5.4.1 Pump Flywheel Integrity

The safety objective of this review is to ensure that the integrity of the pri-
mary reactor coolant pump flywheel is maintained to prevent failure at normal
operating speeds and speeds that might be reached under accident conditions
and thus preclude the generation of missiles.

The basis for review is outlined in SRP 5.4.1.1 and RG 1.14, which describes
and recommends a method acceptable to the staff for implementing GDC 4 with
regard to minimizing the potential for failure of reactor coolant pump
flywheels.

The flywheel consists of two thick plates bolted together. Each plate is fabri-
cated from SA-533, Grade 8, Class 1 steel. The flywheel material is produced
by a process that minimizes flaws in the material and improves its fracture
toughness properties. The materials as well as finished flywheels are subjected
to 100% volumetric ultrasonic inspection using procedures and acceptance stan-
dards specified in Section III of the ASME Code.

The nil-ductility transition temperature (NDTT) of the flywheel material is no
higher than 10*F. The Charpy V-notch energy level is at least 50 ft-lb at

.
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70*F in both the parallel and normal orientation with respect to the rolling
direction of the flywheel material. Hence, the reference temperature, RT
of 10*F can be assumed. NDT'

The calculated stresses at the operating speed from centrifugal forces and the
interference fit on the shaft are within the limit specified in RG 1.14. The
pump runs at about 1190 rpm and may operate briefly at an overspeed up to 109%
during the loss of outside load. The design speed is 125% of the operating
speed. The flywheels are also tested at 125% of the maximum synchronous speed
of the motor. The combined stresses at the design overspeed from interference
fit and centrifugal forces are within the RG limit.

The flywheels can be inspected by removing the cover; hence, any crack that
developed can be noticed. The inservice inspection program follows the require-
ments of Section XI of the ASME Code and the recommendations of RG 1.14.

5.4.2 System Generators

5.4.2.1 Steam Generator Materials

The staff concludes that the steam generator materials specified are acceptable
and meet GDC 1, 14, 15, and 31, and Appendix 8 to 10 CFR 50.

The applicant has met GDC 1 with respect to codes and standards by ensuring
that the materials selected for use in ASME Code Class 1 and Class 2. components
were fabricated and inspected in conformance with codes, standards, and speci-
fications acceptable to the staff. Welding qualification, fabrication, and
inspection during manufacture and assembly of the steem generators were done in
confo.mance with Sections III and IX of the ASME Code.

The applicant has met GDC 14 and 15 with regard to ensuring that the RCP8 and
associated auxiliary systems have been designed, fabricated, erected, and tested
so they have an extremely low probability of abnormal leakage, of rapid fail-
ure, and of gross rupture during normal operation and anticipated operational

; occurrences.
!

The primary side of the steam generator is designed and fabricated to comply
with ASME Code Class 1 criteria, as required by the staff. The secondary side
pressure boundary parts of the steam generator are designed, manufactured, and
tested to ASME Code Class 2.

The crevice between the tubesheet and the inserted tube is minimal because the
tube was expanded to the full depth of insertion of the tube in the tubesheet.
The expansion and subsequent positive contact pressure between the tube and the
tubesheet preclude a buildup of impurities in the crevice region and reduce the
probability of crevice boiling.

The applicant has met GDC 31 with respect to the fracture toughness of the
ferritic materials because the pressure boundary materials of ASME Code Class 1
components of the steam generators will comply with the fracture toughness re-
quirements and tests of Paragraph N8-2300 of Section III of the Code.
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The materials of the ASME Code Class 2 components of the steam generators will
comply with the fracture toughness requirements of Paragraph NC-2300 of Sec-
tion III of the Code.

The requirements of Appendix 8 of 10 CFR 50 have been met because the onsite
cleaning and cleanliness control,s during fabrication conform to RG 1.37, or the
applicant's alternative approaches are acceptable to the staff, as discussed in
Section 4.5.1. The controls placed on the secondary coolant chemistry are in
agreement with staff's technical positions.

Reasonable assurance of the satisfactory performance of the steam generator
tubing and other generator materials is provided by the design provisions and
the manufacturing requirements of the ASME Code and rigorous secondary water
monitoring and control. The controls described above--combined with confor-
mance with applicable codes, standards, staff positions, and regulatory guides--
constitute an acceptable basis for meeting, in part, GDC 1, 14, 15, and 31 and
Appendix B to 10 CFR 50.

5.4.2.2 Steam Generator Tube Inservice Inspection

The SRP recommends that the applicant perform examinations based on RG 1.83,
" Inservice Inspection of PWR Steam Generator Tubes," and the applicable Stan-
dard Technical Specifications. The applicant has committed to perform the ex-
amination of the steam generator tubes in accordance with RG 1.83, Revision 1,
as described in FSAR Section 1.8.

GDC 32 requires, in part, that components that are part of the RCPB be designed
to permit periodic examination and testing of important areas and features to
assess their structural and leaktight integrity. The steam generators have
been designed to meet the ASME Code requirements for Class 1 and 2 components.
Provisions also have been made to permit inservice inspection of the Class 1
and Class 2 components, including ind.<idual steam generator tubes. The design
aspects that provide access for examination and the proposed inspection program
must comply with the requirements of Section XI of the ASME Code and follow the
recommendations of RG 1.83, Revision 1, and NUREG-0452, Revision 2, with re-
spect to the examination methods to be used, provisions for a baseline examina-
tion, selection and sampling of tubes, inspection intervals, and actions to be
taken if defects are identified.

FSAR Section 16.2 states that the Technical Specifications have been deferred
pending finalization of the plant design, to ensure maximum consistency with
the Standard Technical Specifications.

In accordance with NUREG-0452, Revision 2, the applicant must perform a pre-
service examination of the full length of each tube in each steam generator<

using eddy-current techniques to establish the baseline condition of the tub-
ing. The examination is to be performed before initial power operation, using
the equipment and techniques expected to be used during subsequent inservice
examinations.

The staff considers the examination of the steam generators an open issue, con-
tingent on the applicant's meeting the requirements of the applicable Standard
Technical Specification.

.
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Conformance wth RG 1.83, NUREG-0452, and the inspection requirements of Sec-
tion XI of the ASME Code constitutes an acceptable basis for meeting, in part,
the requirements of GDC 32.

This review was done with the assistance of personnel from INEL.

5.4.38

5.4.4*

5.4.5*

5.4.6 Reactor Core Isolation Cooling System

This SRP section applies to BWRs only.

5.4.7 Residual Heat Removal System

The design of the residual heat removal system (RHRS) has been reviewed in ac-
cordance with SRP 5.4.7 and Branch Technical Position (BTP) RSB 5-1. Conform-
ance with the acceptance criteria, except as noted, formed the basis for the
staff's conclusion that the design of the RHRS is acceptable.

The RHRS has two independent cooling trains that are designed for a pressure of
600 psig and a temperature of 400*F. Each train has a 4000 gpm pump and a heat
exchanger that is designed to transfer 29 million 8tu/hr to the component cool-
ing water. The pumps, heat exchangers, and isolation and control valves are
located inside containment. Each train of this RHRS is powered by an essen-
tial, separate power supply. In the event of a failure of the power supply,
the applicant states that it is possible to switch the power source for the
operation of the isolation valves from the failed power supply to the function-
ing one. There are safety grade flow meters and low-f, low alarms connected to
each of the two trains.

The RHRS operates in the following modes:

(1) Cooldown

The RHRS removes heat from the RCS after the system pressure and temperature
have been reduced to approximately 400 psig and 350'F, respectively, by the
steam and power conversion system. Under normal conditions, with two trains
operating, it will take about 24 hours to get the reactor coolant temperature
down to 140*F. If only one train is operating, it will take about 31 hours to
get the reactor coolant temperature down to 212*F.

(2) Cold Shutdown

The RHRS removes fission product decay heat to maintain cold shutdown
conditions.

* Sections dealing only with background data were deleted from the July 1981
revision of the SRP (NUREG-0800). The section numbers are retained here to

- provide continuity in numbering and to ensure a close correlation between
subsequent SER sections and their associated SRP sectior.s.
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(3) Refueling

The RHRS transfers water between the refueling cavity and the refueling water
storage tank (RWST) at the beginning and end of the refueling operations.

(4) Startup

The RHRS acts as an alternate letdown path to control RCS pressure. In this
mode, the RHRS is connected to the chemical and volume control system (CVCS)
via the low pressure letdown line.

5.4.7.1 Functional Requirements

BTP RSB 5-1 stipulates that the design of a plant shall'be such that the plant
can be taken to cold shutdown by using only safety grade systems and that these
systems shall satisfy GOC 1 through 5. In this regard, FSAR Section 5.4.7.2.5
states that the entire RHRS is designed as safety Class 2, with the exception
of the portions that form a part of the RCS pressure boundary, which are de-
signed as Class 1. -

Compliance with GDC 1, quality assurance aspects of safety grade systems, is
addressed in Section 17.1. Compliance with GOC 2, design bases for safety
grade systems, is addressed in Section 3.2. Compliance with GDC 3, fire pro-
tection of safety grade systems, is addressed ir. Section 9.5.1. Compliance
with GDC 4, environmental and missile protection design for safety grade sys-
tems, is addressed in Sections 3.5 and 3.11.

Because Units 1 and 2 do not share RHR systems, GDC 5 is complied with.

To comply with the re~dundancy criteria of GOC 34, the RHRS has two independent
trains. Leak detection for the RHRS is discussed in Section 5.2.5 of this SER.
Isolation valve and power supply redundancy are discussed under separate topics
in this section.

The stcff has reviewed the description of the RHRS and the piping and instru-
nentation diagrams to verify that the system can be operated with or without
offsite power and assuming a single failure. The two RHR pumps are connected
to separate buses that can be powered by separate diesel generators in the
event of loss of offsite power, assuming a single failure. The two RHR pumps
are connected to separate buses that can be powered by separate diesel genera-
tors in tha event of a loss of offsite power. Thus a single failure--such as
that of a pump, valve, or heat exchanger--will still allow the operation of one
train. However, in the inlet of each train there are two motor-operated valves
(MOVs) for isolating the RHRS from the higher pressure RCS. The two MOVs in
each train are connected to separate Class 1E electrical buses. Thus a failu v
of o!e of the electrical buses could prevent water flow in both RHRS trains.
To circumvent this single-failure mode, the FSAR states that the electric power
source for the MOV in each train that is not powered by the same bus that pow-
ers the pump can be transferred to the other bus. The acceptability of this
transfer method is discussed in Section 7.6 of this SER.

GDC 19 states that a control room shall be provided from which actions can be
taken to maintain the plant in a safe condition under accident conditions,

.
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including loss-of-coolant accidents (LOCAs). SRP 5.4.7 stipulates that the con-
trol of the RHRS be such that the cooldown function can be performed from the
control room, assuming a single failure of any active component, with only
either onsite or offsite electric power available. Any operation required out-
side the control room is to be justified by the applicant.

FSAR Section 5.4.7.2.7 states that the RHRS is designed to be fully operable
from the control room for normal operation, and FSAR Section 5.4.7.2.3 states
that the RCS can be taken from no-load temperature and pressure to cold condi-
tions with only onsite or offsite power available, assuming the most limiting
single failure. Section 5.4.7.2.3 also states that as a backup to the isola-

.

tion valves on the emergency core cooling system (ECCS) accumulators, there are !
redundant, Class 1E, solenoid-operated valves to ensure that any accumulator
may be vented, should it fail to be isolated from the RCS.

FSAR Section 5.4.7.2.6 states that in the event of such a failure, RHRS opera-
tion could be initiated by defeating the failed interlock by manual actions
either at the solid-state protection system cabinet or at the affected motor
control center. This could cause considerable delay in initiating RHRS opera-tion. The applicant states that during this delay the auxiliary feedwater sys-
tem (AFWS) and the steam generator PORVs could be used to continue to cooldown
of the plant.

As described in FSAR Section 10.4.9.2, there are secondary seismic Category I
water supplies for the AFWS. The ultimate supply is the service water system
(SWS). Once this is connected, the AFWS could be used for core cooling. In
the event of a large-break LOCA, the ECCS, in conjunction with the recirculation
coolers, could be used to continue to cool down the plant while these manual
actions were being taken outside the control room. On this basis, the staff
finds this action outside the control room acceptable.

FSAR Section 5.4.7.1 states that the RHRS is designed to reduce the temperature
of the reactor coolant from 350*F to 140*F in approximately 24 hours. With
only one train in service, it will take approximately 31 hours to go from 350*Fr

to 212*F. The cooldown time of 31 hours with one RHRS train is acceptable. With
'

the stated 4-hour time for cooldown from standby to RHRS conditions, Beaver
Valley Unit 2 can be brought to cold shutdown within a reasonable period of
time with or without offsite power.

5.4.7.2 RHRS Isolation Requirements

The RHRS valving arrangement is designed to provide adequate protection to the
RHRS from overpressurization when the RCS is operating at high pressure.

There are two separate and redundant motor-ooerated isolation valves (MOVs)
between each of the two RHRS pump suction 1.nes and the RCS hot legs. These
valves are separately and independently interlocked to prevent valve opening
until the RCS pressure falls to less than 425 psig. If the valves are open,
they are separately, diversely, and independently interlocked to close when the
RCS pressure rises above 750 psig. Each one of the four RHRS suction MOVs is
aligned to a separate motor control center. One MOV in each suction line is

!,
powered from a separate power train. Thus, a single failure will not prevent
isolation of the RHRS.

{ .
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FSAR Amendment 3 addresses the possibility of water trapped between the two
isolation valves at a low temperature being heated and causing overpressuri-
zation. The appilcant has concluded that the maximum obtainable presstre
would be 400 psi, and the staff finds this response acceptable.

There are a motor-operated isolation valve and a check valve in each of the
RHRS discharge lines. The MOV valve is interlocked with a pressure signal to
prevent its being opened whenever the RCS pressure is greater than 425 psig and
to automatically close if the RCS pressure increases to 750 psig. The controls
for the isolation of each discharge line are independent. The check valve islocated in the ECCS portion of the discharge line.

The staff finds that the design of the RHRS isolation system satisfies BTP
RS8 5-1 and is acceptable.

5.4.7.3 RHRS Pressure Relief Requirements

Overpressure protection for the RHRS is provided by a pressure relief valve in
each inlet line. At its set pressure, this relief valve is designed to relieve
the combined full flow of two charging pumps. Fluid flowing through thesevalves goes into the pressurizer relief tank. The evaluation of compliance of
these values with NUREG-0737 Item !!.0.1 is in Section 3.9.3 of this SER.

In response to a question on what will alert the operator to the opening of the
RHRS relief valves, the appitcant responded in FSAR Amendment 3 that the opera-
tor would be alerted by either a high pressure alarm or a high-level alarm from
the pressurizer relief tank. An outline of the procedures the operator would
follow for such an event was included in the response. The staff finds thisresponse acceptable.

For RHRSs with automatic isolation, BTP RSB 5-1 calls for adequate pressure-
relief capacity while the isolation valves are closing. FSAR Amendment 3
states that additional pressure-relief capacity is provided by the low-
temperature overpressure protection system. The staff finds this responseacceptable.

5.4.7.4 RHRS Pump Protection

The RHRS pumps are protected from overheating and loss of suction flow by
miniflow bypass lines that ensure flow to the pump suction. A throttling valve
located in each miniflow line is adjusted and locked in place during initial
system alignment to ensure required miniflow at all times. A pressure sensor
in each pump discharge header provides a signal for an indicator in the control
room. A high pressure alarm is also actuated by the pressure sensor. There
are low-flow alarms to alert the operator to turn off the pumps if the suction
isolation valves close while the discharge isolation valves remain open. ,

,

In the responses in FSAR Amendment 3 the applicant states that proper filling
and venting procedures will be followed to prevent waterhammer in the RHRS, and
just before RHR$ initiation, the RHRS will be cross-connected with the CVCS to
pressurize the RHRS. -

.

*
.
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5. 4. 7. 5 Tests, Operational Procedures, and Support Systems

The plant preoperational and startup test program provides for demonstrating
the operation of the RHRS in conformance with RG 1.68, as specified in
SRP 5.4.7.III.12.

The adequacy of the mixing of borated water added to the RCS under natural cir-
culation and the ability to cool down the plant with natural circulation will
be verified by referencing the results of the BTP RSB 5-1 natural circulation
test at Diablo Canyon.

FSAR Section 5A.3.2 states that the boron that is needed to offset the decay of
xenon and the increase of reactivity during cooldown is provided by redundant
seismic Category I systems.

The staff has reviewed the component cooling water system (CCWS) to ensure that
sufficient cooling capability is available to the RHRS heat exchangers. The
acceptability of this cooling capacity and its conformance to GDC 44, 45, and
46 are discussed in Section 9.2.2.

The applicant states that the RHRS is housed in a structure that is designed to
withstand tornadoes, floods, and seismic phenomena, and that there are no MOVs
in the RHRS that are subject to flooding af ter a LOCA or steamline-break
accident.

Conformance with GDC 4 and RG 1.46 for withstanding pipe whip inside contain-
ment is discussed in Section 3.6. (The entire RHRS is located inside the reac-
tor containment.)

The applicant, following SRP 5.4.7.II.D.1, has demonstrated that suitable plant
systems and procedures are available to place the plant in a cold shutdown con-
dition with only offsite or onsite power available within a reasonable period
of time following shutdown, assuming the most limiting single failure.

5.4.7.6 Conclusions

The RHR function is accomplished in two phases: the initial cooldown phase and
the RHRS operation phase. In the event of loss of offsite power, the initial
phase of cooldown is accomplished by use of the auxiliary feedwater system and
the atmospheric dump valves. This equipment is used to reduce the RCS tempera-
ture and pressure to values that permit operation of the RHRS. The review of
the initial cooldown phise is discussed in Section 10.3. The review of the
RHRS operational phase is discussed below.

The RHRS removes core decay heat and provides long-term cooling following the
initial phase of reactor cooldown. The scope of review of the RHR$ included
piping and instrumentation diagrams, failure modes and ef fects analysis, and
design performance specifications for essential components. The review has
included the applicant's proposed design criteria and design bases for the
RHRS, as well as the applicant's analysis of the adequacy of these criteria and
bases and the conformance of the design to these criteria and bases.

The staff concludes that the design of the RHRS is acceptable and meets the
relevant criteria of GDC 2, 5,19, and 34. The applicant has met GDC 2 with,

,
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respect to Position C.2 of RG 1.29 concerning the seismic design of systems,
structures, and components whose failure could cause an unacceptable reduction
in the capability of the RHRS.

Because Units 1 and 2 do not share RHR systems, GDC 5 is complied with.

Except as noted above, the applicant has met GDC 19 with respect to the main
control room criteria for normal operations and shutdown and has met GDC 34,
which specifies criteria for the RHRS, by meeting BTP RSB 5-1.

5.4.8 Reactor Water Cleanup System

This SRP section applies to BWRs only.

5.4.9*

5.4.10*

5.4.11 Pressurizer Relief Tank (Pressurizer Relief Discharge System) *

The pressurizer relief discharge system consists of the pressurizer relief
tank, the discharge piping from the pressurizer relief and safety valves, the
relief tank internal spray header, the tank nitrogen supply, the vent to con-
tainment, and the drain to the liquid radwaste or boron recovery system. The
system is not safety related (quality Group 0, nonseismic Category I) and is
not part of the RCPB because all its components are downstream of the RCS ,

safety and relief valves. Therefore, its failure would not affect the integrity
of the RCP8.

The pressurizer rel'ief tank is sized to absorb the energy content of 110% of
the full power pressurizer steam volume through the primary relief and safety
valves. Other relief valve discharges to the pressurizer relief tank include
these from the RHRS and from the CVCS. Releases from these sources are less
than the design-basis release from the pressurizer. The internal spray and
bottom drain on the pressurizer relief tank are used to cool the water within
the tank. A nitrogen blanket is also provided in the tank to permit expansion
of entering steam and to control the tank internal atmosphere. If a discharge
exceeding the design basis should occur, the rupture disks on the tank would
pass the discharge through the tank to the containment.

The contents of the tank can be drained to the waste holding tank in the liquid
radwaste system or to the primary drains transfer tank in the boron recovery
system via the primary drains transfer pumps. The rupture disks on the pres-
surizer relief tank have a capacity equal to or greater than the combined ca-
pacity of the pressurizer safety valves. The tank and the rupture disk holders
are designed for full vacuum to prevent collapse .f the contents cool following
a discharge without nitrogen being added. The pressurizer relief tank is pro-
vided with instrumentation to indicate and alarm hi0h tank pressure, high tem-
perature, and high and low water levels in the control room.

.

" Sections dealing only with background data were deleted from the July 1981
revision of the SRP (NUREG-0800). The section numbers are retained here to
provide continuity in numbering and to ensure a close correlation between-

subsequent SER sections and their associated SPP sections.
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The tank is separated from safety-related equipment so that its failure would
not compromise the capability to safely shut down the p'lant, and further, no
missile hazard is presented should the disk rupture. Thus, GDC 2 and 4 and
RG 1.29, Positions C.2 and C.3, are satisfied.

On the basis of its review, the staff concludes that the pressurizer relief
discharge system meets GDC 2 and 4 with respect to the need for protection
against natural phenomena and internal missile protection because its failure
does not affect safety system functions. It also meets RG 1.29, Positions C.2

{ and C.3, concerning its seismic classification. It is, therefore, acceptable.
The pressurizer relief tank meets SRP 5.4.11.

5.4.12 Reactor Coolant System High Point Vents

10.CFR 50.44(c)(3)(lii) requires that all light-water reactors have high point
vents on the reactor coolant system and on the reactor vessel head. This re-
quirement is supplemented by SRP 5.4.12 and NUREG-0737 Item II.B.1. The appli-
cant has provided information on the RCS high point vent system in FSAR Sec-
tions 5.4.13 and 5.4.15.

The Unit 2 vent system consists of three pressurizer vent paths with PORVs and
block valves and a reactor vessel head vent with two parallel flow paths, with
redundant isolation valves in each flowpath. (The pressurizer vent paths with
PORVs and block valves are evaluated in Section 5.2 above.)

FSAR Section 5.4.15 states that the active portion of the system reactor vessel
head vent (RVHV) consists of four 1-inch open/close solenoid-operated isolation
valves connected to a 1-inch vent pipe located near the center of the reactor
vessel head. The piping and equipment from the vessel head vent up to and in-
cluding the second isolation valve in each flowpath are designed and fabricated
in accordance with ASME Code Section III, Class 1 requirements. The piping and
equipment in the flowpaths from the second isolation valves to the modulating
valves are designed and fabricated in accordance with ASME Code Section III,
Class 2 requirements. The isolation valves in one flowpath are powered by one
vital power supply, and the valves in the second flowpath are powered by a sec-
ond vital power supply. The isolation valves are fail-closed, normally closed
valves. The system is operated from the control room. The isolation valveshave stem position switches. The position indication from each valve is moni-
tored in the control room by status lights.

fhe applicant states that a break of the RVHV system would result in a small
1.0CA, with a break not greater than 1-inch in diameter. This event is bounded
by the spectrum of pipe breaks considered in Section 15 of this SER.

The applicant has evaluated the possibility of inadvertent actuation of the
RVHV system and states that no single component failure, operator error, or
test and maintenance action could cause inadvertent opening or a failure to
close after opening. The staff has reviewed the system design and concurs with
the applicant's conclusion.

The applicant has met the requirements of 10 CFR 50.44(c)(3)(iii) by (1) pro-
viding vent paths for the vessel head and pressurizer, (2) providing remote
operation from the control room, (3) providing environmentally and seismically,

qualified components and power sources for the vent systems, and (4) taking,

4
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measures to provide a degree of redundancy to ensure venting operation and
minimize inadvertent or irreversible operation.

However before the vent system is considered fully operational, the applicant
must (1) complete operating procedures based on staff-approved guidelines,
(2) adopt operability requirements for the vent system in the plant Technical
Specifications, and (3) include the vent system in approved inservice testing|

and inspection programs.

.
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6 ENGINEERED SAFETY FEATURES

6.1 Materials
{
I6.1.1 Engineered Safety Features Materials.

The staff concludes that the engineered safety features materials specified
are acceptable and meet GDC 1, 4, 14, 31, 35, and 41; Appendix B of 10 CFR 50;
and 10 CFR 50.55a.

The applicant has met GDC 1, 14, and 31 and 10 CFR 50.55a with respect to en-
suring an extremely low probability of leakage, of rapidly propagating failure,
and of gross rupture because the materials selected for the engineered safety
features (ESFs) satisfy Appendix I of Section III of the ASME Code; Parts A, B,
and C of Section II of the Code; and the staft position that the yield strength
of cold-worked stainless steels shall be less than 90,000 psi.

\In this time frame, the Code allowed waiving of impact testing of Classes 2 and <

3. However, based upon the results of impact testing of the same specification
steels by other applicants, and correlations of the metallurgical characteriza-
tion of these steels with the fracture toughness data presented in NUREG-0577,
the staff concludes that the fracture toughness properties of the ferritic mate-
rials in the ESFs have adequate margins against the possibility of nonductile
behavior and rapidly propagating fracture.

The con'trols on the use and fabrication of the autenitic stainless steel of the
systems satisfy RGs 1.31, " Control of Ferrite Content of Stainless Steel Weld
Metal," and 1.44, " Control of the Use of Sensitized Stainless Steel." The
alternate approaches taken by the applicant have been reviewed and are accept-
able to the staff (see Section 4.5.1). Fabrication and heat treatment practices
performed accordingly provide assurance that the probability of stress corrosion
cracking will be reduced during the postulated accident time interval.

Conformance with the codes, RGs, and the staff positions mentioned above con-
stitutes an acceptable basis for meeting GDC 1, 4, 14, 35, and 41; Appendix B
to 10 CFR 50; and 10 CFR 50.55a.

The applicant has met GDC 1, 14, and 31 and Appendix B to 10 CFR 50 with respect
to ensuring that the reactor coolant pressure boundary (RCPB) and associated
auxiliary systems have an extremely low probability of leakage, of rapidly prop-
agating failure, and of gross rupture. The controls placed on concentrations
of leachable impurities of nonmetallic thermal insula'. ion usea on components of
the ESFs are in accordance with RG 1.36, " Nonmetallic Thermal Insulation for
Austenitic Stainless Steels,".or the applicant's alternative approaches are

,

acceptable to the staff, as di1 cussed in Section 5.2.3. Compliance with RG 1.36
forms a basis for meeting GDC 1, 14, and 31.

Protective coating systems are discussed in Section 6.1.2.

_
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The applicant has met GDC 4, 35, and 41 and Appendix B to 10 CFR 50 with respect
to compatibility of ESF components with environmental conditions associated with
normal operation, maintenance, testing, and postulated accidents, including
loss-of-coolant accidents (LOCAs).

The controls on the pH and the chemistry of the reactor containment sprays and
the emergency core cooling water following a loss-of-coolant or design-basis
accident are adequate to reduce the probability of stress corrosion cracking
of austenitic stainless steel components and welds of the ESF systems in con-
tainment throughout the postulated accident to completion of cleanup.

The controls of the pH of the sprays and cooling water, in conjunction with
controls on selection of containment materials, are in accordance with RG 1.7,
" Control of Combustible Gas Concentrations in Containment Following a Loss-of-
Coolant Accident," and provide assurance that the sprays and cooling water will
not (1) give rise to excessive hydrogen gas evolution resulting from corrosion
of containment metal or (2) cause serious deterioration of the materials in
containment.

The controls placed on component and system cleaning are in accordance with
RG 1.37, " Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," or the applicant's
alternative approaches have been reviewed and approved by the staff, as dis-
cussed in Section 4.5.1. These controls provide a basis for the finding that
the components and systems have been protected against damage or deterioration
by contaminants as stated in the cleaning requirements of Appendix B to 10 CFR 50.

Postaccident Emergency Cooling Water Chemistry

This section of the staff review is related to providing and maintaining the
proper pH of the containment sump water and recirculated containment spray
water following a design-basis accident to reduce the likelihood of stress
corrosion cracking of austenitic stainless steel.

The applicant will use borated water with a concentration of 2100 ppm boron
from the refueling water storage tank (RWST) during the initial injection phase
of containment spray. The borated water will be mixed with a 23% by weight
sodium hydroxide solution from the chemical addition tank. The resulting solu-
tion will have a pH greater than 7, and will drain to the containment sump.
Mixing is achieved as the solution is continuously recirculated from the sump
to the containment spray nozzles during the recirculation phase of containment
spray.

The staff evaluated the pH of the water (mixture of refueling water storage
tank and sodium hydroxide solution) in the containment sump and verified, by
independent calculations, that sufficient sodium hydroxide is available to
raise the containment sump water pH above the minimum 7.0 level to reduce the

| probability of stress-corrosion cracking of austenitic stainless steel compo-
nents. The removal effectiveness of the chemical additive for fission products'

in containment is reviewed in Section 6.5.2. The staff will review the surveil- :

i lance requirements in the plant Technical Specifications to verify that suffi- |

cient sodium hydroxide is maintained in the containment spray additive tank.'
i

| l
.
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On the basis of the above evaluation, the staff concludes that the postaccident
emergency cooling water chemistry meets the minimum pH acceptance criterion of
SRP 6.1.1, BTP MTE8 6-1, and GDC 14. It is, therefore, acceptable.

6.1. 2 Protective Coating Systems (Paints)--Organic Materials

This evaluation is conducted to verify that protective coatings applied inside
containment meet the testing requirements of American National Standards Insti-
tute (ANSI) N101.2, " Protective Coatings (Paints) for Light Water Nuclear Reactor
Containment Facilities" (1972), and the quality assurance guidelines of RG 1.54,
" Quality Assurance Requirements for Protective Coatings Applied to Water-Cooled
Nuclear Power Plants."

Compliance with these requirements provides assurance that the protective coat-
ings will not fail under design-basis acciderit (DBA) conditions and will not
generate significant quantities of solid debris or combustible gas that could
adversely affect the engineered safety features.

The description of organic material and protective coating systems inside con-
tainment has been reviewed in accordance with SRP 6.1.2.

The applicant referenced the Westinghouse alternatives to RG 1.54 for the pro-
tective coatings on nuclear steam supply system (NSSS) equipment inside con'tain-
ment. This information was documented in Westinghouse letter NS-CE-1352, dated
February 1, 1977, and was accepted by the NRC staff.

For the balance of plant inside containment, the applicant has committed to use
protective coating systems that meet the testing requirements of ANSI N101.2
(1972) and conform to the quality assurance guidelines of RG 1.54. The organic
materials under DBA conditions are reviewed in Section 6.2.5.

On the basis of its evaluation, the staff concludes that the protective coating
systems and their applications are acceptable and meet the requirements of Appen-
dix B to 10 CFR 50. This conclusion is based on the applicant's having met the
quality assurance requirements of Appendix B to 10 CFR 50 because the coating
systems and their applications meet RG 1.54 and ANSI N101.2. Also, the contain-
ment coating systems have been evaluated as to their suitability to withstand a
postulated DBA environment. The coating systems chosen by the applicant have
been qualified under conditions that take into account the postulated DBA
conditions.

The control of combustible gases that can potentially be generated from the
organic materials and from qualified and unqualified paints is reviewed in
Section 6.2.5. The consequences of solid det:ris that can potentially be formed
from unqualified paints are reviewed in Section 6.2.2.

6.2 Containment Systems

The Beaver Valley Unit 2 containment systems include the containment structures
and associated systems, such as the containment heat removal systems, contain-
ment isolation system, and containment hydrogen control system, that function
to prevent or control the release of radioactive fission products that might be
released into the containment atmosphere following a postulated LOCA, secondary

,

system pipe rupturo, or fuel handling accident..
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6.2.1 Containment Functional Design

62.1.1 Containment Structure

The containment structure for Beaver Valley uses the subatmospheric containment
concupt and houses the NSSS, including the reactor coolant system (RCS), asso-
ciated auxiliary systems, and certain components of the plant ESF systems.

The containment is a steel-lined, reinforced concrete structure with an internal
free volume of about 1,800,000 ft3 T.5e maximum and minimum internal design
pressures of the containment structure are 45 psig and 8 psia, respectively,
and the design temperature is 280 F (see also Section 3.8).

During normal operation, the containment structure is maintained at a subatmos-
pheric pressure (about 9 to 12 psia). In the event of a high-energy line
break accident, the containment would be depressurized and a subatmospheric
condition re established within 60 minutes; this condition would be maintained
for at least 30 days following an accident.

(1) Maximum Pressure / Temperature and Depressurization Analyses

The applicant has performed containment response analyses for a spectrum of
postu. lated reactor coolant system and secondary system pipe ruptures to verify
the containment functional design (i.e., the acceptability of the containment
design pressure and containment depressurization criterion) and to establish
the pressure and temperature conditions for environmental qualification of
safety-related equipment located inside containment. The containment functional
analyses include the peak containment pressure analysis and the containment
depressurization analysis.

With respect to the peak containment pressure analysis, the LOCAs analyzed by
the applicant (RCS pipe breaks) include a spectrum of hot leg and cold leg (pump
suction and pump discharge) breaks, up to and including the double-ended rupture
of the largest reactor coolant line. The spectrum of secondary system pipe
breaks analyzed by the applicant includes double ended and split breaks of the
main steamline at different reactor power levels (102%, 70%, and 30% of full
power, and the hot shutdown condition). A single failure analysis is not neces-
sary for the peak containment pressure evaluation because the peak pressure for
each case analyzed occurs before active ESF systems can influence the results.
The DBA for peak containment pressure (containment integrity DBA) was determined
to be the double-ended guillotine break in the hot leg'(hot leg double-ended
rupture, HLDER). The peak containment pressure calculated by the applicant
(using the Stone and Webster LOCTIC computer code) was 44.7 psig, which is below
the containment design pressure of 45 psig. The applicant also performed a sen-
sitivity study and found that the initial conditions that result in the highest
peak calculated pressure are the maximum initial containment pressure (11.6 psia),
maximum initial containment temperature (105 F), and maximum initial containment
dewpoint (105*F) (relative humidity). These are the limiting values that will
be allowed by the Technical Specifications.

The staff has performed a confirmatory analysis of this DBA using the CONTEMPT-
LT/28A computer code. The results of the staff's analysis are in good agreement

- with the applicant's results.
.

.
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For the secondary system pipe break analysis, the applicant analyzed a spectrum
of main steamline break (MSLB) accidents covering different double-ended rup-
tures (DERs) and split breaks of the main steamline, and reactor operating power
levels from hot shutdown to full power. For the DER, the forward flow area
(effective break area) is limited to 1.4 ft2 by a flow restrictor in the main
steamline. Two different single active failures were considered: the failure
of a main steam isolation valve (MSIV) to close and the failure of an emergency
bus to energize (causing the failure of one ESF train, which results in minimum
containment heat removal capability). Redundant valves are provided for auto- -

matic isolation of the main feedwater lines. The highest containment pressura,
41.2 psig, was calculated for a full DER at 30% power, with an MSIV failure and
with an initial containment pressure of 11.6 psia and initial containment dry
bulb and dewpoint temperatures of 105 F. The highest containment temperature,
333*F, was calculated for a 0.707-ft2 split break at 30% power, assuming either
an MSIV failure or emergency bus failure, with an initial containment pressure
of 9.11 psia, initial dry bulb temperature of 105*F, and initial dewpoint
temperature of 55 F. The staff has performed a confirmatory analysis of the
MSLB (full DER at 30% power) using the applicants' mass and energy release data.
The results of the staff's analysis indicate reasonable agreement with the
applicant's calculation.

With respect to the containment depressurization analysis, only pump suction
ruptures were determined to be of concern because they produce the highest
energy flow rates during the post-blowdown period. The DBA for maximum depres-
surization time and subatmospheric peak pressure (containment depressurization
DBA) was found to be the double-ended rupture of the pump suction line (PSDER),
with minimum ESF (loss of offsite power and emergency diesel generator failure
resulting in the loss of one ESF train--i.e. , one charging pump, one safety
injection pump, one quench spray pump, and two containment recircula' tion pumps
with associated coolers). The applicant also performed a sensitivity study and
found that the initial conditions that result in the maximum depressurization
time are initial containment pressure of 9.85 psia, initial containment temper-
ature of 85*F, initial containment dewpoint of 85*F, service water temperature
of 86*F, and RWST temperature of 50 F. These are the limiting values that will
be allowed by the Technical Specifications. The applicant calculated a maximum
containment depressurization time of 3480 seconds, which is within the design
limit of 3600 seconds, and a subatmospheric peak pressure of -0.08 psig. A
barometric pressure of 14.36 psia was used in the analysis. This value is based
on climatological data for Pittsburgh (U.S. Dept. of Commerce, Weather Bureau,
1963-64 local climatological data, Pittsburgh, Pennsylvania, Greater Pittsburgh
Airport) adjusted to plant grade. The staff also performed a confirmatory con-
tainment depressurizatfor, analysis based on initial conditions and analytic
parameters given by the applicant and finds the applicant's calculated maximum,

containment depressurization time is conservative.

The staff's review of the applicant's containment response analysis has included
the postulated reactor coolant system and secondary system pipe breaks, initial
conditions, and input parameters and assumptions. However, the methodology used
to calculate the mass and energy release rate data for the LOCA has not been
reviewed because of a lack of information (see Section 6.2.1.3). Therefore,
the staff cannot complete its review of the applicant's analysis at this time.
This will be a confirmatory item.
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(2) Protection Against Damage from External Pressure

The containment structure is designed to withstand the external (differential)
pressure load as a result of a postulated inadvertent actuation of the contain-
ment quench spray system during normal plant operation. The maximum pressure
differential is based on the difference between the maximum barometric pressure
and the minimum attainable internal containment pressure. The applicant cal-
culated a minimum internal pressure of 8.0 psia for this postulated event.

The staff has reviewed the applicant's analysis and has found that the appli-
cant's assumptions regarding initial containment conditions and containment
quench spray system operation tend to minimize the containment pressure (e.g.,
minimum initial air partial pressure, maximum initial containment temperature,
and final containment temperature equal the minimum RWST temperature). On the
basis of the conservative analysis performed by the applicant, the staff con-
cludes that the containment external (differential) pressure design basis is
acceptable.

6.2.1.2 Subcompartment Analysis

Subcompartment analyses are required to determine the acceptability of the
design differential pressure loadings on containment internal structures from
high-energy line ruptures. The af.plicant has performed the necessary subcom-
partment analyses for the reactor cavity, steam generator compartments, and
the pressurizer compartment, where high-energy line ruptures are postulated to
occur. The applicant has developed models for each subcompartment, with a se-
lected pipe break location, type and size, and initial conditions that result
in maximum differential pressure loads on the subcompartment walls.

The applicant used the THREED computer program to analyze the pressure tran-
sients in the reactor cavity, the steam generator compartment, and the pressur-
izer compartment. The staff's confirmatory analysis is based on the COMPARE-
MOD 1A computer code.

The mass and energy release rate data used in the subcompartment analyses were
calculated using the SATAN-VI computer program, which is described in WCAP-8312A.
The methodology described in WCAP-8312A has been approved by the staff.

A separate discussion and review of the analyses of the reactor cavity and steam
generator and pressurizer compartments are presented below.

(1) Reactor Cavity Analysis

The reactor cavity is a heavily reinforced concrete structure that performs the
dual function of providing reactor vessel support and radiation shielding. For
the reactor cavity analys;s, the applicant postulated a 150-in.2 cold leg limited
displacement rupture (LDR) at the reactor vessel nozzle. The staff has reviewed
the applicant's analysis and concurs in the selection of the design-basis pipe
break, contingent on the acceptability of the mechanically constrained limit on
the pipe break size (see Section 3.6).

The reactor cavity subcompartment model employed by the applicant was developed
to account for all important obstructions to flow. This model is consistent
with the recommendations concerning nodalization that are in NUREG/CR-1199,
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"Subcompartment Analysis Procedures Report." The staff h'as examined the appli-
cant's nodalization model and finds that it is in accordance with the current
NRC guideline as specified in NUREG/CR-1199. It is, therefore, acceptable.

The applicant calculated a peak differential pressure load on the reactor cavity
wall of 115.9 psid for the design-basis 150-in.2 LDR. The selection of the
break size, location, and the use of restraints to limit the break area are dis-
cussed in Section 3.6. The assumed initial conditions were' chosen to maximize
the differential pressure responses.

The staff performed a confirmatory analysis using the COMPARE-M00 1A computer
code. This analysis showed that the applicant's result is conservative.

The applicant also calculated the dynamic forces and moments on the reactor
pressure vessel (RPV) as a result of postulated pipe ruptures in the reactor *

cavity (see FSAR Section 5.4.14.3.1.1). The staff has reviewed the applicant's
analytical approach, including methods and modeling for calculating asymmetric
loads, and finds that it conforms with NUREG-0609, " Asymmetrical Blowdown Loads
on PWR Primary Systems." The staff's review of the structural aspects of the
applicant's calculation of forces and moments on the RPV is discussed in
Section 3.6.

(2) Steam Generator Subcompartment Analyses *

Steam generator cubicle 2 was selected as the representative steam generator
cubicle (all three steam generator cubicles are similar in design). The appli-
cant analyzed three RCS breaks in the steam generator compartment to evaluate
loads on the subcompartment walls and component supports. Main steamlines are
not routed through the steam generator cubicles and are, therefore, not consid-
ered in the analysis. The three pipe ruptures analyzed include a 360-in.2 LOR
at the steam generator outlet nozzle, a 180-in.2 LDR at the RCP outlet nozzle,
and a 707-in.2 longitudinal intrados split break at the steam generator inlet
elbow. These breaks were chosen from the nine breaks in the applicant's sensi-
tivity study as being limiting cases that envelop conditions resulting from all
nine breaks. The staff has reviewed the spectrum of postulated breaks analyzed
by the applicant and finds them acceptable.

The applicant's nodalization scheme of the steam generator subcompartment was
developed to take into account all significant physical obstructions to flow.
The staff has reviewed the applicant's model and finds it acceptable. The

.results of the applicant's analyses predict a peak differential pressure of
12.9 psid for the design-basis 707-in.2 longitudinal intrados split break.

(3) Pressurizer Subcompartment Analyses

The applicant considered three breaks for the pressurizer cubicle and the
pressurizer relief tank cubicle: a spray line DER in the upper pressurizer
cubicle, a surge line DER at the pressurizer nozzle, and a surge line OER in
the pressurizer relief tank cubicle. The applicant's nodalization models of
the pressurizer subcompartment were developed to take into account all critical
restrictions to flow. The staff has reviewed the applicant's models and the
spectrum of postulated breaks and finds them appropriately conservative and
acceptable.

.
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The results of the applicant's analysis of the spray line DER in the upper
pressurizer cubicle gave a peak differential pressure of 18.07 psid across the
pressurizer nodal boundary surface.

6.2.1.3 Mass and Energy Release Analysis for Postulated Loss-of-Coolant
Accidents

,

The applicant calculated the mass and energy release rate data for reactor
coolant system pipe breaks at three break locations including the hot leg piping
between the reactor vessel and steam generator, the cold leg piping at the pump
suction, and the cold leg piping at the pump discharge. The results indicate
the pump suction break is the worst case for long-term containment depressuriza-
tion, and the hot leg break is the worst case for containment peak pressure
(see FSAR Table 6.2-4). The applicant assumed minimum safeguards in determin-

i

ing the mass and energy releases (i.e., the loss of one emergency diesel re' ult-s
ing in minimum safety injection). The staff has reviewed the applicant's spec-
trum of breaks, the description of the LOCA transient models, and the single
failure considerations, and finds them acceptable.

The applicant's mass and energy release analysis is considered in four phases:
blowdown, refill, reflood, and post-reflood. The blowdown phase is the phase
of the accident during which most of the energy contained in the reactor coolant '

. system is released to the containment. The applicant used the SATAN-VI computer
code to determine the mass and energy addition rates to the containment during
the blowdown phase of the accident. The model used for the blowdown transient
is described in a Westinghouse letter (NS-TMA-2075 (Anderson, April 25, 1979))
that is currently under staff review. At this time, the staff is not in a post-
tion to complete its review of the blowdown methodology; thus this is a confir-
matory item pending the completion of the review.

The applicant has neglected the time delay due to lower plenum refill for con-
tainment analysis. Instead, the applicant has conservatively assumed that the
bottom of the core is covered immediately after the end of blowdown.

The analysis of the reflood phase of the accident is important to pipe ruptures
in the reactor coolant system cold legs because the steam and entrained liquid
carried out of the core for these break locations pass through the steam gener-
ators; this constitutes an additional energy source. The steam and entrained
water leaving the core and passing through the steam generators will be evapo-
rated and/or superheated to the temperature of the steam generator secondary
fluid. The rate of energy release to the containment during the reflood phase
is proportional to the core flooding rate. The rupture of the cold leg at the
pump suction results in the highest mass flow through the core and thus through
the steam generators.

For the core reflood phase of the accident, when the core is filling with water,
the applicant calculated mass and energy release rates using the modified
WREFLOOD code. This model also is described in Westinghouse letter NS-TMA-2075
(under staff review in conjunction with the review of the SATAN-VI code). Staff
acceptance of this model is a confirmatory item pending the receipt of outstand-
ing information and completion of the staff's review.

Beaver Valley 2 SER 6-8



_. - - __. . _ - _ - - - . - - - - - - _ . _ . . _ _ . .- _-

. . - . - - - -

!

|

The applicant has included consideration of a possible additional energy release
to the containment during the post reflood phase. The post-reflood phase begins4 -

after the core has been recovered with water. During this phase, the generation
, of decay heat will produce boiling in the core, and a two phase mixture of steam
i and water will exist. In calculations performed by the FROTH code, the appli-
| cant assumed that this two phase mixture of steam and water rises above the core
! and enters the steam generators. By this process, the remainder of the avail-

able steam generator energy is removed by boiling the water entrained in the)

two phase mixture and is carried into the containment as steam. In calculating
! the rate of energy removed from the steam generators, the applicant has used
! the maximum steam flow based on the hydraulic resistance of the system and the
! maximum steam generator heat transfer. A portion of the steam that flows through

the unbroken loops through the emergency core cooling system (ECCS) injection,

i points is assumed to be quenched before it exits to the containment. The mass
and energy rates calculated by FROTH are used in the containment analysis to

: the time of containment depressurization.
i

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary System,

Pipe Ruptures

The applicant has computed the mass and energy release rates for postulated<

I main steamline breaks using the MARVEL computer code (WCAP-8843, 1977), which
j was previously approved by the staff. The MARVEL code describes the primary <

and secondary systems of a PWR, including the peaer excursion that may occur in
! the core following an MSLB. The code calculates heat flow from the core and

intact steam generators into the primary system, as well as heat flow from the
primary system into the affected steam generator. The primary system heat flow

i produces additional steam that is added to the containment. It is assumed that
j the flow from the break contains no entrained liquid so that the break flow is

pure steam. This assumption maximizes the energy release to the containment.,

The analysis includes the blowdown of steam from the intact steam generators
before the isolation valves close and from the unisolated steamlines and tur-,

bine plant piping. Feedwater flow is added to the affected steam generator
based on the reduction in the discharge pressure calculated by the MARVEL code.
No credit is taken for any feedwater flow reduction when the valves are closed.'

The unisolated feedwater mass is added to the steam generator inventory during
i the blowdown.

In the applicant's mass and energy release analysis, the unisolated feedwater:

| line volume between the steam generator and the isolation valve was included
; as a source for additional high energy fluid to be discharged through the pipe

break. Addition of auxiliary feedwater to the affected steam generator was
'

! assumed to start at time zero and continue until manually stopped by the plant
i operator. The applicant has considered the long-term blowdown of the water

supplied by the auxiliary feedwater system. Auxiliary feedwater flow to the
affected steam generator is limited to 43 lb,/sec by passive flow control

! devices installed in the line to each steam generator, and, for the analysis,
i is assumed to be manually terminated 30 minutes after the break. The blowdown

rate is also limited by the rate at which water is added to the steam generator
from the auxiliary feedwater system (if the main feedwater isolation valve in>

i the broken loop fails to close, main feedwater will be terminated by the feed-
water control valve). The staff has found that the applicant's analysis hasi

| adequately considered the long-term blowdown of water supplied by the auxiliary
'

feedwater system, in accordance with the guidelines of IE Bulletin 80-04.a
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6.2.1.5 Minimum Contairment Pressure Analysis for Emergency Core Cooling
System Performance Capability Studies

Appendix K to 10 CFR 50 requires that the con'tainment pressure used for evalu-
ating core cooling effectiveness during reactor vessel reflood shall not exceed
a pressure calculated conservatively for this purpose. The calculation must
include the effect of operation of all installed containment pressure-reducing
systems and processes. The corresponding reflood rate in the core will then be
reduced, because lessened containment pressure reduces the resistance to steam

, flow in the reactor coolant loops and increases the boiloff rate from the core.

The applicant has performed the required containment back pressure calculation, ;:

as addressed in FSAR Section 6.2.1.5, using the methods and assumptions described '

in Appendix A to WCAP-8339, for the limiting case LOCA, which is the double-ended
i cold leg guillotine break (CD = 0.4)*. Mass and energy release rates for this

break were calculated using the method described in FSAR Section 15.6.5. This
method is evaluated separately in Section 6.3.5 of this SER.

The staff has reviewed the applicant's input parameters used in the minimum
containment pressure analysis including initial containment conditions, con-
tainment net free volume, containment active heat removal, passive heat sinks,
and heat transfer to passive heat sinks, and found them to be acceptably conser-; .

vative and in conformance with BTP CSB 6-1.

6.2.1.6 Summary and Conclusions

On the basis of its review, the staff concludes that the applicant has met
GOC 13, 16, 38, and 50 with the following exception:

The method used by the applicant to compute the mass and energy release-

rates from postulated reactor coolant system pipe breaks for the contain-
ment analysis has not yet been approved by the staff.

6.2.2 Containment Heat Removal Systems

The function of the containment heat removal systems is to remove heat from the
1
'

containment atmosphere to limit, reduce, and maintain at acceptably low levels
'

the containment temperature and pressure following a LOCA or MSLB. In addition
to providing heat removal by passive means such as heat transfer to containment
structures and components, the Beaver Valley Unit 2 design includes active con-
tainment heat removal systems (CHRSs). The active CHRS includes two spray
systems--namely, the quench spray system (QSS) and the recirculation spray sys-
tem (RSS). The containment air coolers are not included in the CHRS. The CHRS
is designed to depressurize the containment to a subatmospheric condition with
I hour. For a discussion of the fission product removal function of the CHRS,
see Section 6.5.

The QSS is composed of two redundant 100% capacity trains, each containing a
quench spray pump, a chemical injection system, and riser pipe leading to two
spray headers. The two trains connect to the two common 360-degree spray
headers in parallel with risers 180 degrees apart. There are a total of 159

*The break found to produce the highest peak cladding temperature.'
,
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SPRAC0 model 1713A nozzles on the two quench spray ring headers, 120 nozzles on
the lower header and 39 nozzles on the upper header. Each quench spray pump is
rated at 3000 gpm of spray flow to the spray headers. Both spray pumps operat-
ing together can supply approximately 4500 gpm to the spray headers. The QSSis designed to spray cold borated water into the containment from the RWST no
later than 83 seconds after receipt of a containment isolation Pha w 8 signal'

(CIB). Sodium hydroxide solution from the chemical additive tank (CAT) is added
to the quench spray by means of the chemical injection system upon receiving a
CIB signal. Once the quench spray discharge has ended, flow from the chemical

! injection pump is automatically diverted to the containment sump.

The RSS is designed to provide additional depressurization of the containment
and to maintain the containment at a subatmospheric condition in the long term
following the accident. The RSS consists of two 360-degree spray ring headers
and four pumps and heat exchangers. Each spray ring header contains 292 SPRACO
model 1713A nozzles and is fed by two risers, with each riser originating from
one of the recirculation coolers.

The two redundant recirculation spray pumps that feed each header are each
supplied with emergency power from separate diesel generators. Each RSS pump
takes suction from the containment sump at approximately 3480 gpm (50% heat
removal capacity). The RSS is capable of operating in the postaccident environ-
ment to maintain a subatmospheric pressure for 30 days following a high-energy
line break.

~The RSS pumps are started automatically about 628 seconds after receipt of a
CIB signal, and the spray becomes effective about 714 seconds after the CIB
signal. When the water in the RWST reaches a predetarmined low level, the flow'

from two of the RSS pumps is automatically diverted to the cold leg recircula-
tion mode of ECCS.

The CHRS satisfies the provisions of RG 1.26, " Quality Group Classifications
for Water, Steam and Radioactive-Waste Containing Components of Nuclear Power
Plants," and 1.29, " Seismic Design Classifications," for engineered safety
features. The applicant has provided testing information (in FSAR Section 14.2)

: in accordance with RG 1.68 demonstrating the ability of the quench spray system'

and recirculation spray system to function following a postulated single active
failure.

RG 1.82, " Sumps for Emergency Core Cooling and Containment Spray' Systems," pro-
vides design guidelines for containment sumps that are to serve as sources of
water for the ECCS and the containment spray system following a LOCA. The guide-

; lines address redundancy, location, and arrangement criteria, as well as debris !
screen provisions to ensure adequate pump performance. The staff has reviewed'

the Beaver Valley Unit 2 sump design against this guidance. i

. A single containment sump has been proviced; it is enclosed by a protective
' screen assembly that has a total screen area of about 150 ft2 Furthermore,

the containment sump is divided at the center line by screening and vertical
bars so that a failure of either half would not adversely affect the other half.
The redundant recirculation pump suctions are located in separate halves of the
sump. Therefore, even though the single sump design is not in accordance with

- RG 1.82 recommendations, the staff has concluded that adequate measures have
'

been taken to ensure that the RSS function will not be lost..
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The protective screen assembly provides three stages of screening: vertical
trash bars, a coarse mesh screen (3/4-inch opening), and a fine mesh screen
(3/32-inch opening). The fine mesh screen opening is smaller than the smallest
coolant passage gap in the reactor core and smaller than a spray nozzle orifice.
The screen assembly rises vertically approximately 5 feet above the containment
floor, and is arranged so that no single failure could result in the clogging
of all suction points of the recirculation spray system. Following a LOCA,
the top of the screen assembly would be under about 10 feet of water. System
design allows for 50% blockage of the sump screening without loss of function.

The applicant has conducted sump model testing at the Alden Research Laboratory,

using a one-third scale hydraulic model of the sump. The objective of the test-
ing was to evaluate the sump performance characteristics with a view toward
eliminating conditions that may be conducive to the formation of air entrainment
vortices and lowering the threshold containment water level at which vortex
formation would be expected to be completely suppressed. The' test program in- '

cluded two- and four pump operation, with up to 50% blockage of the sump screens
or trash racks and various far-field flow distributions and water levels. By
lowering the pump suction line inlets several inches and installing horizontal
gratings above the inlets, the containment water level for vortex-free opera-
tion was reduced from elevation 697 feet (with no blockage) to 693.8 feet (with'

up to 50% blockage of the screens or trash racks). (The maximum water level in
the containment following a LOCA would be 708.5 feet, and the lowest sump eleva-

| tion is 691 feet.)

The applicant states that in the long term following onset of a LOCA, when the
| sump structure is fully submerged, the average flow velocity at the sump screen

would be 0.31 foot /sec (assuming maximum safeguard equipment conditions and 50%
blockage of the screen area). RG 1.82 re;ommends a design velocity for the
coolant at the inner screen of about 0.2 foot /sec. Furthermore, the applicant
reports (Alden Research Laboratory, 1983) that initially, as the RWST water is
being discharged to the containment via the quench spray system and emergency
core cooling system, flow velocities on the floor of the containment would be
on the order of 1.7 feet per sec. The applicant further states that the veloc-
ity distribution would be such that reflective metallic type insulation (used,'

on most of the piping in the containment) would not be transported to the sump.
However, the Alden Research Laboratory reported in NUREG/CR-3616 that flow
velocities well below 1.7 feet /sec are capable of transporting the various
component parts of this type of insulation to the sump structures. In light of
this, the staff recommends that the applicant provide a debris generation and

: transport analysis that describes the transient behavior of the sump as the .

! water level in the containment is rising to justify the acceptability of the
50% sump blockage assumption throughout the accident. The staff consi.ders this
a confirmatory item and will report on its resolution in a supplement to this
SER.

The staff has reviewed the applicant's net positive suction head (NPSH) calcu-
lation submitted by letter dated February 21, 1984, and the updated results re-
ported in FSAR Amendment 5 (February 1984), which reflect the head loss across
the modified sump structure. The analysis shows the NPSH available to the re-
circulation pumps during.both the recirculation spray mode and the combined
recirculation spray and low head safety injection mode is always greater than'.

the required NPSH. At the beginning of the recirculation spray mode (when the
containment water level is low and conservatively calculated to be at 694 feet),
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the NPSH margin is calculated to be 0.9 foot (assuming minimum ESF operation to
achieve a higher flow rate and 50% blockage of the sump). The NPSH margin will
continue to increase as the containment water level rises to its maximum level.
The applicant has complied with RG 1.1 with one exception. RG 1.1 states that
containment heat removal systems should be designed so that adequate NPSH is
provided to system pumps, assuming maximum expected temperatures of pumped
fluids and no increase in containment pressure from that present before the
postulated LOCA. Instead, the applicant calculated the NPSH available (FSAR
Section 6.2.2.3.2) using a saturated sump model (the containment atmospheric
pressure is conservatively assumed to be equal to the vapor pressure of the
liquid in the sump, ensuring that credit is not taken for containment pressur-
17.ation during the transient). The staff has previously found the saturated
sump model to be conservative and, therefore, acceptable.

The staff has reviewed the information in the FSAR and in responses to staff
requests for additional information. The staff finds that the containment heat
removal systems satisfy GDC 38, 39, and 40; RG 1.1 or an acceptable alternative,
as defined above; and RG 1.82, except as note,d above.

6.2.3 Secondary Containment Functional Design

The Beaver Valley Unit 2 design does not include a secondary containment; there-
fore, this SRP section is not applicable.

6.2.4 Containment Isolation System

The containment isolation system (CIS? allows the normal or emergency passage
of fluids through the containment boundary while preserving the ability of the
boundary to prevent or limit the escape of fission products that may result
from postulated accidents. In general, for each fluid system penetration, at
least two barriers are required between the containment atmosphere or the re-
actor coolant system and the outside atmosphere, so that failure of a single
barrier will not prevent isolation of the containcent.

Centainment isolation for Beaver Valley Unit 2 is accomplished in two phases.
The containment isolation Phase A (CIA) signal isolates all nonessential system
lines penetrating the containment; it is initiated by any of the following:
(1) high containment pressure (Hi-1 setpoint); (2) low compensated steamline
pressure; (3) pressurizer low pressure; or (4) manual actuation. The CIB signal
isolates the component cooling water supply and return lines for the RCPs and
control rod drive mechanism shroud coolers and the service water lines to the
containment recirculation air coolers. The CIB signal is initiated by high
containment pressure (Hi-3 setpoint) or by manual actuation. The containment
isolation signals that initiate containment isolation functions are summarized
in Table 6.1. The applicant has documented that each system line having auto-
matic containment isolation valves that must be immediately isolated following
an accident is isolated by one of the signals in Table 6.1. Although the CIB
signal is not actuated by diverse parameters, it is acceptable because the
affected lines are considered important to the safe shutdown of the plant and
are capable of remote manual isolation. The staff concludes that adequate
diversity 'as been provided with regard to the different monitored parameters
that actuate containment isolation.

.
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The staff has reviewed the applicant's containment isolation system design
bases and containment isolation provisions as documented in FSAR Table 6.2-60 |

for conformance to GDC 54, 55, 56, and 57 and RG 1.11. The applicant's con-
tainment isolation system design is summarized as follows:

(1) There are at least two barriers between the atmosphere outside containment
and the atmosphere inside containment (or the RCS) on each system line
penetrating the containment.

(2) The two barriers consist of one of the following arrangements:

(a) two normally closed manual valves with administrative control, one
inside containment and the other outside containment

(b) two automatic isolation valves, one inside containment and the other
outside containment. A simple check valve may not be used as the
automatic isolation valve outside containment

(c) one automatic isolation valve inside containment and one normally
closed manual valve under administrative control outside containment
(or a reverse arrangement)

(d) a sealed system (closed system) inside containment and one isolation
valve outside containment, which is either automatic, remote manually
controlled, or manual under administrative control

(3) Isolation valves of the ESF-related systems, which are essential to miti-
gate the effects of an accident, remain open or move to their open position
after an accident. These valves are remote manually controlled and operated
from the control room.

(4) Motor-operated valves (MOVs) are used for system lines that are part of an
ESF-related system, and fail as-is on loss of power supply. Solenoid-
operated valves are used when greater reliability after an accident and a
safe-failure position are required. All power-operated valves are designed
to fail in the position that provides greater safety upon loss of power or
control air.

(5) Mechanical and electrical redundancy is provided by designing two isola-
tion barriers between the RCS or atmosphere inside containment and the
atmosphere outside containment with two separated Class 1E power sources.

(6) Containment purge system isolation is accomplished with two 42-inch butter- |
fly valves that are open only during plant cold shutdown and close auto- 6

matica11y within 10 seconds upon receipt of a high radiation signal.
Daring normal operation, the containment is not purged. The containment
airborne radioactive contaminants are removed by the containment atmosphere :
filtration system.

,

(7) The containment isolation system is designed to meet the single failure
criterion. -

,

*
.
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(8) The closure time for each containment isolation valve is less than 60 sec-
? onds. System lines that have no postaccident function are provided with

air-operated valves (A0Vs) with a closure time of 10 seconds.

The staff's review of the containment isolation provisions against GDC 54, 55,
56, and 57 and SRP 6.2.4, where applicable, confirmed that the containment
isolation system meets the explicit requirements of GDC 54, 55, 56, and 57 with
the following exceptions:

(1) The containment vacuum pump and hydrogen recombiner suction lines are pro-
'

vided with two remotely controlled, solenoid-operated isolation valves in
series outside containment. Therefore, the containment isolation provi-
sions differ from the explicit requirements of GDC 56. However, the isola-
tion valves are located as close as possible to the containment, and the
as'sociated system piping is designed in accordance with the break / crack

; exclusion criteria of BTP MEB 3-1. Furthermore, the valves are hermeti-
ca?ly sealed, precluding the need to encapsulate the valves. Because the
lines are used after an accident, for containment atmosphere sampling and
hydrogen control, locating the valves outside containment improves the
functional reliability of the valves. Therefore, the staff finds the
isolation provisions for these lines to be acceptable alternatives to the;

explicit requirements of GDC 56.

(2) The ECCS safety injection lines and RCP seal injection lines are equipped
with weight-loaded check valves inside containment and MOVs outside con-,

| tainment that do not receive a containment isolation signal to close. The
! safety injection lines discharging to the hot and cold legs of the RCS and
I

the RCP seal injection lines are important to safe shutdown or are part of
| an ESF system. Provisions have been made to detect possible leakage from,

these lines outside containment, thereby allowing remote manual instead of
j automatic isolation valves. The staff, therefore, finds that the contain-

ment isolation provisions for these lines are acceptable alternatives toI

the explicit requirements of GDC 55.

(3) The quench spray pump discharge and recirculation spray pump discharge
lines are provided with a normally open, remotely controlled MOV outside
containment and a weight-loaded check valve inside containment. The isola-
tion valves in the containment depressurization (quench and recirculation
spray) systems open upon receipt of a CI8 signal, if they are not already
open, with the exception of the caustic addition line to the containment
sump that automatically opens after the quench spray discharge has stopped.
The recirculation spray pump suction lines are provided with a single,
normally open, remotely controlled MOV outside containment because it is
not practical to locate a second valve inside containment where it would
be submerged following a LOCA. These valves do not receive an automatic
isolation signal for closure. Therefore, the containment isolation provi- ;

sfons for these lines differ from the explicit requirements of GDC 56 re- '

garding their actuation and number. These lines are part of ESF systems,
and must be open to perform their postaccident safety function. The ESF ;

systems are closed outside containment, and are safety grade. Therefore,
the staff finds the use of remote-manual instead of automatic isolation

| valves acceptable. In addition, the single isolation valve outside con-
tainment in the recirculation spray pump suction lines is acceptable be-
cause system re11 ability is. improved with a single valve and the piping,
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between the outside of the containment wall and the isolation valve, as
well as the valve, are contained within a leaktight encapsulation.

The staff has also reviewed information provided by the applicant to demon-
strate compliance with the provisions of NUREG-0737 Item II.E.4.2, " Containment
Isolation Dependability." As previously described, the applicant has (1) com- '

,

plied with the provisions regarding diversity in parameters sensed for initia-
tion of containment isolation, (2) has considered the functional requirements
of all systems penetrating containment, and (3) has made acceptable provisions
for isolation of systems not required for mitigation of the consequences of an
accident or safe shutdown of the plant. The applicant also made provisions to 1

ensure that resetting of a containment isolation signal will not result in the,

automatic reopening of containment isolation valves. In addition, the applicant
has designated all system lines penetrating the containment as essential or
nonessential. Therefore, the staff concludes that the appilcant has complied
with NUREG-0737 Item II.E.4.2.

. The applicant has stated that all containment isolation barriers as well as
j electrical and control components required for initiation are protected from

missiles and the effects of natural phenomena to ensure their performance under
all anticipated environmental conditions. The staff, therefore, finds that,

the containment isolation system meets CDC 1, 2, and 4. The containment isola-
i tion system also meets RGs 1.29 and 1.26.

In summary, the staff has reviewed the information in the FSAR and in response
to staff questions concerning the containment isolation system to ensure con--

formance to SRP 6.2.4 and BTP CSB 6-4. The staff concludes that the containment
| isolation system meets GDC 1, 2, 4, 16, 54, 55, 56, and 57, and is, therefore,
' acceptable.

,

6.2.5 Combustible Gas Control in Containment

following a LOCA, hydrogen may accumulate within the containment as a result
of (1) metal-water reaction between the zirconium fuel cladding and the reac-

1 tor coolant, (2) radiolytic decomposition of the water in the reactor core,
(3) radiolytic decomposition of the water collected on the sump floor,
(4) hydrogen released from the pressurizer gas space and reactor coolant, and
(5) corrosion of metals by the alkaline solution used for containment spray.
The function of the combustible gas control system (CGCS) is to monitor and

,

control the potential hydrogen accumulation within the containment atmospherei

below 4 volume percent following a DBA,

In the event of a LOCA, two redundant, independent, full capacity electric
1. hydrogen recombiners will be available outside containment to control the

containment hydrogen concentration. Each recombiner has a capacity of 50 scfm
and is designed to seismic Category I criteria. One hydrogen recombiner is
permanently installed in the safeguards area; the other recombiner will be

: transferred from Beaver Valley Unit 1 and installed in the safeguard area
following the onset of an accident. (!n addition to the two safety-related
hydrogen recombiners provided, a nonsafety grado containment purge system is ,
available to purge the containment atmosphere as an aid to cleanup.-) Each
hydrogen recombiner system includes flow control capability, a blower, a,

temperature-controlled electric preheater, a thermal recombiner, and an air-
blast beat exchanger. The sofoguards area is a seismic Category I concrete.
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| structure adjacent to the containment. The penetrations and components within |
.

the safeguard area are protected against tornados and missiles. The hydrogen
recombiners and all associated valves are remote manually controlled from
panels located in the safeguards area, outside the recombiner cubicles, to allow
access and minimize exposure of personnel. The staff has reviewed the hydrogen
recombiner system design concept and finds it acceptable.

,

Two redundant independent hydrogen analyzers are installed in the cable vault
area to monitor the hydrogen concentration in the containment atmosphere. The
analyzers are also used to check the efficiency of recombiner operation. The
hydrogen analyzer is classified as Class IE and seismic Category I, and it is
functionally tested with a calibrated gas sample. Indicators are provided in
the main control room to monitor hydrogen concentration. Annunciation is also
provided in the main control room for hydrogen analyzer /recombiner local panel

I trouble. On the basis of the staff's review, the postaccident hydrogen moni-
toring system meets the requirements of NUREG-0737 Item II.F.1, Attachment 6

'

" Containment Hydrogen Monitor," and the single failure criterion.

The applicant has analyzed the potential hydrogen generation within the contain-
ment using the guidelines in RG 1.7, and calculated the hydrogen concentration
for both one- and two-recombiner operation. The analysis shows that a single
recombiner, initiated when the containment hydrogen concentration reaches4

3.1 volume percent (approximately 4 days after an accident), is sufficient to;

! maintain the hydrogen concentration in the containment atmosphere below the
lower flammability limit of 4 volume percent. The design of the Beaver Valley
Unit 2 containment is similar to that of the Beaver Valley Unit 1 and Surry
containments, which use recombiners. The staff has previously confirmed, using
the COGAP computer code, that there is suf ficient time before the containment

:

hydrogen concentration reaches 3.1 volume percent to manually initiate the post-
accident hydrogen recombiners, and that a single recombiner can acceptably

,

'

control the hydrogen concentration in containment below 4.0 volume percent.

i The FSAR states that the containment design allows air to circulate freely.
| Further, all cubicles and compartments within the containment are provided with

openings near the top as well as in the floor to allow air circulation. The,

I applicant has also performed an analysis to demonstrate that adequate mixing
.

1 of the hydrogen in the containment atmosphere will be ensured by the turbulence '

created by the containment spray system and thermal convection. Therefore,
sufficient mixing of hydrogen in containment will occur to prevent stratifica-
tion and to eliminate areas of potential stagnation. The staff finds that ade-
quate passive and/or active design measures have been incorporated into the con-
tainment design to ensure adequate hydrogen mixing within containment. There-,

fore, the applicant's hydrogen mixing provisions are acceptable.

In summary, the staff has reviewed the information in the FSAR as well as that
received in response to staff questions concerning the combustible gas control
system to ensure conformance with SRP 6.2.5. The staff concludes that the CGCS
meets GDC 41, 42, and 43; 10 CFR 50.44; RG 1.7; and NUREG-0737 Item II.F.1,,

! Attachment 6. It is, therefore, acceptable.
;

6.2.6 Containment Leakage Testing;

The containment design includes the provisions and features required to
j satisfy the testing requirements of Appendix J to 10 CFR 50. The design of

,

t .

:
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the containment penetrations and isolation valver permits preoperational and
periodic leakage rate testing at the pressure specified in Appendix J to
10 CFR 50.

The staff has reviewed the containment leakage testing program described in i

the FSAR and in the response to staff qLestions, and finds the program accept-
able with one exception. The applicant proposes to exclude certain valves
from Type C test
recirculation sp,ing (including the safety injection system penetrations andray system penetrations). The applicant has stated that the,

justification for excluding penetrations from Type C testing is based on the ;
rationale in Technical Specification ~ Amendment 65 to the Beaver Valley Unit 1
operating license. Excluding these valves from the Type C testing program was

!approved by an NRC letter dated March 22, 1983 from P. S. Tam. The staff has !reviewed this issue and the bases for the approving Amendment 65. Because !

Units 1 and 2 are identical in design, the staff finds the applicant's proposal
acceptable. ;

!

On the basis of its review, the staff finds that the proposed reactor contain- !

ment leakage testing program complies with Appendix J to 10 CFR 50. Such com- !pliance provides adequate assurance that containment leaktight integrity can be
;

verified periodically throughout its service life on a timely basis to maintain
!such leakage within the limits of the Technical Specifications.

Maintaining containment leakage rates within such limits provides reasonable
<

assurance that, in the event of any radioactivity releases within the contain- '

ment, the loss of the containment atmosphere through the leak paths will not
.be in excess of acceptable liniits specified for the site. Compliance with |

Appendix J constitutes an acceptable basis for satisfying GOC 52, 53, and 54.
!

6.2.7 Fracture Prevention of Containment Pressure Boundary

The staff assessed the ferritic materials in the Beaver Valley Unit 2 contain-
ment system that constitute the containment pressure boundary to determine if ;

,

the material fracture toughness is in compliance with GDC 51, " Fracture Pre- i
vention of Containment Pressure Boundary." l

GOC 51 requires that, under operating, maintenance, testing, and postulated
accident conditions, (1) the ferritic materials of the containment pressure ,

i boundary behave in a nonbrittle manner and (2) the probability.of rapidly i

| propagating fracture is minimized,
i

The Beaver Valley Unit 2 containment is a reinforced concrete structure with
, a thin steel liner on the inside surface that serves as a leaktight membrane.
| The ferritic materials of the containment pressure boundary that were considered
' in the staff's assessment are those that have been applied in the fabrication ,

of the equipment hatch, personnel locks, penetratioas, and fluid system compo- '

| nents, including the valves required to isolate the system. These components
'

| are the parts of the containment system that are not backed by concrete and that
| must sustain loads during the performance of the containment function under the
! conditions cited in GDC 51. -

The staff has determined that the fracture toughness requirements in ASME Code
editions and addenda typical of those.used in the design of the Beaver Valley

,

.

Unit 2 containment may not ensure compliance with GOC 51 for all areas of the.

,

1 !
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containment pressure boundary., The staff has elected to apply in its licensing
reviews of ferritic containment pressure boundary materials the criteria for
Class 2 components identified in the summer 1977 addenda of Section III of the
ASME Code. Because the fracture toughness criteria that have been applied in
construction typically differ in Code classification and Code edition and addenda,
the staff has chosen the criteria in the summer 1977 addenda of Section III of
the Code to provide a uniform review, consistent with the safety function of
the containment pressure boundary materials. Therefore, the staff reviewed
the materials of the components of the Beaver Valley Unit 2 containment pres-
sure boundary according to the fracture toughness requirements of the summer
1977 addenda of Section III for Class 2 components.

Considered in the review were components of the conta nment system that a,*e
load bearing and provide a pressure boundary in the performance of the contain-
ment function under operating, maintenance, testing, and postulated accident
conditions, as addressed in GOC 51. These components are the equipment hatch,
personnel airlocks, penetrations, and elements of specific containment pene-
trating systems.

In some cases, materials were not fracture toughness tested or were inappropri-
ately tested. Generally, those materials were not fracture toughness tested
because the ASME Code edition and addenda in effect at the time the components
were ordered did not require that they be tested. The staff assessment of the
fracture toughness of materials that were not fracture toughness tested or
were inappropriately tested is based on the metallurgical characterization of
these materials and fracture toughness data presented in NUREG-0577, " Potential
for Low Fracture Toughness and Lamellar Tearing on PWR Steam Generator and
Reactor Coolant Pump Supports," and ASME Ccde Section III, summer 1977 addenda,
Subsection NC.

The metallurgical characterization of these materials, with respect to their
fracture toughness, was developed from a review of how these materials were
fabricated and their thermal history during fabricati:n. The metallurgical
characterization of these materials, when correlated with the data in NUREG-0577
and the summer 1977 addenda of ASME Code Section III, provided the technical
basis for the staff evaluation of compliance with the Code.

Based on its review of the available fracture toughness data and materials
fabrication histories and on the use of correlations between metallurgical
characteristics and material fracture toughness, the staff concludes that the
ferritic materials of the components of the Beaver Valley Unit 2 containment
pressure boundary meet the fracture toughness requirements that are specified
for Class 2 components by the summer 1977 addenda of Section III of the ASME
Code. Compliance with these Code requirements provides reasonable assurance
that the Beaver Valley Unit 2 RCPB will behave in a nonbrittle manner, that
the probability of rapidly propagating fracture will be minimized, and that
GDC 51 is satisfied.

6.3 Emergency Core Coolina System

As specified in SRP 6.3, the design of the ECCS was reviewed to determine that
it is capable of performing all of the functions stipulated in the design cri-
teria. The ECCS is designed to provide core cooling as well as additional.

shutdown capability for accidents that result in significant depressurization
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of the reactor coolant system (RCS). These accidents include mechanical fail-
ure of the RCS piping up to and including the double-ended break of the largest
pipe, rupture of a CRDM, spurious relief valve operation in the primary and
secondary fluid systems, and breaks in the steam piping.

The principal basis for the staff's acceptance of this system is conformance
to 10 CFR 50.46; Appendix K to 10 CFR 50; and GDC 2, 5, 17, 27, 35, 36, and 37.

The applicant states that the criteria will be met even with minimum engineered
safeguards available, such as the loss of one emergency power bus with offsite
power uravailable.

6.3.1 System Design

As specified in SRP 6.3.1.2, the design of the ECCS was reviewed to determine
that it is capable of performing all of the functions stipulated in the design
criteria. The ECCS design is based on the availability of a minimum of two
accumulators, one high head safety injection (HHSI)/ charging pump and one low
head safety injection pump (LHSI) for the injection phase, and one HHSI/ charging
pump and one recirculation spray pump with their associated valves and piping
for the recirculation phase. Following a postulated LOCA, passive (accumula-
tors) and active (injection pumps and associated valves) systems will operate.
After the water inventory in the RWST has been depleted, long-term recirculation
will be provided by taking suction from the containment sump and discharging
to the RCS cold and/or hot legs. The passive accumulator system consists of
three pressure vessels partially filled with borated water and pressurized with
nitrogen gas to approximately 660 psia. Fluid level, boron concentration, and
nitrogen pressure can be remotely monitored and adjusted in each tank. When.

RCS pressure is lower than accumulator tank pressure, borated water is injected
through the RCS cold legs.

The HHSI system consists of three centrifugal charging pumps that provide high-
pressure injection of boric acid solution into the RCS. The high-head pumps
are aligned to take suction from the RWST for the injection phase of their oper-
ation. Low-head injection is accomplished by two centrifugal LHSI pumps taking
suction from'the RWST during short-term ECCS injection and from the containment
sump during long-term ECCS recirculation.

The capacity of the RWST is approximately 850,000 gallons. The minimum concen-
tration of boron in the RWST water is 2000 ppm and, as stated in FSAR Sec-
tion 6.2.2.2.1, a heat exchanger will maintain the temperature of the water in -

the RWST between 45*F and 50*F during all seasons. In response to the staff's
request for additional information on the vent for the RWST, the applicant
stated in FSAR Amendment 3 that this vent is a 12-inch-diameter stainless steel
pipe attached to the highest point of the tank. There is a 180* bend in the
pipe, but there aie no low points that could become clogged. In addition, this
vent line is heat traced to prevent freezing. This response is acceptable to

| the staff.

|

| As specified in SRP 6.3.II, the ECCS is initiated either manually or automat-
| ically on (1) low pressurizer pressure, (2) high containment pressure, or
| (3) low pressure in any steamline. This meets GDC 20. The ECCS may also be

manually actuated, monitored, and controlled from the control room, as stipu-
lated in GDC 19. FSAR Section 1.8 states that the instrumentation in Beaver

| ,
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Valley Unit 2 is sufficient to allow the operating staff to ascertain plant
conditions during and following a LOCA. The evaluation of this aspect of the
postaccident ironitoring system (PAMS) is in Section 7.5 of this SER. The
evaluations of other a oects of the PAMS are in Sections 6.2.5, 9.3.2, and 11.5.

As specified in SRP 6.3.III.3, the available net positive suction heads (NPSH)
for all the pumps in the ECCS (HHSI/ charging, LHSI, and recirculation spray)
have been shown to provide adequate margin by calculations performed to meet
the safety intent of RG 1.1.

As stipulated in SRP 6.3.III.11, the valve arrangement on the ECCS discharge
lines has been reviewed with respect to adequate isolation between the RCS and
the low pressure ECCS. All lines to the RCS have at least two check valves in
series with a normally closed isolation valve. This arrangement is acceptable
to the staff. *

Containment isolation features for all ECCS lines, including instrument lines
(compliance with GDC 56 and in RG 1.11), are discussed in Section 6.2.4.

In response to the staff's questions, the applicant has stated that the con-
tainment sump at Beaver Valley Unit 2 is designed to allow pumping regardless
of any single failure. Thus it is divided at the centerline by screening so
that failure of either half of the containment sump assembly will not impair
the operation of the other half.

In response to the staff's questions on an inspection program, the applicant
has provided draft Technical Specification 4.5.2.C, which states that an inspec-
tion will be performed at least once every 18 months to verify that the sub-
system suction inlets are not restricted by debris and that the sump components
(trash racks, screens, etc.) show no evidence of structural distress or
corrosion.

In regard to debris blocking flow through the containment sump, the applicant
states:

(1) The sump screen assembly rises approximately 5 feet above the containment
floor so it is highly improbable that all of the screen area could become
clogged.

(2) The sump is covered by a plate deck roof to protect it from impingement
from abcve. Thus the top of the sump is not part of the intake area.

(3) The insulation inside containment is mostly reflective, consisting of
multiple layers of stainless steel. However, some piping is insulated
with calcium silicate, and some bats, blankets, and anti-sweat types of
insulation are also used. If any insulation breaks away from piping, it
will fall to the floor where the bulk of it will probably remain as a
result of the low velocity and tortuous paths of the flow to the contain-
ment sump.

(4) The mesh size in the fine screen (3/32 inch) is smaller than the smallest
coolant passage in the reactor core (1/8 inch) and smaller than the ori-
fices of the spray nozzles (3/8 inch). The recirculation system pumps
are designed to accommodate any small, neutrally buoyant particles that
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get through the screen. Lighter particles will float on the water sur-
face, which will be above the screen assembly. Because of the low inlet
velocities, heavier particles will sink to the containment floor and will
not be drawn into the screens.

In regard to vortices around the pump inlets (and the associated air entrainment)
impeding or stopping the flow from the containment sump, the applicant states: '

(1) Horizontal gratings above the pipe inlets serve as vortex breakers.

(2) A wide range of approach flow distributions, bar rack and screen blockages,
'

water levels, and pump operating combinations were tested in a one-third-
scale model of the containment sump. For all tests, one-half of the screen
area in the worst possible orientation was blocked. The tests showed that
at the minimum water levels at which the recirculation spray system pumps
operate, there is no unacceptable vortexing.

1
'

In addition to the containment sump testing, the recirculation spray system
pumps were tested to verify that they can produce the required flow rates at
the pressure heads that will be available.

|

The effects of primary coolant sources outside containment (NUREG-0737,
Item III.D.1) are discussed in Section 13.5.2. .

i

During normal operation, the ECCS lines will be maintained in a filled condi-
tion. Suitable vents are provided and administrative procedures will require
that ECCS Ifnes be returned to a filled condition following events such as ,

maintenance that require draining of any of the lines. Maintaining these
lines in a filled condition will minimize the likelihood of waterhammer during
system startup. '-

The safety injection lines are protected from intersystem leakage by relief
valves in both suction header and discharge lines. Intersystem leakage detec-
tion is described in Section 5.2.5.

As specified in SRP 6.3.II.8, no ECCS components are shared between units.
This meets GDC 5.

6.3.2 Evaluation of Single Failures '

As specified in SRP 6.3.II, the staff has reviewed the system description and |
piping and instrumentation diagrams to verify that sufficient core cooling will
be provided during the initial injection phase with and without the availability
of offsite power, assuming a single failure. The cold leg accumulators have e

normally open motor-operated isolation valves in the discharge lines. One accu-
mulator is attached to each of the RCS cold legs. These isolation valves will
have control power removed to preclude inadvertent valve movement that could
result in degraded accumulator performance.

Two active injection systems are to be available, each with two pumps operable.
The pumps in each system are connected to separate power buses and are powered
from separate diesel generators in the event of loss of offsite power, in ac-
cordance with GDC 17. Thus, at least one pump in each injection train would-

.

be actuated in the event *of a loss of offsite power and failure of one diesel.

,
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to start. The high-head injection systems contain parallel valves'in the suc-
tion and discharge lines, thus ensuring operability of one train even if one
valve fails to open. The low-head injection systems are normally aligned so
that valve actuation is not required during the injection phase.

The ESFAS is designed to automatically perform the short-term injection phase;
no operator actions are required. Two separate and redundant actuation trains

(are provided. Each actuation train is assigned to a corresponding electrical
power train to ensure that, in the event of a single failure in the actuation
logic, at least one emergency diesel generator, one LHSI, and one HHSI/ charging
pump would receive an actuation signal. There are also provisions for manual

,actuation, monitoring, and control of the ECCS on the main control board. This
|complies with SRP 6.3 and is acceptable,
t

After a LOCA, the ESFAS also automatically initiates the transfer from the
|injection phase to the cold leg recirculation phase. However, the following t

operator actions are required to complete the transfer:

(1) Open the cold leg isolation valve in the redundant high-head safety-
injection flow path.

(2) Close the isolation valves in both the common suction and discharge headers
! of the HHSI pumps to separate the redundant flow paths.

These operator actions are acceptable. !

, In this phase, two of the four recirculation spray pumps, which are located in
!

separate cubicios outside containment, arc automatically aligned to pump the
water that will collect in the containment sump to the culd legs as well as to
the inlets of the HHSI/ charging pumps. Two operable charging pumps have sepa-
rate flow paths through hot leg connections. This provides the capability for
backflushing through the core to prevent boron precipitation. Because recircu-
lation spray coolers are used to transfer the decay heat to the service water,
it also provides subcooled water to terminate bolloff. This meets SRP 6.3.!!!.6.

To ensure a long-term cooling capability, leak detection and a method for iso-
lating the leak are required. The applicant states that means are provided to
detect and isolate leaks in the emergency core cooling flow path within 30 min-
utes. In a study of the system, the applicant found that the largest, sudden,
potential leak is the failure of a recirculation spray pump shaft seal and that
this would result in a leak rate of less than 50 gpm. This maximum leak would
be detected by alarms that indicate the loss of accumulator pressure on the
seal water. The appitcant states that if this leaking pump is isolated within
30 minutes, the ECCS will still meet the minimum core cooling requirements.
The staff finds this system acceptable. The evaluation of the complete equip-
ment and floor drainage system is in Section 9.3.3 of this SER.

Flooding of ECCS components inside containment following a LOCA has been evalu-
ated. The appItcant states that all HOVs that must change positions after the
injection phase are located to prevent their vulnerability to flooding and that|

those valves whose spurious repositioning could result in the loss of the ECCS
| function have their power removed.

P
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On the basis of its review of the design features, the staff concludes that the
ECCS complies with the single-failure criterion of GDC 35.

6.3.3 Qualification of Emergency Core Cooling System

The design of the ECCS to seismic Category I criteria (in compliance with
RG 1.29), its location in structures designed to withstand a safe shutdown
earthquake (SSE) and other natural phenomena (according to GDC 2), and the
design of equipment to Quality Group 8 standards (in compliance with RG 1.26)
is discussed in Section 3.2.

ECCS protection against missiles inside and outside containment by the design
of suitable reinforced concrete barriers, which include reinforced concrete
walls and slabs (conformance to GDC 4), is discussed in Section 3.5. The pro-
tection of the ECCS from pipe whip inside and outside of containment is dis-
cussed in Section 3.6.

The active components of the ECCS designed to function under the most severe
duty loads, including the SSE, are discussed in Sections 3.9 and 3.10. The ECCS
design to permit periodic inspection in accordance with ASME Code, Section XI,
which constitutes compliance with GDC 36, is discussed in Section 6.6. This
meets SRP 6.3.!!!.23.c.|

The ECCS is connected to one subeystem that serves another function. The cen-
trifugal HHS!/ charging pumps are normally aligned to the CVCS for maintaining
the required amount and chemistry of water in the RCS and for supplying water
to the seals of the reactor coolant pumps. On an ECCS actuation signal, the
system is aligned for ECCS operation and the CVC$ function is isolated. This
normal use of the system does not impair its capabl11ty to function in the ECCS
mode.

6.3.4 Testing

The applicant has committed to demonstrate the operabillty of the ECCS by sub-
jacting all components to preoperational and periodic testing, according to
RG 1.68. RG 1.79, and GOC 37.

6.3.4.1 Preoperational Tests

| One of the preoperational tests is to verify system actuation namely, the
operabillty of all ECCS valves inttfated by the safety injection signal, the
operability of all safeguard pump circuitry down through the pump breaker con-
trol circutts, and the proper operation of all valve interlocks,

i
| Another preoperational tost is to check the cold leg accumulator system and' injection line to verify that the lines are free of obstructiots and that the

accumulator check valves and isolation valves operato correctly. The appitcant
will perform a low pressure blowdown of each accumulator to confirm that the
line is clear and will check the operation of the check valves.

| The applicant will use the results of the preoperational tests to evaluate the
hydraulic and mechanical performance of ECCS for delivering the flow for emer-
gency core cooling. The pumps will be operated under both mlniflow (through,

test lines) and full flow (through the actual piping) conditions.,
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By measuring the flow in each pipe, the appitcant will make the adjustments
'

;

necessary to ensure that no one branch has an unacceptably low or high resist- ;
ance. As part of the ECCS verification, the applicant will analyze the results |to ensure there are (1) sufficient. total line resistance to prevent excessive !

runout of the pumps and (2) adequate NPSH under the most limiting system align- iment and RCS pressure. The app 1tcant will verify that the maximum flow rate
!

from the test results confirms the maximum flow rate used in the NPSH calcula-
tions under the most limiting conditions; the applicant will also confirm that . |

i

!
the minimum acceptable flow used in the LOCA analysis is met by the measured '

total pump flow and the relative flow between the branch lines.

The staff concludes that the preoperational test program conforms to RGs 1,68
! and 1.79 and is acceptable, pending successful completion of the program.

Additional discussion of the preoperational test program is in Section 14. !

6.3.4.2 Periodic Component Tests (
l

Routine periodic testing of the ECCS components and all necessary support sys-
tems at power will be performed. Valves that actuate after a LOCA are operated i
through a complete cycle. Pumps are operated individually in this test on their l

mlniflow lines, except for the charging pumps, which are tested by their normal |charging function. The appilcant hcs stated that these tests will be performed '

In accordance with Section XI of the ASME Code.
|!
,

; G. 3. ,5 Performance Evaluation
,

The ECCS has been designed to deliver fluid to the RCS to Ilmit the fuel maximum |
, cladding temperature following transients and accidents that require ECCS actu-
'

ation. The ECCS is also designed to remove the decay and sensible heat during |the recirculation mode. 10 CFR 50.46 IIsts the acceptance criteria for an ECCS. t

These criteria include the following:
3

(1) The calculated maximum fuel cladding temperature does not exceed 2200'F.

(2) The calculated total oxidation of the cladding does not exceed 0.17 times
the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical reac-
'

tion of the cladding with water or steam does not exceed 0.01 times the'

hypothetical amount that would be generated if all the metal in the clad =
ding cylinders surrounding the fuel, excluding the cladding surrounding i
the plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains amen-
able to cooling.

(5) After any calculated successful initial operation of the CCCS, the calcu-
lated core temperature is maintained at an acceptable low value and decay1

! heat is removed for the extended period of time required by the long lived ;

radioactivity remaining in the core.
,

.

.
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In addition, 10 CFR 50.46 states !

ECCS cooling performance shall be calculated in accordance with an
acceptable model, and shall be calculated for a number of postulated
loss of coolant accidents. Appendix K to 10 CFR 50. ECCS Evaluation
Models, sets forth certain criteria and acceptable features of evalu-
ation models.

6.3.5.1 Large-Break LOCA |

|

The applicant has examined a spectrum of large breaks in RCS piping, and these (
analyses indicate that the most limiting event is a cold-leg double ended guil-
lotine break with a Moody discharge coefficient of 0.4. The applicant took
credit in the analysis for one train of active CCCS components and two of the |
three accumulators. ECCS was assumed to be initiated by low pressurizer pres- !

sure trip. The analysis results demonstrate that adequate core cooling is pro- |

vided assuming the worst single failure, with no credit taken for nonsafety-
grade equipment,

i

The large break LOCA evaluation model used in this analysis is described in
WCAP-9220. This model was approved by NRC (letter from J. F. Stolz, NRC, to
T. M. Anderson, Westinghouse, dated August 29,1978) and is used in large-break
LOCA analyses for Westingh'ouse plants. The applicant has addressed the con-
cerns expressed in NUREG 0630 about the conservatism of fuel-cladding swelling
and rupture models used in LOCA analyses,

l

Containment parameters are chosen to minimize containment pressure so that e

core reflood calculations are conservative. Fuel rod initial conditions are
chosen to maximize cladding temperature and oxidation. Calculations of core :geometry are carried out past the point where temperatures start to decrease. |

The most Ilmiting break with respect to peak cladding temperature is the double-
ended gulliotine break in the pump discharge leg with a CD = 0.4. The peak
cladding temperature is 2179'F, which la below the 2200'F limit of 10 CFR 50.46.
The Ifmiting local and core wide cladding oxidation values calculated by the
applicant were 7.95% and less than 0.3%, respectively.

,

6.3.5.2 Small Break LOCA '

The LOCA sensitivity studies determined the limiting small break to be less
than a 10-inch-diameter rupture of the RCS cold leg. A range of small break
analyses was presented that estabilshed the Ilmiting break size. The analysis

, of this break has shown that the high head portion of the ECCS, together with
accumulators, provides sufficient core flooding to keep the calculated peak
cladding temperature less than that calculated for a large break and below the
Ilmits of 10 CFR 50.46.

The applicant Analyzed a spectrum of small break LOCAs. These showed that a ;

3 inch-diameter break is the limiting small breakt the calculated peak cladding :
temperature is 1985'F; the maximum local zirconium water reaction is 2.88%;
and the core wide zirconlum water reaction is less than 0.3%. j

The applicant has analyzed the performance of the CCCS in accordance with the (
criteria set forth in 10 CFR 50.40 and Appendix K to 10 CFR 50. The staff has i

reviewed the appIlcant's evaluation, and concludes that it is acceptable. |
'

.
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6.3.6 Conclusions

The ECCS includes the piping, valves, pumps, heat exchangers, instrumentation,
and controls used to transfer heat from the core after a LOCA. The scope of
review of the ECCS for Beaver Valley Unit 2 included piping and instrumentation
diagrams, equipment layout, failure modes and effects analyses, and design
specifications for essential components. The review included the applicant's
proposed design criteria and design bases for the ECCS and how the design con- ,

forms to these criteria and bases. !

The staff concludes that the design of the ECCS is acceptable and meets GDC 2,
5, 17, 27, 35, 36, and 37.

The applicant has met GOC 2 with regard to the seismic design of non-safety
systems or portions thereof that could have an adverse effect on ECCS by
meeting Position C.2 of RG 1.29.

The appitcant has met the criteria of GDC 5 with respect to sharing of struc-
tures, systems, and components by demonstrating that such sharing does not
significantly impair the ability of the ECCS to perform its safety functin't.

The applicant has met the re%eria of GOC 1/ with respect to providing suf f f-
cient capacity and capability to ensure that (1) specified acceptable fuel ,

design limits and design conditions of the RCP8 are not exceeded as a result
of anticipated operational occurrences and (2) the core is cooled and vital '

functions are maintained in the event of postulated accidents.

The app 1tcant has met GDC 27 with regard to providing combined reactivity con-
,

trol system capability to ensure that under postulated accident conditiuns and'

with appropriate margin for stuck rods, the capability to cool the core is main-
tained, and the applicant's design meets RG 1.47.

.

The applicant has met GOC 35 with regard to abundant cooling capability for the
ECCS by provioing redundant safety grade systems that meet RG 1.1.

The applicant has met GOC 36 with respect to the design of the ECCS to permit
appropriate periodic inspection of important components of the system. i

The app 1tcant has met GOC 37 with respect to designing the ECCS to permit test-
[ ing of the operability of the system throughout the life of the plant, including
| the full operational sequence that brings the system into operation.

The applicant has provided an analysis of the ECCS performance using an approved
analysis model that meets Appendix K to 10 CFR 50 and has shown that system per-
formance meets 10 CFR 50.46. This includes a demonstration that the peak clad-
ding temperature, maximum hydrogen generation, and long-term cooltreg, as calcu-
lated with an acceptable evaluation model, are in accordance with these criteria.

6.4 ControlRoomHabitabilityJyttems

GOC 19 specifies the criteria for the protection of the control room personnel*

under accident conditions. The applicant proposes to meet these requirements
by incorporating shin 1 ding, an emergency heating, ventilation, and air condi-
tioning (HVAC) system, and self-contained breathing apparatus in the centrol
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room habitability design. The habitability design also includes storage for
food and water, sanitary facilities, fire protection, and a remote ',hutdown
capability. The technical support center (TSC), which serves to back up the
control room functions during emergencies, is discussed in Section 12.3.

The designs of other aspects of control room habitability systems are discussed
in separate SER sections, as indicated in parentheses after the item, as follows:

(1) explosion, fire, and toxic gas in vicinity of plant (2.2.1-2.2.3)

(2) protection from wind and tornado effects (3.3) *

(3) flood design (3.4)

(4) missile protection (3.5)

(5) protection against the dynamic effects associated with postulated rupture
of piping (3.6)

(6) environmental qualification of equipment (3.11)

(7) filter efficiency (6.5.1)

(8) shielding and TSC (12.3)

(9) HVAC systems analysis (9.4.1)

(10) fire protection and remote shutdown capability (9.5.1) *

(11) human factors engineering and control room design (18)

The Beaver Valley control room HVAC system is designed to automatically isolate
upon receipt of a containment isolation signal or detection of chlorine in the
outsido air intake. These signals also initiate the bottled air supply system,
which is capable of maintaining the control room at 1/8-inch water gauge posi-
tive pressure, or greator, for approximately 1 hour. Following the first hour,
the control room envelope is isolated in the event of a toxic gas release, or
pressurized by the emergency outside air filtration system in the event of a
radiation accident.

The staff review of the Beaver Valley control room emergency HVAC system indi-
cates an area that needs to be addressed further by the applicant, which is the
lack of radiation detection capability at the outside air intake. Detectors
may be necessary to initiate control room emergency systems and maintain control
room operator dosos within GDC 19 guidelines in the event of accidents, such as
steamline breaks and fuel-handling accidents, outside the containment of Unit 2.
The applicant has agrood to provide additional analyses demonstrating whether
or not hardware modifications are needed and to make corrections if necessary.
The staff considers this a confirmatory item.

Once the confirmatory issue has been satisfactorily resolved, the applicant will
have demonstrated that the control room habitability systems will adequately
protect the control room operators in accordance with GDC 19. NUREG-0737, a,

.
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summary of post-TMI action items, contains requirements for control room habita-
bility in Item III.O.3.4, which state that the SRP (NUREG-0800) should be used
to assess control room habitability. By meeting the SRP and referenced RGs,
the applicant has met the requirements of NUREG-0737, Item III.D.3.4.

6.5 Engineered Safety Feature Atmosphere Cleanuo Systems

6.5.i Engineered Safety Feature Filter Systems 1

FSAR Section 6.5 contains information pertaining to ESF filter systems, their
design bases, and applicable acceptance criteria.

The staff has reviewed the applicant's design, design criteria, and design bases
for the ESF filter systems according to SRP 6.5.1. The acceptance criteria b

include the applicable GDC; ANSI N509-1980, " Nuclear Power Plant Air Cleaning
Units and Components"; and ANSI N510-1980, " Testing of Nuclear Air Cleaning
Systems." Guidelines for implementation of the requirements of the acceptance
criteria are provided in the ANSI standards, RG 1.52, and other documents iden-
tified in the SRP. Conformance to the acceptance criferia provides the bases
for the staff's conclusion that the ESF filter systems meet 10 CFR 50.

\
Unit 2 has two ESF filter systems, the control room pressurization fresh air '

filter system and the supplementary leak collection and release system. These
systems operate after an accident to control the release of radioactive mate-
rials in gaseous effluents (radioiodine and particulates).

6.5.1.1 Main Control Room Pressurization Filtration System

Part of the function of the control building ventilation system is to isolate
the control room and provide a fresh supply of air in the event of an accident.
For this purpose, the main control room pressurization filter system is acti-
vated during an accident when the control room bottled air pressurizing system
is depleted. This 100% redundant filter system takes suction from the control
room outside air intake at 1000 cfm. The air is dehumidified by a demister
and electric heater, passed through a high-efficiency particulate air (HEPA)
filter, a charcoal filter and another HEPA filter, and then through a 1000-cfm
fan before the air enters and pressurizes the control room. The system and
components are designed to seismic Category I, are powered by Class 1E buses,
and located in a seismic Category I structure. A complete description of the
system is in FSAR Section 9.4.1.

For this evaluation of the ESF filter systems, the staff has assigned removal
efficiencies of 95% for all radioiodines and 99% for particulates, as specified
for 2-inch-deep charcoal beds and HEPA filters, Fespectively. From the system
description in the FSAR, the staff determined that the design of the control
room pressurization filter systers is consistent with GDC 19 and 61, in accord-
ance with the SRP.

Except for some minor deviations from RG 1.52, Revision 2 requirements noted
in Section 6.5.1.3, the staff finds the design of the ESF control room pressuri-
zation ff.lter system adequate to maintain a positive control room pressure and
remove concentrations of radioactive materials from the control room makeup
supply air.

-

.

Beaver Valley 2 SER 6-29

:



6.5.1.2 Supplementary Leak Collection and Release System

The function of the supplementary leak collection and release system (SLCRS)
is to operate during an accident to collect, process, and filter containment
penetration air leakage and airborne radioactive gases released from reactor
coolant leakage outside containment prior to release to the atmosphere. In
addition, the SLCRS will process exhaust air from the fuel building, some ex-
haust air from potentially contaminated areas of the auxiliary building, and
exhaust air from the waste handling building. This system is a seismic Cate-
gory I design with redundant ESF filter trains, each powered by normal and emer-
gency Class 1E buses. During a LOCA, the SLCRS collects, filters, and releases
at the top of the containment any leakage into the contiguous areas that house
containment penetration and ESF equipment cubicles that circulate radioactive
water. Also, for a fuel handling accident, the SLCRS processes leakage from the
fuel building.

There are two redundant filter trains. Each train consists of a dehumidiffer
and electric heater for humidity control, followed by two parallel HEPA, char-
coal, and HEPA filters. Following are two 100% redundant filter exhaust fans
that discharge to the elevated release point. A manual water spray system is
provided to prevent ignition of the charcoal in the event of decay heat buildup.

From the system description in the FSAR, the staff determined that the SLCRS
is designed consistent with GDC 41, 42, 43, 61, and 64, in accordance with the
SRP. In its evaluation of the system design efficiencies for removal of ele-
mental iodine and organic iodines, the staff assigned the system radiciodine
decontamination efficiencies of 90% for normal and 95% for accident conditions
for the SLCRS carbon adsorbers (one 2-inch-deep bed with humidity control), in
accordance with RGs 1.140 and 1.52, and 99% for particulates for the SLCRS HEPA
filters. The staff finds that the design of the ESF SLCRS is adequate to col-
lect and filter radioactive particulate and iodine from containment and fuel
building leakage.

6.5.1.3 Deviations from the SRP

On the basis of its review, the staff found that the applicant had complied with
the SRP except for the items noted below, which are deviations from RG 1.52,
Revision 2:

(1) The applicant has taken exception to the guideline that all dampers used
in contaminated air streams be designed to ANSI B31.1 (construction Class A
dampers). Instead, isolation dampers for the control room and containment
isolation meet ASME Code, Section III, and dampers in other potentially
contaminated air streams are construction Class B (designed only to meet
the strength and leaktightness necessary for use in contaminated air
streams). The staff considers this position acceptable.

(2) The applicant has taken exception to the 10-hour per-month filter purge,
with heaters operational, to maintain the charcoal in an " accident-ready"
condition. Instead, the applicant considers 15 minutes all that is neces-
sary to demonstrate operability and keep the charcoal free of moisture.
Because the applicant's position is consistent with the Unit 1 Technical
Specifications for ESF filter systems, the staff accepts the 15-minute

, purge for application in the Unit 2 ESF filter systems.
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6. 5.1. 4 Evaluation Findings

The staff concludes that the design of the ESF atmosphere cleanup systems, in-
cluding the equipment and instrumentation to control the release of radioactive
materials in gaseous effluents following a postulated DBA, is acceptable. This
conclusion is based on the applicant's having met the GDC 19, 41 and 61 by pro-
viding ESF atmosphere cleanup systems on the control room habitability, contain-
ment, and associated systems.

The applicant has met GDC 42, 43, and 64 by providing for inspecting and testing
the ESF atmosphere cleanup systems and monitoring for radioactive materials in
effluents from these systems. The applicant has demonstrated that the design
of the ESF atmosphere cleanup systems meets RG 1.52 and the ANSI N509 and N510,
in accordance with the SRP. The staff has reviewed the applicant's system de-
scriptions and design criteria for the ESF atmosphere cleanup systems. On the
basis of its evaluation with respect to the SRP, the staff finds the proposed
ESF atmosphere cleanup systems acceptable. The filter efficiencies given in
Table 2 of RG 1.52 are appropriate for use in accident analyses.

6.5.2 Containment Spray as a Fission Product Control System

The quench spray system (QSS) provides for fission product removal and depres-
suriza'.lon of containment in the event of a LOCA. The system is redundant and
adequately covers about 78% of the containment volume. Following an appropriate
accident signal (in less than 90 seconds following a LOCA initiation), the QSS
is designed to initiate automatically, and the containment spray injection mode
is automatically switched to the recirculation mode when a low level is reached
in the RWST.

Immediately following QSS initiation, a sodium hydroxide solution from the
chemical addition tank is added to the quench spray water, thus improving the
effectiveness for gaseous iodine removal during an accident by raising-the pH
of the spray to between 9.1 and 10.3. The pH of the sump water after caustic
(Na0H) addition would be above 8.5. The minimum flow rate through the nozzles
(SPRAYC0 Model 1713A) with one of two trains operating is 2950 gpm, which cor-
responds to an elemental iodine removal coefficient of 14.5 hr 1 The staff
has, however, limited the removal rate to 10 hr 1 in its analysis for the dura-
tion of the accident. An iodine decontamination factor (defined as the ratio
of iodine initially in the containment to that at a later time) of approximately
25 was estimated at the end of 1 hour, the time at which the containment was
assumed to become subatmospheric. The assumptions used in the staff's LOCA
analysis are shown in Table 15.5.

The staff evaluation of the containment spray system has demonstrated that the
Beaver Valley Unit 2 containment spray system design meets GDC 41, 42, and 43.

6.5.3 Fission Product Control Systems and Structures
iThis topic is addressed in Section 15.6.5. '

6.5.4 Ice Condenser as a Fission Product cleanup System

Because Beaver Valley Unit 2 does not have an ice condenser, this SRP section
.

is not applicable.
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6.6 Inservice Insoection of Class 2 and 3 Components

6.6.1 Compliance with the SRP

The review of Beaver Valley Unit 2 according to SRP 6.6.1 is continuing because
the applicant has not submitted a complete preservice inspection (PSI) program
and has not completed the PSI examinations. The staff review to date was con-
ducted in accordance with SRP 6.6 except as discussed below.

The review according to SRP 6.6.II.3 will be done when the completed PSI program
has been received.

The review according to SRP 6.6.II.4 has not been done because this area applies
only to inservice inspection (ISI) not to PSI. This subject will be addressed
during review of the ISI program after licensing.

The review according to SRP 6.6.II.5 has been done. The applicant has incorpo-
rated ASME Code Articles IWC-3000 and IWD-3000, " Acceptance Standards for Flaw
Indications," into the PSI program. However, ongoing NRC generic activities
and research projects indicate that the presently specified ASME Code proce-
dures may not always be capable of detecting the acceptable size flaws speci-
fied in these standards. For example, ASME Code procedures specified for volu-
metric examination of vessels, bolts and studs, and piping have not proved to
be capable of detecting acceptable size flaws in all cases. The staff will
continue to evaluate the development of new or improved procedures and will
require that these improved procedures be made a part of the inservice examina-
tion requirements. The applicant's repair procedures based on ASME Code Arti-
cles IWC-4000 and IWD-4000, " Repair Procedures," have not been reviewed.
Repairs are not generally necessary in the PSI program. This subject will be/

addressed during review of the ISI program.

The review according to SRP 6.6.II.7 has not been completed because the appli-
cant has not provided the information described in the SRP. Paragraph IWC-1220
of the Code establishes criteria for exempting certain categories of welds from
volumetric and surface examination. Neither the FSAR nor the PSI program identi-
fies any exemptions based on IWC-1220.

The review according to SRP 6.6.II.8 has not been completed because the appli-
cant has not identified the limitations to examination. Specific areas where
ASME Code examination requirements cannot be met will be identified as the PSI
progresses. The complete evaluation of the PSI program will be presented in a
supplement to the SER after the applicant submits the required examination in-
formation and identifies all plant-specific areas where ASME Code Section XI
requirements cannot be met and provides a supporting technical justification.

6.6.2 Examination Requirements

GDC 36, 39, 42, and 45 require, in part, that.the Class 2 and 3 components be
designed to permit appropriate periodic inspection of important components to
ensure system integrity and capability. 10 CFR 50.55a(g) defines the detailed
requirements for the PSI and ISI programs for light-water-cooled nuclear power
facility components.
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Based on the CP date of May 3,1974, this section of the regulations requires
that a PSI program for Class 2 components (including supports) meet the preser-
vice examination requirements in editions of Section XI of the ASME Code and
addenda in effect 6 months before the date of issuance of the CP. The compo-
nents (including supports) may meet the requirements set forth in subsequent
editions of this Code and addenda that are incorporated by reference in
10 CFR 50.55a(b), subject to the limitations and modifications listed therein.
In the partial PSI program plan submitted June 29, 1984, the applicant stated
that although 10 CFR 50.55a required Beaver Valley Unit 2 to comply with Sec-
tion XI of the 1971 ASME Code, with addenda through wint2r 1972, the applicant
had elected, as allowed by 10 CFR 50.55a(g), to voluntarily upgrade the PSI
requirements and comply with the 1980 edition of the Code including addenda
through winter 1980, and, as required by 10 CFR 50.55a(b)(2)(iv) for Class 2
piping welds, apply the 1974 edition with addenda through summer 1975 for the
selection of welds to be examined in the residual heat removal (RHR), emergency
core cooling (ECC), and containment heat removal (CHR) systems.

The initial ISI program must comply with the requirements of the latest edition'
and addenda of Section XI of the ASME Code in effect 12 months before the date
of issuance of the operating license, subject to the limitations and modifica-
tions listed in 10 CFR 50.55a(b).

6.6.3 Evaluation of Compliance with 10 CFR 50.55a(g)

The staff review has been completed on the information presented in the FSAR
through Amendment 7 and the partial PSI program submitted June 29, 1984.i

Although the applicant had elected to voluntarily meet the upgraded Code
requirements (in a letter dated October 19, 1984), the applicant asked for staff
approval to use Paragraphs IWC-1221 and IWC-1222 and Table IWC-2500-1, Examina-
tion Categories C-F-1 and C-F-2, of ASME Code Section XI, 1983 edition, winter
1983 addenda, for the selection and examination of Class 2 piping welds. The
applicant stated that the use of-the later edition and addenda will make the
PSI program more compatible with the expected ISI program. The material (the
winter 1983 addenda) has not yet been referenced in 10 CFR 50.55a(b) as part of
the approved Code; therefore, specific staff approval of this reference to the,

winter 1983 addenda is required.'

The staff established technical positions in the FSAR questions, some of which
are resolved in the partial PSI program. Before the staff can complete its
review, the applicant must provide additional information on the following:

(1) The PSI program should contain a list of components subject to examination
and a description of the welds exempted from examination in accordance
with IWC-1220 and include the criteria for exemption. In addition, the
examination isometric drawings for ASME Code Class 2 components are neces-
sary for the staff to determine the acceptability of the sample of welds
selected to be examined.

(2) 10 CFR 50.55a(b)(2)(iv) requires that ASME Code Class 2 piping welds in
the RHR, ECC, and CHR systems be examined. The applicant must provide
documentation to show that the overall sample using the proposed ASME
Code, Section XI, 1983 edition, winter 1983 addenda for the selection and
examination of Class 2 piping welds meets 10 CFR 50.55a(b).
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(3) Exceptions to the Code-required volumetric examination of the head and
shell welds on the reactor coolant filter and seal water heat exchangers
have been noted in the partial PSI program. Ultrasonic examination of
these welds has been listed as not feasible because of material thickness.
The applicant must discuss the method that was used to determine that
examination of these welds is not feasible.

The specific areas where the Code requirements cannot be met will be identified
after the examinations are performed. The applicant has committed to identify
all plant-specific areas where the Code reouirements cannot be met and provide
a supporting technical justification for requesting relief.

The staff will complete its review after the applicant

(1) dockets an acceptable resolution to the above issues
(2) dockets a complete and acceptable PSI program
(3) submits all relief requests with a supporting technical justification

The staff considers the review of the PSI program an open issue subject to the
applicant providing the information noted above. At a public meeting between
the staff and the applicant on December 12, 1984, the applicant indicated that
the PSI program document is scheduled to be completed in April 1985. The staff
will evaluate the document and report the results in a supplement to this SER.

The initial ISI program has not been submitted by the applicant. This program
will be evaluated after the applicable ASME Code edition and addenda can be
determined based on 10 CFR 50.55a(b), but before inservice inspection begins
during the first refueling outage.

,

6.6.4 Conclusions

Compliance with the preservice and inservice inspections required by the ASME
Code and 10 CFR 50 constitutes an acceptable basis for satisfying applicable
requirements of GOC 36, 39, 42, and 45.

This review was done with technical assistance from 00E personnel at Idaho
National Engineering Laboratory.

|

_
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Table 6.1 Containment isolation signals and actuation parameters;

Signal Actuation parameter

Containment isolation phase A signal a. High containment pressure (Hi-1)
>

b. Low compensated steamline pressure
d

c. Pressurizer low pressure
d. Manual actuation;

Containment isolation phase B signal a. High containment pressure (Hi-3)
b. Manual actuation,

| -

Safety injection signal a. High containment pressure (Hi-1)
b. Low compensated steamline pressure'

c. Pressurizer low pressure
d. Manual actuation,

Main steam isolation signal a. High steamline pressure rate'

b. High containment pressure (Hi-2)
c. Low steamline pressure i

d. Manual actuation
i

Feedwater isolation signal a. Steam generator Hi-Hi water level
4 b. Safety injection signal

Low T,yg and reactor trip; c.

Containment vacuum system isolation a. Containment isolation phase A
signal signal (Hi-1) '

'

b. Manual actuation

.

1

3
.,
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7 INSTRUMENTATION AND CONTROLS

7.1 Introduction

7.1.1 Acceptance Criteria -

The staff has reviewed FSAR Section 7.1--which addresses safety-related instru-
mentation and control systems, their design bases, and applicable acceptance
criteria--according to the SRP. The acceptance criteria include the applicable
GDC and the Institute of Electrical and Electronics Engineers (IEEE) Standard 279,,

" Criteria for Protection System for Nuclear Power Generating Stations" (10 CFR
50.55a(h)). Guidelines for implementation of the requirements of the acceptance
criteria are provided in the IEEE standards, RGs, and BTPs identified in SRP 7.1.
Conformance to the criteria provides the bases for concluding that the instru-
mentation and control systems meet the requirements of 10 CFR 50.

7.1.2 Method of Review

Beaver Valley Unit 2 uses a Westinghouse nuclear steam supply system (NSSS) with
balance-of plant (80P) design provided by Stone and Webster Engineering Corpo-
ration (S&W). Many safety-related instrumentation and control systems in the
NSSS scope of supply are similar to those at Comanche Peak and McGuire, which
have been previously reviewed and approved by the staff. The staff concentrated'

its review on those areas where the Beaver Valley Unit 2 design differs from
previously reviewed designs and on those areas that have been of concern during4 '

reviews of other similar plants. The staff met with the applicant and the NSSS
and BOP designers to clarify the design and to discuss concerns about the design.
Detail drawings--including piping and instrumentation diagrams (P& ids), logic
diagrams, control wiring diagrams, electrical one-line diagrams, and electrical
schematic diagrams--were audited during the review.

7.1.3 General Conclusion

The applicant has identified the instrumentation and control systems important
to safety and the acceptance criteria that are applicable to those systems, as
identified in the SRP. The applicant has also identified the guidelines, in-
cluding the RGs and the industry codes and standards, that are applicable to
the systems, as identified in FSAR Table 7.1-1.

On the basis of its review of FSAR Section 7.1, the staff concludes that the
implementation of the identified acceptance criteria and guidelines satisfies
GDC 1 with respect to the design fabrication, erection, and testing to quality
standards commensurate with the importance of the safety functions to be per-
formed. The staff finds that the NSSS and the 80P instrumentation and control
systems important to safety addressed in FSAR Section 7.1 satisfy GDC 1 and,
therefore, are acceptable.

.

.
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7.1. 4 Specific Findings

7.1. 4.1 Open Item

The staff's conclusions apply to the instrumentation and control systems im-<

portant to safety with the exception of one open item, steam generator level
control and protection, which is addressed in Section 7.3.3.12. The staff will
review this item and report its resolution in a supplement to this report.

7.1.4.2 Confirmatory Items

In a number of cases, the applicant has committed to provide additional docu-
mentation to address concerns raised by the staff during its review. On the
basis of information provided during meetings and discussions with the appli-
cant, the technical issue has been resolved in an acceptable manner. However,
the applicant must formally document these commitments to complete the resolu-
tion of these items. The sections of this report that address these items are
indicated in parentheses.

(1) design modification for automatic reactor trip using shunt coil trip
attachment (7.2.2.3)

(2) automatic opening of service water system valves M0V 113C and 1130 (7.3.3.10)

(3) IE Bulletin 80-06 concerns (7.3.3.13)

(4) NUREG-0737 Item II.F.1, accident monitoring instrumentation positions (4),
(5), and (6) (7.5.2.2)

(5) bypass and inuperable status panel (7.5.2.4)

(6) cold leg accumulator motor-operated valve position indication (7.6.2.4)

(7) control system failure caused by malfunctions of common power source or
instrument line (7.7.2.3)

7.1.4.3 Technical Specification Items

Items to be included in the plant Technical Specifications and information to
be audited as part of the effort to issue Technical Specifications are discussed
in the following sections:

(1) lead, lag, and rate time constant setpoints used in safety system channels
(7.2.2.1)

(2) tur'ine trip following a reactor trip (7.2.2.2)

(3) trip setpoint and margins (7.2.2.4)

(4) NUREG-0737 Item II.K.3.10, proposed anticipatory trip modification (7.2.2.5)

(5) undetectable failure in online testing circuitry for engineered safeguards
- relays (7.3.3.3)

-

.
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(6) reactor coolant system loop isolation valve interlocks (7.6.2.2)

7.1.4.4 License Condition

The following item is to be included as a license condition:

emergency response capability, RG 1.97, Revision 2 requirements (7.5.2.1)-

7.1.4.5 Site Visit

A site review will be performed to confirm that both the physical arrangement
and installation of electrical equipment are in accordance with the design
criteria and descriptive information reviewed by the staff. The site review
will be completed before a license is issued; any problems found will be
addressed in a supplement to this report. -.

7.1.4.6 Fire Protection Review

The review of the emergency shutdown panel discussed in Section 7.4 of this
report covers the compliance of this panel with GDC 19. The aspects of the
emergency shutdown panel related to fire protection and the review for con-
formance to 10 CFR 50, Appendix R (safe shutdown analysis) are included in
Section 9.5 of this report.

7.1. 5 TMI Action Plan Items

Guidance on implementation of the TMI Action Plan was provided to applicants
in NUREG-0737. The items related to instrumentation and control systems are
listed below. The specific section of this report addressing each item is
indicated in parentheses.

(1) II.D.3, direct indication of PORV and safety valve position (7.5.2.3)

(2) II.E.1.2, auxiliary feedwater system automatic initiation and flow indi-
cation (7.3.3.1)

(3) II.F.1, accident monitoring instrumentation positions (4), (5), and (6)
(7.5.2.2)

(4) II.K.3.1, installation and testing of automatic PORV isolation system
(7.6.2.1)

(5) II.K.3.9, proportional integral derivative controller modification (7.7.2.1)

(6) II.K.3.10, proposed anticipatory trip modification (7.2.2.5)

(7) II.K.3.12, anticipatory reactor trip upon turbine trip (7.2.2.6)
' 7. 2 Reactor Trip System
~

7.2.1 Description

The reactor trip system (RTS) is designed to automatically limit reactor oper-.

. ation within the limits established in the safety analysis. This function is
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accomplished by tripping the reactor whenever predetermined safety limits are
approached or reached. The RTS monitors variables that are directly related
to system limitations or calculated from process variables. Whenever a variable
exceeds a setpoint, the reactor is tripped by the insertion of control rods.

The RTS initiates a turbine trip when a reactor trip occurs. The RTS consists
of sensors and analog and digital circuitry arranged in coincidence logic for
monitoring plant parameters. Signals from these channels are used in redundant
logic trains. Each of the two trains opens a separate and independent reactor
trip breaker. During normal power operation, a dc undervoltage coil in each
reactor trip breaker holds the breaker closed. For a reactor trip, the removal
of power to the undervoltage coils opens the breakers. Opening either of two
series-connected breakers interrupts the power from the rod-drive motor genera-
tor sets, and the control rods fall by gravity into the core. The rods cannot
be withdrawn until the trip breakers are manually reset, and the trip breakers
cannot be manually reset until the abnormal condition that initiated the trip
is corrected. Bypass breakers are provided to permit the testing of the pri-
mary breakers.

In addition to the automatic trip of the reactor described above, there is
also provision for manual trip by the operator. The manual trip consists of
two switches; actuation of either switch removes power from the undervoltage
coils and energizes the shunt trip coils of both reactor trip breakers. The
shunt trip coils are a diverse means for tripping the reactor trip breakers.
The reactor will also be tripped by actuating either of the two manual switches
for safety injection.

The generic implications of the Salem anticipated transient without scram (ATWS)
events are discussed in Section 7.2.2.3 of this report.

The reactor trips listed below are provided in the Beaver Valley Unit 2 design.
The numbers in parentheses after each trip function indicate the coincident
logic, for example, two-out-of-three (2/3). These trips are

(1) . nuclear overpower trips

(a) power range high neutron flux trip (2/4)
(b) intermediate range high neutron flux trip (1/2)
(c) source range high neutron flux trip (1/2)
(d) power range high positive neutron flux rate trip (2/4)
(e) power range high negative neutron flux rate trip (2/4)

(2) core thermal overpower trips

(a) overtemperature AT trip (2/3)
(b) overpower AT trip (2/3)

(3) reactor coolant system pressurizer pressure and water level trips

(a) pressurizer low pressure trip (2/3)
(b) pressurizer high pressure trip (2/3)
(c) pressurizer high water level trip (2/3)

.

.
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(4) reactor coolant system low flow trips

(a) low reactor coolant flow (2/3 per loop) (2/3) between P-7 and P-8
(1/3) above (P-8)

(b) reactor coolant pump breaker trip (2/3)
(c) reactor coolant pump bus undervoltage (2/3)
(d) reactor coolant pump bus underfrequency (2/3)

(5) low feedwater flow trip (1/2 steam /feedwater flow mismatch in coincidence
with 1/2 low steam generator water level)

(6) steam generator low-low level trip (2/3 per loop)

(7) turbine trip (anticipatory)

(a) low auto stop oil pressure (2/3)
(b) turbine stop valves closed (4/4)

(8) safety injection signal actuation trip (See Section 7.3) coincidence with
actuation of safety injection (1/2)

(9) manual trip (1/2)

The power range high neutron flux trip has two bistables for high and low trip
settings. The high setting trip is active during all modes of operation. The
low setting trip provides protection during reactor startup and shutdown when
the reactor is below 10% power. The low setting trip can be manually blocked
above 10% power (P-10) and is automatically reinstated below the P-10 interlock.

The intermediate range trip provides protection during reactor startup and shut-
down. This trip can be manually blocked above 10% power (P-10) and is automa-
tically reinstated below the P-10 interlock.

The source range trip provides protection during reactor startup and shutdown
when the neutron flux channel is below the P-6 interlock (6 x 10 11 amp).
This trip can be manually blocked above the P-6 interlock and is automatically
reinstated below the P-6 interlock. It is also automatically blocked above
the P-10 interlock.

A power range high positive neutron flux rate trip occurs when a sudden abnor-
mal increase in nuclear power is detected. This trip provides departure from
nucleate boiling (DNB) protection against low-worth rod ejection accidents
from midpower and is active-during all modes of operation.

A power range high negative neutron flux rate trip occurs when a sudden abnor-
mal decrease in nuclear power is detected. This trip provides protection
against two or more dropped rods and is active during all modes of operation.

The overtemperature AT trip protects the core against a low departure from nucle-
ate boiling ratio (DNBR). The setpoint for this trip is continuously calculated
by analog circuits to compensate for the effects of temperature, pressure, and
axial neutron flux difference on DNBR limits.

.

.
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The overpower AT trip protects against excessive power (fuel rod rating
protection). The setpoint for this trip is continuously calculated by analog
circuits to compensate for the effects of temperature and axial neutron flux
difference.

The pressurizer low pressure trip is used to protect against low pressure that
could lead to DN8. The reactor is tripped when the pressurizer pressure (com-
pensated for rate of change) fails below a preset limit. This trip is auto-
matically blocked below approximately 10% power (P-7-interlock) to allow
startup and controlled shutdown.

The pressurizer high pressure trip is used to protect the reactor coolant sys-
tem against system overpressure. The same transmitters are used as for the
pressurizer low pressure trip, except that separate bistables are used for the
high pressure trip. The reactor is tripped when pressurizer pressure exceeds
a preset limit.

Th? pressurizer high water level trip is provided as a backup to the pressurizer
high pressure trip and serves to prevent water relief through the pressurizer
safety valves. This trip is automatically blocked below approximately 10% of
full power (P-7 interlock) to allow startup.

The low reactor coolant flow trip protects the core against DN8 resulting from
a loss of primary coolant flow. Above the P-7 setpoint (approximately 10%
power), a reactor trip will occur if any two loops have low flow. Above the
P-8 setpoint (approximately 48% power), a trip will occur if any one loop has
low flow.

.

The reactor coolant pump breaker, bus undervoltage and bus underfrequency trips
protect the reactor core from DNB. These trips are all automatically blocked
below the P-7 setpoint to allow startup.

The low feedwater flow trip (steam /feedwater flow mismatch coincident with low
steam generator level) protects the reactor from a sudden loss of a heat sink.
This trip is active during all modes of. operation.

The steam generator low-low water level trip protects the reactor from loss of
heat sink in the event of a sustained steam /feedwater flow mismatch.

A reactor trip on a turbine trip is actuated by trip fluid pressure switches
(two out-of-three) or by closed signals from the turbine steam stop valve
position switches (four-out-of-four). A turbine trip causes a direct reactor,

trip above 70% power (P-9 interlock).

A safety injection signal initiates a reactor trip. This trip protects the
core against a loss of reactor coolant or overcooling.

The manual trip consists of two switches. Operation of either switch de-
energizes the undervoltage coils in each logic train. The breaker shunt coils
in these breakers are energized at the same time, which provides a diverse
means to ensure that the trip and bypass breakers are tripped.

.

The analog portion of the RTS consists of a portion of the process instrumen--

tation system (PIS) and the nuclear instrumentation system (NIS). The PIS
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includes those devices that measure temperature, pressure, fluid flow, and
level. The PIS also includes the power supplies, signal conditioning, and
bistables that provide initiation of protective functions. The NIS includes
the neutron flux monitoring instruments, including power supplies, signal
conditioning, and bistables that provide initiation of protective functions.

The digital portion of the RTS consists of the solid-state logic protection
system (SSLPS). The SSLPS takes binary inputs (voltage /no voltage) from the
PIS and NIS channels corresponding to normal / trip conditions for plant param-
eters. The SSLPS uses these signals in the required logic combinations and
generates trip signals (no voltage) to the undervoltage coils of the reactor
trip circuit breakers. The system also provides annunciator, status light,
and computer input signals that indicate the condition of the bistable output
signals,' partial and full trip conditions, and the status of various blocking,
permissive, and actuation functions. In addition, the SSLPS includes the logic,

circuits for testing.

Analog signals derived from protection channels that are used for such non-
protective functions as control, remote process indication, and computer moni--

toring are provided by isolation amplifiers located in the protective system
cabinets. The isolation amplifiers are designed so that a short circuit, open
circuit, or the application of credible fault voltages from within the cabinets
on the isolated output portions of the circuit (nonprotective side) will not
affect the input signa ~1. The signals obtained from the isolation amplifiers
are not returned to the protective system cabinets.

.

7.2.2 Specific Findings

7.2.2.1 Lead, Lag, and Rate Time Constant Setpoints Used in Safety System
Channels

Several safety system channels make use of lead, lag, or rate signal compensa-
tion to provide signal time responses consistent with assumptions in the analy-
ses in FSAR Chapter 15. The time constants for these signal compensations are
adjustable setpoints within the analog portion of the safety system. The time
constant setpoints will be incorporated into the plant Technical Specifications.

7.2.2.2 Turbine Trip Following a Reactor Trip

Credit is taken in the accident analysis for turbine trip on a reactor trip.
The protection system trips the turbine following a reactor trip using the
turbine emergency trip system. Redundant circuits used to trip the turbine
are independently routed to and processed within the emergency trip system to
provide two independent means of tripping the turbine. The circuits that
traverse structures that are not seismically qualified are isolated from the
solid-state protection system. The circuits are fully testable during full-
power operation. The staff finds this design consistent with the function's
importance to safety and, therefore, acceptable.

The staff will include in the plant Technical Specifications a requirement to
periodically test these circuits.

.
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7.2.2.3 Design Modification for Automatic Reactor Trip Using Shunt Coil Trip
Attachment

The Westinghouse Owners Group (WOG) has submitted a generic design modification
to provide automatic reactor trip system (RTS) actuation of the breaker shunt
trip attachments in response to Salem ATWS events. The staff has reviewed and
accepted the generic design modification and has identified additional infor-
mation required on a plant-specific basis. The applicant's letter dated
March 30, 1984 responded to Generic Letter 83-28, which established the require-
ments for this modification. In that response, the applicant stated that if
automatic shunt trip actuation were incorporated into the plant design, it
would not provide substantial additional protection. The staff found this
response unacceptable. In a September 7, 1984 response, the applicant com-
mitted to provide the WOG generic design modification. The staff finds this
acceptable, but considers this a confirmatory item until the modification
installation is completed.

In addition, as part of the acceptance of the generic modification, the staff
has identified additional information required on a plant-specific basis. The
staff considers the submittal of the required information and an FSAR revision
covering the modification to be a confirmatory item,

7.2.2.4 Trip Setpoint and Margins

The setpoints for the various functions in the reactor trip system are deter-
mined on the basis of the accident analysis requirements. As such, during any
anticipated operational occurrence or accident, the reactor trip maintains
system parameters with the following limits:

(1) minimum DNBR of 1.30
(2) maximum system pressure of 2750 psi (absolute)
(3) fuel rod maximum linear power of 18.0 kW per foot

The staff requested detailed information on the methodology used to establish
the Technical Specification trip setpoints and allowable values for the reactor
protection system (RPS) (including reactor trip and engineered safety feature
channels) assumed to operate in the FSAR accident and transient analyses.
This includes the following information:

(1) The trip setpoint and allowable value for the Technical Specifications.

(2) The safety limits necessary to protect the integrity of the physical bar-
riers that guard against uncontrolled release of radioactivity.

(3) The values assigned to each component of the combined channel error
allowance (modaling uncertainties, analytical uncertainties, transient
overshoot, response time, trip unit setting accuracy, test equipment
accuracy, primary element accuracy, sensor drift, nominal and harsh
environmental allowances, trip unit drift), the basis for these values,
and the method used to sum the individual errors. Where zero is assumed
for an error, a justification that the error is negligible should be
provided.

-
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(4) The margin (the difference between the safety limit and the setpoint less
the combined channel error allowance).

The detailed trip setpoint review will be done as part of the staff's review
of the plant Technical Specifications and will be completed before the operat-
ing license is issued.

7.2.2.5 NUREG-0737 Item II.K.3.10, Proposed Anticipatory Trip Modification

The design includes an anticipatory reactor trip upon turbine trip. Provisions
are included to automatically block the reactor trip upon turbine trip at power;

levels below approximately 70% (P-9 interlock) where the condenser steam dump
is capable of mitigating the reactor coolant system temperature and pressure
transient without actuating pressurizer power-operated relief valves. A
decision to trip the reactor following turbine trip at the 50% power level,
noted in the TMI Action Plan requirements, would involve only bistable setpoint
changes and not instrument hardware changes. The staff finds that the design
is, therefore, acceptable. The specific power level setpoint below which a!

reactor trip following a turbine trip is blocked will be reviewed and specified
in the plant Technical Specifications.

7.2.2.6 NUREG-0737 Item II.K.3.12, Anticipatory Reactor Trip on Turbine Trip

As stated above, the design includes an anticipatory reactor trip on turbine
'

trip. The staff has reviewed the design for conformance to BTP ICSB-26 and
has identified the following concerns:

(1) The 4/4 logic, although redundant in each RPS train, has four input chan-
nels developed from position switch contacts on the four turbine stop
valves. The installation of the stop valve position contacts and their
cable routing to the RPS input cabinets do not preclude a single failure
from preventing either train from performing its safety function.

' (2) The sensors and stop valve contacts are not qualified to operate in a
seismic event.

In response to the staff's first concern, the applicant stated, in a February 21,
1984 letter, that the reactor trip on turbine low auto stop oil pressure pro-
vides a diverse backup for the trip on stop valve closure. The applicant also
reiterated that this trip is anticipatory, and is included for the protection
of the turbine equipment; no credit is taken for this trip in any FSAR Chap-
ter 15 accident analysis. The staff finds the applicant's response acceptable
and considers this concern resolved.

In response to the staff's second concern, the applicant stated, in an August 9,
1984 letter, that the pressure sensors and stop valve contscts fail in a safe
direction (provide the trip) if they fail because of a seismic event. The staff
finds the applicant's response acceptable and considers this issue closed.

7.2.3 Conclusions

On the basis of its review, the staff finds that there is reasonable assurance
that the reactor trip system will conform to the applicable guidelines.-
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The review included the identification of those RTS systems and components that
are designed to survive the effects of earthquakes, other natural phenomena,
abnormal environments, and missiles. On the basis of this review, the staff
concludes that the applicant has identified these systems and components con-
sistent with the design bases for the RTS. (Sections 3.10 and 3.11 of this
SER address the qualification programs to demonstrate the capability of these
systems and components to survive applicable events.) Therefore, the staff
finds that the identification of the systems and components satisfies this
aspect of GDC 2 and 4.

On the basis of its review, the staff also concludes that the RTS conforms to1

the design basis requirements of IEEE 279. The RTS includes the provision to
sense acc dent conditions and anticipated operational occurrences and initiate
reactor nutdown consistent with the analysis presented in FSAR Chapter 15.
Therefore, the staff finds that the RTS satisfies GDC 20.

!
The RTS adequately conforms to the guidance for periodic testing in RG 1.22

i and IEEE 338 as supplemented by RG 1.118. The bypassed and inoperable status
indication adequately conforms to RG 1.47. The RTS adequately conforms to the,

guidance on the application of the single failure criterion in IEEE 379, asJ

supplemented by RG 1.53. On the basis of its review, the staff concludes that
j the RTS satisifes IEEE 279 in regard to system reliability and testability.

Therefore, the staff finds that the RTS satisfies GDC 21.

The RTS adequately conforms to IEEE 384, as supplemented by RG 1.75, for the
protection system independence. On the basis of its review, the staff concludes
that the RTS satisfies IEEE 279 with regard to the independence of systems.
Therefore, the staff finds that the RTS satisfies GDC 22. *

! On the basis of its review of failure modes and effects for the RTS, the staff
} concludes that the system is designed to fail into a safe mode if conditions
! such as disconnection of the system, loss of energy, or a postulated adverse

environment are experic' iced. Therefore, the staff finds that the RTS satisfies
GDC 23.

,

On the basis of its review of the interfaces between the RTS and plant operat-
ing control systems, the staff concludes that the system satisfies IEEE 279
with regard to control and protection system interaction. Therefore, the staff1

finds that the RTS satisfies GDC 24.

On the basis of its review of the RTS, the staff concludes that the system
satisfies the protection system requirements for malfunctions of the reactivity '

' control system, such as accidental withdrawal of control rods. (FSAR Section 15
i addresses the capability of the system to ensure that fuel design limits are

not exceeded for such events.) Therefore, the staff finds that the RTS satis-
fies GDC 25.

_ The staff's conclusions, noted above, are based on the requirements of IEEE 279
; with respect to the design of the RTS. Therefore, the staff finds that the

RTS satisfies 10 CFR 50.55a(h) with regard to IEEE 279.

The staff review of the RTS has examined the dependence of this system on the.

availability of essential auxiliary support (EAS) systems. On the basis of-

*

.

I
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its review, the staff concludes that the design of the RTS is compatible with
the functional performance requirements of EAS systems. Therefore, the staff
finds the interfaces between the RTS design and the design of the EAS systems
acceptable.

In summary, the staff concludes that the design of the RTS and the design of
the EAS systems are acceptable and meet the relevant requirements of GDC 2, 4,
20, 21, 22, 23, 24, and 25, and 10 CFR 50.55a(h).

7.3 Engineered Safety Features Systems

7.3.1 Engineered Safety Features Actuation System

The engineered safety features actuation system (ESFAS) is a portion of the
plant protection system that mon.itors selected plant parameters and, on detec-
tion of out-of-limit conditions of these parameters, will initiate actuation of
appropriate engineered safety features (ESF) systems and essential auxiliary
support systems equipment. The ESFAS includes both automatic and manual ini-
tiation of these systems. Also included with the ESF systems are the controla

systems that regulate operation of ESF systems following their initiation by
the protection system.

The ESFAS is a functionally defired system and consists of

(1) process instrumentation and control
(2) solid-state and relay logic
(3) ESF test circuits
(4) manual actuation circuits
(5) emergency generator load sequence control logic

The ESFAS includes two distinct portions of circuitry: (1) an analog portion
consisting of three to four redundant channels per parameter or variable to
monitor various plant parameters such as reactor coolant and steam system
pressures, temperatures, and flows and containment pressure, and (2) a digital
portion consisting of redundant logic trains that receive inputs from the
analog protection channels and perform the logic to actuate the ESF equipment.
The ESFAS is composed of NSSS circuits designed by Westinghouse and 80P circuits
designed by S&W.

The actuation signals for each of the ESFAS functions are listed below. The
numbers in parentheses after each actuation channel indicate the coincident
logic, for example, two-out-of-four (2/4).

(1) safety injection *

,

(a) manual (1/2)
(b) high-1 containment pressure (2/3) .

(c) low compensated steamline pressure (2/3 in any line)
(d) low pressurizer pressure (2/3)

(2) containment depressurization.

(a) manual (2/4)
(b) high-3 containment pressure (2/4),
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(3)- containment isolation

(a) automatic safety injection (phase A isolation)

high-1 containment pressure (2/3)*

low compensated steamline pressure (2/3 in any line)*

low pressurizer pressure (2/3)-

(b) high-3 containment pressure (2/4) (phase B isolation)

(c) manual

phase A isolation (1/2)-

phase B isolation (2/4)*

.

(4) steamline isolation

(a) low compensated steamline pressure (2/3 in any line)
(b) high-2 containment pressure (2/3)
(c) high steamline pressure rate (2/3 in any line)
(d) manual (1/2 for all lines or 1/1 for each valve)

(5) feedwater line isolation *

(a) safety injection (same as item 1 above)
(b) high steam generator level (2/3 in any generator)
(c) low T,yg (2/3) coincident with reactor trip

(6) auxiliary feedwater system actuation

The motor-driven auxiliary feedwater pumps will be started on any of the
following signals:

(a) safety injection (same as item 1 above)
(b) low-low steam generator level (2/3 in any generator) (2/3)
(c) loss of main feedwater pumps (2/2)
(d) loss of turbine-driven auxiliary feedwater pump discharge pressu're

(1/1) coincident with turbine-driven pump steam admission valves
open

(e) manual actuation (local or remote) (1/1)

The turbine-driven auxiliary feedwater pump will be started on any of the
following signals:

(a) low-low steam generator level (2/3 in any steam generator)
(b) loss of power (2/3 undervoltage at 4.16-kV bus)
(c) manual actuation (local or remote) (2/2)

(7) control room isolation

(a) high-3 containment pressure (2/4)
(b) high chlorine content (2/3)

- (c) manual containment spray (1/2)
.-
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(8) service water system pump start and isolation

(a) safety injection (same as item 1 above)

(9) emergency diesel generator startup

(a) safety injection (same as item 1 above)

7.3.2 ESF and EAS System Operation

The following ESF and EAS systems ara identified in the FSAR:

(1) ESF systems

(a) emergency core cooling systeo
(b) containment depressurizatier. system

* quench spray system
recirculation spray system*

(c) containment isolation system (including main steam and feedwater
isolation)

(d) combustible gas control system
(e) auxiliary feedwater system
(f) habitability system for the control room envelope
(g) supplementary leak collection and release system

(2) EAS systems

(a) service water system
(b) safety-related ventilation systems
(c) emergency onsite power supply system.

(d) emergency diesel generator associated systems

7.3.2.1 Emergency Core Cooling System

The emergency core cooling system (ECCS) cools the reactor core and provides
shutdown capability for pipe breaks in the RCS that cause a loss of primary
coolant greater than that that can be made up by the normal makeup system, for
rod cluster control assembly ejection, for pipe breaks in the secondary coolant
system, and for steam generator tube failure. The primary function of the ECCS
is to remove the stored and fission product decay heat from the reactor core
during accident conditions. The ECCS consists of the high head safety injection
(HHSI)/ charging pumps, low head safety injection (LHSI) pumps, safety injection
accumulators, containment recirculation spray pumps, refueling water storage
tank (RWST), and the associated piping, valves, and instrumentation.

The ECCS provides shutdown capability for the accidents described above by in-
jecting borated water into the RCS. The system's safety function can be per-
formed with a single active failure (short term) or passive failure (long

'

term). The emergen~y diesel generators supply power if offsite power is notc
available.

.

.
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The safety injection signal will start the diesel generators and automatically
initiate the following actions in the ECCS:

(1) start HHSI/ charging pumps
(2) open RWST suction valves to charging pumps
(3) open charging pumps to RCS cold leg injection headers isolation valves
(4) close normal charging path valves
(5) close charging pump miniflow valves
(6) start LHSI pumps.

(7) open any closed accumulator isolation valves
(8) close volume control tank outlet isolation valves

The changeover from the injection mode to recirculation mode is initiated
automatically on RWST low-low level coincident with a safety injection signal
and involves the following procedures:

(1) These actions take place automatically:

(a) Valves 8811A/B associated with the LHSI pumps and two containment
recirculation spray pumps are aligned for cold leg recirculation.

(b) The HHSI/ charging pumps are aligned to the recirculation spray pump
- discharge.

(c) The LHSI pumps stop on open signals from valves 8811A/B.

(d) The RWST is isolated.

'(2) Following these automatic actions, the operator manually aligns valves to
provide two separate HHSI/ charging pump subsystems, each consisting of a
charging pump and a recirculation spray pump.

(3) After approximately 24 hours, the operator manually aligns valves to
establish hot leg injection with two recirculation spray pumps and two,

i charging pumps providing the flow.

7.3.2.2 Containment Depressurization System

The containment depressurization system consists of the quench spray system
and the recirculation spray system. After a design-basis accident (DBA), the
quench spray pumps and one of two chemical injection pumps are started automa-

! tically on receipt of a containment isolation phase B (CIB) signal. The isola-
! tion valves to the quench spray discharge headers and from the RWST receive a

confirmatory open signal. Each redundant quench spray subsystem draws water
independently from the RWST. Sodium hydroxide solution is added to the quench
spray from the chemical additiun tank via the chemical injection pumps. On
receipt of an RWST low-low signal, the quench spray pumps stop and chemical

I addition flow is diverted to the containment sump.

The four recirculation spray pumps start automatically in approximately 210 sec-
onds following receipt of a CIB signal and take suction from the containment'

sump. Two of the recirculation spray pumps perform the containment spray func-;

| - tion to replace the quench spray pumps after receipt of the RWST low-low signal
' . , and the remaining two pumps are aligned for cold leg injection.
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7.3.2.3 Containment Isolation System Including Main Steam and Feedwater
Isolation

The safety function of the containment isolation system (CIS) is to automati-
cally isolate the process lines penetrating the containment structure. The
CIS is designed to limit the release of radioactive materials from the contain-
ment following an accident.

The CIS is automatically actuated by signals developed by the ESFAS in two
phases: phase A containment isolation and phase B containment isolation.
Phase A isolates all nonessential process lines penetrating ti e containment;l
phase B isolates all other process lines not included in phase A containment
isolation, except for the reactor coolant pump seal injection, safety injec-
tion, auxiliary feedwater, and containment depressurization lines.

Containment isolation valves, which are equipped with power operators an'd are
automatically actuated, may also be controlled individually by manual switches
in the control room. Containment isolation valves with power operators are
provided with an open/ closed indication, which is displayed in the control *

room.

All electric power supplies and equipment necessary for containment isolation
are Class 1E.

The main steamline isolation signal is generated on low steamline pressure,
high-2 containment pressure, or high steam pressure rate. A manual block'per-
missive is provided for the low steamline pressure signal for use during normal
plant cooldown and heatup. A high rate of decreasing steamline pressure is used
to initiate main steamline isolation when the low steamline pressure signals are
blocked. The mdin steam isolation valves, which are ball-type valves, are
designed to present steam flow in both the forward and reverse directions.
These, valves are opened hydraulically and are held open by a mechanical latch.
Upon receipt of a closure signal, deenergization of two solenoids or energiz-
ation of a third releases the latch and the valve closes by spring force.
Each main steam isolation valve is capable of being tested on line by partial
closure of the valve.

Feedwater line isolation is provided to terminate main feedwater following a
pipe rupture or excessive feedwater event. Upon receipt of a safety injection
(SI) or steam generator high-high level signal, all main feedwater pumps trip
and all feedwater isolation and feedwater control bypass valves close. Upon
receipt of either of the above two signals or low reactor coolant average tem-
perature coincident with reactor trip, all main feedwater control valves close.

7.3.2.4 Combustible Gas Control Syster

The combustible gas control systems controls the concentration of hydrogen gas
inside the containment after a DBA. The system consists of two redundant sets
of hydrogen analyzers and combiners powered from separate emergency buses.
Each set has a separate control panel located in the safeguards area outside
the containment and is manually operated following a DBA.

.
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7.3.2.5 Auxiliary Feedwater System

The function of the auxiliary feedwater system (AFWS) is to provide an adequate
supply of water to the steaa generators if the main feedwater system is not
available. The AFWS consists of two motor-driven pumps and one turbine-driven
pump with associated valves, controls, and instrumentation. Each motor-driven
pump supplies water to a separate header, while the turbine-driven pump can be
manually aligned to either header. Water can be supplied to each steam genera-
tor from either header. Flow is controlled by a separate (redundant) flow
control valve for each header. The auxiliary feedwat r pumps are started
automatically by the initiating conditions listed in Section 7.3.1, item (6).
Each pump takes suction directly through a separate supply line from the seismic
Category I primary plant demineralized water storage tank (PPDWST) with makeup
capability from the demineralized water storage tank (DWST). A secondary seismic

. Category I water supply is available from piping cross-connections to the service
water system.

The motor-driven pumps can be automatically or manually operated from either
the main control board or the emergency shutdown panel (ESP). The turbine-
driven pump can be operated automatically or manually from the main control
board but only manually from the ESP. One motor-driven pump can be operated
manually at the alternate shutdown panel (ASP).

The amount of flow to any steam generator is limited by cavitating venturis
located in the auxiliary feedwater line to each steam generator. The cavitating
venturis will prevent runout flow to a depressurized steam generator.

7.3.2.6 Habitability System for the Control Room Envelope

The control room envelope consists of the Unit 2 control room, computer room,
and air conditioning equipment room, and the Unit 1 control room; computer
room; kitchen, medical, and sanitary facilities; heating, ventilating, and air
conditioning equipment room; communication equipment and relay panel room; and
process instrument and rod position room. The environmental habitability sys-
tem for the control room envelope includes radiation shielding, redundant air
supply and filtration systems, and redundant air conditioning systems.

The control room envelope air conditioning system is safety related and main-
| tains the ambient control room temperature, under normal conditions, at 75 F.
| The system consists of two 100% capacity air conditioning units (ACUS), each

containing one fan, one service water cooling coil, a direct-expansion cooling
coil, a bag-type filter, and a roll-type filter. One of the Acus supplies a
mixture of outside and return air during normal operation. Redundant chlorine

.

gas detectors are located at the control room air intake. Detection of chlo-
| rine by 2-out-of-3 detectors or a CIB signal will automatically close the out-
j side air intake dampers. During this condition, the control room is maintained

above atmospheric pressure by bottled compressed air to preclude infiltration'

of outside air. Sixty minutes after the receipt of a CIB signal, redundant,
parallel, motorized dampers will open, and one of the twn redundant emergency
control room supply fans will automatically start and maintain the pressure in
the area after the bottled air supply is exhausted. Air is drawn through one
of two redundant filtration units. The control room air intake is also provided
with smoke detectors with local alarms and annunciation in the control room.
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Intake dampers can be manually closed and stroke can be purged from the control
room.

The main control room area for each unit opens to the main control room area
for the other. The control room air conditioning systems are independent and,

physically separated. The bottled compressed air system is common to both1

units and is sized on the basis of the combined area. Detection of chlorine
or a CIB signal in either unit will isolate the control room from the outside
air.

i 7.3.2.7 Supplementary Leak Collection and Release System
t

The primary function of the supplementary leak collection and release system
(SLCRS) is to ensure that radioactive leakage from the containment after a DBA
or radioactive release resulting from a fuel handling accident is collected

{and filtered for iodine removal before it is discharged to the atmosphere. i

4

The system consists of two normal exhaust fans, two filter exhaust fans powered !from emergency buses, four filter banks, two demister assemblies, and two emer-
. gency charging pump cubicle exhaust fans. During normal operation, one normal

,

'

exhaust fan operates, and the other fan is on standby. Also during normal oper-
ation, both filter exhaust fans are manually started and isolation dampers fori

one demister assembly and filter bank are opened.i

On a containment isolation (phase A) signal, the normal exhaust fans are iso-
i lated and air is diverted through one of the two parallel demister assemblies '

and the aligned filter banks before flowing to the filter exhaust fans. High <

differential pressure across each filter bank is annunciated in the control
room.

Each exhaust fan can be manually started or stopped from the control room and
can supply emergency ventilation for the charging pump cubicles and component

; cooling water pumps.

7.3.2.8 Service Water System |

The service water system (SWS) performs both safety and nonsafety functions by
providing cooling water for heat removal components during all modes of opera-'

:tion. The SWS consists of two trains, each of which contains one half-capacity '

pump, one strainer, and associated piping and valves. A third half-capacity
pump is provided for redundancy. During normal plant operation, both trains j
are required, but for safe shutdown only one train is required.

*

The SWS is designed to meet the single failure criterion. Power is supplied
,

to the two normally operating pumps from separate emergency buses, and the |'

third pump can be manually connected to either emergency bus. On receipt of a '

containment isolation (phase B) sicaal, water is diverted from the primary com-
ponent cooling water heat exchangers, secondary component cooling water heat

i exchangers, and chillers to the four containment recirculation spray coolers.
On receipt of an SI or loss-of-offsite power signal, the SWS pumps receive an
automatic start signal and water is supplied to the emergency diesel generator

I cooling system heat exchangers. The secondary component cooling water heat
exchangers are not required after loss of offsite power and will be automatically
isolated on low header pressure to maintain the required flow to other equipment..

'

.

.
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On receipt of a containment isolation (phase A) signal, double motor-operated
isolation valves isolate the non-safety-related portion of the system from the

*

safety-related portions. In the event of a failure in the non-safety-related
portion of the system, the valves close automatically on low system header
pressure.

7.3.2.9 Safety-Related Ventilation Systems

) The applicant has identified the following systems as safety related:

(1) control building ventilation
(2) emergency diesel generator building ventilation
(3) primary intake structure ventilation-

(4) main steam and feedwater valve area ventilation
(5) battery room ventilation
(6) emergency switchgear room ventilation
(7) safeguards area ventilation
(8) cable vault and rod control area ventilation

These systems are addressed in Section 9.4 of this report.

7.3.2.10 Emergency Onsite Power Supply System

The emergency onsite power supply system consists of two 4.16-kV diesel genera-
tors, two 4.16-kV ESF buses, various ESF and non-ESF 480-V buses, motor control
centers, and 208/120-V power panels. There are four 120-V ac safety-related
vital bus power supplies for safety-related vital instrumentation and control
loads. The emergency onsite power supply system is addressed in Section 8.3
of this report. -

7.3.2.11 Emergency Diesel Generator Associated Systems4

The applicant has identifled the emergency diesel generator cooling water,
combustion air intake and exhaust, fuel oil storage and transfer, air-starting,
and lubrication systems as safety-related systems. These systems are addressed
in Section 9.5 of this report.

'

7.3.3 Specific Findings .

7.3.3.1 NUREG-0737 Item II.E.1.2, AFWS Automatic Initiation and Flow
'

Indication

The automatic system used to initiate the operation of the auxiliary feedwater
system is part of ESFAS. The redundant actuation channels that provide signals
to the pumps and valves are physically separated and electrically independent.
Redundant trains are powered from independent Class 1E power sources. The
initiation signals and circuits are testable during power operation, and the
test requirements will be included in the plant Technical Specifications,
Manual initiation and control can be performed from the main control board or,

the emergency shutdown panel. No single failure within the manual or automatic
initiation system for the auxiliary feedwater system will prevent initiation
of the system by manual or automatic means. Environmental qualification is
addressed in Section 3.11 of this report.
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Redundant auxiliary feedwater flow instrument channels are provided for each
stean generator. Each channel is powered from a separate Class 1E source.
Auxiliry feedwater flow indicators are located at the main control board and
the emergency shutdown panel. The staff concludes that the design satisfies
the requirhments of NUREG-0737 Item II.E.1.2.

7.3.3.2 Test of Engineered Safeguards P-4 Interlock

On November 7, 1979 (letter from Anderson), Westinghouse notified the Commission
of an undetectable failure that could exist in the engineered safeguards P-4
interlocks. Test procedures were developed to detect failures that might |occur. The procedures require the use of voltage measurements at the terminal l

blocks of the reactor trip breaker cabinets.

The staff raised a concern on the possibility of accidental shorting or ground-
ing of safety system circuits during testing of the P-4 interlocks. In a res-
ponse dated April 10, 1984, the applicant stated that accidental shorting or
grounding has not been a problem during approximately 4 years of testing this
interlock on Unit 1.

In light of this response, the staff will continue its investigation of this
issue further during its site visit and address unacceptable findings, if any,
in a supplement to this report.

7.3.3.3 Undetectable Failure in Online Testing Circuitry for Engineered
Safeguards Relays.

On August 6, 1982 (letter from Rahe), Westinghouse notified the staff of a
potential undetectable failure in online test circuitry for the master relays
in the engineered safeguards systems. The undetectable failure involves the
output (slave) relay continuity proving lamps and their associated shunts
provided by test pushbuttons. If, after testing, a shunt is not provided for
any proving lamp because of a switch contact failure, any subsequent safeguards
actuation could cause the lamp to burn open before its associated slave relay.
is energized. This would then prevent actuation of any associated safeguards
devices on that slave relay. Westinghouse has provided test procedures that
ensure that the slave relay circuits operate normally when testing of the
master relays is completed.

Until an acceptable circuit modification is installed, the staff will require
that the Technical Specifications include monthly (rather than quarterly)
testing of slave relays. These tests should be performed immediately following
the monthly testing of associated master relays.

7.3.3.4 Service Water System Isolation on Low Header Pressure

During the staff's review of the service water system (SWS), it was noted that
on low SWS header pressure, the SWS is isolated from the secondary component
coaling water heat exchangers and the standby service water pump is automati-
cally started. There was little information in FSAR Section 7 on this circuitry,
and the FSAR did not provide a design basis for this system. Therefore, the
staff asked the applicant to provide sufficient information for the staff
review and, if this isolation has safety significance, that information be
provided in the appropriate section of the FSAR.

Beaver Valley 2 SER 7-19

- . _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _



-- : .w...:.: =....=;------ - . . .. z z. :. - -

.

In a letter dated September 11, 1984, the applicant provided additional,

information and stated that this isolation was a safety function that isolated
'

the safety-related portion of the system from the non-safety related portion.
During its review of this letter, the staff found conflicts between the informa-
tion provided and the P& ids. However, on the basis of clarifying information'

provided by the applicant during discussions and in a letter dated December 5,
1984, the staff finds that the instrumentation depicted in FSAR Figure 7.4.21
is adequate for this isolation function and, therefore, considers this issue
closed.

7.3.3.5 Normal Letdown Line Relief Valve
,

The staff raised a concern that the relief valve located on the letdown line
would relieve primary coolant to the pressurizer relief tank if the isolation,

valves inside containment did not close en a containment isolation signal
(while the isolation valve outside containment did close) or if the outside
containment isolation valve failed closed.

,

i In a letter dated June 20, 1984, the applicant presented various failure mode
analyses. The analyses show that the containment isolation is accomplished,
that there is sufficient instrumentation to detect the flow into the pressur-
izer relief tank, that the core integrity is maintained, and that the 10 CFR 50,

1 Appendix K limits are not exceeded. The staff fi. ids the analyses acceptable
and considers this matter closed. -

7.3.3.6 Switch from Injection to Recirculation.

The applicant has indicated that the design is incomplete for several areas
related to this item. On the basis of its review of preliminary information,
the staff has expressed concerns in the following areas:

(1) Charging pump miniflow valve c'ntrol design is not finished. Valve posi-o
tions are not provided as inputs into bypass or inoperable status indica-
tion. Deadheading of the charging pumps may be a problem.<

(2) The interlocks used for the switchover are complex and make testing.

complicated.

The staff requested detailed schematic drawings and piping diagrams be provided
when the design was finalized. In response to the staff's concerns, by a letter
dated May 14, 1984, the applicant provided final design drawings. During a
June 29, 1984 meeting with the applicant, the staff's concerns and the system ,

design were discussed. The staff finds the design for switchover from injection
to recirculation (including charging pump miniflow protection) acceptable and
considers this issue closed.

7.3.3.7 Main Feedwater Isolation
,

During the staff's review of the main feedwater isolation circuitry, discus-,

sions with the applicant indicated that for SI or steam generator high level
only one train of automatic closure is provided for the main feedwater isola-'

tion valves. An additional train of protection is provided by automatic closure
i of the main feedwater control and bypass valves with tripping of the main,

!-

|
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of the main feedwater control and bypass valves with tripping of the main
feedwater pumps and subsequent closure of their discharge valves. Also on alow T coincident with reactor trip, only a single train of automatic closure3yg

is provided for the main feedwater control valves, with no closure provided for
the main feedwater isolation and bypass valves.

The staff expressed concern that the lack of redundancy for protective action
initiated by low T coincident with reactor trip may be a safety-significant3yg
issue. In a June 20, 1984, letter, the applicant stated that the main feedwater
isolation provided by this signal is not assumed in Chapter 15 of the FSAR and
is not necessary for safety and is, therefore, not required to be redundant.
The staff has reviewed the applicant's response and finds the design is accept-
able and considers this issue closed.

FSAR Figures 7.2-1 (Sheet 13) and 7.3-18 originally did not agree with the in-
formation provided by the applicant (discussed above). However, in Amendment 8,
these figures were revised to eliminate the conflicts. Thus, the staff considers

| this matter closed.

7.3.3.8 Control Room Isolation

The applicant has indicated that the design of the control room and pressuriza-
tion system is incomplete. On the basis of its review of preliminary informa-
tion, the staff expressed a concern that the design, which is integrated into
the current control room isolation and pressurization system, may not meet
GOC 5.

The staff requested that detailed schematic drawings be provided for this
system when the design was finalized, and in a letter dated September 7, 1984,
the applicant provided information on the design and interrelationship between
Unit 1 and Unit 2. The staff reviewed the information and required additional,

| information on testability of the system. In a subsequent discussion, the
applicant indicated that the system could be tested during normal operation
with no adverse effects. The staff considers this issue closed.

7.3.3.9 Control Room Isolation on High Radiation Signal

During its review of the control room isolation system, the staff found a con-
flict between the plant schematics and FSAR Figures 7.2-1 (Sheet 8) and 7.3-13.
These figures showed that the control room is isolated by a high radiation
signal,.which was, according to the applicant, in error. In Amendment 8, the
applicant revised these figures to eliminate these errors. The staff considers
this issue resolved.

7.3.3.10 Automatic Opening of SWS Valves MOV113C and 1130

During the staff's review of the SWS, an error was found in FSAR Figure 9.2-4.
This figure shows that valves MOV113C and D receive automatic open signals,
which the applicant indicated is not the case. Thus, this item is confirma-
tory,' subject to revision of the FSAR to eliminate this error.

>
.

.

.
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7.3.3.11 Level Measurement Errors Resulting from Environmental Temperature
Effects on Level Instrument Reference Legs

The staff requested that the applicant evaluate the effects of high temperature
in reference legs of water level measurement systems as a result of high energyline breaks. This issue was addressed for operating reactors through IE Bul-
letin 79-21. In FSAR Amendment 4, the applicant committed to insulate the steam
generator reference legs in response to the heatup concern addressed in IE Bul-
letin 79-21. The staff finds this acceptable. *

7.3.3.12 Steam Generator Level Control and Protection

Three steam generator level channels are used in a two-out-of-three logic for
isolation of feedwater on high steam generator level. One of the three levelchannels is used for control. This design for actuation of feedwater isolation
does not meet the requirements of Paragraph 4.7 of IEEE 279, because failure of
the level channel used for control could require protective action and the remain-
der of the protection system channels would not satisfy the single-failure
criterion.

The applicant responded to this concern in letters dated March 28, May 30, and
June 8, 1984. However, the staff has not completed its, review of these responses
and considers this an open item. '

-7.3.3.13 IE. Bulletin 80-06 Concerns

IE Bulletin 80-06 requested a ' review of all systems serving safety-related
functions to ensure that no device will change position solely because of the-

reset of an ESFAS.

The staff reviewed the applicant's response in FSAR Amendment 4 and found that
the applicant had reviewed only the specific potential problems listed in IE
Bulletin 80-06. However, in a July 30, 1984 letter, the applicant stated that
his review included all safety-related systems and that the only modifications
required were discussed in the Amendment 4 response. Thus, the staff considers
this issue resolved, subject to confirmation of successful completion of the
verification test required by IE Bulletin 80-06.

7.3.3.14 Independence Between Manual and Automatic Actions

The applicant'~s response to IE Bulletin 80-06 states: "All circuitry for com-
ponents actuated by an ESF actuation signal have been designed such that the
ESF sigaal cannot be overridden manually or automatically with an ESF actuation
signal present. A component may be reset by'first resetting the ESF actuation
signal and then manually resetting the component." In addition, the staff's
revier of the transfer from the control room to the ESP revealed that safety
injection pumps cannot be stopped manually if SI is initiated after the transfer.

The staff is concerned that, under accident conditions, as well as in the case
of inadvertent initiation of safety actions, the inability of the operator to
exercise control could lead to consequential damage of safety-related equipment '

or prevent initiation of protection systems. The staff favors independence
between manual and automatic safety-related actions and believes that a safety--

significant issue may be introduced if the operator is prevented from exercising,

manual control.-
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i During a June 29, 1984 meeting with the applicant, the staff's concerns were
j. discussed. As a result of that meeting and a subsequent audit of schematics

for control circuitry of safety-related components, the staff has reached thee

following conclusions: ,

1

e

.(1)- The staff's concern centered on the interpretation of the applicant's
'

,

statement: ~"A component may be reset by first resetting the ESF actua-
+

{- tion..." that included not only manual termination but also manual initia-
j tion of protection systems and components. On the basis of further review'

and discussion, the staff now concludes that statement (and the design)
i only applies to manual termination and that the operator is not prevented

from manually initiating safety-related actions.
..

i (2)' Also, on the basis of further review and discussion, the staff concludes
? that because an SI reset button (identical to those in the control room); is provided on the emergency shutdown panel (ESP), safety injection can be

stopped from the ESP by following the same procedure used in the control
; room (reset the SI actuation signal and manually stop the pump).

<

-The staff finds the plant's degree of independence between manual and automatic
'

' actions acceptable and considers this issue closed.

7.3.3.15 Power. Lockout for Motor-Operated Valves
.

'

.

Certain motor-operated valves, such as those for cold leg accumulator isolation,
-require power lockout (removal) to meet the single-failure criterion. The power

i lockout scheme used by the applicant uses an additional, manually controlled
-(via removable banana plugs) contactor. The staff concluded that a short or,

relay failure in this circuitry could constitute a nondetectable failure and thus.

; violate the single-failure criterion.

The staff has expressed this concern to the applicant. The resolution of this
issue is addressed in Section 8.3 of this report.*

,

,

+

7.3.4 Conclusion
.

. The review of the instrumentatio~n and control aspects of the ESF systems in-
; cluded'the-ESFAS and the ESF control systems. The ESFAS detects a plant condi-

tion requiring the operation of an ESF system and/or essential auxiliary support,

i system and initiates operation of these systems. The ESF control system regu-
lates the operation of the ESF syst'em following automatic initiation by the pro-

'

.

.tection system or manual initiation by the plant operator.
. ..

On the basis of its review, the staff finds that, upon satisfactory resolutionr

of the open item identified in Section 7.3.3.12, there is reasonable assurance i,

L that the systems conform to the applicable guidelines.
1

The staff review has included the identification of those systems and components
for the ESFAS and ESF control systems that are designed to survive the effects i
of earthquakes, other natural phenomena, abnormal environments, and missiles. F

On the basis of its review, the staff concludes that the applicant has identifiedi

'those systems and components consistent with the design bases for the systems.-

;

j (Sections.3.10 and 3.11 of this SER address the qualification programs to demon-.

j strate the capability of these systems and components to survive applicable.

!
~
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events.) Therefore, the staff finds that the identi'fication of the systems and
components satisfies this aspect of GDC 2 and 4.

On the basis of its review, the staff concludes that the ESFAS conforms to
IEEE 279. The system includes the provisions to sense accident conditions and
anticipated operational occurrences to initiate the operation of ESF and EAS
systems consistent with the analyses presented in FSAR Chapter 15. Therefore,
the staff finds that the ESFAS satisfies GDC 20.

The ESFAS adequately conforms to the guidance for periodic testing in RG 1.22
and IEEE 338 as supplemented by RG 1.118. The bypassed and inoperable status
indication adequately conforms to RG 1.47. The ESFAS adequately conforms to
the guidance on the application of the single failure criterion in IEEE 379
as supplemented by RG 1.53. On the basis of its review, the staff concludes
that the ESFAS satisfies IEEE 279 with regard to system reliability and test- ,

ability. Therefore, the staff finds that the ESFAS satisfies GDC 21.

The ESFAS adequately conforms to IEEE 384, as supplemented by RG 1.75, for pro-
tection system independence. On the basis of its review, the staff concludes
that the ESFAS satisfies IEEE 279 with regard to the systems independence. There-
fore, the staff finds that the ESFAS satisfies GDC 22.

On the basis of its review of the ESFAS, the staff concludes that the system
is designed with due consideration of safe failure modes if conditions such as
disconnection of the system, loss of energy, or a postulated adverse environ-
ment are experienced. Therefore, the staff finds that'the ESFAS satisfies

!
GDC 23.

On the basis of its review of the interfaces between the ESFAS and plant oper-
ating control systems, the staff concludes that the system satisfies IEEE 279
with regard to control and protection system interactions. Therefore, subject
to satisfactory resolution of the open item identified in Section 7.3.3.12,
the staff finds that the ESFAS satisifies GDC 24.

The conclusions noted above are based on IEEE 279 with respect to the design of
the ESFAS. Therefore, the staff finds that the ESFAS satisfies 10 CFR 50.55a(h)
with regard to IEEE 279.

The staff review of the ESFAS and ESF control systems has examined the depend-
ence of these systems on the availability of EAS systems. On the basis of its
review, the staff concludes that the design of the ESFAS and ESF control systems
is compatible with the functional performance requirements of EAS systems.
Therefore, the staff finds the interfaces between the ESFAS and ESF control
systems and the EAS systems acceptable.

The staff review of the ESF control systems included conformance to the require-
ments for testability, operability with onsite and offsite electrical power,
and single failures, consistent with the applicable GDC. On the basis of its
review, the staff concludes that the ESF control systems are testable and are
operable on either onsite or offsite power (assuming only one source is avail-
able) and that the controls associated with redundant ESF systems are indepen-
dent and satisfy the single failure criterion. Therefore, the staff finds that
the ESF control systems meet GDC 34, 35, and 41.

i
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In summary, the staff concludes that the ESFAS and the ESF control systems
will be acceptable and meet the relevant requirements of GDC 2, 4, 20, 21, 22,
23, 24, 34, 35, 38, and 41 and 10 CFR 50.55a(h), subject to resolution of the
open item identified in Section 7.3.3.12 of this report.

7.4 Systems Required for Safe Shutdown

7.4.1 Description

This section describes the equipment and associated controls and instrumentation
of systems required for safe shutdown. It also describes controls and instru-
mentation outside the main control room that enable safe shutdown of the plant
in case the main control room must be evacuated.

7. 4.1.1 Safe Shutdown Systems

Securing and maintaining the plant in a safe shutdown condition can be done by
appropriate alignment of selected systems that normally serve a variety of
operational functions. The functions that the systems required for safe
shutdown must provide are

(1) prevent the reactor from achieving criticality
(2) provide an adequate heat sink so that the design and safety limits of the-

reactor coolant system temperature and pressure are not exceeded

To perform the above functions, the systems required for safe shutdown must
provide the following:

(1) boration
(2) adequate supply of auxiliary feedwater
(3) residual heat removal

In addition to the operation of systems required to provide these functions to
achieve and maintain safe shutdown, the following conditions are applicable:

(1) The turbine is tripped (in addition to automatic trip this can be accom-
plished manually at the turbine as well as from the control room).

(2) The reactor is tripped (in addition to automatic trip this can also be
accomplished manually at the reactor trip switchgear as well as from the
control room).

(3) All automatic protection and control systems are functioning (see Sec-
tions 7.2 and 7.3).

The monitoring indicators for maintaining hot standby are as follows:

(1) water level for each steam generator
(2) pressure for each steam generator
(3) pressurizer water level
(4) pressurizer pressure
(5) primary coolant hot and cold leg temperatures
(6) auxiliary feedwater flow for each steam generator-

*

.
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(7) primary plant demineralized water storage tank level
(8) source range flux monitor .

These indicators are provided in the main control room and on the emergency
shutdown panels, except for the primary plant demineralized water storage tank
level, which is not provided on the emergency shutdown panels.

The systems used for safe shutdown include the following:

(1) reactor coolant
(2) main steam
(3) auxiliary feedwater
(4) chemical and volume control
(5) primary plant component cooling water
(6) service water
(7) residual heat removal
(8) supportive heating, ventilation, and air conditioning (HVAC)

7.4.1.1.1 Reactor Coolant System

The reactor coolant system (RCS) transfers core residual heat to the steam
generators. The reactor core is at a lower elevation than the steam generators,
ensuring that heat can be transported from the reactor core Lo the steam
generators via natural circulation.

7.4.1.1.2 Main' Steam System

The main steam system consists of main steam piping, power-operated atmospheric
steam relief valves (PORVs), safety valves, and main steam isolation valves.
The system is used for maintaining a hot standby condition and for plant cool-
down to the temperature and pressure at which the residual heat removal system
can be placed in operation. Core residual heat and RCS sensible heat can be
removed by use of the safety grade PORVs if the main condenser is not in

| service.
.

! 7.4.1.1.3 Auxiliary Feedwater System

See Section 7.3 for a discussion of the auxiliary feedwater system.

7.4.1.1.4 Chemical and Volum.e Control System (CVCS)

j The CVCS is designed to

(1) maintain a predetermined water level in the pressurizer

(2) maintain seal water injection flow to the reac'.or coolant pumps

(3) control reactor coolant water chemistry conditions, radioactivity level,
and soluble chemical neutron absorber concentration

(4) provide emergency core cooling

(5) provide a means for filling and draining the reactor coolant system.

*

.
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The safety related part of the CVCS consists of the HHSI/ charging pumps and
their associated valves and piping used for emergency core cooling. For safe
shutdown, the CVCS provides a safety grade means to borate the RCS via the
boric acid pumps and tanks and the charging pumps and their valves and piping.
Additionally, the CVCS provides a safety grade means for RCS inventory control
with the aforementioned equipment and the reactor head letdown system.

7.4.1.1.-5 Primary Plant Component Cooling Water System

The primary plant component cooling water system serves as an intermediate
system and a secondary boundary between the RCS and the SWS. The SWS provides

! an ensured source of cooling water to the primary plant component cooling water
; heat exchangers. The primary plant component cooling water system is not

required to mitigate the consequences of accidents, but is required to supply
water to the RHR heat exchangers in the long term for the cold shutdown condi-
tion. During normal operation, cross-ties between redundant flow paths are
open. Valves are provided to allow isolation of redundant flow paths to ensure
that at least one primary plant component cooling water pump and heat exchanger
can supply cooling to one RHR heat exchanger in the long term. A third primary
plant component cooling water pump is provided as a backup.

7.4.1.1.6 Service Water System

See Section 7.3 for a discussion of the service water system.

7.4.1.1.7 Residual Heat Removal System (RHRS)'

The RHRS (1) transfers heat from the RCS t'o the primary plant component cool-
ing water system during plant cooldown from hot standby to cold shutdown and
(2) controls the temperature of the primary coolant during cold shutdown. The
RHRS consists of two redundant, separate, and independent trains, each of which
is powered from a different Class IE bus and is capable of maintaining its
design cooling function even with'a major single failure such as a failure
of a pump, valve, or heat exchanger.

|

7.4.1.1.8 HVAC Support Systemsi

2 See Section 9.4 for an evaluation of these systems.

7.4.1.2 Remote Shutdown Capability

If the control room must be evacuated, the operator can establish and maintain
the plant in a hot shutdown condition from outside the control room through
the use of controls and indicators located at the emergency shutdown panel
(ESP). Two redundant trains of controls are provided for the ESP, which is
located in a locked room with access controlled by key or keycard. Transfer
switches on the ESP allow the operator to transfer control of individual
components required for safe shutdown from the control room to the ESP.' Any
transfer action is annunciated in the control room, and any automatic action
initiated from the control room, such as SI, continues functioning upon transfer.

.-
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7'4.2 Specific Findings.

7.4.2.1 Remote Shutdown Capability

SRP 7.4 interprets the GDC 19 requirement that equipment be provided at appro-
|priate locations outside the control room to achieve a safe shutdown of the

reactor. The design should provide redundant safety grade capability to achieve
and maintain safe shutdown from a location or locations remote from the control
room, assuming no fire damage to any required systems and equipment and assuming
no accident has occurred. The remote shutdown equipment should be capable of
maintaining functional operability under all service conditions postulated,
including the seismic event. The remote shutdown station and the equipment
used to maintain safe shutdown should be designed to accommodate a single
failure.

FSAR Section 7.4'.1.3 states that the design basis for control room evacuation
does not consider a single failure. The staff found the applicant's original
design basis for remote shutdown capability unacceptable and required that the
applicant clarify the design criteria for remote shutdown and address the
isolation, separation, qualification and transfer / override provisions of the
remote shutdown equipment in FSAR Section 7.4.

In a response dated June 13, 1984, the applicant stated that the next FSAR
amendment will indicate that the design criteria for the control room evacua-
tion include the single failure criterion and coincident loss of offsite power.
Additionally, the applicant stated that (1) separation of redundant train-related
and non-Class 1E circuits is maintained by barriers or appropriate air space;
(2) that all Class 1E control equipment (other than indicators) meets IEEE 344
(1975) and IEEE 323 (1974); and (3) that transfer to the ESP is accomplished by
pushbuttons and switches on the shutdown panel.

The staff reviewed the applicant's response and found it acceptable with the
exception of the seismic qualification of indicators of the ESP. The staff
requested additional information on this issue, which the applicant provided
in a letter dated October 11, 1984. This issue is under review, and its
resolution is discussed in Section 3.10 of this report.

Additionally, the applicant, in FSAR Amendment 9, clarified the design basis
for remote shutdown and incorporated the information from the June 13, 1984
letter. The staff has reviewed the revision and considers it acceptable.

7.4.3 Conclusions
'

The review of systems required for safe shutdown included the sensors, circuitry,
redundancy features, and actuated devices that provide the instrumentation and
control functions that prevent the reactor from returning to criticality and
provide means for adequate residual heat removal.

On the basis of its review of the system designs for conformance to the SRP,
the staff finds that there is reasonable assurance that the systems conform
fully.

Beaver Valley 2 SER 7-28



.

.

The review has included the identification of those systems and components*

required for safe shutdown that are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. On the
basis of its review, the staff concludes that the applicant has identified
those systems and components consistent with the design bases for the systems.
(Sections.3.10 and 3.11 of this SER address the qualification programs to
demonstrate the capability of these systems and components to survive applicable
events.) Therefore, the staff finds that the identification of these systems
and components satisfies this aspect of GDC 2 and 4.

On the basis of its review, the staff concludes that instrumentation and con-
trols have been provided to maintain variables and systems that can affect the
fission process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems within prescribed

,

'

operating ranges during plant shutdown. Therefore, the staff finds that the
systems required for safe shutdown satisfy GDC 13.

Instrumentation and controls have been provided within the control room to
allow actions to be taken to maintain the nuclear power unit in a safe condi-
tion during shutdown, including a shutdown following an accident. Equipment
at appropriate locations outside the control room has been provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
instrumentation and controls to maint'ain the unit in a safe cond. tion during
hot shutdown, and (2) with a potential capability for subsequent cold shutdown
of the reactor through the use of suitable procedures. Therefore, the staff
concludes that the systems required for safe shutdown satisfy GDC 19.

The staff review of the instrumentation and controls required for safe shutdown
has examined the dependence of these systems on the availability of EAS systems.
On the basis of its review, the staff concludes that the design of EAS systems
is compatible with the functional performance requirements of the systems
reviewed in this section. Therefore, the staff finds the interfaces between
the design of safe shutdown systems and the design of EAS systems acceptable.

The review of the instrumentation and control systems required for safe shutdown
included conformance to the requirements for testability, operability with
onsite and offsite electrical p wer, and single failures, consistent with the
GDC applicable to safe shutdown systems. The staff concludes that these systems
are testable and are operable on either onsite or offsite electrical power, and
that the controls associated with redundant safe shutdown systems are indepen-
dent and satisfy the requirements of the single failure criterion. Therefore,
the staff finds that these systems meet GDC 34, 35, and 38.

In summary the staff concludes that the systems required for safe shutdown are
acceptable and meet GDC 2, 4, 13, 19, 34, 35, and 38.

7. 5 Information Systems Important to Safety

7.5.1 Description

Indicators, annunciators, recorders, and lights are used to provide information
to the operator during postaccident monitoring and normal operating conditions.

.
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The information is displayed on the operator's console, on the various control
boards in the control room, and on the remote shutdown panels. This information
is provided for the following:

1

(1) reactor trip
(2) engineered safety features
(3) safe shutdown

7.5.1.1 Safety-Related Display Instrumentation

The applicant has conducted an analysis to identify the appropriate variables
for the operator to monitor conditions in the reactor coolant system, the sec-
ondary heat removal system, the containment, the engineered safety features
systems, and the safe shutdown systems. The safety-related display instrumenta-
tion provides the information necessary for the operator to perform the required
manual safety functions following a reactor trip. It provides information for
all operating conditions, including anticipated operational occurrences, acci-
dents, and postaccident conditions.

FSAR Table 7.5-1 identifies the safety related display instrumentation and in-
cludes the following information for each variable:

(1) instrument range
(2) environmental qualification
(3) seismic qualification
(4) display methodology
(5) type and category (per the definition in RG 1.97, Revision 2)

Environmental qualification is addressed in Sections 3.10 and 3.11 of this
report.

7.5.1.2 Bypass and Inoperable Status Indication

Automatic bypass or inoperable status indication is provided in the control
room for each redundant portion of a safety-related system. The indication of
bypassed or inoperable status was designed following RG 1.47, Revision 0.

The function bypass alarms receive their input from valve position limit
switches, circuit breaker auxiliary contacts, switch contacts, relays, etc.,
that are indicative of function inoperability. Means for manual actuation of
each bypass alarm are also provided in the control room.

Bypass indication alarms are tested by a test contact that simulates operation
of the remote contacts to verify proper operation of the alarm circuits.

The design and installation of the bypass and inoperable status indication is
such that a failure in an alarm circuit will have no adverse affect on the
function monitored or on any of.the other functions monitored by the bypass
alarm panel.

Bypass indication is provided in the control room for each train of the follow-
ing systems:

.
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(1) residual heat removal
(2) auxiliary feedwater

:(3) high head safety injection
|(4) safety injection accumulators (train A only) '

(5) low head safety injection
;

(6) quench' spray
(7) recirculation spray
(8) containment penetration

4 (9) service water
(10) primary component cooling

| (11) fuel pool cooling
(12) solid state protection
(13) vital instrumentation electrical.

(14) main control room ventilation isolation
(15) control building ventilation
(16) safeguards area ventilation
(17) cable vault and rod control area ventilation;

(18) supplementary leak collection
(19) auxiliary building ventilation4

(20) emergency switchgear area ventilation
(21) battery room ventilation
(22) emergency diesel' generator
(23) emergency diesel generater support
(24) 4160-V emergency electrical

-(25) 480-V emergency electrical
(26) 125-V dc emergency electrical-

(27) intake structure ventilation
(28) bypassed inoperable status indication inhibited (indicating light only) '

7.5.2 Specific Findings
'

7.5.2.1 Emergency Response Capability, RG 1.97, Revision'2, Requirements

Generic Letter 82-33 included additional clarification of RG 1.97, Revision 2,,

relating to the requirements for emergency response capability. The applicant's
letter dated September 12,1983, provided the response to the part of Generic'

Letter 82-33 pertaining to RG 1.97, Revision 2. The staff will audit the
applicant's method of implementing RG 1.97, Revision 2, and the applicant's
supporting technical justification for any proposed alternatives. Until.the
staff completes its review, a license condition will be imposed requiring the
satisfactory resolution of all review findings.

,

7.5.2.2 NUREG-0737 Item'II.F.1, Accident Monitoring Instrumentation,
Positions (4), (5), and (6)

Positions (4), (5), ar.d (6) of this action plan item require installation.of
the extended range containment pressure monitors, containment water level;

monitors, and containment hydrogen concentration monitors. FSAR Table 7.5-1
provides information for positions (4) and (5), but indicates that information

j for position (6) will be provided later. Because both the applicant and the
staff review to date indicate conformance with the requirements for positions
(4), (5), and (6), this is confirmatory subject to revision of FSAR Table 7.5-1
for position (6).

*
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7.5.2.3 NUREG-0737 Item II.D.3, Direct Indication of Relief and Safety Valve
Positions

In FSAR Amendment 5 and during a June 29, 1984 meeting, the applicant provided
information on compliance with this action plan item.

The three pressurizer power-operated relief valves (PORVs) are operated auto-
matically or by remote manual control. Each valve is provided with positive
open/ closed indication lights in the control room. The three safety valves
are also provided with positive open/ closed indication lights. The temperature
in each of the safety valve and PORV discharge lines is measured and indicated
in the control room. An increase in a discharge line temperature is an indi-
cation of leakage or relief through the associated valve. High temperature is
alarmed in the control room. The valves' position indicating limit switches
are seismically and environmentally qualified.

The staff finds that this design is in conformance with the action plan guide-
lines, and is, therefore, acceptable.

.

7.5.2.4 Bypass and Inoperable Status Panel

FSAR Section 1.8 states that the design of the bypass and inoperable status
panel follows RG 1.47. Although the staff reviewed some of the design drawings
that contain information of the bypass and inoperable status panel, there is
little information in the FSAR to describe the system. The staff requested
that the applicant provide information in FSAR Section 7.5 to demonstrate the
conformance with RG 1.47.

In a June 13, 1984 letter, the applicant provided this information and committed
to include similar information in the next'FSAR amendment. The staff considers
the applicant's FSAR amendment covering this information to be a confirmatory
item.

During a June 29, 1984 meeting with the applicant, the staff expressed a con-
cern that bypassing a supporting system may not lead to a bypass indication for
a protection system whose operation depends on the supporting system. In a
letter dated October 11, 1984, the applicant committed to modify two systems to
eliminate the staff's concern. Additionally, in a letter dated November 27,
1984, the applicant stated that no other changes were necessary for the plant
to conform to RG 1.47. The staff considers this issue resolved, subject to
confirmation that the two changes have been implemented.

7.5.2.5 IE Bulletin 79-27, Loss of Non-Class 1E Instrumentation and Control
Power System Bus During Operation

The staff requested that the applicant review the adequacy of emergency oper-
ating procedures to be used by control room operators to attain cold shutdown
on loss of any Class IE or non-Class 1E buses supplying power to safety- or
non-safety related instrument and control systems. This issue was addressed
for operating reactors through IE Bulletin 79-27.

I The staff reviewed the applicant's response in FSAR Amendment 4 and found it
inadequate. The intent of Bulletin 79-27 and NRC question 420.2 was for the

*
. .
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applicant to do an indepth review of all non-Class 1E and Class 1E buses that
.

could affect the plant's ability to achieve cold (not just hot) shutdown. If
problems were uncovered by the indepth review, design modifications were to be
made or emergency procedures were to be developed to ensure that cold shutdown
could be achieved.

The staff requested additional information to adequately address the concerns
of IE Bulletin 79-27.

In a letter dated July 30, 1984, the applicant provided the requested informa-
tion, and the staff has found this response acceptable. Therefore, this issue
is considered resolved.

7.5.3 Conclusions

The information systems important to safety provide the operator with informa-
tion on the status of the plant to allow the operator to perform manual safety
actions when necessary.

On the basis of its review, the staff finds that with the license condition
identified in Section 7.5.2.1, there is reasonable assurance that the systems
conform to the guidelines applicable to them.

The staff review has included the identification of those systems and components
of the information systems that are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. On the
basis of its review, the staff concludes that the applicant has identified those
systems and components consistent with the design bases for the systems. (Sec-
tions 3.10 and 3.11 of this SER address the qualification programs to demonstrate
the capability of these systems and components to survive applicable events.)
Therefore, the staff finds that the identification of these systems and compo-
nents satisfies this aspect of GDC 2 and.4.

The redundant safety grade information systems adequately conform to the guid-
ance for the physical independence of electrical systems provided in RG 1.75.

The staff concludes that the information systems important to safety include
appropriate variables and that their range and accuracy are consistent with
the plant safety analysis. Therefore, the staff finds that the information

systems satisfy the requirements of GDC 13 for monitoring variables and systems
over their anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions. Further, the staff finds that confor-
mance to GDC 13 and the applicable guidelines satisfies GDC 19 with respect to
information systems provided in the control room from which actions can be
taken to operate the unit safely under normal conditions and to maintain it in
a safe condition under accident conditions.

In summary, the staff concludes that the information systems important to
safety are acceptable and meet GDC 2, 4, 13, and 19, subject to the license
condition identified in Section 7.5.2.1.

. !
,
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7.6 Interlock Systems Imoortant to Safety

7.6.1 Description

The systems described in this section operate to reduce the probability of
occurrence of specific events or to maintain safety systems in a state to
ensure their availability when required.

7. 6.1.1 Residual Heat Removal Isolation Valve Interlocks

The RHRS consists of two residual heat exchangers, two pumps, and the associated
piping, valves, and instrumentation necessary for operational control. The
inlet lines to the RHRS are connected via a single suction header to a hot leg
of a reactor coolant loop, and the return lines are connected to the cold legs
of two reactor coolant loops.

The RHRS is a low pressure system and is isolated during normal operation from
the high pressure RCS. The isolation is provided by two motor-operated valves
in series in each of the two residual heat removal pump suction lines and a
motor-operated valve and a series check valve in each discharge line. Inter-
locks prevent opening of the motor-operated valves until the RCS pressure is
below a predetermined value (approximately 425 psig). Once opened, the valves
will close automatically if the preasure increases above a preset value (approx-
imately 750 psig). The positions of the valves are indicated on the main con-
trol board by lights actuated by valve limit switches. Two pressure transmit-
ters, powered from separate emergency power sources and supplied from separate
vendors, are used to derive the isolation valve interlocks.

7. 6.1. 2 Cold Leg Accumulator Motor-Operated Valve Interlocks

The accumulators are pressure vessels partially filled with barated water and
pressurized with nitrogen gas. During normal operation, each accumulator is
isolated from the RCS by two check valves in series. Should the RCS pressure
fall below the accumulator pressure, the check valves open and borated water
is forced into RCS. To prevent injection of borated water at low pressure
operation during shutdown and startup, each of the accumulators is provided
with a motor operated isolation valve in series with the check valves. The
valve is closed by the operator shortly after the RCS is depressurized below
the safety injection unblock setpoint.

The motor-operated isolation valves are controlled by switches on the main
control board and are interlocked as follows:

(1) They open automatically on receipt of a safety injection (SI) signal.

(2) They open automatically whenever the RCS pressure is above the safety
injection unblock pressure (P-11 interlock).

(3) They cannot be closed as long as an SI signal is present.

After the RCS pressure is decreased during shutdown and the motor-operated
isolation valves are closed, power to the valves is disconnected to prevent
accidental operation. The power to the valves is also disconnected after the.

valves are opened during normal power operation to prevent accidental closing.-

,

1
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Lights, actuated by the valve motor-operated limit switches, provide valve
position indication in the control room. Alarms operated by both the valve
motor operator limit switch and valve stem limit switch are activated when a
valve is not fully open and the system is above the safety injection unblock
pressure.

7.6.1.3 Reactor Coolant System Overpressure Protection During Low Temperature
Operation

The RCS overpressure protection during low temperature operation is dependent
on semiautomatic opening of two pressurizer PORVs. The actuation logic for
the PORVs continuously monitors RCS temperature and pressure conditions.

When the RCS is at normal operating pressure and temperature conditions, an
ARM / BLOCK switch on the main control board is in the block position. The moni-
tored RCS temperature signals are processed to generate a reference pressure
limit and to generate an alarm to alert the operator to manually arm the system
at a low temperature setpoint. An actuation signal to open the PORVs is gen-
erated when the system pressure exceeds the reference pressure and the system
is manually armed.

Wide range temperature signals are used to generate the reference pressure
limit, which is compared to the actually RCS pressure monitored by wide range
pressure channels. The difference signal will first annunciate a main control
board alarm whenever the measured pressure approaches, within a predetermined
amount, the reference pressure. A fu'rther increase in measured pressure will
then generate an annunciated actuation signal. When there has been sufficient
RCS inventory letdown, the RCS pressure decrease will clear the actuation sig-

' nal and cause the PORVs to close. Separate temperature and pressure transmit-
ters are provided for each train of PORV actuation.

7.6.1.4 Reactor Coolant System Loop Isolation Valve Interlocks

The purpose of these interlocks is to ensure that an accidental reactor cool-
ant pump (RCP) start in an unborated and/or cold isolated reactor coolant loop
results in a relatively slow reactivity insertion rate. This is accomplished
by ensuring that the initial flow from an isolated loop to the remainder of
the RCS is through the relief line bypass around the closed cold leg isolation
valve. This small flow, which allows the baron concentration / temperature to be
brought into equilibrium relatively slowly, must exist for approximately 1 hour
before the cold leg isolation valve can be opened.

The reactor coolant system loop isolation interlocks are as follows:

(1) The hot leg isolation valve cannot be opened unless cold leg isolation
valve is closed.

(2) The reactor coolant pump cannot be started unless

(a) the cold leg isolation valve is closed and relief line bypass valve
is open or

(b) the cold leg and hot leg isolation valves are both open.
.
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(3) The cold leg isolation valve cannot be opened unless

(a) the hot leg isolation and relief line bypass valves have been open
and relief line flow has existed all for a specified time, and

_(b) the cold leg temperature / hot leg temperature are within 20'F of the
highest cold leg temperature / hot leg temperature in other loops.

Redundant and independent valve limit switches and differential pressure
switches are used to develop the above interlocks.

7.6.2 Specific Findings

7.6.2.1 NUREG-0737 Item II.K.3.1, Installation and Testing of Automatic
Power-Operated Relief Valve Isolation System

This item requires all PWR licensees to provide a system that uses a PORV block
valve to protect against a small-break LOCA. The system would automatically
close the block valve when the RCS pressure decays after the PORV opens. The
staff requirements provide, however, that such a control system is not required
if studies provided in response to item II.K.3.2 show that the probability for
the PORV sticking open is sufficiently small.

Although the staff's review indicates that an automatic closure is provided
for the PORV block valves, the applicant has stated that he agrees with the
Westinghouse determination that the addition of a safety grade block valve
closure system is not required because of the low probability of a stuck-open
PORV. If the staff does not accept the Westinghouse conclusions (now under
the II.K,3.2 review), the staff will address this item in a supplement to this
report.

7.6.2.2 Reactor Coolant System Loop Isolation Valve Interlocks

FSAR Section 7.6.6 describes the RCS loop isolation valve interlocks. The
description is incomplete and additional information is required to clarify
that the design is in conformance with IEEE 279. Additionally, the staf f is
concerned that, during operation with N-1 Ioops, the criteria for testing and
single failure may not be met due to reduced protection logic.

The applicant responded to this issue in a July 12, 1984 letter. The staff
has reviewed the applicant's response and will pursue this issue as part of
the Technical Specifications review.

7.6.2.3 Primary Component Cooling Water Isolation from Reactor Coolant Pump
Thermal Barriers

FSAR Section 9.2.2 describes the isolation of the RCP thermal barriers from
the primary component cooling water system. A check valve is installed in
each inlet cooling water line to the thermal barrier cooling coil, and an
air-operated isolation valve is installed in each outlet line. Each isolation
valve closes on signals developed from a corresponding line's pressure or flow
sensor. Because the FSAR did not provide the design basis for this isolation,
the staff was concerned about its safety significance. Therefore, the staff

*
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requested that the applicant provide information about the design basis for i
this system and a discussion on the consequences of either the check valve or
the air operated isolation valve failing to close under conditions related to
the design basis.

In a letter dated October 12, 1984, the applicant stated that these valves
provide the second barrier isolating the RCS from the primary component cooling
water. The staff has reviewed this response and considers this issue closed.

7.6.2.4 Cold Leg Accumulator Motor-Operated Valve Position Indication

During the staff's review of the power lockout circuitry, a conflict was found
between plant schematics and the information provided in FSAR Section 6.3.5.5.
The FSAR states that the valve position indicating lights are powered by the
valve control power which is removed during power lockout. The schematics indi- !

cate that redundant valve position indication is provided and is not affected
by power removal. This item is confirmatory subject to revision of the FSAR
to update the description to eliminate this conflict.

7.6.3 Conclusions

The staff concludes that the designs of the interlock systems important to
safety are acceptable and meet the relevt.nt requirements of GDC 2 and 4. The

|review included the interlocks to prevent overpressurization of low pressure '

systems when they are connected to the primary coolant system. The staff post-
tion on this system is in BTP ICSB-3, " Isolation of Low Pressure Systems from '

the High Pressure Reactor Coolant System." On the basis of its review, the
staff concludes that the design of this system adequately complies with the
staff guidelines. '

The review included the interlock provided to prevent overpressurization of
the primary coolant system during low temperature operation. The staff's

| position on this interlock system is in BTP RSB 5-2, "Overpressurization Pro-
tection of Pressurized Water Reactors While Operating at Low Temperatures."
On the basis of its review, the staff concludes that the design complies with
the staff's guidelines.

The review also included the interlocks for the emergency core coollng system
(ECCS) accumulator valves. The staff's position on this interlock system is in

'

BTP ICSB-4, " Requirements of Motor Operated Valves in the ECCS Accumulator !

Lines." On the basis of its review, the staff concludes that these interlocks (
adequately comply with the staff's guidance.

Thus, on the basis of its review of the interlock systems important to safety,
the staff concludes that their design bases are consistent with the plant
safety analysis and the systems' imoortance to safety. Further, the staff
concludes that the aspects of the design of these systems with respect to
single failures, redundancy, independence, qualification, and testability are
adequate to ensure that the functional performance requirements will be met.

The review has included the identification of the systems and components of
interlock systems important to safety that are designed to survive the effects
of earthquakes, other natural phenomena, abnormal environments, and missiles.

.
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On the basis of its review, the staff concludes that the applicant has identi-
fled the systems and components consistent with the design bases for the inter-
lock systems. (Sections 3.10 and 3.11 of this SER address the qualification
programs to demonstrate the capability of these systems and components to survive
applicable events.) Therefore, the staff finds that the identification of the
systems and components satisfies this aspect of GDC 2 and 4.

In summary, the staff concludes that the interlock systems important to safety
are acceptable.

7.7 Control Systems

The general design objectives of the plant control system are

(1) to establish and maintain power equilibrium of the primary and secondary
system during steady-state unit operation

.

(2) to constrain operational transients to preclude unit trip and re-establish
steady-state unit operation

(3) to provide the reactor operator with monitoring instrumentation that
indicates all required input and output control parameters of the systems
and provides the capability of assuming manual control of the system

7.7.1 Description

7.7.1.1 Reactor Control System
.

The reactor control system enables the plant to acc'ept a step load increase or
decrease of 10% and a ramp increase or decrease of 5% per minute within the
load range of 15% to 100% without reactor trip, steam dump, or pressurizer
relief actuation (subject to possible xenon limitations). The system also
maintains the reactor coolant average temperature within established limits by
generating the demand signals for moving the control rods.

7.7.1.2 Rod Control System

The rod control system modulates the reactor power by automatic or manual con-
| trol of full length control rod banks. The system receives rod speed and
| direction signals from the reactor control system. Manual control is provided

to move a control bank in or out at a predetermined fixed speed. An interlock
derived from measurements of turbine impulse chamber pressure prevents auto- ,

matic control when the turbine load is below 15%.

The two shutdown banks are moved to the fully withdrawn position by manual
control before criticality. These rods remain in that position during nsrmal

1

operation. The control banks are the only rods that are manipulated under
automatic control. Each control bank is divided into two groups to obtain
smaller incremental reactivity changes por step. All rod control cluster
assemblies (RCCAs) in a group move simultaneously. There is individual posi-

,

tion indication for each RCCA.
!

|

-
.

.
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7.7.1.3 Plant Control Signals for Monitoring and Indication

The plant control signals for monitoring and indication are as follows:

(1) Nuclear Instrumentation Power Range System

Four channels are provided. Each of the channels uses a dual-section ionization 1

chamber as a neutron flux detector. The currents from the ionization chambers '

are used to measure the power level, axial flux imbalance, and radial flux
imbalance.

(2) Rod Position Monitoring System

Two separate systems are provided, digital rod position indication and the
demand position system. The digital rod position indication system measures
the actual position of each rod. The demand position system counts pulses
generated in the rod drive control system to provide a readout of the demanded
bank position.

(3) Control Bank Rod Insertion Monitoring

This provides warning to the operator of excessive rod insertion. The low
alarm dierts the operator of an approach to the rod insertion limits requiring
boron addition by following normal procedures with the chemical and volume
control system. The low-low alarm alerts to a need for immediate action to
add boron by any one of several alternate methods. ,

(4) Rod Deviation Alarm
, ,

The rod deviation alarm is generated by the digital rod position indication
system whenever any individual control rod position deviates from the bank
demand position by a preset limit.

(5) Rod Bottom Alarm

A rod bottom rod drop alarm is generated for each of the rods by the digital
rod position indication system.

7.7.1.4 Plant Control System Interlocks'

The plant control system interlocks are as follows:

(1) Rod Stops
.

These prevent abnormal power conditions that could result from excessive control
rod withdrawal initiated by either a control system malfunction or operator vio-
lation of administrative procedures. The interlock = are gene-ated by signals
from the neutron flux, overtemperature AT, overpower AT, and turbine impulse

| chamber pressure measurement channels.
L

| (2) Automatic Turbine Load Runback

This prevents high power operation that, if reached, would initiate reactor-

trip. Signals from overtemperature AT and overpower AT measurement channels.

.

1

Beaver Valley 2 SER 7-39.

h '



. _ _.. . _ . . _ .

,

are used to initiate automatic turbine load runback when an overpower or over-
temperature condition is approached.

7.7.1.5 Pressurizer Pressure Control

The RCS pressure is controlled by using either the heaters (in the water region)
'

or the spray (in the steam region) of the pressurizer plus steam relief for
large transients.

The electrical immersion heaters are located near the bottom of the pressurizer.
A portion of the heater group is proportionally controlled to correct small
pressure variations. These variations result from heat losses, including heat
losses as a result of a small continuous spray. The remaining (backup) heaters
are turned on when the pressurizer pressure control signal demands approximately
100% proportional heater power.

The spray nozzles are located on the top of the pressurizer. A small continuous
spray is normally maintained to reduce thermal stresses and thermal shock and
to help maintain uniform water chemistry and temperature in the pressurizer.
Spray is initiated when the pressure controller spray demand signal exceeds a
setpoint and the spray rate increases proportionally with increasing spray
demand signal until it reaches a maximum value.

7.7.1.6 Pressurizer Water Level Control

The pressurizer operates by maintaining a steam cushion over the reactor coolant.
As the density of the reactor coolant adjusts to the various temperatures, the
steam-water interface moves to absorb the variations with relatively small pres-
sure disturbances.

A programmed pressurizer water level is maintained by the CVCS. During normal
plant operation, the charging flow varies to produce the flow demanded by the
pressurizer water level controller. The pressurizer water level is programmed
as a function of coolant average temperature, with the highest average tempera-
ture (auctioneered) being used. The pressurizer water level decreases as the
load is reduced from full load. This is a result of coolant contraction follow-
ing programmed coolant temperature reduction from full power to low power. The
programmed level is designed to match as nearly as possible the level changes
resulting from the coolant temperature changes.

To control pressurizer water level during startup and shutdown operations, the
charging flow is manually regulated from the main control room.

7.7.1.7 Steam Generator Water Level Control

Each steam generator is equipped with a three-element feedwater flow controller
that maintains a programmed water level that is a function of turbine load. The
three-element feedwater controller regulates the feedwater valve by continuously,

comparing the feedwater flow signal, the water level signal, the programmed
level, and the pressure-compensated steam flow signal.

Continued delivery of feedwater to the steam generators is required as a sink
, for the heat stored and generated in the reactor following a reactor trip and

turbine trip. An override signal closes all feedwater valves when the average,
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coolant temperature is below a set value and the reactor has tripped. Manual
override of the feedwater control system is available at all times.

When the plant is at very low power, a secondary automatic control system is
utilized. This system uses the steam generator water level programmed setpoint
in conjunction with the power range neutron flux signal to control the position
of the bypass valves that parallel the main feedwater control valves. Switch-
over to this secondary system is initiated by the operator at approximately
15% power.

,

7.7.1.8 Steam Dump Control System

The steam dump system, together with the rod control system, is designed to
accept a 100% loss of net load without tripping the reactor. The system func-
tions automatically by bypassing 90% of the main steam directly to*the condens-
er and atmosphere to maintain an artificial load on the primary system. The
od control system can then reduce the reactor temperature to a new equilibrium

value without causing overtemperature and/or overpressure conditions.

A demand signal for the load-rejection steam dump controller is generated if
the difference between the reference average temperature based on turbine im-
pulse chamber pressure and the lead / lag compensated auctioneered average tem-
perature exceeds a preset value. To prevent actuation of steam dump on small
load perturbations, an independent load rejection sensing circuit is provided.
This circuit senses the rate of decrease in the turbine load as detected by
the turbine impulse chamber pressure and blocks the steam dump unless the rate
exceeds a preset value.

Following a reactor trip, the load rejection steam dump controller is deacti-
vated and the plant trip steam dump controller becomes active. The demand
signal for this controller is generated if the difference between the lead / lag
compensated auctioneered average temperature and the no-load reference average
temperature exceeds a preset value. As the error signal reduces in magnitude
following tripping of the dump valves, the dump valves are modulated by the
plant trip controller to regulate the rate of heat removal and thus gradually
establish the equilibrium hot shutdown condition.

During shutdown, residual heat is removed by the steam pressure controller,
which controls the steam flow to the condensers on the basis of measured steam
pressure. This controller operates a portion of the same steam dump valves to
the condenser that are used following load rejection or plant trip.

!
| 7.7.1.9 Incore Instrumentation

The incore instrumentation system consists of chromelalumel thermocouples at
fixed core outlet positions and movable miniature neutron detectors at select.d
fue! assemblies. The thermocouple readings are monitored by the plant computer
with backup readout provided by an indicator in the main control room. The
movable detectors can perform flux mapping at various core quadrant to obtain
a flux map for any region of the core. The plant computer collects, calculates,

:. and records data.

.
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7.7.2 Specific Findings

7.7.2.1 NUREG-0737 Item II.K.3.9, Proportional Integral Derivative (PID)
Controller Modification

FSAR Section 1.10 states that this item is not applicable because the hardware
is not installed at Beaver Valley Unit 2. However, FSAR Figure 7.7-4 shows
tne PID controller is part of the plant's pressurizer pressure control system.

In a letter dated June 20, 1984, the applicant stated that the PID controller
is installed and FSAR Section 1.10 will be revised. Additionally, the appli-
cant stated that the derivative time constant will be set to zero to satisfy
this item.

In Amendment 9, the applicant incorporated the above information into the
FSAR. The staff considers this acceptable and considers this item resolved.

7.7.2.2 High-Energy Line Breaks and Consequential Control System Failures

IE Information Notice 79-22, issued September 19, 1979, raises a concern that
if ce.'tain nonsafety grade or control equipment is subjected to the adverse
environment of a high-energy line break, it could malfunction and cause plant
conditions more severe than those analyzed in FSAR Chapter 15. The applicant
was requested to perform a review to determine what, if any, design changes or
operator actions would be necessary to ensure that high-energy line breaks
will not cause control system failures to complicate the event beyond the
Chapter 15 analyses.

The staff reviewed the applicant's response in FSAR Amendment 4 and found it
needed further clarification in the following areas:

(1) PT 444 and 445, used for the pressurizer PORV control, are not qualified.
The applicant's response indicated that all equipment associated with
this control system is Category I.

~

(2) The intent of NRC question 420.4 was to require that the applicant review
all possible control system malfunctions resulting from a high-energy
line break inside or outside containment. It appeared that the applicant
had reviewed only the four scenarios described in IE Information Notice
79-22 and limited that review to inside containment.

In an April 30, 1984 letter, the applicant provided additional information as
a revised response to NRC question 420.4. In addition to the analysis con-
ducted for the four nonsafety grade systems identified by IE Information
Notice 79-22: (1) steam generator PORV control system, (2) pressurizer PORV
cortrol system, (3) main feedwater control system, and (4) automatic rod con-
trol system, the applicant stated that his review has not identified any other<

'

nonsafety grade equipment whose performance, when subjected to an adverse
environment, would impact the protective functions performed by safety grade
equipment.

The results of the analysis conducted for the four systems indicate that the
steam generator PORV control system does not contain nonsafety grade control,

equipment that can be exposed to environments resulting from a high-energy
,

.
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line break. The other three systems do contain nonsafety grade components
that can be exposed to high energy line break environments; but, for those
components, the analysis concluded that the present design employs design
features and emergency procedures adequate to provide assurance that high
energy line breaks will not cause control system failures to complicate the
event beyond the FSAR Chapter 15 analysis. On the basis of the results of the
applicant's review, the staff considers this issue resolved.

7.7.2.3 Control System Failure Caused by Malfunctions of Common Power Source
or Instrument Line

To provide assurance that the FSAR Chapter 15 analyses adequately bound events
] initiated by a single credible failure or malfunction, the staff has asked the

applicant to identify any power source or sensors that provide power or signals
to two or more control functions, and to demonstrate that failures or malfunc-
tions of these power sources or sensors will not result in consequences more
severe than those of the FSAR Chapter 15 analyses or beyond the capability of
operator or safety systems.

j

The staff reviewed the applicant's response, contained in FSAR Amendment 4, and
found it needed further clarification. The applicant's response was based on

1

the satisfactory review of this issue on other Westinghouse plants, but the appli- '

cant had to provide (1) a statement to address the imilarity of Beaver Valley
Unit 2 to the other referenced plants, and (2) where there are differences,.

further analysis.

| In a letter dated August 9, 1984, the applicant committed to conduct a thorough
! review for Unit 2 similar to the reviews performed for other Westinghouse plants.

On the basis of this commitment, the staff considers this a confirmatory item,'

subject to the applicant's submitting satisfactory documentation of the review.

7.7.3 Conclusions

The staff has reviewed the control systems used for normal operation that are
not relied upon to perform safety functions but that control plant processes,

that have a significant impact on plant safety. These control systems include
the reactivity control systems and the control systems for the primary and
secondary coolant systems. The staff concludes that the control systems are

; acceptable and meet GOC 13 and 19.

On the basis of its review of the plant-transient response to normal load |;

changes and anticipated operational occurrences--such as reactor trip, turbine i
trip, upsets in the feedwater and steam bypass systems--the staff concludes i

,

that the control systems are capable of maintaining system variables within
prescribed operating limits. Therefore, the staff finds that the control sys-
tems satisfy this aspect of GDC 13. }

} The review of control systems included the features of these systems for both
manual and automatic control of the process systems. The staff concludes that '

the features for manual and automatic control facilitate the capability to i

maintain plant variables within prescribed operating limits. The staff finds
that the control systems permit actions that can be taken to operate the plant
safely during normal operation, including anticipated operational occurrences; i

l, therefore, the control systems satisfy GDC 19 with regard to normal plant
[ operations.
*

|
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The conclusions of the analysis of anticipated operational occurrences and
accidents in FSAR Chapter 15 have been used to confirm that plant safety is
not dependent on the response of the control systems. The staff concludes
that failures of the systems of themselves or as a consequence of the failure
of supporting systems (such as power sources) do not result in plant conditions
more severe than those bounded by the analysis of anticipated operational
occurrences.

Finally, the staff has confirmed that the consequential effects of anticipated
operational occurrences and accidents do not result in contro' system failures
that would cause plant conditions more severe than those bounded by the analysis
of these events. The staff finds that the control systems are not relied upon
to ensure plant safety and are, therefore, acceptable.

In summary, the staff concludes that the control systems are acceptable.

.
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8 ELECTRIC POWER SYSTEMS

8.1 General

The bases for the staff's evaluation of the applicant's designs, design criteria,
and design bases for the Boaver Valley Unit 2 electric power systems are set
forth in Table 8-1, " Acceptance Criteria and Guidelines for Electric Power Sys-
tems," of the SRP (NUREG-0800). These acceptance criteria and guidelines in- |
clude the applicable general design criteria (GDC), branch technical positions
(BTPs), regulatory guides (RGs), and NUREG reports, i

The following sections provide the staff's evaluation of the offsite and onsite
electric power system design and how it meets the requirements of the above
cited acceptance criteria. The staff will also visit the site to view the
insta11ation and arrangement of electrical equipment and cables, to review con-
firmatory electric drawings, and to confirm test results for the purpose of
verifying the adequacy of the design and proper implementation of the design
criteria. The confirmatory site visit will be completed before the license is
issued and if,any problems are found, they will be addressed in a supplement to,

,
this SER.

,

i 'The conclusions in the following sections are subject to acceptable implementa -

tion of design changes that may be required as a result of the staff's site
visit.

8.2 Offsite Electric power System

The safety function of the offsite power system (assuming the onsite power
system is not functioning) is to provide sufficient capacity and capability to
ensure that the structures, systems, and components important to safety perform
as intended. The objective of the staff review is to determine that the off-
site power system satisfies GDC 5, 17, and 18 and will perform its design func-
tion during all plant operating and accident conditions.

8.2.1 Compliance with GDC 5

The applicant has met-(except as noted) GDC 5 with respect to the sharing of (

circuits of the preferred power system. '

The following item addresses the problem area revealed during the staff review
and its resolution or status.

8.2.1.1 Sharing of Offsite Circuits Detween Units 1 and 21

By Amendment 9 to the FSAR, the appilcant revised Section 8.2.1.4.1 to state
that the 138-kV offsite power circuits are dedicated to Beavor Valley Unit 2
rather than being shared between Units 1 and 2. This dedication is inconsistent
with the Unaver Valley Unit 2 design as shown in FSAR Figure 8.1-2. Clarifica-
tion of this inconsistency will be pursued with the applicant, and the results
of the staff review will be reported in a supplement to this SER.-

.
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8.2.2 Compliance with GDC 17

The applicant has met (except as noted) GDC 17 with respect to the offsite power
system's (1) capacity and capability to permit functioning of structures, sys-
tems, and components important to safety; (2) provisions to minimize the proba-
bility of losing electric powe" from any of the remaining supplies as a result
of, or coincident with, the loss of power generated by the nuclear power unit
or loss of power from the onsite electric power supplies; (3) independence ofcircuits; and (4) availability of circuits.

The following items address the problem areas revealed during the staff review
and their resolution or status.

8.2.2.1 Physical Independence of Offsite Circuits Between the Grid System andSwitchyard

The description and analysis relating to physical independence of the offsite
power system's transmission lines between the Duquesne transmission grid system
and the Beaver Valley switchyard, contained in FSAR Section 8.2.1.1, stated that
the transmission lines converge on the switchyard by means of two or more widelyseparated routes. In Amendment 3 to the FSAR, the applicant provided an addi-
tional description with layout drawings of the subject physical separation of
the offsite transmission lines. On the basis of the description, the staff
concludes that the offsite transmission lines have adequate physical separation
in accordance with GDC 17 and are, therefore, acceptable.

8.2.2.2 Capability To Reestablish Power from the Offsite Power System

GOC 17 requires, in part, that each of the offsite circuits be designed so that
they are available in sufficient time, following a loss of all onsite ac power
supplies and the other offsite electric power circuit, to ensure that specified
acceptable fuel design limits and design conditions of the reactor coolant pres-sure boundary are not exceeded.

By letter dated September 20, 1984, the applicant indicated that operator action
is required in the switcnyard relay house to reestabish offsito circuits and
that switchyard breakers have accumulators that allow a total of five breaker
open/close operations without recharging. On the basis of this additional de-
sign information, the staf f concludes that given a total loss of ac power, an
offsite circuit can be reestablished in accordance with GDC 17 and is, there-
fore, acceptable.

8.2.2.3 Independence of Offsite Power Circuits Octween the Switchyard and
Class 1E System

The Beaver Valley design provides two immediato access offsite circuits between
the switchyard and the 4.16-kV Class 1E buses. It is the staff position that
these two circuits be physically separate and independent so that no single
event can simultaneously affect both circuits in such a way that neither can be
returned to service in time to prevent fuci design limits or design conditions
of the reactor coolant pressure boundary from being exceeded.

By letters dated August 31, 1983 and September 7, 1984, the applicant, provided
a description of the physical separation and independence of these two circuits.,
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On the basis of the description, the staff concludes that these circuits are
physically separated, meet the above staff position and CDC 17, and are
acceptable.

!

In Amendment 3 to the FSAR and letter dated September 7, 1984, the applicant
stated that the control and protective relaying circuits associated with the
two offsite power circuits are also separate and independent of each other.
On the basis of this statement, the staff concludes that the design meets
GOC 17 and is acceptable. As part of the staff's confirmatory site visit, this
aspect of the design will be verified. If any problem areas are identified,
they will be reported in a supplement to this SER.

By Amendment 8 to the FSAR, tne applicant provided the required description
of the physical separation of offsite circuits. This item is, therefore, con-
sidered complete.

8.2.2.4 Independence Between Onsite and Offsite Power Sources

Each of the 4.16-kV Class IE buses at Beaver Valley is supplied power from pre-
| ferred offsite and standby onsite circuits. It is the staff position that these
| circuits should not have common failure modes.
|

The applicant, by letter dated September 7, 1984, provided a description of the
independence between the onsite and offsite power circuits. On the basis of
this description, the staff concludes that the power circuits are independent,

| meet GDC 17 and are acceptable. A description of the control and protective
relaycircuItsandananalysisastotheirindependencehavenotbeenprovided.;

! This item will be pursued with the appitcant, and the results of the staff
review will be reported in a supplement to this SER.

8.2.2.5 Use of Automatic Load Tap Changer

FSAR Section 8.3.1.1.1 indicates that the system station service transformer is
| specified with an automatic load tap changer (LTC).

In Amendment 3 to the FSAR, the applicant indicated that the automatic LTC
optimizes voltage on the 4160-V Class IE buses for any plant load condition and
power grid voltage variation. Design criteria with a description and analysis
of the system's compliance with GDC 2, 4, 5, 17, and 18 had not been addressed,

| in the FSAR.
!
'

l In Amendment 9 to the FSAR and letter dated September 20, 1984, the applicant
| indicated that the system station service transformers with their automatic
| load tap changin0 capability are part of the offsite power system and are not

Class 1E. The staff concludes that compliance with GDC 2 and 4 is not required
because the subject automatic LTC is not Class 1E; however, compliance with
GDC 5, 17, and 18 is still required.

! By letter dated September 20, 1984 the applicant did address compliance with
| GDC 18 in that he indicated that the LTC has the capability to be tested during

normal plant operation. The applicant also stated that this periodic testing
is unnecessary because the LTC is constantly in service. If the LTC does not
function properly, the operator will be alerted by voltage indication and alarm.,

.
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The operator after being alerted can restore voltage manually. On the basis ofthis justification, the staff finds it acceptable.
8.2.3 Compliance with GDC 18

The applicant has met GDC 18 with respect to the capability to test systems and
associated components during normal plant operation and the capability to test
the transfer of power from the nuclear power unit, the offsite power system,
and the onsite power system.

The following item addresses the problem area revealed during the staff review,

and its resolution or status.

8.2.3.1 Capability To Test Transfer of Power Between Normal and Preferred
Offsite Circuits

In Amendments 3 and 9 to the FSAR and letter dated September 20, 1984, the
applicant described the transfer circuitry, how it is tested during normal
plant operation, and its compliance with GDC 18. On the basis of the descrip-
tion, the staff concludes that the design is testable, meets GDC 18, and is
acceptable. In response to a staff concern that periodic testing of the trans-

'

fer may create transients in the plant if done during power operation, the
applicant indicated that testing would be performed during refueling.

! Testing during refueling or when the plant is shut down resolves the staff con-
corn and is, therefore, acceptable. Testing at 18-month intervals when the
plant is shut down will be included in the plant Technical Specifications.

8.2.4 Evaluation Findings

The review of the offsite power system for the Beaver Valley plant covered
single-line diagrams, station layout drawings, schematic diagrams, and descrip-
tive information. The staff concludes that the plant design meets GDC 5, 17,
and 18, conforms to applicable RGs and branch technical positions, and is
acceptable, except as noted in the preceding sections.

8.3 Onsite Power Systems

| The safety function of the onsite power system (assuming the offsite power
system is not functioning) is to provide sufficient capacity and capability to
ensure that the structures, systems, and components important to safety perform

I as intended. The objective of the review is to determine that the onsite power
system satisfies GDC 2, 4, 5, 17, 18, and 50 and will perform its intended func-
tion during all plant operating and accident conditions.

The onsite po'er system consists of an ac power system and a de power system.
Compliance with GDC 2, 4, 5, 18, and 50 as they relate to both ac and de sys-

i tems is evaluated in Section 8.3.3. Compliance with G0C 17 as it relates to ac,

systems is evaluated in Section 8.3.1 and as it relates to de systems in $cc-
| tion 8.3.2.

.

*
.
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8.3.1 Onsite AC Power System's Compliance with GDC 17

The applicant has met (except as noted) GDC 17 with respect to the onsite ac
system's (1) capacity and capability to permit functioning of structures, sys-
tems, and components important to safety; (2) independence, redundancy, and
testability to perform its safety function assuming a single failure; and
(3) provisions to minimize the probability of losing electric power from any of
the remaining supplies as a result of, or coincident with, the loss of power
generated by the nuclear power unit or the loss of power from the transmission
network.

The following items address the problem areas revealed during the staff review
and their resolution or status.

8.3.1.1 Voltage Analysis .

The voltage levels at the safety-related loads should be optimized for the maxi-
mum and minimum load conditions that are expected throughout the anticipated
range of voltage variations of the offsite power sources. The applicant was
requested to perform a voltage analysis and verification by actual measurement
in accordance with Positions 3 and 4 of BTP 6 8-1 (NUREG-0800, Appendix 8A).

By letter dated September 7, 1984, the appifcant provided the partial results
of a voltage and load analysis performed in accordance with Position 3 of BTP
PSB-1. On the basis of these results, the staff finds that Class 1E equipment
will not be subject to voltages exceeding'the manufacturer-recommended tolerances
and is acceptable with the following exceptions.

(1) The analysis results indicate that voltage will drop below 80% when the
6000-hp reactor coolant pump starts. Justification for this voltage drop
will be pursued with the applicant, and the results of the staff review
will be reported in a supplement to this SER.

(2) The analysis results indicate that high voltage at certain 480-V substation
and motor control center (MCC) buses may result in excessively high terminal
voltage at certain motors when operating at light load. The applicant
indicated that a voltage and load analysis for light-load cases is being
performed and would be submitted for staff review at a later date. This
item will continue to be pursued with the applicant, and the results of
the staff review will be reported in a supplement to this SER.

(3) The analysis results only addressed voltages at the 4160-V and 480-V load
center buses, 480-V MCC buses, and the terminals of 4160-V and 480-V load
center-connected loads for both Class 1E and non-Class 1E equipment.
Analyses not yet completed include terminal voltages at Class 1E 480-V MCC
loads, Class IE 120-V ac loads, and Class IE 125 / de loads. The appli-
cant indicated that these analyses would be submitted for staff review at
a later date. This item will continue to be pursued with the applicant,
and the results of the staff review will be reported in a suppplement to
this SER.

(4) With respect to Position 4 of BTP PSB-1, the staff will verify the test
results that substantiate the subject analysis. If any problem areas are.

identified, they will be reported in a supplement to this SER.,

.
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8.3.1.2 Bypass of Diesel Generator Protective Trips

FSAR Section 8.3.1.1.15 indicates that a number of tripping devices have been
provided for each diesel generator. The majority of these tripping devices are
bypassed when the diesel generator receives an emergency start signal. Tripping
devices that are not bypassed include generator current differential, generator
overexcitation, and engine overspeed protection. This design meets Position 7
of RG 1.9 except for the generator overexcitation tripping device that is not
bypassed.

.

In Amendment 3 to the FSAR, the applicant indicated that the design for the
generator overexcitation trip has two independent measurements with coincident
logic for trip actuation. This design also meets Position 7 of RG 1.9 and
therefore is acceptable. Surveillance requirements for the protective trips <

that are bypassed will be included in the Technical Specifications. The design
for the protective bypass will be confirmed as part of the staff drawing review /
site visit.

8.3.1.3 Load Testing of the Diesel Generator

FSAR Section 8.3.1.1.16 indicates that safety-related motors are designed with
the capability of accelerating the driven equipment to its rated speed with
80% of motor nameplate voltage applied at the motor terminals. FSAR Section
8.3.1.1.15 indicates that the design of each diesel generator unit is such that,

at no time during the loading sequence does the voltage decrease to less than
75% of nominal.

In Amendment 3 to the FSAR, the applicant, in response to a request for addi-
tional information, indicated that data extrapolated from diesel generator load
tests indicated that 79.3% rather than 75% is the largest voltage drop to be ex-
pected during the diesel generator load sequence. By letter dated September 7,
1984, the applicant indicated that testing of the diesel generator using actual

; load and loading sequences to demonstrate its capability will be performed.
The applicant stated that it will be shown that, for any case in which the gen-
erator voltye dips below 80% of nominal, the recovery time plus the load accel-
eration time is less than the safe stall time of the load. The results of the
staff review of this item will be reported in a supplement to this SER.

8.3.1.4 Compliance with BTP PSB-2

FSAR Section 8.3.1.1.15 describes the surveillance instrumentation that moni-
tors the status of the diesel generator. In this regard, the applicant was
requested to describe how the Beaver Valley design complies with BTP PSB-2. By
letter dated September 20, 1984, the applicant'provided the requested descrip-
tion. On the basis of the description, the staff concludes that the design
meets BTP PSB-2 and is acceptable.

8.3.3.5 Capability of Diesel To Accept Design Load After' Prolonged No-Load
Operation

Section 6.4.2 of Institute of Electrical and Electronics Engineers (IEEE)
387-1977 requires, in part, that the load acceptance test consider the poten-
tial effects on load acceptance after prolonged no-load or light-load operation

Beaver Valley 2 SER 8-6
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|- of the diesel generator. A load acceptance test or analysis that demonstrates
the capability of the diesel generator to accept the design a,ccident load se-
quence after prolonged no-load operation will be pursued with the applicant,
and the results will be reported in a supplement to this SER.

8.3.1.6 Diesel Generator Loading Above its Continuous Rating

FSAR Section 8.3.1.1.15 states that the maximum load imposed on the diesel gen-
erator is less than the continuous rating. The continuous rating has been
defined as 4238 kW. FSAR Table 8.3-3 states that the worst-case loading is
4261 kW, which is greater than the stated maximum load of 4238 kW imposed. By
letter dated September 20, 1984, the applicant indicated that the worst-case

'

loading is in error and should be 4211 kW. The staff, therefore, considers
this-item acceptably resolved.-

8.3.1.7 ' Compliance with IEEE 387-1977

FSAR Table 1.8-1 indicates that the diesel generators have been selected, de-
signed, and qualified following IEEE 387-1977 as augmented by RG 1.9, except
that the diesel generators were procured with the specification that they comply
with the 1972 version of IEEE 387. In Amendment 3 to the FSAR, the applicant,
in response to a request for information, stated that the diesel generators are
in conformance with IEEE 387-1977 and RGs 1.9 and 1.108. On the basis of this
statement of compliance, the staff concludes that even though the diesel gener-
ators may have been procured to 1972 guidelines, they have been designed, tested,
and qualified to 1977 guidelines and are, therefore, acceptable.

8.3.1.8 Diesel Generator Start and Load Acceptance Qualification Tests

Section 6.3.2 of IEEE 387-1977 requires that a series of tests be conducted to
establish the capability of the diesel generator unit to start and accept loadi

I

within the period of time that satisfies the plant design requirements. By
Amendment 8 to the FSAR, the applicant indicated full compliance with IEEE 387-
1977. On the basis of this statement of compliance, the staff considers this
item acceptably resolved. Verification of the test results will be included aspart of the staff's confirmatory site visit.

i

8.3.1.9 Diesel Generator Load Capability Qualification Test
'

Section 6.3.1 of IEEE 387-1977 requires that one test be conducted to demon-,

strate the capability of the diesel generator to carry and reject rated loads.
By Amendment 3 to the FSAR, the applicant, in response to a request for infor-
mation, indicated that these tests were not performed by the manufacturer but
will be performed after the diesel generators are installed at the plant site.'

Verification of these test results will be included as part of the staff's con-
firmatory site visit.

8.3.1.10 Margin Qualification Test

Section 6.3.3 of IEEE 38S 1977 requires at least two margin tests to demonstrate
diesel generator capability to start and carry loads that are greater than the
most severe step load change within the plant design loading sequence. By
Amendment 8 to the FSAR, the applicant provided a description of how the Beaver,

.-
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Valley testing meets the margin test requirements of Section 6.3.3 of IEEE
387-1977. On the basis of this description, the staff concludes that the design
meets the guidelines of Section 6.3.3 of IEEE 387-1977 and is acceptable. Veri-
fication of these test results will be included as part of the staff's confirma-
tory site visit.

8.3.1.11 Description of Compliance with IEEE 387-1977

By letter dated September 20, 1984, the applicant provided a description of
compliance with the guidelines of IEEE 387-1977 as augmented by RGs 1.9 and
1.108. This item is considered acceptably resolved.

8.3.1.12 Design for Power Removal for Selected Safety-Related Valves

FSAR Table 8.3-5 identifies valves from which power is to be removed to meet
the single failure criterion. By Amendment 3 to the FSAR, the applicant indi-
cated that removal of a banana plug located in the control room provides the
necessary power removal and will prevent inadvertent operation of the valves.
Subsequently, by letter dated September 7, 1984, the applicant provided detailed
electrical schematic drawings for each valve identified in FSAR Table 8.3-5.
To obtain power removal, the applicant has added a second contactor in series
with the open/close contactors. Control power for this second contactor is
removed by the use of a banana plug. To open (close) the valve, two operator
actions are required, pushing the open (close) switch and installing the banana
plug. The design, thus, meets the staff guidelines for power removal and is
acceptable with the exception of the concern expressed in Section 7.3.3.15 of
this SER. This concern involves the requirements of GDC 18 or the capability
to periodically verify that power (by removal of a banana plug) is in fact
removed. The applicant, in response to this concern, installed a white light
that indicates when off that the open/close contactor is open. The staff con-
cluded that this white light resolved the concern with respect to the open/close
contactor's capability to be tested. With respect to the second contactor that
was added in series with the open/close contactor, the staff concludes, on the
basis of discussions with the applicant, that it has sufficient reliability to
ensure that when the power is removed from its associated actuation device (by
removal of the banana plug), it will open. The staff, therefore, considers
this concern acceptably resolved. Surveillance requirements for demonstrating
that the white light and the second contactor are operable when the plant is

i shut down will be included in the plant Technical Specifications.

8.3.1.13 Electrical Interconnections Between Redundant Class 1E Buses

Section 8.3.1.1.4 of Amendment 3 to the FSAR identifies a number of Class IE
loads that can be electrically connected to both redundant Class 1E power sup-
plies. To prevent the electrical interconnection of redundant Class 1E power
supplies, a key-interlocked manual transfer switch design is provided. On the
basis of the description presented in the FSAR, the staff concludes that the
design provides reasonable assurance that sufficient independence will be main-
tained between redundant electrical systems, meets GDC 17, and is, therefore,
acceptable. The design will also be reviewed as part of the staff's confirma-
tory site visit.

-

.

-

.
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8.3.1.14 Automatic Reclosure of 4160-V Circuit Breakers After Manual Trip

FSAR Section 8.3.1.1.3 indicates that when a Class 1E 4160-V circuit breaker is
tripped while a safety injection signal is present, the breaker control scheme
is such that automatic reclosure will occur.

In Amendment 8 to the FSAR, the applicant clarified the design by indicating
that automatic reclosure will occur only after the lockout relay has been
manually reset. On the basis of this clarification, the staff considers this
item acceptably resolved. *

8.3.1.15 Design Provisions for the Use of Replacements for Class 1E Loads

FSAR Section 8.3.1.1.4 and Table 8.3-3 indicate that, for a number of Class 1E
loads, there is a replacement load provided to allow maintenance to be performed
while satisfying the single failure criterion. The Beaver Valley design is
such that the Class 1E load and its replacement may be connected to the same
Class 1E power supply at the same time. It is the staff concern that this
simultaneous connection of loads will exceed the capacity of the Class 1E power
supplies. Identification of loads involved and design provisions to preclude
simultaneous connection will be pursued with the applicant, and the results of
the staff review will be reported in a supplement to this SER.

8.3.1.16 Connected Accident Loading Exceeds Capacity of the Diesel Generator

FSAR Section 8.3.1.1.7 states that the diesel generator units are designed and
manufactured so that the capacity of each diesel generator unit is sufficient
to start and accelerate all connected loads to their rated condition in the
specified time sequence. On the. basis of the connected loading presented
in FSAR Table 8.3-3 and the diesel generator rating presented in FSAR Sec-
tion 8.3.1.1.15, there was a concern that the connected loading exceeded the
rated capacity of 4238 kW. The staff's review of this item is reported in
Section 8.3.1.6 of this SER.

8.3.1.17 Design for Connecting Non-Class 1E Standby Service Water Pumps on
the Class 1E System

FSAR Section 8.3.1.1.8 indicates the following in regard to the non-Class 1E
standby service water pumps when there is a safety injection signal:

(1) Non-Class IE loads are stripped and blocked from starting with the pos-
sible exception of the standby service water pump motors. If these motors
are running, they will not be tripped.

(2) During the automatic loading sequence of safety loads, the standby service
water pumps will be blocked from starting until the automatic loading
sequence is complete.

By letter dated September 7, 1984, the applicant provided clarification of the
design for the loading of the non-Class 1E standby service water pumps and
alternate intake structure exhaust fan load onto the Class IE power supplies
and its purpose. On the basis of this clarification, the staff considers this

. item acceptably resolved.

.-
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8.3.1.18 Loading of Residual Heat Removal Pump onto the Diesel Generator

FSAR Table 8.3-3 indicates that the residual heat removal (RHR) pumps are not
needed for the design-basis-accident mode of operation and are not needed for
4 hours after a loss of offsite power or after a loss of offsite power with a
safety injection signal. By letter dated September 7, 1984, the applicant
provided specific reference to the RHR system description in the FSAR and just-
ification for this power availability to RHR pumps. On the basis of the infor-
mation, the staff considers this item acceptably resolved.

8.3.1.19 Automatic Reconnection of Non-Safety Loads After Loss of Offsite Power

FSAR Table 8.3-3 indicates that the non-Class 1E pressurizer heater backup load
is automatically reconnected to the Class 1E system after a loss of offsite
power. The staff has been accepting designs wherein non-Class IE loads were
reconnected manually after loss of offsite power as well as after an accident
signal. By letter dated September 7, 1984, the applicant provided clarification
of FSAR Table 8.3-3. On the basis of this clarification, the staff concludes
that pressurizer backup load is manually reconnected to the Class 1E system
after a loss of offsite power and is acceptable.

8.3.1.20 Physical Independence

Physical independence criteria for the redundant onsite ac power system are the
same as those for the onsite dc system and are, thus, addressed in Section 8.3.3
of this SER.

8.3.2 Onsite DC Power System's Compliance with GDC 17

The applicant has met GDC 17 with respect to the onsite dc system's (1) capacity
and capability to permit functioning of structures, systems, and components
important to safety; (2) independence, redundancy, and testability to perform
its safety function assuming a single failure; and (3) provisions to minimize
the probability of losing electric power from any of the remaining supplies as
a result of, or coincident with, the loss of power generated by the nuclear
power unit or the loss of power from the transmission network.

Physical independence criteria for the redundant onsite de power system are
the same as these for the onsite ac system and are, thus, addressed in Sec-
tion 8.3.3.3 of this report.

8.3.3 Common Electrical Features and Requirements

The following sections present common electrical features and requirements of
the onsite ac and de power systems that deal with distinct aspects of these
systems.

8.3.3.1 Compliance with GDC 2 and 4

The applicant has met (except as noted) GDC 2, 4 with respect to the capability
of the structures, systems, and components of the onsite ac and de power systems
to withstand the effects of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, missiles, and environmental conditions associated with nor-.

mal operation and postulated accidents. The onsite power systems and components
,

.
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(1) are located in seismic Category I structures that provide protection from
,

the effects of tornadoes, tornado missiles, turbine missiles, and external
floods; (2) have been given a quality assurance designation of Class 1E;

4 (3) have been designated to be seismically and environmentally qualified, and I

(4) are to be designed to accommodate, or are to be protected from, the effects
of missiles and environmental conditions associated with normal operation and
postulated accidents.

The following items address the problem areas revealed during the staff review
and their resolution or status.

! 8.3.3.1.1 Submerged Electrical Equipment as a Result of a Loss-of-Coolant
Accident

It is the staff's concern that following a loss-of-coolant accident (LOCA),
*

fluid (from the reactor coolant system and from operation of the emergency core
cooling systems) may collect in the primary containment and reach a level that
may cause certain electrical equipment located inside the containment to become
submerged and thereby rendered inoperable. Both safety- and non-safety-related
electrical equipment is of concern, because failure may cause electrical faults,

that could compromise the operability of redundant emergency power sources or
the integrity of containment electrical penetrations. In addition, the safety-4

related electrical equipment that may be submerged is of concern if this equip-
ment must mitigate the consequences of the accident for both the short-term and

'

long-term emergency core cooling system functions and for containment isolation.
i

The staff's position, in regard to submerged equipment, is that all electrical
i equipment must be located above the maximum possible flood level or be quali-'

fied for submerged operation, or the lack of qualification must be justified.

In Amendment 3 to the FSAR, the applicant provided a list of safety class equip-
ment that may become submerged as a result of a LOCA and is not designed and

; qualified for submergence. To justify the lack of qualification, the applicant' ,

stated that the design of the Class 1E distribution system satisfies the isola-
tion criteria by ensuring that the failure of the submerged equipment will not,

degrade the Class 1E power source. By letter dated October 10, 1984, the appli-,

'

cant indicated that all Class 1E equipment with the potential for being subn.erged
as a result of a LOCA is electrically tripped by a high flood level indication.
The sensors for this level indication are to be qualified for submergence and

'

are to be located at a level below that of the Class 1E electrical equipment
that may become submerged. By letter dated March 13, 1985, the applicant pro-
vided additional information. On the basis of the information presented, the,

staff concludes that the design for tripping is acceptable.

8.3.3.1.2 Design, Qualification and/or Protection of Class 1E Equipm nt from
'

Natural Phenomena-

: FSAR Sections 8.3.1.2 and 8.3.2.2 state, in regard to compliance with GDC 2,
that Class 1E ac and de systems are housed in structures that are designed to,4

and can, withstand the effects of natural phenomena such as earthquakes, tor-
nadoes, hurricanes, and floods without loss of capability to perform their
functions.,

,- On the basis of this statement of compliance, the staff is unable to conclude
;

} that all instrumentation, control, and electrical structures, systems, and
'
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components for Class 1E ac and dc systems either have been designed and quali-
fied to operate in an environment caused by natural phenomena or have been
adequately protected from its effects. It is not clear from the FSAR that this
is true. This item will be pursued with the applicant, and the results of the
staff review will be reported in a supplement to this SER.

8.3.3.1.3 Protection of Class 1E Equipment from Dynamic Effects

FSAR Sections 8.3.1.2 and 8.3.2.2 state in regard to compliance with GDC 4 that
the Class 1E ac and dc power systems are designed to accommodate the effects of
the environmental conditions associated with normal operation and postulated
accidents and that the structures in which the ac and de systems are housed are
protected against internally and externally generated missiles, pipe whip, and
jet impingement forces associated with pipe breaks so that safety functions
will not be precluded. On the basis of this statement of compliance, the staff
:s unable to conclude that all instrumentation, control, and electrical struc-
tures, systems, and components for Class 1E ac and dc systems have been appro-
priately protected against dynamic effects in accordance with GDC 4. It is not
clear from the FSAR that this is true. Justification for not providing protec-
tion or clarification will be pursued with the applicant, and the results of
the staff review will be reported in a supplement to this SER.

8.3.3.1.4 Protection of Class 1E Equipment from Fire Protection System
Effluents

FSAR Section 8.3.1.4 indicates that fire suppression systems are installed in a
number of plant areas at Beaver Valley that contain Class 1E systems and com-
ponents. For the design-basis event, fire protection system operation, it is
the staff position that Class IE systems and components located in areas with
fire suppression systems should be capable and qualified to perform their func-
tions when subject to the effects of the design-basis event (Sections 4.2 and
4.7 of IEEE 308-1974).

In Amendment 8 to the FSAR, the applicant provided a positive statement of
compliance to the above-stated position. This item is, therefore, considered
resolved.

8.3.3.1.5 Bypass of Thermal Overload Protection

FSAR Section 8.3.1.1.11.2 indicates that thermal overload protection is provided
for continuous- and intermittent-duty motors.

In Amendment 3 to the FSAR, the applicant provided a description of the thermal
overload protection bypass design for all motor-operated valves that are
required for safe shutdown. Accident signal contacts in parallel with the
thermal overload relay contacts provide the required design for bypass. The
design meets Position 1 of RG 1.106 and GDC 4 and is, therefore, acceptable.

8.3.3.1.6 Design and Qualification of Safety-Related Electric Equipment

FSAR Section 8.3.1.2.1 states that qualification of Class 1E equipment is ad-
dressed in FSAR Section 3.11. In Amendmept 3 to the FSAR, the applicant stated
that all safety-related equipment is designed Class 1E, is included in a quali-

. fication program, and is designed and qualified to perform its safety function
,
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in normal and design-basis-event environments. On the basis of these statements,
the staff concludes that Class 1E equipment meets the design requirements of
GDC 4, the qualification requirements of 10 CFR 50.49, and the guidelines of
Sections 4.2 and 4.7 of IEEE 308-1974 and, therefore, is acceptable.

8.3.3.2 Compliance with GDC 5

The applicant has met GDC 5, with respect to the sharing of structures, systems,
and components of the ac and dc onsite power systems.

8.3.3.3 Physical Independence--Compliance with GDC 17

8.3.3.3.1 Use of Regulating Transformers as Isolation Devices

FSAR Table 8.3.2 and Section 8.3.1.1.17 indicate that there are six Class 1E
isolating voltage regulation transformers allacated to the four vital bus sys-
tems. They serve either to isolate certain designated non-Class 1E loads from
the Class 1E portion of the system or to isolate Class 1E train loads from the
Class 1E channel portion of the system.

The FSAR further states that each of the isolating transformers is fully quali-
fled and is designed so that a continuous bolted short circuit on the secondary
winding will not be reflected on the primary winding. In Amendment 3 to the
FSAR, the applicant, in response to a request for information, indicated the
following:

(1) Oscillograph traces of transformer input current showed that 101.6% to
109.4% of the transformer's full-load rating current was input with the
output terminals shorted.

(2) The transformers were specified to limit input current to the transformer
to 150% of its full-load rating under short circuit. '

(3) The vital bus uninterruptible power supply (UPS) system can supply the
full burden of the transformer with a shorted secondary winding.

(4) Output circuits are run in dedicated conduit from the transformer to the
connected load.

(5) The non-Class 1E loads are composed of control and instrument circuits.

On the basis of the above information, the staff was unable to conclude that
these transformers are acceptable as isolation devices. Areas that required
additional information or clarification included:

(1) duration of time the isolating transformer was tested with justification
of its adequacy

(2) qualification test report that demonstrates the capability of the trans-
former to withstand anytime during its design life the continuous bolted
short circuit on its secondary winding

.

.

.
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(3) analysis that demonstrates the capability of the vital UPS system to
supply its normal loads plus the 150% load specified for the shorted
transformer

I

(4) extent of compliance of the non-Class 1E output circuits from the trans- i

former up to and including the load to all the requirements placed on
Class 1E circuits

By letter dated September 7, 1984 and Amendment 8 to the FSAR, the applicant
provided additional information with respect to each of the above listed items.
On the basis of this additional information, the staff concludes that (1) the
subject isolation transformers provide adequate protection of Class 1E circuits
from failure of non-Class 1E circuits; (2) the routing of circuits from the
isolation transformer to each load, in dedicated conduit, meets the independence
requirements of GDC 17; and (3) the design is, therefore, acceptable.

8.3.3.3.2 Separation of Containment Electrical Penetrations

FSAR Section 8.3.1.4 (part 2, item 2b(5)) states that containment electrical
penetrations meet the separation requirements of currently approved design pro-
cedures that comply with the intent of IEEE 384-1981 for limited hazard areas.
Section 5.5 of IEEE 384-1974 (which is the currently approved NRC guideline for
this' subject) requires that redundant penetrations be widely dispers,ed around
the circumference of the containment. Recent designs, approved by the staff,
locate redundant electrical penetrations in different rooms or on opposite sides
of the containment. The Beaver Valley design, as indicated in FSAR Section
8.3.1.1.16,. locates redundant penetrations in a 21x5 matrix with 8 feet (center
to center) between redundant penetrations. The Beaver Valley design does not
meet the requirements or the intent of IEEE 384-1974 (or IEEE 384-1981) as
stated in the FSAR.

In. response, the applicant, in Amendment 8 to the FSAR, stated that containment
electrical penetrations are physically separated over a 120-degree arc of the
containment and are located on two distinct building elevations. By letter

| dated September 7, 1984, the applicant further indicated that penetrations on
; the outside of the containment are located in three separate cable vault rooms.

The staff concludes that redundant penetrations outside the containment are
adequately separated with the following exception. Train 8 purple cables are
located in the same penetration room and may also share the same electrical
penetration with train A green cables. In addition, justification for non-

' compliance with IEEE 384-1974 and the independence of penetrations inside the
containment were not addressed. These items will be pursued with the applicant,
and the results of the staff review will be reported in a supplement to this
SER.

8.3.3.3.3 Use of a Single Piece of Steel as a Barrier ~

FSAR Section 8.3.1.4 has been interpreted to mean that a single piece of steel
or steel tray cover is to be installed as a barrier between raceways that are
separated by less distance than allowed by Beaver Valley separation criteria.
The objective cf the barrier is to preclude failures of cables located in one
raceway from causing failure of cables located in another raceway. The staff's

- evaluation of this item has been incorporated into Section 8.3.3.3.6.
*

.
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8.3.3.3.4 Barrier Configurations
.

FSAR Section 8.3.1.4 (part 2, item 2a(9)) states that barriers will extend to
the maximum extent prtcticable beyond the area of exposure. The applicant was
requested to identify each location where a barrier will extend less than
12 inches beyond the area of exposure and provide an analysis for each identi-
fied location that demonstrates the adequacy of the lesser separation. The
staff's evaluation of this item has been incorporated into Section 8.3.3.3.6

8.3.3.3.5 Separation Inside Panels, Cabinets, or Enclosures

FSAR Section 8.3.1.4 (part 2 item 2b(6)) states that wiring within centrol
switchboards and cabinets has been specified in currently approved design pro-
cedures to meet the intent of the independence requirements of IEEE 384-1981.

By Amendment 9 to the FSAR, by letter dated October 16, 1984, and by proposed
revision of FSAR Section 1.8, the applicant identified an exception to Posi-
tion C.16 of RG 1.75 and Section 5.6.2 of IEEE 384-1977. A minimum of 1 inch
(instead of 6 inches as required by RG 1.75) is to be provided between redun-~

dant wire bundles or between Class 1E and non-Class 1E wire bundles.

In justification, the applicant indicated that the cables involved are used in
low energy application. On the basis of this justification, the staff is unable
to conclude that 1 inch provides sufficient separation. An analysis based on
testing that demonstrates that the 1 inch will prevent interaction between wire
bundles resulting from electrical potentials or heated wire . caused by electrical
faults will be pursued with the applicant, and the results of the staff review
will be reported in a supplement to this SER.

8.3.3.3.6 FSAR Description of Physical Separation

IEEE 384-1974, as augmented by RG 1.75 (Revision 2), provides minimum raceway
separation guidelines acceptable to the staff for complying with the physical
independence requirement of GDC 17. These guidelines, however, have not been
fully followed in the design of Beaver Valley Unit 2.

By Amendment 9 to the FSAR, by letter dated October 16, 1984, and by proposed
revision of FSAR Section 8.3.1.4, the applicant provided additional descriptive
information on the design for raceway separation. On the basis of this informa-
tion, the staff concludes the following:

(1) Separation designs depicted on Figures 8.3-17, 8.3-21 (detail B), 8.3-30,
8.3-31, 8.3-32 (detail C), 8.3-33 (detail C), 8.3-36, 8.3-37, 8.3-44, and
8.3-45 meet RG 1.75 and are acceptable.

(2) Separation designs depicted on Figures 8.3-16, 8.3-21 (detail A), 8.3-32
(details A and B), and 8.3-33 (details A and B) do not meet the minimum
separation guidelines of RG 1.75. Cables are not routed inside enclosed
raceways separated by 1 inch or mere. The cables are, however, separated
by two metal barriers (solid tray bottom and top) and by a spatial distance

*

of 1 inch or more. The staff concludes that this design meets RG 1.75 and
is acceptable.

.

.
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(3) Separation between redundant Class 1E circuits depicted on Figures 8.3-18
and 8.3-23 does not meet the minimum separation guidelines of RG 1.75.
Analysis based on testing to justify the lesser separation will be pursued
with the applicant, and the results of the staff review will be reported
in a supplement to this SER.

(4) Separation between Class 1E and non-Class 1E circuits depicted on the re-
maining figures (8.3-19, 8.3-20, 8.3-22, 8.3-24, 8.3-25 through 8.3-29,
8.3-34, 8.3-35, 8.3-38 through 8.3-43, 8.3-46, and 8.3-47) does not meet
the minimum separation guidelines of RG 1.75. Analysis based on testing to
justify the lesser separation will be pursued with the applicant, and the
results of the staff review will be reported in a supplement to this SER.

Subsequently, by letter dated January 4, 1985, the applicant presented a pro-
posed test plan for justification of separation arrangements shown on Fig-
ures 8.3-22 (details A through D), 8.3-34, 8.3-35, 8.3-38 (detail A), 8.3-39
(detail A), 8.3-42, 8.3-43, 8.3-46 (detail A), and 8.3-47 (detail A) of the
FSAR. In addition, a new configuration (which is the same as the configuration
shown on FSAR Figure 8.3-18, except that one of the two tray covers shown is
removed) was presented for justification by the proposed test plan.

On the basis of its review of the test plan (ESS0W No. 26VS-843, Revision 1,
dated. December 27, 1984), the staff has identif.ied the following items that
require further clarification:

(1) Section 1.7.3(b) of the plan indicates that the effect of cable aging has
not been addressed. It is the staff concern that the test results will
not substantiate the adequacy of the separation arrangements over the life
of the plant.

(2) Section 2.3.3.of the plan indicates that temperature measurements on target
cables will only be taken at 2-foot intervals for horizontal arrangements
and at 4-foot intervals for vertical arrangements. It is the staff con-
cern that the number of measurements may not be sufficient to conclude-

'

that the target cable was not affected.

(3) Section 2.5.1 indicates that the basis for acceptance will be that the,

target cables retain their functional capability. The term " functional
F capability" has not been defined. Section 5.6.1.2 indicates that one of
I' the test objectives is to demonstrate that a faulted cable will not affect
| other external cables. The term "will not affect" has not been defined.
!-

(4) In Section 1.3 of Appendix 5.15 of the plan, it appears that cables bigger
than No. 6 cables were excluded from heat screening tests. The bases and.

justification for this exclusion need to be clarified.|

U Each of the above items will be pursued with the applicant, and the results of
the staff review will be reported in a supplement to this SER.

8.3.3.3.7 Use of 12 Inches of Separation Rather than the Recommended 36 Inches

FSAR Section 8.3.1.4 indicates that 12 inches of horizontal separation will be
~

provided between redundant Class 1E cable trays located in general plant areas
-

rather than the 3 feet required by Section 5.1.4 of IEEE 384-1974.
.

.
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The applicant, by Amendment 3 to the FSAR, deleted reference to the 12 inches
of horizontal separation and stated in its place that physical independence of
redundant Class 1E circuits throughout the plant is maintained by having re-
dundant raceways physically separated to conform with the minimum free air
space requirements in IEEE 384-1974 as augmented by RG 1.75. This design meets
staff guidelines and the physical independence requirements of GDC 17 and is
acceptable. However, the applicant also stated that physical barriers, tests,
and/or analyses are provided to ensure the independence of redundant Class 1E
circuits. The staff was unable to determine what specific design criteria
existed for physical separation of circuits in any given area at Beaver ValleyUnit 2. The staff's evaluation of this item as well as the following items will
be pursued with those identified in Section 8.3.3.3.6.

(1) FSAR Section 8.3.1.4 indicates that approximately 2 feet of vertical sepa-
ration will be provided between redundant Class 1E cable trays rather than
the 3 or 5 feet required by Sections 5.1.3 and 5.1.4 of IEEE 384-1974.
The applicant, by Amendment 3 to the FSAR, deleted reference to the 2 feet
of vertical separation.

(2) FSAR Section 8.3.1.4 indicates that 6 inches of horizontal separation will
be provided between Class 1E and non-Class 1E cable trays rather than the
1 foot or 3 feet required by Sections 5.1.3 and 5.1.4 of IEEE 384-1974.
The applicant, by Amendment 3 to the FSAR, deleted all reference to spe- '

cific design separation requirements between Class 1E and non-Class 1E
cables.

(3) FSAR Section 8.3.1.4 indicates that 12 inches of vertical separation will
be provided between Class 1E and non-Class 1E cable trays rather than the
3 or 5 feet required by Sections 5.1.3 and 5.1.4 of IEEE 384-1974.

8.3.3.3.8 Use of Ventilated Tray Covers

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the appli-
cant, with respect to RG 1.75, indicated that ventilated tray covers and cable
bus enclosures are considered equivalent to solid tray covers. The staff agrees
that ventilated tray covers are considered equivalent to solid tray covers.
Either ventilated or solid nonventilated covers meet the intent of RG 1.75 andare acceptable. Cable bus enclosures are considered the same as an enclosedraceway. Either cable bus enclosure or an enclosed raceway meets RG 1.75 and
is acceptable.

8.3.3.3.9 Use of Silicon Dioxide as an Enclosure for Cables

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the applicant
indicated that lengths of cable enclosed in a protective wrap of woven silicon
dioxide are considered to be protected from electrically induced problems in
adjacent cables to the same degree as the same cable in an enclosed raceway.
On the basis of the manufacturer's description and testing and testing performed
by other utilities for this specific application of the wrap, the staff agrees
that a wrap of woven silicon dioxide is equivalent to a metal enclosure with
respect to protection from electrical failures. The staff concludes that the
subject wrap is acceptable for lengths of cable that do not require structural
support or restraint to maintain required physical separation from adjacent
raceways or similarly wrapped cables.-
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8.3.3.3.10 Enclosure Material Used for the Purpose of Cable Separation

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the appli-
cant indicated that rigid aluminum conduit, rigid steel conduit, electrometallic
tubing, flexible aluminum conduit, flexible steel conduit, and material with a
fire rating of 1 hour or more used to meet BTP CMEB 9.5-1 are acceptable enclo-
sures for the purposes of electrical cable separation. The staff agrees that
they do provide acceptable enclosures for cables and are, therefore, acceptable.
However, with the exception of materials with a fire rating of 1 hour or more,
it should be noted that these enclosure materials do not by themselves provide
an acceptable barrier between cables.

8.3.3.3.11 Use of Non-Class IE Metal-Clad Cable

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the applicant
provided the following general clarification of compliance with RG 1.75:

Metal-clad cable, type MC, utilized in low energy, 120-V ac and 125-V dc nominal
circuits and in low density applications is considered adequately protected.
As such, the minimum separation between these cables and other cables is further
described as follows:

(1) Type MC cable is a factory assembly of conductors, .each individually
insulated, enclosed in a metallic sheath of interlocking tape or a smooth
or corrugated tube.

(2) Largest conductor size is No. 10 AWG.

(3) There will be no more than three No. 10 AWG conductors; the remaining con-
ductors will be a smaller size.

(4) Aluminum sheath cable (a type MC cable in which the aluminum is contin-
uously welded) and/or interlocked armor cable may have an overall jacket
of neoprene or hypalon.

On the basis of the low energy and low density (only one cable) application for
these cables, the staff concludes that the above-described non-Class 1E metal-
clad cable separated by 1 inch from Class 1E raceways or cables provides ade-
quate protection for Class 1E circuits and is acceptable.

,

8.3.3.3.12 Use of Type 50 or SJO Cords for Lighting Fixtures

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the appli-
cant provided the following general clarification of compliance with RG 1.75.

Type S1 or SJO cords for lighting drops to fixtures are No. 12 AWG or smaller
and supply low energy, 120 V ac or 125 V dc, in low density applications.,

Adequate protection is provided by a distance of 1 inch or more from Class 1E
raceways.

On the basis of the low energy and low density application for these lighting
cords, the staff concludes that 1-inch separation between Class 1E raceways and
the lighting cord provides adequate protection to Class 1E circuits and is_

acceptable.
..
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8.3.3.3.13 Floor Panel Used as a Barrier for Cable Separation

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the appli-
cant provided the following general clarification of compliance with RG 1.75.:

: A raised floor panel can be used as a barrier. Panels are 1-inch-thick particle
board with 22 gauge steel top and bottom sheets and are fire rated Class A.

; These panels are considered a barrier when used in a configuration as shown in
IEEE 384-1974, Figures 2, 3, or 4. The staff agrees, provided these barriers*

are only used in the horizontal configuration with 1-inch minimum spacing
.

between any cable and the barrier. On the basis of this restriction, the staff
'

concludes that this barrier is acceptable.
4

8.3.3.3.14 Routing of Power Circuits in Cable Spreading Areas
'

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the applicant '

identified an exception to Position C.12 of RG 1.75. Position C.12 of RG 1.75
indicates that (1) power supply feeders (to the instrument and control room
distribution panels) that are installed in enclosed raceways should not be con-
sidered acceptable; (2) traversing power circuits that are separated from other '

circuits in the cable spreading area by a minimum distance of 3 feet and bar-
riers should not be considered acceptable; and (3) traversing power circuits
that are installed in imbedded conduit, which in ef'act removes them from the
cable spreading area, should be considered acceptable.

Power circuits that traverse the cable spreading room at Beaver Valley are in-
stalled in rigid or flexible conduit except at the entrance / exits to floor:

i sleeves in the cable spreading room and control room and at the entrance to the
equipment in the control room. In accordance with Position C.12 of RG 1.75,
this routing should not be considered acceptable. Justification for alternative
means of compliance will be pursued with the applicant, and the results of the
staff review will be reported in a supplement to this SER.

8.3.3.3.15 Use of Solid High-Hat Covers#

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the applicant
identified an exception to Position C.9 of RG 1.75. The applicant has proposed,

the use of solid high-hat covers as shown on FSAR Figure 8.3-48. The use of
'

-the high hats is not considered an exception to RG 1.75 unless the separation
between tray.s is further reduced by the high hat. If separation is reduced by
the high hat, justification of lesser separation by analysis and test will be
pursued with the applicant, and the results of the staff review will be reported
in a supplement to this SER.

| 8.3.3.3.16 Frequency of Cable Identification Markings

By letter dated October 16, 1984 and in proposed FSAR Section 1.8, the appli-
cant indicated that Class 1E cables are to be marked at intervals not exceeding
15 feet. Position C.10 of RG 1.75 requires 5 feet. A 5-foot maximum marking
distance is considered necessary to facilitate visual verification that the
cable installation is in conformance with separation criteria. Justification
for using 15 feet rather than 5 feet will be pursued with the applicant, and,

j the results of the staff review will be reported in a supplement to this SER.,

,

i
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8.3.3.4 Compliance with NUREG-0737-

Two TMI items relating to GDC 17 are identified in NUREG-0737. These items are
II.E.3.1, " Emergency Power Supply for Pressurizer Heaters," and II.G.1, "Emer-
gency Power for Pressurizer Equipment." The background, the NUREG position,
and clarification of the positions are included in the NUREG report.

Emergency Power Supply for Pressurizer Heaters (II.E.3.1)

Description of compliance with each of the seven clarifications associated with
this TMI item was provided by the applicant in Amendment 9 to the FSAR. On the
basis of information in the FSAR, the staff concludes that the design meets the
guidelines of Item II.E.3.1 and is acceptable.

Emergency Power for Pressurizer Equipment (II.G.I)
,

Description of compliance with each of the four clarifications associated with
this TMI item was provided by the applicant in FSAR Amendment 9. On the basis
of information in the FSAR, the staff concludes that the design meets the guide-
lines of Item II.G.1 and is acceptable.

8.3.3.5 Electrical Independence Between Power Supplies to Controls in Control
Room and Remote Locations

FSAR Section 8.3.1.1.10 indicates that controls for the, diesel generator and
Class 1E circuit breakers are located in the control room and at remote loca-
tions. By Amendment 3 to the FSAR, the applicant indicated that independence
of controls between these locations is provided by transfer relays operated
by transfer pushbuttons. By Amendment 9 to the FSAR and by letter dated
September 20, 1984, the applicant provided an additional description of the
independence between control locations. On the basis of this additional de-
scription, the staff concludes that sufficient independence exists between con-
trol locations so that failure of controls at one location will not cause loss
of power for controls at the other location. This independence will be veri-
fied as part of the staff confirmatory drawing review / site visit.

8.3.3.6 Compliance with GDC 18

The applicant has met GDC 18 with respect to the inspection and testing of on .
site ac and de power systems. The onsite power systems are designed to be test-t

able during operation of the nuclear power generating station as well as during
those intervals when the station is shut down.

8.3.3.7 Compliance with GDC 50

The applicant has met (except as noted) GDC 50 with respect to electrical pene-
trations containing circuits of the safety- and non-safety-related onsite power
Systems. GDC 50 requires, in part, that the reactor containment structures, in-
cluding penetrations, be designed so that the containment structure and its in-
ternal compartments can accommodate, without exceeding the design leakage rate
and with sufficient margin, the calculated pressure and temperature conditions
resulting from any loss-of-coolant accident.

-
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The following items address the problem areas revealed during the staff review4

and their resolution or status.i

,

4

8.3.3.7.1 Description and Analysis of Compliance with GDC 50

By Amendment 3 to the FSAR, the applicant provided a description with the!

results of testing and analysis to show compliance with GOC 50. On the basis
of this information, the staff considers this item resolved pending documenta-4

tion of the description and analysis in FSAR Section 8.0.
.

; 8.3.3.7.2 Compliance with RG 1.63
l.

FSAR Section 8.3.1.2.1 indicates that primary and backup containment electrical
; penetrations are protected only where the available fault current exceeds the
! current-carrying capabilities of penetration conductors. This design for the
! protection of containment electrical penetrations does not meet Position 1 of

|
| RG 1.63, which requires primary and backup protection where maximum available

fault current exceeds the current-carrying capability of the penetration instead
of the capability of the conductors.

.'

By Amendment 3 to the FSAR, the applicant indicated that the Beaver Valley de-
| sign provides primary and backup protection as required by RG 1.63 and, by

letter dated Sepcember 20, 1984, provided the following additional information:

} (1) fault-current versus time curve for each representative type of cable
j conductor that penetrates primary containment
c t,

(2) test report that verifies the capability of the penetration to withstand
the total range of time versus fault current for worst-case environmental |conditions j,

'

On the basis of this information, the staff considers this item acceptably,

; resolved.
i

! By letter dated September 20, 1984 and a proposed revision to FSAR Table 1.8-1, [
: the applicant indicated, with respect to clarification of compliance with
j RG 1.63, that circuit protection devices need not be Class 1E or seismically
'

qualified for protection of the penetrations. The staff agrees with this part
!- of the clarification. The applicant, however, further indicated that the re-
! quirements of IEEE 279-1971 other than the single failure criterion of Sec-
i tion 4.2 do not apply. The staff does not agree with this part of the clarifi-
i cation, because items such as periodic testing and calibrations have not been

included. Further clarification of this item will be pursued, and the results
of the staff review will be reported in a supplement to this SER.,

In addh.fon, by letter dated September 20, 1984, the applicant, in response to
the issue addressed in Section 8.3.3.5 of this report, indicated that contain-

: ment electrical penetrations have been determined to be self protecting or to
i have two circuit protective devices. The term "self protecting" implies excep- ,

| tion to Position 1 of RG 1.63. Justification for this exception will be pursued |

; with the applicant, and the results of the staff review will be reported in a
i supplement to this SER.
j

-
. ,

b' |
?

Beaver Valley 2 SER 8-21
;

| ;.

-- ,----,-4m.,- _ , _ , _ _ . _ , , , . , , , _ . . , . . . . _ _ _ . _ - _ , , , , - . . . _-_m , , , - ,__--,_.,.,,--_m.---



. . . . . _

,

.

8.3.4 Evaluation Findings -

The review of the onsite ac and de power systems for the Beaver Valley plant
covered single-line diagrams, station layout drawings, schematic diagrams, and
descriptive information. The staff concludes that the plant design meets GDC 2,
4, 17, 18, and 50 and applicable RGs, branch technical positions, and NUREG re-
ports _and is acceptable except as noted in the preceding sections.

,

.

.

.

.
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9 AUXILIARY SYSTEMS

The staff has reviewed the design of the auxiliary systems necessary for safe
reactor operation, shutdown, and fuel storage, or whose failure might affect
plant safety, including failure to meet their safety related objectives and the
way these objectives are achieved.

The auxiliary systems necessary for safe reactor operation or shutdown include
the service water and standby service water systems, the primary component
cooling water system, the ultimate heat sink, and the heating, ventilation, and
air conditioning systems for the control room and areas housing safety-related
equipment, the auxiliary feedwater system, and essential portions of the main
steam and feedwater system.

The auxiliary systems necessary to ensure the safety of the fuel storage facil-
ity include the new fuel storage, spent fuel storage, spent fuel pool cooling
and cleanup, fuel handling, and the heating, ventilation, and air conditioning
systems in the fuel and decontamination building.

The staff has reviewed other auxiliary systems to verify that their failure
will not prevent safe shutdown of the plant or result in unacceptable release
of radioactivity to the environment. These systems include the chilled water
system, the demineralized water makeup system, potable and sanitary water sys-
tem, the condensati storage facilities, the turbine plant component cooling
water system, the compressed air system, the equipment and floor drainage system,
and the heating, ventilation, and air conditioning systems for nonessential
portions of the auxiliary building, radwaste building, and turbine building.

Aside from' the exceptions noted in specific sections below, Beaver Valley Unit 2
is independent of Unit 1. Therefore, General Design Criterion (GDC) 5 does not
apply.

9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

The new fuel storage facility is designed to provide dry storage for new fuel
and is located in the seismic Category I fuel and decontamination building ad-
jacent to the spent fuel storage pool. It consists of a vault with a storage
capacity for 70 fuel assemblies (equivalent to one-third core (53 assemblies)
plus 17 spare fuel assemblies). It is 13 feet 9 inches wide, 29 feet 2 inches
long, and slightly less than 14 feet deep. The storage racks have been designed
to seismic Category I requirements. The individual stainless steel storage
cells in the racks are arranged in a 21-inch x 21-inch lattice in a 5x14 array.

The seismic Category I fuel and decontamination building is also designed
against tornadoes, hurricanes, floods, and external missiles, as described in
Sections 3.3.1, 3.3.2, 3.4.1, and 3.5.2 of this SER. Thus, GDC 2 and Posi-
tion C.1 of Regulatory Guide (RG) 1.29 are satisfied. Because the new fuel

-

storage facility is not shared with Unit 1, GDC 5 is not applicable..
,

.
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The new fuel storage facility is not located in the vicinity of any moderate-
or high-energy lines or rotating machinery. Separation from such potential
missile sources protects the new fuel from internally generated missiles and
the effects of pipe breaks, as discussed in Sections 3.5.1.1 and 3.6.1 of this
SER.

The new fuel storage facility is designed to store unirradiated, low emission
fuel assemblies. Accidental damage to the new fuel would release relatively
minor amounts of radioactivity that would be accommodated by the spent fuel
pool area ventilation system. Thus, GDC 61 is satisfied.

The new fuel storage racks are designed so that when they'are fully loaded with
fuel of the highest anticipated enrichment and the pool is flooded with unbor-
ated water, K,7f will be 0.95 or less. Even if the unbarated water is replaced

by moderators such as foam or water mist in an optimum condition, K,ff will not

exceed 0.98. To prevent the accumulation of liquid in the new fuel storage
area, a 4-inch floor drain has been provided. Thus, GDC 62 is satisfied with

. regard to criticality during storage.

When new fuel assemblies are not being inserted or withdrawn from the storage
facility, the fuel assemblies are protected from damage by a metal decking that
covers the top of the new fuel storage area. The storage racks can withstand
an uplift force equal to the maximum uplift capability of the spent fuel bridge
crane; they are designed to preclude the inadvertent placement of a fuel assembly
in other than the prescribed spacing. Thus, GDC 62 is satisfied with regard to,

changes in geometry of stored fuel assemblies affecting criticality.

On the basis of its review, the staff concludes that the new fuel storage facil-
ity conforms with GDC 2, 61, and 62 as they relate to new fuel protection against
natural phenomena, radiation protection, and criticality, and with Position C.1
of RG 1.29 relating to seismic classification. It is, therefore, acceptable.
The design of the new fuel storage facility meets SRP 9.1.1.

9.1. 2 Spent Fuel Storage

The spent fuel storage facility consists of three areas: the spent fuel stor-
age pool, the fuel transfer canal, and the fuel cask area. Fuel can be moved
between these three areas when the normally closed gates separating these areas
are removed using the fuel building motor-driven platform crane.

The maximum storage capacity of the spent fuel storage facility is 1088 PWR-
type fuel assemblies, which is more than 17 one-third core refuelings plus one
full-core discharge. The fuel will be stored in 17 separate storage racks,
each with a storage capacity of 64 storage cells.

Criticality analysis demonstrates that the stored fuel is subcritical
(K,ff <,0.95) for all credible combinations of normal and abnormal fuel assem-
blies/ rack configurations, thus complying with GDC 62 and Position C.1 of
RG 1.13. All analyses assumed the fuel to be nonirradiated with 3.6 weight
percent UO2 enrichment in a pure water environment. The pool water is normally
maintained with a 2000 ppm boron concentration. The storage racks are stainless
steel and utilize a fixed poison consisting of boron carbice in a nonmetallic-

binder placed in vented storage compartments within the racks, which serve as a.
,
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neutron absorber. The minimum center-to-center distance between storage cells
in the racks is 10-7/16 inches. Sufficient distance is provided between the
freestanding racks to prevent rack collisions during a safe shutdown earthquake
(SSE).

The fuel and decontamination building that houses the spent fuel storage facil-
ity is designed to seismic Category I criteria, as are the storage racks, pool
liners, canals, storage pools, and supporting structures. The building is also
designed against tornado missiles and flooding up to elevation 730 feet (see
Sections 3.4.1 and 3.5.2.of this SER). Thus, the staff concludes that GDC 2
and Position C.3 of RG 1.13, Por.itions C.1 and C.2 of RG 1.29, and Position C.3
of RG 1.117 are satisfied for the spent fuel storage facility.

The spent fuel storage facility is not located.in the vicinity of high energy
lines or rotating machinery. Therefore, physical separation protects the spent
fuel from internally generated missiles and the effects of pipe breaks (see
Sections 3.5.1.1 and 3.6.1 of this SER). Thus, GDC 4 and Position C.3 of
RG 1.13 are satisfied. Because both Units 1 and 2 have fuel and decontamination
buildings housing their respective spent fuel storage pools, the storage pools
are not shared and GDC 5 is not applicable.

The design of the spent fuel storage racks is such that it is not possible to
insert a spent fuel assembly in other than a design location. The racks can
withstand the impact of a dropped fuel assembly without unacceptable damage to
the fuel, and the storage racks are protected against excessive uplift forces
during fuel handling by the motor-driven platform crane hoist load cell.

f The spent fuel pool area ventilation system is designed to limit the potential
release of radioactivity in the event of a fuel handling accident (see Sec-
tion 9.4.2 of this SER for a discussion of the spent fuel pool area ventilation
system) in accordance with Position C.4 of RG 1.13. Thus, the spent fuel stor-
age facility complies with the requirements of GDC 61.

Control room and local alarms are provided to alert the operator to high and
low pool water level and high temperature in the fuel pool. The fuel handling
building also has a radiation monitoring system. These features satisfy GDC 63.

On the basis of its review, the staff concludes that the spent fuel storage
facility is in conformance with GDC 2, 4, 61, 62, and 63 as they relate to pro-
tection of spent fuel against natural phenomena and missiles, radiation protec-
tion, prevention of criticality, and performance monitoring, and with Posi-
tions C.1, C.3, and C.4 of RG 1.14; Positions C.1 and C.2 of RG 1.29; and
Position C.3 of RG 1.117 as they relate to the facility's design, seismic
classification, and protection against tornado missiles. It is, therefore,
acceptable. Thus, the staff concludes that the spent fuel storage facility
meets SRP 9.1.2.

Nuclear reactor plants include storage facilities for the wet storage of spent
fuel assemblies. The safety function of the spent fuel pool and storage racks
is to maintain the spent fuel assemblies in a subcritical array during all
credible storage conditions. The staff has reviewed the compatibility and
chemical stability of the materials (except the fuel assemblies) wetted by the
pool water.

.

.
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The spent fuel racks will be constructed of type 304 stainless steel, except
for the nuclear poison material. The spent fuel pool liner is constructed of
stainless steel. The high density spent fuel storage racks utilize Boraflex
sheets as a neutron absorber (J. S. Anderson, August 1979). Boraflex consists
of 42 weight percent of boron carbide powder in a rubberlike silicone polymeric
matrix. The spent fuel storage rack configuration is composed of individual
storage cells interconnected to form an integral structure. The major compo-
nents of the assembly are the fuel assembly cells, the Boraflex material, the
wrapper, and the upper and . lower spacer plates.

The upper end of the cell has a funnel-shaped flare for easy insertion of the
fuel assembly. The wrapper surrounds the Boraflex material, but is open at the
top and bottom to provide for venting of any gases that are generated. The
Boraflex sheets sit in a square annular cavity formed by the square inner stain-
less steel tube and the outer wrapper. Each sheet is supported by lower spacer
plate.

The pool contains oxygen-saturated demineralized water containing boric acid.i

The water chemistry control of the spent fuel pool is addressed in Section 9.1.3
below.

The pool liner, rack lattice structure, and fuel storage tubes are stainless
steel, which is compatible with the storage pool environment. In this environ-
ment of oxygen-saturated borated water, the corrosive deterioration of the type
304 stainless steel should not exceed a depth of 6.00 x 10 5 inches in 100 years,
which is negligible relative to the initial thickness. Corrosion resulting
from the contact of dissimilar metals (galvanic attack)--such as contact between
the stainless steel of the pool liner, rack lattice structure, fuel storage
tubes, and the Inconel and the Zircaloy in the spent fuel assemblies--will not
be significant because these materials are protected by highly passivating oxide
films and are therefore at similar potentials. The Boraflex is composed of
nonmetallic materials and therefore will not develop a galvanic potential when
it contacts the metal components. Boraflex has been extensively tested to study
the effects of gamma irradiation in various environments, and to verify its struc-
tural integrity and suitability as a neutron-absorbing material (J. S. Anderson,
July 1979). The tests have shown that the Boraflex is unaffected by the pool

: water environment and will not be degraded by corrosion. Tests were performed
at the University of Michigan, exposing Boraflex to 1.03 x 10 ' rads of gammai

'

radiation with substantial concurrent neutron flux in borated water. These
tests indicate that Boraflex maintains its neutron attenuation capabilities
after it is subjected to an environment of borated water and gamma irradiation.
Irradiation will cause some loss of flexibility, but will not lead to breakup
of the Boraflex. Long-term borated water soak tests at high temperatures were
also conducted (J. S. Anderson, August 1978). These tests show that Boraflex
withstands a borated water immersion of 240 F for 260 days without visible dis-
tortion or softening. The Boraflex showed no evidence of swelling or loss of
ability to maintain a uniform distribution of boron carbide.

!

; The annulus space that contains the Boraflex is vented to the pool at each
storage tube assembly. Venting of the annulus will allow gas generated by the

[ chemical degradation of the silicone polymer binder during heating and irradi-
| ation to escape, and will' prevent bulging or swelling of the inner stainless
' steel tube.

l.-
f
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The tests have shown that neither irradiation, environment nor Boraflex composi-
tion has a discernible effect on the neutron transmission of the Boraflex
material (J. S. Anderson, August 1979). The tests also show that Boraflex does
not possess leachable halogens that might be released into the pool environment
in the presence of radiation. Similar conclusions are reached regarding the
leaching of elemental boron from the Boraflex. Boron carbide of the grade
normally in the Boraflex will typically contain 0.1 weight percent of soluble
boron. The test results have confirmed that the encapsulation by the silicone
polymer matrix prevents the leaching of soluble specie from the boron carbide.

To provide added assurance that no unexpected corrosion or degradation of the
materials will compromise the integrity of the racks, the applicant has com-
mitted to conduct a long-term fuel storage cell surveillance program. The sur-
veillance will be done through removable stai less steel-clad Boraflex sheets,n
which are prototypical of the fuel storage cell walls. These specimens will be
removed and examined periodically.

On the basis of its evaluation as discussed above, the staff concludes that the
corrosion that will occur in the spent fuel storage pool environment should be
of little significance during the 40 year life of the plant. Components in the
spent fuel storage pool are constructed of alloys that have a low differential
galvanic potential between them and have a high resistance to general corrosion,
localized corrosion, and galvanic corrosion. Tests under irradiation and at
elevated temperatures in borated water indicate that the Boraflex material will
not undergo significant degradation during the expected service life of 40 years.
The staff further concludes that the environmental compatibility and stability
of the materials used in the spent fuel storage pool are adequate' based on the
test data cited above and actual service experience in operating reactors.

The staff has reviewed the surveillance program and concludes that the monitor-
ing of the materials in the spent fuel storage pool, as proposed by the appli-
cant, will provide reasonable assurance that the Boraflex material will contin-
ue to perform its function for the design life of the pool. The materials sur-i

|

veillance program spelled out by the applicant will reveal any instances of
deterioration of the Boraflex that might lead to the loss of neutron-absorbing
power during the life of the spent fuel racks. The staff does not anticipate,

i that such deterioration will occur. This monitoring program will ensure that,
in the unlikely situation that the Boraflex will deteriorate in this environment,
the applicant and the staff will be aware of it in sufficient time to take cor-
rective action.

Therefore, the staff finds that the implementation of a monitoring program and
the selection of appropriate materials of construction by the applicant meet' '

GDC 61, by having a capability to permit appropriate periodic inspection andt

'

testing of components, and GDC 62, by preventing criticality by maintaining the,

structural integrity of components and of the boron poison. This aspect is,
therefore, acceptable.,

I

! 9.1.3 Spent Fuel Pool Cooling and Cleanup System,

The spent fuel pool cooling and cleanup system is designed to maintain water
quality and clarity of the fuel pool, refueling cavity, and refueling water
storage tank, and to remove decay heat generated by spent fuel assemblies in
the fuel pool. The system includes all components and piping from inlet to.

*

.
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exit from the spent fuel pool and refueling cav cy, piping used for normal pool
makeup from the primary grade water system, and the cleanup filter /demineralizers
to the point of discharge to the radwaste system. The spent fuel pool cooling
system consists of two maximum normal heat-load, full-capacity fuel pool
cooling pumps and two pool coolers with associated piping and valves. Cooling
for the fuel pool heat exchangers is provided by the reactor plant component
cooling water system (see Section 9.2.2 for details). The cooling pumps and
heat exchangers are cross-connected so that either pump can be used with either>

or both heat exchangers. The pumps can be powered from the Class 1E emergency
The fuel pool cleanup system consists of two parallel pumps, twosources.

parallel filters, and one mixed-bed fael pool ion exchanger. During normal
operation, one cleanup pump is operating and the other pump is on standby.

The spent fuel pool cooling and cleanup system is housed in the seismic Cate-
gory I, flood- and tornado protected fuel and decontamination building and
containment (see Sections 3.4.1 and 3.5.2 of this SER), which are also capable
of withstanding the effects of external missiles. The cooling system is com-
pletely separate from the cleanup system. The cooling system is designed to
quality Group C and seismic Category I re,quirements, as is the reactor plant
component cooling water system. The cleanup system piping, valves, and filters
comply with quality Group D and nonseismic requirements. Failure of the system
will not affect safety-related equipment. Thus, GDC 2 and 4 and Positions C.1
and C.2 of RG 1.13, Position C.2 of RG 1.26, and Positions C.1 and c.2 of
RG 1.29 are satisfied.

The Unit 2 spent fuel pool cooling and cleanup system is not shared with that
! of Unit 1; thus, GDC 5 is not applicable.

, Provisions have been made for routine visual inspection of the spent fuel pool
cooling systen. components and instruments. The cooling pumps are normally
operating; thus, periodic testing is not required. Therefore, GDC 45 and 46
are satisfied.

The spent fuel pool cooling system is designed to remove the accumulated heat
load from 1088 fuel assemblies, which includes 17 one-third core refueling batches
plus one full-core discharge. The applicant stated that the fuel pool heat
loads have been calculated in.accordance with Branch Technical Position (BTP)ASB 9-2. The applicant further stated that under the maximum " normal" heat
load (defined below), the pool temperature would be maintained below 149.9*F,
assuming the failure of one spent fuel pool cooling train. This heat load has
been identified by the applicant as based on the storage pool being completely
filled with successive yearly refueling discharges and a'last refueling dis-
charge with 150 hours of decay. Although this maximum " normal" heat load tem-
perature exceeds that identified in SRP 9.1.3 (140 F), the staff concludes that
it is within acceptable limits for safe storage of the spent fuel. The spent
fuel pool is provided with a temperature switch which activites an alarm at
140*F so that the purification portion of the spent fuel pool cooling system
can be secured to prevent potential degradation of the ion exchange resin due
to high temperature. However, the cooling portion of the system would remain
operational.

The maximum " abnormal" heat load is based on the. storage pool being completely
filled with yearly refueling discharges and one full-core off load with 150 hours

- of decay. Under these conditions, both spent fuel pool cooling trains are used
.-
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to maintain a pool temperature of 157.1*F or less. This abnormal heat load
temperature meets the SRP 9.1.3 criterion stating that bulk boiling not occur
in the pool.

The staff performed an independent heat load calculation for the storage of
1088 fuel assemblies in the Beaver Valley Unit 2 spent fuel pool and concluded
that the applicant's identified pool water temperatures for the normal and
abnormal cases are correct. Therefore, the spent fuel pool cooling system
satisfies GDC 44 and BTP ASB 9-2 regarding decay heat removal capability.

There are no connections to the spent fuel pool that may cause the pool wate.'
to be lowered below 10 feet above the top of the stored fuel, thereby ensuring
adequate shielding for the fuel. The design does not allow any piping to ter-
minate below this elevation; thus, the water level in the pool cannot be de-
creased below the top of the fuel stored in the spent fuel storage racks. Nor-
mal makeup to the fuel pool is provided from the primary grade water system
(see SER Section 9.2.8). The seismic Category I service water system serves
as a backup water supply. An additional emergency source of makeup water is'

available from the fire protection system. To prevent contamination of thei

pool water during normal operation, a spool piece must be installed when the
service water line is used. Blind flanges are normally installed at the con-
nections to the service water system. Thus, GDC 61 and RG 1.13 concerning fuel
pool design are satisfied.,

1

The system incorporates control room alarmed pool water high and low level,
pool water high temperature, cooling pump low discharge pressure, fuel pool
cooling pump auto trip, refueling cavity water low level, and building radia-
tion level monitoring systems, thus satisfying GDC 63.

On t'le basis of its' review, the staff concludes that the spent fuel pool cooling
and :leanup system conforms with GDC 2, 4, 44, 45, 46, 61, and 63 with respect
to protection against natural pher.omena, missiles, and pipe breaks, cooling
capability, inservice inspection, functional testing, radiation protection, and
performance monitoring, and satisfies RGs 1.13 and 1.29 and BTP ASB 9-2 re-
lating to the system's design seismic classification and decay heat removal
capability, and is therefore acceptable. The spent fuel pool cooling and puri-
fication system meets SRP 9.1.3.

The spent fuel pool cleanup system is designed to maintain optical clarity and
to remove corrosion products, fission products, and impurities from the spent
fuel pool water. Water purity and clarity in the spent fuel pool, refueling
cavity, and refueling water tank are maintained by filtering and demineralizing
the pool water through filters and a demineralizer. The spent fuel pool clean-
up system consists of two purification pumps, two purification filters, and one
purification demineralizer. Either pump can be used with the filter to filter
the water in the refueling water storage tank, in the refueling cavity, or in
the fuel pool. The fuel pool filters and demineralizer are located in shielded
cubicles to minimize operator exposure.

The spent fuel pool water is sampled at least once every 20 days for pH, chlor-
ide, and gross gamma activity. Chloride and fluoride levels are 0.15 ppm each,
and an acceptable pH may vary between 4 and 8. Boron concentration is moni-
tored not less than once every 10 days.

-

.-
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The staff has determined that the spent fuei pool cleanup system (1) provides
the capability and capacity of removing radioactive materials, corrosion pro-
ducts, and impurities from the pool water, and thus meets GDC 61 as it relates
to appropriate filtering systems for fuel storage; (2) is capable of reducing
occupational exposure to radiation by removing radioactive products from the
pool water, and thus meets 10 CFR 20.1(c), as it relates to maintaining radia-
tion exposures as low as reasonably achievable (ALARA); (3) confines radioactive
materials in the pool water into the demineralizer and filters, and thus meets
Position C.2.f(2) of RG 8.8, as it relates to reducing the spread of contami-
nants from the source; and (4) removes suspended impurities from the pool water
by filters, and thus meets Position C.2.f(3) of RG 8.8, as it relates to remov-
ing crud through physical actions.

On the basis of the above evaluation, the staff concludes that the spent fuel
pool cleanup system meets GDC 61, 10 CFR 20.1(c), and the appropriate sections
of RG 8.8. It is, therefore, acceptable in this regard.

9.1.4 Light Load Handling System (Related to Refueling)

Any load of a weight less than one fuel assembly and its associated handling
tool is defined as a light load. The light load handling system is related to
refueling and consists of all components and equipment used in handling new
fuel from the receiving station to the loading of spent fuel into the shipping
cask. The system includes the equipment designed to facilitate the periodic
refueling of the reactor and incudes the manipulator crane, motor-driven plat-
form crane, fuel elevator, the fuel transfer system, rod cluster control changing
fixture, and associated handling tools and devices. The handling of fuel during
refueling is controlled by a series of interlocks to ensure that fuel handling
procedures are maintained. The design ensures that no failure will result in
release of radioactivity in excess of tha't assumed in the design-basis fuel
handling accident.

i The manipulator crane is a rectilinear bridge and trolley system with a vertical
: mast extending down into the water. The machine is used to handle new and spent
I fuel assemblies within the reactor vessel and refueling cavity inside contain-

ment. Electrical interlocks and limit switches on the bridge, trolley, and
hoist drives prevent damage to the fuel assemblies. Redundant limit switches
on the mast winch prevent a fuel assembly being raised above a safe shielding
water depth. The main hoist is provided with two independent and diverse brak-
ing systems, each rated at 125% of the hoist's design load, to prevent the drop-
ping of a load as a result of a loss of power.

The motor-driven platform crano is a gantry-type, multiple girder traveling
crane that operates over the spent fuel pool, sper.t fuel cask loading area,
fuel transfer canal, new fuel storage, and new fuel receiving area. It is
primarily used for handling new and spent fuel assemblies within the fuel and
decontamination building.

The new fuel elevator is used to lower new fuel assemblies (one at a time) to
the bottom of the fuel storage area where they can be transported by the motor-
driven platform crane.

.

.
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The fuel transfer system includes an underwater electric-motor-driven transfer
car that transports fuel assemblies between the refueling cavity and the refuel-
ing canal. It runs on tracks from the refueling cavity through the transfer
tube and into the refueling canal. The manipulation crane puts fuel assemblies
on the transfer car within the refueling cavity. The transfer car then passes
through the transfer tube and into the refueling canal where the motor-driven
platform crane removes the fuel assembly. The order of operations is reversed
when fuel assemblies are moved from the fuel and decontamination building to
the refuelir.g cavity inside the cantainment structure.
'

The entire system is housed within the fue and decontamination building and
the containment, which are seismic Category I, flood- and tornado protected
structures (see Sections 3.4.1 and 3.5.2 of this SER). Although fuel handling
system components are not required to function after an SSE, critical components
of the fuel handling system are designed to seismic Category I requirements so
that they will not fail in a way that results in unacceptable consequences such
as fuel damage or damage to safety-related equipment. The motor-driven platform
crane is seismically designed, and meets the guidelines of Crane Manufacturers
Association of America, Inc. (CMAA) Specification 70 (CMAA 70) and ANSI B30.2,
" Overhead and Gantry Cranes." In this regard, the design satisifies GDC 2,
Position C.2 of RG 1.29, and ANS 57.1, " Design Requirements for LWR Fuel Han-
dling Systems."

The Unit 2 fuel handling system is not shared with Unit 1. Therefore, GDC 5 is
not applicable.

The applicant has performed an analysis of the potential consequences resulting
from dropping of light loads (those that weigh less than a fuel assembly plus
handling fixture) over the spent fuel pool or reactor vessel to verify that any
radiological releases are within those assumed for the design-basis fuel han-
dling accident. This analysis has shown that certain tools handled above
stored spent fuel can develop kinetic energy greater than that of a dropped
fuel assembly. Consequently, the applicant has committed to perform additional
analyses to establish whether the storage rack can adequately protect the
stored spent fuel from these postulated load drops. If this protection is not
sufficient, the applicant has committed to limit the height to which these
loads are lifted so that the kinetic energy from the postulated drop will be
less than the energy of a dropped fuel assembly. The staff will require the
applicant to incorporate any required height restriction into the plant Technical
Specifications. The staff finds these commitments acceptable for ensuring that
dropping light loads will not result in kinetic energy or associated fuel
damage in excess of that assumed in the design-basis fuel handling accident.
Thus, the staff concludes that GDC 61 and 62 and Positions C.1, C.3, C.5, and
C.6 of RG 1.13 are satisfied.

On the basis of its review, the staff concludes that the light inad handling
system conforms with GDC 2, 61, and 62 as they relate to protection against
natural phenomena and safe fuel handling including prevention of radiological
release and criticality, and with. Positions C.1, C 3, C 5, and C.6 of RG 1.13
and Position C.2 of 1.29 with respect to overhead crane design, prevention of
unacceptable releases in fuel handling accidents, and maintaining the plant in
a safe condition following a seismic event. The light load handling system
also conforms with the applicable guidelines of ANSI /ANS 57.1, and is, there-
fore acceptable. The light load fuel handling system meets SRP 9.1.4.

*

.
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9.1.5 Overhead Heavy Load Handling Systems

The overhead heavy load handling system consists of components and equipment
used to move loads weighing more than one fuel assembly and its associated han-
dling device. The equipment includes the containment polar crane and cask
handling crane, which handle heavy loads such as the reactor vessel head, reactor
internals, shield plug segments, and spent fuel cask. The containment polar
crane is not used for handling fuel assemblies. The spent fuel cask handling
crane does, however, handle fuel aM emblies.

The overhead heavy load handling system is housed in-the seismic Category I,
flood- and tornado protected containment, fuel and decontamination building,.
auxiliary building, and intake structure (see Sections 3.4.1 and 3.5.2 of this
SER). The containment polar crane and the cask handling crane are designed to
seismic Category I criteria so that they will not fail in a way that results in
unacceptable consequences such as fuel damage or damage to safety-related equip-
ment. However, the cranes are not required to function following an SSE. There-
fore, the design satisfies GDC 2, Positions C.1 and C.6 of RG 1.13, and Posi-
tion C.2 of RG 1.29. -

Because Unit 2 has its own overhead heavy load handling system, GDC 5 is not
applicable.

Mechanical stops prevent the main hoist of the spent fuel cask-handling crane
from traveling over the spent fuei pool. The spent fuel cask is brought to the
cask storage area along a prescribed path and enters the storage area without
passing over spent fuel in the pool. The cask is not lifted high enough above
any structural surface to cause damage that could result in an unacceptable>

radiological release should the cask be dropped. No safety-related equipment >

is located along the path the cask travels. The walls that surround the cask
loading area rise to the same height as the other pool walls and are structurally
designed to withstand the impact force resulting from a falling cask. Should
the cask tip after falling on the guard walls surrounding the cask loading area,
its center of gravity is such that it will not fall outside the cask load area
and will not affect the fuel in the spent fuel storage pool. A dropped cask
cannot, therefore, result in fuel damage in excess of that assumed in the design-
basis fuel handling accident, or damage safety-related equipment. Thus, GOC 4
and 61 and Positions C.3 and C.5 of RG 1.13 are satisfied for handling the spent
fuel cask.

As a result of. Generic Task A-36, " Control of Heavy Loads Near Spent Fue)," a
set of guidelines was developed to ensure safe handling of heavy loads over
structures, systems, and components important to safety. These recommendations
were documented in NUREG-0612, " Control of Heavy Loads at Nuclear Power Plants."
Following the issuance ,f NUREG-0612, a generic letter dated December 22, 1980,
was sent to all operating licensees and holders of construction permits request-
ing that responses be prepared to indicate the degree of compliance with the
guidelines of NUREG-0612. The responses were to be made in two stages. The
first response (Phase I, Section 5.1.1 of NUREG-0612) was to identify the load
handling equipment within the scope of NUREG-0612 and to describe the associated
general load handling operations such as safe load paths, procedures, operator
training, special and general purpose of lifting devices, the maintenance, test-
ing, and repair of equipment, and the handling equipment specifications. The
second response (Phase II, Sections 5.1.2 through 5.1.6 of NUREG-0612) wast

|

Beaver Valley 2 SER 9-10
i



- __ . .. _ _ _ .

intended to show that either single-failure proof handling equipment was not
needed or that single-failure proof equipment has been provided.

The applicant has responded to the December 22, 1980, generic letter. The staff
and its consultant, Idaho National Engineering Laboratory (INEL), have reviewed
the applicant's submittals. As a result of its review, INEL has issued a Tech-
nical Evaluation Report (TER), which is included as Appendix F to this SER.
The staff has reviewed the TER and concurs with its findings. The applicant
complies with the guidelines of Phase I (Sections 5.1.1 and 5.3) of NUREG-0612,
and the applicant's program for heavy loads handling at Beaver Valley Unit 2 is
acceptable. On the basis of compliance with Phase I of NUREG-0612 and staff
analysis and evaluation of Phase II (Sections 5.1.2 through 5.1.6) responses to
date, the staff concludes that the applicant need take no further action in
regard to Phase II of NUREG-0612. Therefore, the staff finds that GDC 4 and 61
and RG 1.13, Positions C.3 and C.5, have been satisfied for the heavy loads
handling system.

In addition, the applicant has responded to the staff's concern regarding the
failure of heavy loads such as concrete shield plugs during handling. The ap-
plicant stated that lifting eyes are an integral part of the loads being lifted,
the movement of concrete shield plugs follows safe load paths to preclude a
load drop on safety-related equipment or spent fuel, and the integrity of a
concrete structure being handled is not affected by failure of a lifting eye.
Therefore, adequate protection is provided against damage to safety-related
equipment from postulated load failures.

On the basis of its review, the staff concludes that the overhead heavy load
handling system conforms to GDC 2, 4, and 61 as they relate to protection
against natural phenomena, missile protection, and safe handling of the spent
fuel cask, and Positions C.1, C.3, C.5, and C.6 of RG 1.13 and Positions C.1
and C.2 of RG 1.29 with respect to overhead crane interlocks and maintaining
plant safety in a seismic event. The system, therefore, is acceptable. The
overhead heavy load handling system meets SRP 9.1.5.

9.2 Water Systems

9.2.1 Service Water and Standby Service Water Systems

9.2.1.1 Service Water System

The service water system (SWS) performs both safety and nonsafety functions by
supplying cooling water to the plant from the ultimate heat sink, the Ohio
River. The ultimate heat sink is discussed in detail in Section 9.2.5 of this
SER.

The SWS for Beaver Valley Unit 2 consists of two trains, each with one SWS pump
and an additional standby (sv.ng) pump capable of being aligned to either of
the two trains. Equipment in each of the two trains is powered from separate
redundant emergency Class 1E buses, and the standby pump can be powered from
either emergency bus.

The SWS provides cooling for both normal and accident conditions. During normal
operation (including normal shutdown), the SWS cools the primary and secondary
component cooling water (CCW) heat exchangers, charging pump lube oil coolers,

.
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control room air-conditioning (A/C) refrigerant condenser, centrifugal water
chiller condensers, safeguard A/C units, main steam and feedwater valve house
cooling coils, motor control center cooling coils, and the alternate shutdown
panel A/C unit. During a design-basis accident, the SWS cools the recirculation
spray coolers, charging pump lube oil cooler, contrcl room A/C refrigerant con-
denser or A/C unit, emergency diesel generator cooling system heat exchanger,
motor control center cooling coils, rod control area A/C unit, safeguards area
A/C unit, and main steam and feedwater valve house cooling coils. The SWS pro-
vides an emergency source of makeup water to the fuel pool and an emergency
backup source of water to the auxiliary feedwater system. The SWS also pro-
vides cooling to the containment recirculation coolers in the event of the loss
of the non-safety related chilled water system (see Section 9.2.2.2 for further
discussion).

'

' .

Two of the three SWS pumps are required for normal operation; only one is re-
quired for safe shutdown. Therefore, each pump is considered to be at 50% ca-
pacity during normal operation and at 100% capacity during shutdown operations
and emergency conditions.

Each train of the SWS consists of one SWS pump, a service water self-cleaning
traveling screen, two booster pumps, piping, and valves. The booster pumps
provide the additional head required by the control room A/C condenser. The

_

SWS discharge from the containment recirculation coolers and primary CCW head
exchangers contain radiation monitors, and the SWS can be manually isolated to (prevent leakage to the environment on receipt of a high radiation alarm.

The SWS pumps are located in three of the four separate pump cubicles in the
seismic Category I intake structure. The intake structure cubicles are protec-
ted against flooding to elevation 737 feet msl by compartment doors. The venti-
lation air intakes for these cubicles are at least above the flood elevation.
Net positive suction head will be maintained at the suction of the pumps, because
their location at elevation 640 feet 7 inches is 8 feet below low river water
level. The SWS discharges into the Ohio River through the emergency outfall
structure and into the circulating water system. Chlorine injection through
diffusers in the valve pit inhibits the growth of algae and other aquatic orga-
nisms. The applicant states that chlorinated water from Unit 1 will be used for
the chlorine injection. The procedures and operating practices will be similar
to those of Unit 1. The applicant indicates that the present procedures and
operating practices at Unit 1, including testing, inspectiors, and trending
programs, have been successful in dctccting system degradation resulting from
marine fouling.

All safety-related compone'it: if a SWS are housed in seismic Category I, flood-
and tornado protected stru t.rt:, 54S underground piping is also protected froms

these natural phenomena. The system itself is designed to seismic Category I,
quality Group C requirements, with the exception of the lines providing cooling
to non safety-related components and the discharge to the circulating water
system. Redundant seismic Category I, Class 1E powered motor-operated isolation
valves are provided between safety-related and non-safety-related portions of
the system. These valves close automatically on receipt of a containment isola-
tion signal or SWS low pressure, as would occur if tho non-safety-related por-
tion failed. A seismic Category I restricting orifice is provided in the SWS
discharge line to the circulating water system. If the non-seismic Category I

- downstream piping fails, the orifice will prevent loss of SWS function by
*

.
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limiting the flow from any postulated break. Manual valves are provided in the
SWS line to isolate the safety-related from the non-safety-related portion.
The safety-related equipment will not be flooded, because the water will enter
the turbine building and yard. Thus, GDC 2 and Positions C.1 and C.2 of RG 1.29
are satisfied.

The SWS is designed to meet the single failure criterion. Power is supplied to
redundant SWS pumps from separate emergency buses. Each service water pump can
supply the minimum cooling water requirements during a design-basis accident
with loss of offsite power and during cold shutdown with loss of offsite power.
Therefore, the staff concludes that GDC 44 is satisfied.

The SWS is not shared with Unit 1, except for the ultimate heat sink and intake
structure. Therefore, the staff concludes that GDC 5 is not applicable.

The SWS will be periodically tested and inspected in accordance with the Tech-
nical Specifications. Preoperational tests will also be performed. The major
portions of the SWS, including the SWS pumps, are in continual use and therefore
do not require periodic testing. However, the motor-operated valves in the
lines to and from the recirculation spray coolers, which are not normally oper-
ated, will be tested periodically to ensure satisfactory operation. A program
for detecting potential biological fouling problems also has been established,
as discussed above. Therefore, the staff concludes that GDC 45 and 46 are
satisfied.

On the basis of the above, the staff concludes that the SWS meets GDC 2, 44,
45, and 46 with respect to the system's protection agairist natural phenomena,
capability for transferring the required heat loads, inservice inspection, and
testing, and meets Positions C.1 and C.2 of RG 1.29 with respect to the system's
seismic classification. * It is, therefore, acceptable. The SWS meets SRP 9.2.1.

9.2.1.2 Standby Service Water System

The standby service water system (SSWS) provides emergency shutdown cooling
capabilities if the seismic Category I primary intake structure has been dis-
abled by a postulated event such as a gasoline barge impact / explosion. This
system is designed to accommodate unit shutdown from a scram at 100% reactor
power and the subsequent cooldown of the reactor coolant system after the pos-
tulated loss of the intake structure and SWS pumps. Therefore, it provides a
cooling water function comparable to that of the SWS during postulated site-
related events. The SSWS is designed to non-safety related system criteria,
but it can withstand a single active failure concurrent with a loss of offsite
power. The SSWS is located to preclude damage from a gasoline barge impact /
explosion that may disable the intake structure. Thus, GDC 44 is satisfied.

The SSWS consists of two 100% capacity pumps, located in the separate auxiliary
intake structure, capable of being powered from redundant emergency Class 1E
power sources that cornect to redundant seismic Category I service water supply
lines via normally closed seismic Category I motor-operated valves located in a
seismic Category I valve pit. From this connection, the cooling water flows
through the service water system lines. The service water system lines have
seismic Category I check valves, located in the valve pit, that will isolate
the SSWS from the disabled intake structure during a design-basis event. This
feature enables the SWS to continue unit shutdown cooling when it is supplied,

by the SSWS. Thus, GDC 2 and Position C.2 of RG 1.29 are satisfiec.,
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The Unit 2 SSWS pumps share the auxiliary intake structure with the Unit 1 aux-
iliary river water pumps, but they are housed in a separate bay. The Unit 2
SSWS does not serve Unit 1; thus GDC 5 is not applicable.

The applicant has proposed Technical Specifications for periodic SSWS testing
and inspection to prevent biofouling and degradation of the SSWS. The Techni-
cal Specifications require a flow test to be performed at least once every
18 months for 2 hours to verify that the SSWS provides cooling water in the

|amount of 8000 gpm to the primary service water system. In addition, once every i

31 days, the operability of the each SSWS pumps is demonstrated by verifying
that the pump develops required discharge pressure while pumping through its
test flow line. The power-operated discharge valves are also cycled once every
31 days to ensure their operability. Therefore, the staff concludes that the
design meets GDC 45 and 46.

On the basis of the above, the staff concludes that the SSWS adequately ensures
a sufficient supply of service water to accomplish unit shutdown and subsequent
cooldown if the primary intake structure is lost as a result of a gasoline barge
impact / explosion. Therefore, the staff concludes that the SSWS meets GDC 2,
44, 45, and 46 and RG 1.29, Position C.2, with respect to the system's protec-
tion against natural phenomena, capability -for transferring the . required heat
loads, inservice inspection, and functional testing, and is, therefore, accept-
able. The SSWS meets SRP 9.2.1.

9.2.2 Reactor Auxiliary Cooling Water Systems (Cooling Systems for Reactor
Auxiliaries)

The cooling systems for reactor auxiliaries consist of the primary component
cooling water, chilled water, and neutron shield tank cooling water systems.
These systems are used individually or in combination to provide cooling water
for heat removal from reactor plant components.

9.2.2.1 Primary Component Cooling Water System

The primary component coolin
water system that transfers'g water (PCCW) system is a closed-loop coolingheat from reactor auxiliaries to the service water
system during power operation and during normal and emergency shutdown. It
provides an intermediate barrier between radioactive or potentially radioactive
heat sources and the service water system.

The PCCW system includes three motor-driven cooling water pumps, three heat
exchangers, two surge tanks, a chemical addition tank, and associated piping
and valves. Each pump and heat exchanger is rated at 50% capacity during normal
plant operation, with the service water temperature at its maximum. The system
is designed to reduce the reactor coolant temperature from 350*F to 150*F in
20 hours with service water availab'e at 86*F.

~The system provides cooling water to the safety-related seal water heat ex-
changers, fuel pool coolers, residual heat removal (RHR) heat exchangers and
RHR pump seal coolers, reactor coolant pump thermal barriers and bearing oil
coolers, excess letdown heat exchangers, control rod drive mechanism (CROM)
shroud cooling coils, and the neutron shield tank cooler. It also provides
cooling water to such non-safety-related components as the radioactive liquid
and gaseous water system, chilled water systcm refrigeration units, containment-

*
.
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penetration coolers, reactor plant sampling system, and auxiliary condensate
system cooler.

All safety related portions of the PCCW system are located inside seismic Cate-
gory I, tornado , missile , and flood protected buildings. Safety-related pip-
ing and equipment are designed to seismic Category I and quality Group C require-
ments. The non-safety related portion is isolated automatically by redundant
valves on a containment isolation Phase A (CIA) signal or low surge tank water
level signal. Thus, failure of the non-safety-related portion of the system
will not affect the performance or reliability of the safety related components.
Therefore, GDC 2 and Positions C.1 and C.2 of RG 1.29 are satisfied.

No portion of the PCCW is shared with Unit 1. Thus, GDC 5 is not applicable.

The system is designed to meet the single failure criterion with two redundant
trains to serve those components essential for safe shutdown. During normal
operation, two PCCW pumps and two heat exchangers accommodate the plant heat
loads. A spare pump and heat exchanger are provided to allow for PCCW pump or
heat exchanger maintenance. One PCCW pump is powered from one emergency bus,
and the second pump is powered from the redundant emergency bus. The spare
pump can be manually connected to either emergency bus. During accident condi-
tions, a one pump and one-heat-exchanger train is sufficient to accommodate the
heat removal load. The water level in the two surge tanks is automatically
maintained by air-operated valves that admit makeup water from the demineral-
ized water system. Thus, GDC 44 is satisfied.

In response to a staff concern regarding loss of component cooling water flow
to the reactor coolant pump (RCP) motor bearings as a result of a single
failure in the common supply line motor-operated valve (which might result in
an unacceptable multiple pump locked rotor condition), the applicant has
indicated that the RCFs can function satisfactorily for 10 minutes without
component cooling water flow for bearing cooling. Alarms are provided in the
control room to indicate a loss of component cooling water supply. This allowsi

j the operator sufficient time to trip the pumps before unacceptable damage
| occurs. Redundant high bearing oil cooler temperature alarms and high bearing

temperature alarms are also provided in the control room. However, none of the,

instrumentation providing indication of loss of cooling water to the RCPs is
safety grade (IEEE 279), as specified in SRP 9.2.2. It is the staff position
that this indication should meet safety-related instrumentation guidelines.

The containment supply and return headers are cross-connected so that if one
PCCW pump fails, all three reactor coolant pumps can be supplied with suffi-
cient cooling water from the unaffected PCCW pump. The applicant has also
demonstrated that the system can withstand a loss of offsite power without
damage to RCP pump seals, in accordance with Item II.K.3.25 of NUREG-0737,
because the PCCW pumps are powered from onsite emergency sources.

During normal operation, all portions of the PCCW system are either in continuous
or intermittent operation. The Technical Specifications will require periodic
tests and inspections to ensure the availability of the spare PCCW pump. The
system components are located in accessible areas to permit inservice inspec-
tion, as required. Thus, GDC 45 and 46 are satisfied.

On the basis of the above, the staff concludes that the PCCW system meets
) GOC 2, 44, 45, and 46 with respect to protection against natural phenomena,
,.
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decay heat removal capability, inservice inspection, and functional testing,
and meets Positions C.1 and C.2 of RG 1.29 with respect to the system's seismic
classification. It is, therefore, acceptable, except that the PCCW system does
not meet SRP 9.2.2 in that safety grade instrumentation is not provided for
loss of PCCW to RCPs. The staff will address the resolution of its concern in
a supplement to this SER.

9.2.2.2 Chilled Water System

The chilled water system is a closed-loop, non-safety-related system, with the
exception of the containment isolation valves and the piping between them, which
are seismic Category I, quality Group B. The system provides cooling water
during normal operation for the refueling water cooler, reactor containment air
recirculation unit, gaseous water system coolers, waste gas system air ejection
unit cooler, sweep gas chiller, postaccident sampling system, turbine plant
sampling system, and A/C units in the auxiliary building, pipe tunnel, fuel
building, control building, cable vault and rod control areas, condensate polish-
ing building, waste handling building, and charcoal delay bed cubicles.

The chilled water system consists of three 50% capacity self-contained chillers,
three circulating pumps, two expansion tanks, and associated piping and valves.
Makeup water to the common pump suction header is provided from the demineral-
ized water system. Cooling water for the chiller condenser is provided by the
service water system (SWS) (see Section 9.2.1.1). A failure in the chilled
water system will not affect safe shutdown of the plant. The SWS provides
emergency (backup) cooling for the cable vault and rod control area ventilation
system and the reactor containment air recirculation unit if the chilled water
system is unavailable. The cable vault and the rod control area ventilation
system consists of redundant cooling coils, a normal chilled water cooling coil,
and a separate service water cooling coil for use upon loss of the chilled water
system. Cooling for the reactor containment air recirculation unit is manually
transferred from the chilled water system to the SWS upon loss of the chilled
water system. Adequate isolation between the chilled water system and SWS sup-
ply to the reactor containment air recirculation unit is provided by a seismic
Category I check valve and motor-operated valve in series. In addition, upon
loss of the chilled water system, the control building ventilation system ther-
mostatically activated, pneumatically controlled air intake, exhaust, and return

| air dampers will be modulated as necessary to vary the ratio of outdoor air
being taken into the systems to maintain an acceptable space air temperature.

j Thus, GDC 2 and Position C.2 of RG 1.29 are met.

Because the system serves no safety function, the requirements of GDC 44, 45,
and 46 are not applicable.

On the basis of the above, the staff concludes that the chilled water system
| meets GDC 2 and Position C.2 of RG 1.29. It is, therefore, acceptable. The
i system meets SRP 9.2.2.

9.2.2.3 Neutron Shield Tank Cooling Water System
|

[ The neutron shield tank cooling water system is a safety-related, seismic Cate-
' gory I, closed cooling water system. It provides cooling water to the neutron

shield tank, which is heated by neutron, gamma, and thermal radiation from the
| reactor. It is a passive, natural circulation system and consists of a neutron"

|.-
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shield tank cooler, a surge tank, a corrosion control tank,.and associated pip-
ing and valves. Makeup to the system is provided by the reactor plant component
cooling water system, and heat from the system is rejected to the reactor plant
component cooling water system. Thus GDC 2 and 44 and Position C.1 of RG 1.29
are met.

On the basis of the above, the staff concludes that the design of the neutron
shield tank cooling water system meets GDC 2 and 44 and Position C.1 of RG 1.29.
It is, therefore, acceptable. The system meets SRP 9.2.2. .

9.2.3 DecinerM ized Water Makeup System

The non-safety-related (non-seismic Category I) makeup demineralized water sys-
tem supplies demineralized water to the reactor plant and turbine plant systems.
The Unit 2 demineralized water storage tank and distribution pumps are cross-
tied with the Unit 1 storage tank so that water can be transferred between
units. Each demineralized water storage tank for Units 1 and 2 has a storage
capacity of 600,000 gallons or a shared capacity of 1.2 million gallons. This
volume is sufficient to provide makeup to both units when the water treatment
system is inoperable.

The system has no safety-related functions, and it is not located near safety-
related systems. (Protection of safety-related equipment from flooding result-
ing from failure of the demineralized water makeup system is discussed in Sec-
tion 9.3.3 below.) Failure of the system will not affect the capability to
safely shut down the plant. Thus, GDC 2 and Position C.2 of RG 1.29 are met.

Because the system serves no safety function, GDC 5 does not apply.

On the basis of its review, the staff concludes'that the makeup demineralized
water system meets GDC 2 with respect to the need for protection against natural
phenomena because its failure does not affect safety system functions and meets
Position C.2 of RG 1.29 concerning its seismic classification. It is, therefore,

|
acceptable. The demineralized water makeup system meets SRP 9.2.3.

1
'

9.2.4 Domestic Water and Sanitary Sewerage Systems

The non-safety-related (non-seismic Category I) domestic water system provides
clean water for the drinking coolers, safety showers, eye wash units, and plumb-
ing fixtures throughout the station. In accordance with GDC 60, the domestic
water system is not connected to any systems that have the potential for contain-
ing radioactive' material. The domestic water is obtained from wells located
southeast of the emergency response facility and treated by equipment located
in an adjacent building. The treated water is stored in a 40,000 gallon ele-
vated storage tank. The domestic water system is protected by an air gap at
its interfaces with the sanitary seweraga system and other process systems.

The non-safety related (non-seismic Category I) sanitary sewerage system collects
sanitary wastes from plumbing fixtures throughout the station. The waste moves
by gravity flow to a manhole and then flows to the Beaver Valley Unit 1 sewerage
treatment facility, which is designed to handle the requirements of both Units 1
and 2.

- Protection for safety-related equipment from floods resulting from failure of
, the domestic water and sanitary sewerage systems is discussed in Section 9.3.3.-
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.The failure of the domestic or sanitary water systems will not affect plant
safety.

On the basis of its review, the staff concludes that the domestic water and
i sanitary sewerage systems meet GDC 60 with respect to prevention of contamina-

tion by radioactive water and are, therefore, acceptable. The domestic water
and sanitary sewerage systems meet SRP 9.2.4.

9.2.5 Ultimate Heat Sink

The ultimate heat sink (VHS) for Beaver Valley Unit 2 is tne Ohio River. Sen-
sible heat removed from both safety- and non-safety-related cooling systems dur-
ing normal operation, shutdown, and accident conditions is discharged via the
service water and standby service water systems.

The primary intake structure housing the service water pumps is designed to
meet seismic Category I requirements and to withstand the effects of natural
phenomena and missiles. The service water pump compartments and the pumps are
designed to the high and low water conditions described in SER Sections 2.4.11
and 3.4.1. Thus, GDC 2 and Position C.1 of RG 1.29 are met.

In addition to the primary intake structure, an alternate intake structure and
standby service water system have been provided for decay heat removal should
the primary intake structure be disabled by a gasoline barge impact / explosion.
As a minimum, the standby service water system can provide its design function
during site-related historic events concurrent with a single active failure
(see also Section 9.2.1 of this SER).

The seismic Category I emergency outfall structure is located sufficiently down-
stream of both intake structures to ensure that warm discharge water will not
be recirculated. Therefore, the inlet water temperature is not aff,ected by the
service water system heat loads. The service water system is designed to handle
the heat loads at the maximum river water temperature of 86 F at the low river
water level. The method used for calculating the ultimate heat sink load as a
result of fission product and heavy element decay is in accordance with BTP
ASB 9-2.

The UHS meets reactor cooling requirements including core decay heat and sensi-
ble heat and plant auxiliary cooling requirements for an indefinite period;
thus it meets GDC 44 and RG 1.27. Because spray ponds are not utilized, RG 1.72
does not apply. Further, because the UHS is a passive feature, GDC 45 and 46
do not apply.

On the basis of the above, the staff concludes that the UHS meets GDC 2 and 44
with respect to protection against natural phenomena and decay heat removal
capacity, RG 1.27 for the design and functional requirements of the UHS, and
RG 1.29 for seismic classification. It is, therefore, acceptable. The UHS
meets SRP 9.2.5.

9.2.6 Condensate Storage Facilities

The condensate storage facilities are comprised of the demineralized water stor-
age tank, the primary plant demineralized water storage tank, and the secondary

- plant demineralized water storage tank. The storage capacities of the three
*

.
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tanks are 600,000 gallons, 140,000 gallons, and 200,000. gallons, respectively.
The demineralized water storage tank is discussed in Section 9.2.3, and the
primary plant demineralized water storage tank is discussed in Section 10.4.9.

The secondary plant demineralized water storage tank (SPDWST) is not safety
related (not seismic Category I); it provides condensate quality makeup water to
the turbine plant condensate system. It is not required for safe shutdown, and
its failure will not affect the function of safety-related equipment. Depend-
ing on the water level in the condenser hot well, the SPDWST is capable of pro-
viding makeup water or accepting drawoff water from the condenser hot well.
Freeze protection for the SPOWST consists of a storage tank heater, a storage
tank heater pump, and heat-traced lines. The heat-traced system is automati-
cally activated when the temperature of the water in the Ifne goes below 35*F.
Thus, GDC 2 and Position C.2 of RG 1.29 have been met with regard to protect-
ing safety-related systems from the effects of failure in non-safety related .

systems.

The SPDWST is not shared with Unit 1. Thus, GDC 5 is not applicable.

The system was evaluated and found to have no function necessary for achieving
safe reactor shutdown conditions or for accident prevention or mitigation. The
safety-related systems that receive water from the condensate storage facilities
have either a safety class primary water supply or have sufficient storage
capacity to perform their safety functions without additional makeup water.
Thus, GDC 44, 45, and 46 are not applicable.

On the basis of the above, the staff concludes that the condensate storage fa-
cilities meet GDC 2 with respect to the need for protection against natural
phenomena and meet Position C.2 of RG 1.29 concerning seismic classification.
They are, therefore, acceptable. The condensate storage facilities meet
SRP 9.2.6.

9.2.7 Turbine Plant Component Cooling Water System

The non-safety related (non-seismic Category I) turbine plant (secondary) com-
ponent cooling water system removes heat from various non-safety-related tur-
bine plant components such as turbine oil coolers, electrohydraulic control
fluid coolers, air compressors, generator hydrogen coolers, air and hydrogen
seal oil coolers, blowdown tank drain cooler, feedwater and condensate pump
coolers, isolated phase bus duct air coolers, and auxiliary boiler blowndown
vent condenser.

.

The turbine plant component cooling water system is designed as a closed-cooling
system and consists of a surge tank, a chemical addition tank, two 100% capacity
circulating pumps, two 100% capacity heat exchangers, and associated piping and
valves. The service water system provides the heat sink for this system. Make-
up water is provided by the demineralized water system. Chemicals are added to
maintain system water chemistry and inhibit corrosion. The components of this
system are located in the turbine building, waste handling building, auxiliary
boiler enclosure, and condensate polishing building. (Protection from flooding
for safety related systems as a result of failure in this system is discussed
in Section 9.3.3 of this SER.)

.

*

.
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The system was evaluated and found to have no function necessary for achieving
safe reactor shutdown or for preventing or mitigating accidents. The system is
not directly connected to any safety-related system and is separated from safety-
related equipment. Thus, GDC 2 and Position C.2 of RG 1.29 are met.

On the basis of the above, the staff concludes that the turbine plant component
cooling water system meets GDC 2 and Position C.2 of RG 1.29 with respect to
the need for protection from natural phenomena. It is, therefore, acceptable.
The system meets SRP 9.2.3.

9.2.8 Primary Grade Water System

The primary grade water system is not safety related, with the exception of the
containment isolation valves and the piping between them, which are seismic
Category I, quality Group B. It is a shared system in that the two Beaver Val-
ley Unit 1 storage tanks and primary water pumps supply water to both Units 1
and 2.

This system is used exclusively in conjunction with the reactor plant systems.
It provides reactor coolant makeup via the chemical and volume control system. |
It also supplies water for other miscellaneous services such as mixing for the
boric acid batching tank and flushing resin from the ion exchangers. It con-
sists of two 75,000 gallon primary grade water storaga. tanks and two supply
pumps. The primary grade water storage tanks are supplied with water from the
boron recovery system test tanks. Station demineralized water is used for
makeup to the primary grade water storage tanks. Demineralized water is
routed through the primary water makeup deaerator before being sent to the
primary grade water storage tank.

The primary grade water system lines penetrating the containment are isolated
on a containment isolation Phase A (CIA) signal. These lines and associated
valves are designed to seismic Category I, quality Group B requirements, and
are inside tornado , missile , and flood protected buildings. Thus, GDC 2 and
Position C.1 of RG 1.29 are satisfied.

Because the primary grade water system is not safety related, GDC 5 is not
applicable. Protection from flooding for safety-related systems as a result of
failure in this system is discussed in Section 9.3.3 of this SER.

The system was evaluated and found to perform no functions necessary for achiev-
ing safe trator shutdown or for accident prevention or mitigation. Failure of

; the syster,will not affect safety-related system functions. Thus, GDC 2 and
- Position C.2 of RG 1.29 are satisfied. The safety-related systems that receive

water f"om the primary grade water storage tank have either a safety class pri-
mary water supply or have sufficient storage capacity to perform their safety
functions without additional makeup. Thus, N C 44, 45, and 46 are not applicable.

On the basis of the above, the staff concludes that the primary grade water
system meets GDC 2 and Positions C.1 and C.2 of RG 1.29. It is, therefore,
acceptable. The system meets SRP 9.2.6.

i

!
'
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9.3 Process Auxiliaries
,

9.3.1 Compressed Air Systems
.

The station has three compressed air systems: the station air system, the
condensate polishing air system, and the containment instrument air system.
The compressed air systems are not safety related, except for the portion of
the compressed air system that penetrates the containment between the contain-
ment isolation valves. The containment instrument air system, however, supplies
compressed air to safety-related valves that are designed to fail in a safe
position upon loss of compressed air. Those portions of the coupressed air
piping systems located inside seismic Category I buildings are seismically sup-
ported. The station air system is comprised of the station service air system
and the station instrument air system. Both of these air systems are designed
to provide compressed air of suitable quality and pressure to instrumentation
and controls and to pneumatically operated tools. The station air system con-
sists of two 100% capacity, dry-screw, oil-free compressors that discharge into
a common station air supply header located in the turbine building. Cooling
water for the inter and aftercoolers is provided by the turbine plant component
cooling water system.

The station instrument air requirements outside the containment building are
supplied through a branch line from the station service air system common header.
The main components of the station instrument air system are two desiccant-
filled regenerative dehydrating towers, prefilters, and afterfilters. If the
station instrument air system pressure should drop to a predetermined value, an
air-operated valve will automatically close apd divert all station air to the
station instrument air header.

The condensate polishing air system provides all compressed air requirements
within the condensate polishing building. This air supply is used in the
powdered resin dewatering system and the chemistry lab and at various service
hose connections. The compressed air is supplied by one 100% capacity, dry-
screw compressor. A backup source of compressed air is available by means of a
crossover line from the station service air system. The condensate polishing
air system also acts as a backup air supply for the station air system via the
same crossover line.

The containment instrument air system (a separate independent, compressed air
system) consists of two 100% capacity oil-free compressors, one 100% capacity
refrigerant-type air dryer, and compressor inlet and outlet filters. The com-
pressors and dryer components are located in the main steam valve house. The
system provides compressed air to safety-related valves; however, the system
is not safety related because the valves are designed to' fail in a safe position
upon loss of compressed air. Two backup sources of compressed air for the con-
tainment instrument air system are available from the station service air system -

via a cross-connect within containment and from the station instrument air sys-
tem via a cross-connect within the main steam valve house.

The station air system, the station instrument air system, the condensate
polishing air system, and the containment instrument air system are not safety
related except for the containment isolation valves and the piping between them,
which are designed to seismic Category I, quality Group B requirements. The
valves are located in a tornado , missile , and flood protected building. There-
fore, these valves and associated piping meet GDC 2 and Position C.1 of RG 1.29.
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Unit 2 compressed air systems are not shared with Unit 1. Thus, GDC 5 is not
applicable.

The applicant has proposed a preoperational test program for the instrument air
system that includes effects of sudden and gradual loss of air pressure. In
addition to the system operability verification, preoperational tests, and the
initial startup tests described by the applicant, periodic tests will be per-
formed on the standby compressor of the station air system to ensure it starts
properly when required. Testing of the other air systems is not required, be-
cause they are normally in operation. On this basis, the staff concludes that
RG 1.68.3 regarding properational tests of the instrument air system has been
satisfied.

The containment instrument air system and the station instrument air system
condition the air so that dewpoints of the two systems are +35*F and -30*F,
respectively. Filters are provided in the two systems to remove particles
larger than 5 microns. This particle size is slightly larger than the 3-micron
limit of ANSI MC11.1-1976, " Quality Standard for Instrument Air." Considering
the small difference in size and the minimal significance this size difference
would make to the equipment utilizing this air, the staff finds that the appli-
cant has met the intent of ANSI MC11.1-1976. Oil-free compressors minimize the
oil content in the air. Inline moisture and pressure differential indicators
and annunciators are provided so the operator can correct any air quality devia-
tion. All safety related air-controlled components can be periodically tested
to verify that when air is lost, they will assume their designated fail-safe
position. In addition, to ensure adequate operating performance, instrument
air quality of the filter discharge will be tested annually for dewpoint and
particulate contamination. Thus, the air systems meet GDC 1 with respect to
the air quality standards by meeting the intent of ANSI MC11.1-1976 as related
to minimum instrument air quality standards.

On the basis of the above, the staff concludes that the compressed air systems
meet GDC 1 regarding instrument air quality, GDC 2 regarding protection from
natural phenomena, and Position C.2 of RG 1.20 and RG 1.68.3 concerning seismic
classification and preoperational testing of instrument air systems. They are,
therefore, acceptable. The compressed air systems meet SRP 9.3.1.

9.3.2 Process and Postaccident Sampling Systems

9.3.2.1 Process Sampling Systems

The process sampling system is designed to provide representative liquid and
gaseous samples from the primary and secondary coolant systems, the associated
auxiliary system process streams, and the spent fuel pool cleanup system. Pro-
visions are made to ensure that these samples are obtained from well-mixed
streams or volumes of effluent by the selection of proper sampling equipment
and location of sampling points, as well as by proper sampling procedures. In
the event of an accident, all sample lines that pass through the containment are
automatically isolated by fail-closed valves on either side of the containment.

The process sampling system includes piping and other components associated
with the system from the point of sample withdrawal from a fluid system to the
analyzing station, sampling station, or local sampling point. The staff review
included the provisions proposed to sample all principal fluid process streams'

-

.
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associated with plant operation and the applicant's proposed design of these
systems, including the location of sampling points, as shown on piping and

,

I

instrumentation diagrams (P& ids).
1

The staff determined that the proposed process s.ampling system meets (1) GDC 13
to monitor variables that can affect the fission process for normal operation,
anticipated operational occurrences, and accident conditions, by sampling the
reactor coolant, the emergency core cooling system (ECCS) core flooding tank,
the refueling water storage tank, the boric acid mix tank, and the boron injec-
tion tank for boron concentration; (2) GDC 14 to ensure a low probability of
abnormal leakage, rapidly propagating failure, and gross rupture, by sampling
the reactor coolant and the secondary coolant for chemical impurities that can
affect the reactor coolant pressure boundary material integrity; (3) GDC 26 to
control the rate of reactivity changes., by sampling the reactor coolant, the
refueling water storage tank, and the boric acid mix tank for boron concentra-
tion; and (4) GDC 63 and 64 to monitor for radioactivity that may be released
from normal operations, including anticipated operational occurrences, and from
postulated accidents, by sampling the reactor coolant, the pressurizer tank,
the steam generator blc1down, the secondary coolant condensate treatment waste,
the sump inside containment, the containment atmosphere, the spent fuel pool,
and the gaseous radwaste storage tank for radioactivity.

The staff further determined that the proposed process sampling system meets
ANSI N13.1-1969 for obtaining airborne radioactive samples, 10 CFR 20.1(c), and
Positions 2.d(2), 2.f(3), 2.f(8), and 2.i(6) of RG 8.8, Revision 3, to maintain
radiation exposures ALARA by providing (1) ventilation systems and gaseous rad-
waste treatment system to contain airborne radioactive materials, (2) liquid
radwaste treatment system to contain radioactive material in fluids, (3) spent
fuel pool cleanup system to remove radioactive contaminants in the spent fuel
pool water, and (4) remotely operated containment isolation valves to limit
reactor coolant loss in the event of rupture of a sampling line. The system
also meets GDC 60 regarding control of the release of radioactive materials to
the environment by providing isolation valves that will fail in the closed posi-
tion and meets Positions C.1, C.2, and C.3 of RG 1.26, Revision 3, and Posi-
tions C.1, C.2, C.3, and C.4 of RG 1.29, Revision 3, by having the sampling
lines and components of the process sampling system designed to conform to the
classification of the system to which each sampling line and component is' con-
nected. Thus,'the system meets the quality standards requirements of GDC 1 and
the seismic requirements of GOC 2.

On the basis of the above evaluation, the staff concludes that the proposed
process sampling system meets the relevant rer;uirements of 10 CFR 20.1(c); GDC 1,
2, 13, 14, 26, 60, 63, and 64; and the appropriate sections of RGs 8.8, 1.26,
and 1.29. It is, therefore, acceptable.

9.3.2.2 Postaccident Sampling System (NUREG-0737 II.B.3)

After the THI-2 incident, the need for an improved postaccident sampling system
(PASS) to determine the extent of core degradation following a severe reactor
accident was recognized. As a result, criteria for an acceptable sampling and
analysis system are specified in NUREG-0737, Item II.B.3. These criteria indi-
cate that the system should have the capability to obtain and quantitatively
analyze reactor coolant and containment atmosphere samples without exposing
any individual to radiation exceeding 5 rems to the whole body or 75 rems to
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the extremities (GDC 19) during and following an accident in which the core
degrades. Materials to be analyzed and quantified include certain radionuclides
that are indicators of severity of core damage (noble gases, isotopes of iodine
and cesium, and nonvolatile isotopes), hydrogen in the containment atmosphere,
and total dissolved gases or hydrogen, boron, and chloride in reactor coolant
samples.

To comply with NUREG-0737, Item II.B.3, an applicant must (1) review and modify
the sampling, chemical analysis, and radionuclide determination capabilities
as necessary and (2) provide the staff with information pertaining to system
design, analytical capabilities, and procedures in sufficient detail to demon-
strate that the criteria are met.

The applicant provided information on the PASS in Amendment 3 and in letters
dated April 18 and October 10, 1984.

The PASS has sampling and analysis capability to promptly obtain and analyze
reactor coolant samples and containment atmosphere samples within 3 hours from
the time a decision is made to take a sample. The PASS electrical power supply
is from the normal station service power supply, which is designed to provide
continuous power and to transfer to the reserve station service to ensure con-
tinued power to equipment when the main generator is off the line. The staff
finds that these provisions meet Criterion 1 of NUREG-0737, Item II.B.3 and
are, therefore, acceptable.

The PASS provides for inline analysis of the reactor coolant and containment
sump samples for total dissolved gas and oxygen, pH, chloride and boron concen-
trations, and gross radioactivity. Hydrogen and oxygen in containment air are
analyzed by inline instrumentation. Radionuclide gamma spectrum analysis will
be performed via grab samples at the onsite emergency response facility labora-

; tory. The applicant will adopt the Westinghouse Owners Group postaccident core
i damage assessment methodology and has committed to prepare a plant-specific
| procedure. The staff has determined that these provisions meet Criterion 2 of
l NUREG-0737, Item II.B.3 and are, therefore, acceptable. The applicant should
! confirm that the plant-specific core damage estimate procedure is complete before
! fuel load.

Reactor coolant and containment atmosphere sampling during postaccident condi-
tions does not require that an isolated auxiliary system be placed in operation
to perform the sampling function. The PASS provides the ability to obtain sam-
ples from the reactor vessel hot legs, the containment recirculation, auxiliary

| building and containment sumps, and the containment atmosphere, without using
an isolated auxiliary system. The PASS valves that are not accessible after an
accident are environmentally qualified for the conditions in which they need to
operate. The staff finds that these provisons meet Criterion 3 of NUREG-0737,
Item II.B.3 and are, therefore, acceptable.

Dissolved hydrogen or total dissolved gas and oxygen in unpressurized reactor
coolant samples can be analyzed by inline instrumentation. Within 30 days,
consistent with ALARA criteria, direct monitoring for dissolved oxygen is achiev-
able. The staff has determined that these provisions meet Criterion 4 of
NUREG-0737, Item II.B.3 and are, therefore, acceptable.

.

*
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The chloride analysis is performed on the reactor coolant by inline instrumen-
tation within the 96-hour time limit, with a measurement range of 0 to 20 ppm.
The staff determined that this provision meets Criterion 5 of NUREG-0737,
Item II.B.3 and is, therefore, acceptable.

The applicant has performed a shielding analysis to ensure that operator expo-
sure while obtaining and analyzing a PASS sample is within the acceptable limits.
This operator exposure includes entering and exiting the sample panel area,
operating sample panel manual valves, positioning the grab sample into the
shielded transfer carts, and performing manual sample dilutions, if required,
for isotopic analysis. PASS personnel radiation exposures from reactor coolant
and containment atmosphere sample and analysis are within 5 rems to the whole
body and 75 rems to the extremities, which meet GDC 19 and Criterion 6 of
NUREG-0737, Item II.B.3. They are, therefore, acceptable.

The PASS has the capability to analyze coolant boron concentrations in the range
of 0 to 6000 ppm. Inline inst rumentation will be used. The staff finds that
this provision meets Criterion 7 of NUREG-0737, Item II.B.3 and is, therefore,
acceptable.

The PASS provides inline analyses for gross radioactivity, boron, chloride,
dissolved gases, pH in reactor coolant and containment sump, and hydrogen and
oxygen in containment air. Backup sampling capability through grab samples is
available for these inline analyses. The staff finds that these provisions
meet Criterion 8 of NUREG-0737, Item II.B.3 and are, therefore, acceptable.

The radionuclides in both the primary coolant and the containment atmosphere
will be identified and quantified. Provisions are available for diluted reactor
coolant samples to minimize personnnel exposure. The PASS can perform radio-
isotope analyses at the levels corresponding to the source terms given in RG 1.4,
Revision 2, and RG 1.7. These analyses will be accurate within a factor of
two. The staff finds that these provisions meet Criterion 9 of NUREG-0737,
Item II.B.3, and are, therefore, acceptable.

The accuracy, range, and sensitivity of the PASS instruments and analytical
procedures are consistent with RG 1.97, Revision 3, and the clarifications of
NUREG-0737, Item II.B.3, transmitted to the applicant on August 31, 1983. They
are adequate for describing the radiological and chemical status of the reactor4

coolant. The analytical methods and instrumentation were selected for their
ability to operate in the postaccident sampling environment. Equipment used

, in postaccident sampling and analyses will be calibrated or tested at least
every 6 months. Retraining operators for postaccident sampling is scheduled once
every 6 months. The staff determined that these provisions meet Criterion 10
of NUREG-0737 and are, therefore, acceptable.

The applicant has addressed (1) provisions for purging to ensure samples are-

representative, (2) the size of sample line to limit reactor coolant loss from
a rupture of the sample line, and (3) ventilation exhaust from the PASS.

Measures to ensure that containment vapor samples are representative are pro-
vided. Heat tracing of the containment atmosphere sample lines to prevent,

iodine plateout is also provided. The staff finds that these provisions meet
Criterion 11 of NUREG-0737, Item II.B.3 and are, therefore, acceptable.,

..
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On the basis of its evaluation, the staff concludes that the PASS meets all
11 criteria of NUREG-0737, Item II.B.3 and is, therefore, acceptable. Before
fuel load the applicant should provide a plant-specific procedure to estimate
the extent of core damage.

9.3.3 Equipment and Floor Drainage System

All drains are separated into those that contain air (aerated drains) and those
that contain hydrogenated reactor cooling fluid. Aerated drains are piped to
the liquid waste disposal (LWD) system (see Section 11.2 of this SER). Hydro-
genated drains are piped to the boron recovery system for processing and recov-
ery (i.e., returned to the reactor coolant system or processed for disposal).
Drainage from nonradioactive sources such as the roof drain is discharged to
the yard storm sewer system.

Except for containment penetration piping and valves, the components in the
equipment and drainage systems are not safety related (not seismic Category I).
These systems collect and transfer effluents that are potentially radioactive
and those that are not in separate subsystems in each building. They also dis-
charge these effluents to the gaseous or liquid waste system for treatment and
disposal.

Aside from those sumps where little drainage is anticipated, such as the incore
instrument tunnel sump, the gaseous waste storage vault, and the fuel pool tell-
tale drain catch tank, all sumps will be provided with two full-sized and inde-
pendently controlled sump pumps. Drainage from the turbine building is monitored
for radioactivity and is pumped either to the yard drainage system or to the
liquid waste system depending on its radioactivity level. Drainage from sources
that are not potentially radioactive, such as the roof drains, are discharged
to the yard stcrm sewer system. Therefore, GDC 60 is satisfied with regard to
collection of potentially radioactive waste.

For those areas where safety-related equipment is ' located, check valves have
been incorporated in the individual floor drain lines to ensure that back flow
from other areas through the drain lines will not cause flooding. Containment
penetrations for the equipment and floor drainage system are designed to seis-
mic Category I, quality Group B requirements and are located in seismic Cate-
gory I, flood and tornado protected structures. Therefore, GDC 2 and Posi-
tions C.1 and C.2 of RG 1.29 are satisfied.

Safety-related equipment is protected from flood damage by its physical location.

' within the buildings, or by Class IE water level instruments that provide indi-
cation of potential flooding. The areas of the plant where nonseismically de-
signed piping and safety-related equipment are located together are in the aux-
iliary building, safeguard building, control building, fuel and decontamination
building, emergency diesel generator building, intake rtructure, and piping and

'

i electrical cable tunnels.

Below grade level-(elevation 735 feet), the auxiliary building is separated by
a wall into two areas, the north cubicle and the south cubicle. The north cubi-
cle does not contain safety-related components that could be degraded by flood-,

ing. The applicant has determined that the maximum flood level in the south
-

cubicle is 7 inches, which is below safety-related components. Water would not
accumulate significantly on floors above the lowest elevation because of the

*
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stairwells, gratings, pipe sleeves, and duct penetrations. The auxiliary build-
ing south cubicle sump, located in the basement of the building, has safety-
related level instrumentation to alert the control room operator of a flooding
condition within the area.

In the safeguards building, safety-related equipment is located in separate
cubicled areas. Each of the areas in the lower elevations of the building areprovided with sumps. The sumps contain safety-related level instrumentation
that provides the control room operator with indication of flooding in the area.
No significant accumulation of water would occur at elevations above the sump
as a result of a rupture, because of ladders, grating, and pipe sleeves, which
allow the water to flow to lower levels.

;

In the emergency diesel generator building, safety related equipment is sepa-
rated into two cubicles, each housing one emergency diesel generator and its
associated auxiliary systems. The cubicles cannot flood as.a' result of the
activation of the fire protection system since it is a CO -type system. Assum-2
ing a failure of the engine cooling water system, there would be no significant
accumulation of wa,ter within the building to affect safety-related equipment
because the building is located on grade elevation and water could drain to the
outside through doors and floor drains.

The fuel and decontamination building does not contain any high-energy lines
that could rupture and cause flooding. Further, if a pipe fails, a sump and

-

two full-sized pumps are located in the lowest elevation of the building. The
sump also contains high level wetectors which will activate an annunciator in

,

|

the control room.,

The largest pipe in the control building areas containing safety-related equip-
ment is a 6-inch service water line. Assuming a moderate-energy crack in this

,

!

line, a flood level of 5 inches would result. All safety related equipment is
located above this level.

The service building contains safety-related electrical / control equipment.
Aside from a vertical pipe chase, the building does not contain any piping.
Should a pipe fail in the pipe chase, water would flow down the vertical chase
and flood a horizontal pipe tunnel below the service building. A sump is locatedin the horizontal pipe tunnel. There are no safety-related components in the
flooded areas, and the areas with electrical equipment remain dry. ~

i

l The intake structure shared by Units 1 and 2 houses the three service water
pumps. Each pump is separately housed in a watertight cubicle. The maximum

'

internal flood of a cubicle would result from a moderate-energy crack in the
30-inch service water line, which would flood the cubicle to a depth of 10 feet
and cause the pump to be inoperable. Only one of the three pumps is required
for emergency shutdown. Water level instrumentation and control room alarms
are provided to alert the operator to flooding conditions. Therefore, the staff
concludes that the los!, of one service water pump has no adverse safety effects.

The remainder of the plant, the turbine building, waste disposal area, and
condensate polishing area, does not contain any safety-related equipment in
areas of potential flooding. Also, if a pipe rupture and flooding occurs in
any of these buildings, no safety-related equipment in other plant areas will
be affected.-

*
.
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Flood levels throughout the plant have been calculated assuming that the drain-
age system fails because of such events as an earthquake. In those plant areas
where safety-related equipment may be affected, safety grade water level alarms
will be installed. The calculated flood levels have been established assuming
a leakage period of 30 minutes after the limiting pipe break. This interval
will allow enough time for the operator to isolate the problem area. Safety-
related equipment will be located above this calculated flood level or will be
qualified for submergence. Thus, the staff concludes that the design described
above satisfies GDC 4 with regard to internal flood protection.

On the basis of its review, the staff concludes that the equipment and floor
drainaga system meets GDC 2, 4, and 60 as they relate to the protection against
natural phenomena, provisions for internal flood protection, and the prevention
of radiological release to the environment and meets Positions C.1 and C.2 of
RG 1.29 as they relate to seismic classification. It is, therefore, acceptable.
The equipment and floor drainage system meets SRP 9.3.3.

9.3.4 Chemical and Volume Control System

The chemical and volume control system (CVCS) is designed to control and main-
tain reactor coolant inventory and to control the boron concentration in the
reactor coolant through the process of charging (makeup) and letdown (drawing
off). The system is also designed to provide seal-water injection flow to the
reactor coolant pumps, and to control the reactor coolant water chemistry con-
ditions and activity level by ion exchange, soluble chemical neutron absorber
concentration, and makeup water. An essential portion of the system consists
of the three centrifugal charging pumps. These pumps are used during normal
operation. The charging pumps are also used for high pressure safety injection
when the emergency core cooling system (ECCS) is required to function. (The
ECCS is evaluated in Section 6.3.)

The volume control tank serves as a volume surge for the reactor coolant let-
down system to provide for control of hydrogen concentration in the reactor
coolant and to provide a reservoir of makeup for the charging pumps. The boric
acid makeup system provides for boron additions to compensate for reactivity
changes and to provide shutdown margin for maintenance and refueling operations
or emergencies. The charging and letdown portions of the system are designed
to seismic Category I requirements and contain redundant active components and
an alternate flow path to meet the single failure criterion.

The CVCS description and piping and instrumentation diagrams have been reviewed
in accordance with SRP 9.3.4. The CVCS (including boron recovery system) in-
cludes components and piping associated with the system from the letdown line
of the primary system to the charging lines that provide makeup to the primary
system and the reactor coolant pump seal water system.

The basis for acceptance in the staff review has been conformance of the appli-
cant's design of the CVCS with (1) GDC 1 and RG 1.26 by assigning quality group
classifications to system components in accordance with the importance of
the safety function to be performed; (2) GDC 2 and RG 1.29 by designing safety-
related portions of the system to seismic Category I requirements; (3) GOC 14
by maintaining reactor coolant purity and material compatibility to reduce cor-
rosion and thus reduce the probability of abnormal leakage, rapid propagating
failure, or gross rupture of the reactor coolant pressure boundary; (4) GDC 29

*

*
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as related to the reliability of the CVCS to provide negative reactivity to the
reactor by supplying borated water to the reactor coolant system in the event
of anticipated operational occurrences; (5) GDC 33 and 35 by designing the CVCS
with the capability to supply reactor coolant makeup in the event of small
breaks or leaks in the reactor coolant pressure boundary and to function as
part of the ECCS assuming a single failure coincident with loss of offsite power;
and (6) GDC 60 and 61 with respect to confining radioactivity by venting and
collecting drainage from the CVCS components through closed systems.

On the basis of the review of the CVCS and the requirements for system perform-
ance of necessary functions during normal, abnormal, and accident conditions,
the staff concludes that the design of the CVCS and supporting system meets
GDC 1, 2, 14, 29, 33, 35, 60, and 61. It is, therefore, acceptable.

9.4 Heating, Ventilation, and Air Conditioning (HVAC) Systems

9.4.1 Control Building Ventilation System

The Beaver Valley Unit 2 control buf1 ding ventilation system consists of two
subsystems: the control room air conditioning (A/C) system and the control
building A/C system. The control rooms for Units 1 and 2 are located within
the same pressure envelope. However, the control room area ventilation systems
for Units 1 and 2 are independent and physically separate systems. Fu*ther,,

the control and operation of the two A/C systems are not interconnected. There-
fore, GDC 5 is not applicable to the control room A/C system. A seismic Cate-
gory I backup bottled compressed air system, common to both Units 1 and 2, is
provided and has been sized to accommodate both control rooms.

The Unit 2 control room ventilation system is designed to maintain a suitable
environment for equipment operation and safe occupancy of the control room
under all plant operating conditions. It serves the control room, the computer
room, and the HVAC equipment room.

The Unit 2 control room A/C system is designed to seismic Category I, quality
| Group C requirements. It consists of two 100% capacity A/C units, each con-

sisting of one fan, one service water cooling coil, a direct expansion cooling,

coil, a bag-type filter, and a roll-type filter. During normal operation, one
of the two A/C units supplies a mixture of outside and return air to the
control room. Redundant trains of the safety-related service water system
provide cooling to the control room A/C units. The outside intake and exhaust
air passes through reinforced concrete labyrinths designed to withstand tornado
missiles. The control room ventilation system is located in two seismic
Category I missile , flood , and tornado protected structures (the control
building and auxiliary building). Redundant components are powered from sepa-
rate Class IE emergency power supplies. Thus, GDC 2 and 4 and Position C.1 of
RG 1.29 regarding protection of the system from natural phenorrina and the sys-
tem's ability to maintain a suitable environment for equipment operation are
met.

The compressed bottled air system installed in Beaver Valley Unit I will
provide breathing quality air at positive pressure to the control room in the
event of (1) a containment isolation Phase B signal in either Unit 1 or Unit 2
or (2) the detection of chlorine in the outside air intake ducts of either unit.

, Redundant, automatic, seismic Category I detection and isolation equipment will
*

.
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isolate the system following the detection of radiation or chlorine and will
annunciate an alarm in the control room. The A/C system will run in the recir-
culation mode for about 60 minutes. Once the compressed air supply is exhausted,
one of two emergency control room supply air fans will automatically be acti-
vated. Outside air will pass through one of two redundant emergency filtration
units (charcoal /adsorber and high-efficiency particulate air (HEPA) filters)
and maintain a positive air pressure in the control room area. The positive
pressure differential is maintained by redundant isolation valves or dampers on
inlet and exhaust openings. Thus, the above design satisfies GDC 19 and Posi-
tion C.2 of RG 1.52, Positions C.3, C.7, and C.14 of RG 1.78, Positions C.4.a
and C.4.d of RG 1.95. (See Sections 6.4 and 6.5.1 of this SER for further dis-
cussion of control room habitability and emergency filter design.)

Smoke detectors are located at the air intake and in the control room area.
The detectors at the air intake will isolate the A/C system from the outside
air intakes and cause it to run in the 100% recirculation mode. Should the
control room area smoke detectors be activated, the system will run in the 100%
purge mode to exhaust the control room area of smoke.

The safety-related (seismic Category I, quality Group C) control building A/C
system consists of two 100% capacity supply fans and t.wo 100% capacity return /
exhaust fans to remove heat from and to ventilate the cable tunnels, instrument
and relay room, cable spreading room,' motor control center (MCC) room, and com-
munications room (emergency shutdown panel). Heat is normally removed from the
system cooling coils by the closed-loop, non safety-related, chilled water sys-
tem. Under emergency conditions, when the chilled water is not available, the
outside air intake, exhaust, and return air dampers will be modulated to main-
tain a constant temperature in the air leaving the space. The intake air and
exhaust air will pass through reinforced concrete labyrinths designed to with-
stand tornado missiles. System equipment is located within the seismic Cate-
gory I, flood- and tornado protected control and auxiliary buildings.

Because the control room is not a source of radioactivity and the emergency
filtration system functions only following an accident, GDC 60 and RG 1.140 are
not applicable.

On the basis of the above, the staff concludes that the control building venti-
lation system meets GDC 2, 4, and 19 and Position C.1 of RG 1.29, Position C.2
of RG 152, Positions C.3, C.7, and C.14 of RG 1.78, and Positions 4.a and 4.d
of RG 1.95, with respect to seismic classification. This ensures a proper envi-
ronment for equipment operation and uninterrupted safe occupancy of the control
room and associated areas that must be staffed under all normal and accident
conditions including loss-of-coolant-accident (LOCA) conditions in the event of
a single active failure. It is, therefore, acceptable. The control building
ventilation system meets SRP 9.4.1.

9.4.2 Spent Fuel Pool Area Ventilation System (Fuel and Decontamination
Building Ventilation System)

Except for the exhaust portions, the fuel and decontamination building venti-
lation system is a non-safety-related (non-seismic Category I) system that serves
the entire fuel and decontamination building. It is designed to maintain a
suitable environment for equipment operation and personnel during normal plant
operating conditions and to limit potential radioactive release to the atmosphere

.
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during normal operation and postulated fuel handling accident conditions. The
system is not required to support operation of equipment required for safe
shutdown.,

The non-safety related recirculation portion of the fuel and decontamination
building ventilation system operates under normal conditions and consists of a
recirculation and supply air handling unit with a roll filter, two chilled water
cooling coils,.two hot water reheat coils, a fan, controls, and a distribution
ductwork. The ductwork'is arranged so the air flows from noncontaminated areas
to potentially contaminated areas. The ductwork distribution system will with-
stand seismic forces (will not fall) so that safety-related equipment within
the fuel building will not be damaged during postulated seismic events. Because
the recirculation portion of the fuel and decontamination building ventilation
system is not safety related, safety-related equipment in the building has been
qualified for the environment resulting from accident conditions; thus, their
function is not affected by the loss of the recirculation portion of the fuel
and decontamination building ventilation system. Further, this safety related
equipment is capable of being monitored and operated from the control room;
thus, access to the fuel and decontamination building is not required during
accident conditions.,

The safety-related (seismic Category I, quality Group C) exhaust portion of the<

fuel and decontamination building ventilation ductwork is a part of the supple-
mentary leak collection and release system (SLCRS) (see Section 9.4.6 of this
SER). The exhaust portion maintains a negative pressure in the fuel building
by exhausting air from the building under normal plant conditions and on those
occasions when the SLCRS radiation monitors in the ventilation exhaust are ac-
tivated as the result of a radiological release accident. The radiation moni-
tors are annunciated in the control room. During both normal operation and4

emergency conditions when a radiological release has occurred, the exhaust air
passes through one of the two moisture separators and either of the two redun-

, dant SLCRS filtration banks before it is released to the atmosphere (see Sec-'

tion 9.4.6 of this SER for a discussion of the SLCRS). Each of the SLCRS
| filtration banks consists of a HEPA filter, a charcoal filter, and another HEPA

filter. The two SLCRS banks receive their power from separate emergency buses.
i

All essential parts of the fuel and decontamination building ventilation system
(i.e. , the exhaust distribution system) are seismic Category I and are locatedi

in the seismic Category I, tornado missile and external-flood protected fuel
and decontamination building. Thus, GDC 2 and Positions C.1 and C.2 of RG 1.29
are satisfied.

There are no high energy lines or systems located near the fuel and decontamina-
*

I tion building ventilation exhaust system. Thus, adequate protection against
| internally generated missiles and the effects of pipe whip and fluid jets is
: provided by separated equipment locations (see Sections 3.5.1.1 and 3.6.1 of

this SER).

Beaver Valley Unit 2 has its own fuel and decontamination building and ventila-
tion system. No portion of the ventilation system is shared with Unit 1. There-
fore, GDC 5 is not applicable.

; As described above, the fuel and decontamination building ventilation system,'

in conjunction with the SLCRS (see Section 9.4.6), meets GDC 60 and 61 and

).-
Beaver Valley 2 SER 9-31

t
_ . .



_ _ __ _ ------

, ,

Position C.4 of RG 1.13, Position C.2 of RG 1.52, and Positions C.1 and C.2 of,

RG 1.140.

On the basis of the above, the staff concludes that the fuel and decontamination
building ventilation system conforms with GDC 2, 60, and 61 as they relate to
protection against natural phenomena and control of releases of radioactive
materials and with Position C.4 of RG 1.13, Positions C.1 and C.2 of RG 1.29,
Position C.2 of RG 1.52, and Positions C.1 and C.2 of RG 1.140 as they relate
to the ventilation system's capability to provide protection against radioactive
releases, seismic classification, and ventilation system filtration design for
emergency and normal operation. It is, therefore, acceptable. The fuel and
decontamination building ventilation system meets SRP 9.4.2.

9.4.3 Auxiliary and Radwaste Area Ventilation System

The auxiliary building and'radwaste area ventilation system is designed to mini-
mize the spread of airborne radioactive material and to maintain a suitable
environment for personnel access by removing heat released from equipment, pip-
ing, and lighting during normal operation. With the exception of a portion of
the auxiliary building exhaust system, the auxiliary building and radwaste area
ventilation system is not safety related (not seismic Category I). The auxil-
iary building exhaust system serves those portions of the auxiliary building
housing equipment required during accident conditions (the primary compone.it
cooling water pump general area and the charging pump cubicles) and is safety
related and seismic Category I. This exhaust system is connected to the SLCRS

. described in Section 9.4.6. The SLCRS exhaust system consists of redundant
fans powered from separate Class 1E sources and serves as the exhaust system
for the auxiliary building and radwaste area.

The spread of contamination is minimized by directing the supply air to clean
areas, maintaining the building areas under a slightly negative pressure by
exhausting at a rate higher than the supply air rate, and by controlling the
flow paths from areas of lesser potential for contamination to areas of greater
potential for contamination.

The auxiliary building ventilation system consists of two air handling units,
each of 50% capacity. The air handling units include a preheat coil using hot
water as the heating medium, a cooling coil using chilled water, a reheat coil,
and a fan. The radwaste area ventilation system is an extension of the auxili-
ary building ventilation system. In addition, two redundant, safety-related
recirculation-type ventilation trains are located in the enclosure at elevation
755 feet, but these circulate air in the motor control center (MCC) areas in
the auxiliary building for heat removal. The equipment in the enclosure is
housed in seismic Category I, missile protected structures and is powered from
redundant Class 1E power sources. Each train consists of a full-capacity enclo-
sure fan and a cooling coil. The cooling coils transfer heat to the service
water system.

All air exhausted from the auxiliary building and radwaste area passes through
the safety-related (seismic Category I), redundant filters of the SLCRS. Air-
borne particulate and noble gases are continually sampled and analyzed by a
radiation monitoring system. Thus, GDC 60 and Positions C.1 and C.2 of RG 1.140
are satisfied.

,

*
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The auxiliary building ventilation system is located in the auxiliary building,
which is a seismic Category I, flood- and tornado protected structure (see Sec-
tions 3.4.1 and 3.5.2). The failure of any non-safety-related equipment will
not affect essential functions of safety-related equipment. Essential (safety-
related) portions of the system itself are seismic Category I, quality Group C,
and are physically separated from high-energy systems. Thus, GDC 2 and Posi-
tions C.1 and C.2 of RG 1.29 are satisfied.

The auxiliary building and radwaste area ventilation system is not shared.
Therefore, GDC 5 does not apply.

On the basis of the above, the staff concludes that the auxiliary building and
radwaste area ventilation system conforms with GDC 2 and 60 as they relate to
protection against natural phenomena and control of releases of radioactive
materials to the environment and with Positions C.1 and C.2 of EG 1.29 and
Positions C.1 and C.2 of RG 1.140 as they relate to seismic classification
and ventilation system design for normal operation. It is, therefore, accept-able. The auxiliary building and radwaste area ventilation system meets
SRP 9.4.3.

9.4.4 Turbine Area Ventilation System

The turbine building ventilation system removes the heat dissipated from
equipment, piping, and lighting in the turbine building during normal operation.
The supply portion of the system consists of two axial flow fans with assoc-
lated ductwork, intake louvers, and dampers. Two circulating fans circulate
air within the turbine building before it is exhausted by the exhaust system.
The exhaust portion of the system consists of 10 axial flow fans located on the
turbine building roof, one machinery room elevator exhaust fan, one toilet room
fan, and one nonessential battery room exhaust fan.

The turbine building ventilation system is not classified as safety related
(not seismic Category I). The system maintains an acceptable environment for
personnel and the nonessential equipment served during normal plant operation.
The system has no safety functions. The system is separated from safety-related
plant systems and from potentially radioactive areas. Therefore, failure of
the system will not compromise the operation of any essential plant systems or
result in an unacceptable release of radioactivity. Thus, it meets GDC 2 and
Position C.2 of RG 1.29.

On the basis of the above, the staff concludes that the turbine building venti-
lation system meets GDC 2 with respect to the need for protection against
natural phenomena because its failure does not affect safety system functions
or result in release of radioactive material. It also meets Position C.2 of
RG 1.29, concerning its seismic classification and is, therefore, acceptable.
The turbine area ventilation system meets SRP 9.4.4.

9.4.5 Engineered Safety Feature Ventilation System

The engineered safety feature ventilation system (ESFVS) is composed of the
following ventilation systems, which are discussed in sections of this report
as noted in parentheses after the name of the system:

(1) emergency diesel generator ventilation system (9.4.5.1)' -

(2) primary intake structure ventilation system (9.4.5.2)-
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(3) main steam and feedwater valve area ventilation system (9.4.5.3)
(4) battery room ventilation system (9.4.5.4)
(5) emergency switchgear room ventilation system (9.4.5.5)
(6) safeguards area ventilation system (9.4.5.6)
(7) cable vault and rod control area ventilation system (9.4.5.7)
(8) alternate shutdown panel room ventilation system (9.4.5.8)

These systems serve various areas of Unit 2 that house engineered safety feature
(ESF) equipment. These systems use outside air or service water, or .a combina-
tion of these, to provide a suitable and controlled environment for personnel
and equipraent. Control of radiological release and compliance with GDC 60 for
the ESF areas is discussed in Section 9.4.6 of this SER.

Discussion of ventilation requirements for ensuring a suitable environment for
the safety-related residual heat removal pumps that are located inside contain-
ment is in Section 5.4.7 of this SER.

9.4.5.1 Emergency Diesel Generator Building Ventilation System

The emergency diesel generator building ventilation system is a safety-related
system provided to remove the heat released within the building by the equip-
ment and lighting in order to maintain conditions suitable for personnel and
equipment during normal and postaccident conditions. This system is composed
of three subsystems: the normal exhaust fan, the primary supply fan, and the
secondary supply fan, which are housed within the seismic Category I diesel
generator buildings.

Each of the two diesel generator compartments is provided with its own venti-
lation system consisting of an individual normal exhaust fan subsystem and
primary and secondary supply fan subsystem. The exhaust subsystem is designed
to prevent the accumulation of gases of fuel-vapor mixtures by exhausting the
air that enters by infiltration through back-draf t dampers. The primary supply
fan is started when its associated emergency diesel generator starts in order
to remove the heat generated by the diesel engine, engine exhaust system, gener-
ator, and lighting sources. Each primary supply fan works in conjunction with
seismically supported, motorized, outdoor air and return air dampers, ductwork,
and control instrumentation. The air supplied to the secondary supply fan for
each compartment is drawn from the mixing plenum of the primary supply fan. The
secondary supply fan is automatically controlled and electrically interlocked
with the primary supply fan and is energized to prevent the ambient temperature
in the room from exceeding a preset value. It will operate provided no fire-
generated high temperature exists in the room. If the carbon dioxide fire pro-
tection system is discharged into the compartment, the associated primary supply
fan will not start and the normal exhaust fan will stop. All air intakes and
exhausts are protected from missiles by reinforced concrete barriers. Unit
heaters controlled by wall-mourted thermostats are also provided in each of the
diesel generator compartments to maintain a predetermined temperature. Control
room annunciation is provided for primary supply fan motor thermal overload and
compartment high and low temperatures.

The above subsystems are independent of the diesel engine combustion air intake
and exhaust openings. Upon loss of normal station power, power to the normal,
primary, and secondary fans as well as to the motorized dampers is automatically
transferred to the emergency buses. The air intakes for both the compartment

.
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ventilation system and diesel engine consist of reinforced concrete hoods with
intake screens located at elevation 759 feet. The engine exhaust exits from an
opening protected by a reinforced concrete missile barrier at elevation 780 feet.
Grade elevation is 732.5 feet. GDC 17 and the NUREG/CR-0660 are satisfied be-
cause the engine combustion air intake and the compartment ventilation air intake
are 26.5 feet above grade, which is higher than the recommended minimum of
20 feet. Thus, the likelihood of dust being the cause of electrical malfunc-
tion has been suitably reduced. Further, because the engine exhaust is released
at elevation 780 feet and the engine combustion air and compartment ventilation
are taken from elevation 759 feet from a point that is spatially removed from
the engine exhaust, the staff concludes that the likelihood of engine exhaust
mixing with ventilation intake air is sufficiently remote, and the system is
acceptable in this regard.

The ventilation systems are designed to seismic Category I, quality Group C
criteria. They are housed in a building capable of withstanding natural
phenomena. Thus, GDC 2 and Position C.1 of RG 1.29 are satisfied. The venti-
lation systems have been designed to withstand the effects of external missiles
and to provide adequate air for ensuring that the diesel engine functions
during all operating modes. Therefore, GDC 4 has been satisfied. Because the
Unit 2 emergency diesel generator building ventilation system is not shared
with Unit 1, GDC 5 is not applicable. In the event of loss of offsite power,
the ventilation system fans, dampers, and associated controls are powered from -
the emergency bus associated with the diesel engine it serves. A failure in
the emergency generator ventilation system in one compartment will not affect
the ventilation system for the redundant diesel generator, thus meeting the
single failure criterion.

On the basis of the above, the staff concludes that the emergency diesel gen-
orator building ventilation system is in conformance with GDC 2, 4, and 17 as
they relate to protection against natural phenomena, thus ensuring a suitable
environment for operation of the emergency diesel generators. It also meets
Position C.1 of RG 1.29 and NUREG/CR-0660 as they relate to seismic design
classification and protection against dust accumulation. It is, therefore,
acceptable. Thus, the emergency diesel generator building ventilation system
meets SRP 9.4.5.

9.4.5.2 Intake Structure Ventilation System

The intake structure ventilation system consists of two subsyJtems: the pri-
mary intake structure ventilation system and the alternate structure ventila-
tion system.

9.4.5.2.1 Primary Intake Structure Ventilation System

The Unit 2 primary intake structure ventilation system serves the three afety-
related independent and redundant pump cubicles that house the safety-related
service water pumps for Units 1 and 2. The active components of the Unit 2

| ventilation system are independent of the Unit i ventilation system.
I
I The primary intake structure ventilation system is a safety-related system that

provides a suitable environment for personnel and equipment during both normal
and accident conditions. This system consists of three full-capacity, separate,

' independent fans; three outdoor air intake dampers; and threa roof ventilators.
*

,
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The outdoor air intake and exhaust openings are protected against missiles.
The ventilation system is powered by the respective emergency buses supplying
power to the associated service water pumps (i.e., two fans are powered from
separate emergency buses, and the third fan has the capability of being powered
by either emergency power source). Electric unit heaters are also connected to
the emergency buses and provide the heating for personnel access.

The ventilation system is quality Group C and seismic Category I, except for
the electric unit heaters. The heaters are seismically supported but not seis-
mically designed. They are not required to operate following an SSE, because
safety-related equipment is qualified for operation in the environment that
results from their failure. The system is located in the seismic Category I,
tornado- and flood protected portions of the intake structure. Therefore,,

GDC 2 and Position C.1 of RG 1.29 are satisfied. The active components are not
'

'

shared with Unit 1; thus GDC 5 is not applicable. Loss of a ventilation system
active component will affect only the operation of one service water pump; thus,
the required safe shutdown capability in the event of a single failure is
ensured. Therefore, GDC 4 in regard to ensuring a suitable environment for
essential equipment operation is satisfied.

On the basis of the above review, the staff concludes that the primary intake
structure ventilation system conforms with GDC 2 and 4, as they relate to pro-
tection against natural phenomena and the capability to ensure a suitable
environment for equipment oper'ation. It also meets Position C.1 of RG 1.29 as
it relates to seismic classification and is, therefore, acceptable. The pri-

; mary intake structure ventilation system meets SRP 9.4.5.

9.4.5.2.2 Alternate Intake Structure Ventilation System

The alternate intake structure ventilation system provides an environment suit-
able for personnel and equipment operation during normal plant operation and
loss of the primary intake structure as the result of a postulated barge explo-
sion. It is not safety related (not seismic Category I) in accordance with the,

dosign of the standby service water system, and is located in the alternate
intake structure, which is separated from the primary intake structure. The
system consists of two 100% capacity redundant exhaust fans, each with its own
intake and exhaust dampers and associated ductwork.

When the temperature within the structure rises, the intake and exhaust dampers ,' automatically open. A further rise in temperature will cause the exhaust fan
to start automatictlly. Should the temperature decrease below a preset value,
electric heaters will be activated. A trouble alarm is provided in the main
control room to indicate malfunction in the ventilation system. The power sup-
plied to the damper actuators and fans is from redundant emergency buses.
Power to the electric heaters is provided from a nonessential supply. The sys-
tem does not serve safety-related equipment, so its failure will not affect the
function of safety-related equipment. Therefore, GDC 2 and 4 and Position C.2
of RG 1.29 are met. Because the system is not shared, GDC 5 is not applicable.

On the basis of the above, the staff concludes that the alternate intake struc-
ture ventilation system conforms with CDC 2 and 4 as they relate to the need
for protection against natural phonemena and the capability to provide a suit-
able environment for equipment operation. It also meets Position C.2 of
RG 1.29 for seismic design classification, and is, thereforo, acceptable.
Thus, the system meets the SRP 9.4.5.-

.
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9.4.5.3 Main Steam and Feedwater Valve Area Ventilation System

The main steam and feedwater valve area ventilation system is a safety related
system provided to maintain a suitable environment for personnel access and
equipment operation during all modes of plant operation except a high energy
line break in the main steam and feedwater valve area. Essential equipment in
these areas will be qualified to function as required following a steam / feed-
water line break (see also SER Section 3.11). The system consists of two 100%
capacity redundant ventilation trains each having a fan, a roll-type filter,
dampers, cooling coils, temperature control valves, ductwork, and supply and
exhaust grills. The main steam and feedwater valve area ventilation system is
seismic Category I, quality Group C. It is a closed system in that the area
air is recirculated and cooled by the cooling coils. There are no outside air
intakes; thus, external missiles cannot affect the system. The cooling coils
are served by redundant trains of the safety-related service water system. The
main steam and feedwater. valve area is maintained under a negative pressure by,

the SLCRS, as described in Section 9.4.6 below. The ventilation system is
housed within a portion of the main steam and feedwater valve house, which is
a seismic Category I, tornado- and flood protected structure. Therefore, GDC 2
and 4 and Position C.1 of RG 1.29 are met.

Normally one of the two trains is in operation while the other is on standby.
Should a loss of air flow be detected, the standby train will automatically
start. The ventilation trains are powered frc.n redundant Class 1E sources.
The service water flow control valves to the cooling coils are air operated.

; Upon loss of air, the control valves will fall open to ensure service water
flow to the cooling coils.

Because the Unit 2 ventilation system is not shared with Unit 1, GDC 5 is not
applicable.

On the basis of the above, the staff concludes that the main steam and feed-;

| water valve area ventilation system conforms with GDC 2 and 4 as they relate to
| protection against natural phenomena and the system's capability of providing

a suitable environment for equipment operation. It also conforms with Posi-
tion C.1 of RG 1.29 as it relates to the seismic design classification, and.

. is therefore acceptable. The main steam and feedwater valve area ventilation'

system meets SRP 9.4.5.

9.4.5.4 Battery Room Ventilation System

The battery room ventilation system is provided to preclude the buildup of hy-
drogen in excess of 2% by volume in the five battery rooms. Four of the battery
rooms are located in the emergency switchgear area at elevation 730.5 feet
of the service building, and one is located at elevation 760.5 feet of the
service building. Ventilation of these rooms is accomplished by the safety-
related portion of the service buildfig ventilation system. Incoming air is
drawn into the battery rooms from the adjacent emergency switchgear rooms. The
system consists of two 100% capacity redundant exhaust fans, fire dampers, duct-
work, and supply and return air grills and dampers. Each fan is powered from a
separate emergency power source. The system is seismic Category I, quality
Group C, and is located in the seismic Category I, tornado- and flood protected;

portion of the service building. The exhaust opening is protected by a reinforced
concrete missile barrier. Therefore, GDC 2 and Position C.1 of RG 1.29 are met.,

*
.
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The control switches for the exhaust fans and associated indicating lights are
located in the contro! room. A zero pressure differential across one exhaust
fan will automatically start the redundant fan. Alarms are provided to indi-
cate automatic start or stop of the exhaust fans. Therefore, the staff concludes
that GDC 4 is satisfied. The system is not shared; thus GDC 5 is not applicable.

On the basis of the above, the staff concludes that the battery room ventila-
tion system conforms with GDC 2 and 4 as they relate to protection against
natural phenomena and ensuring the proper functioning of essential equipment.
It also meets Position C.1 of RG 1.29 as it relates to seismic design classi-
fication and is, therefore, acceptable. The battery room ventilation system
meets SRP 9.4.5.

9.4.5.5 Emergency Switchgear Room Ventilation System

The emergency switchgear room ventilation system is provided to maintain a
suitable environment for personnel and equipment operation during all operating
conditions including emergencies. The system is safety related, seismic Cate-
gory I, quality Group C, and is located in the service building.

The system consists of two parallel, redundant trains, each with a 100% capacity
supply fan, cartridge-type throwaway filter, and full-capacity exhaust fan,
with associated distribution ductwork and dampers. Both of the ventilation
trains draw incoming air and exhaust air through missile protected openingr,.

The outdoor air, recirculated air, and exhaust air dampers are modulated by a
temperature controller to maintain the arec temperatures within acceptable lim-
its. Electric heaters are provided for this purpose. The redundant fans and
associated motor-operated dampers are powered by separate emergency buses. The
system is located in a seismic Category I, flood- and tornado-missile protected
structure. Thus, the system meets GDC 2 and 4 and Position C.1 of RG 1.29.
The emergency switchgear room ventilation system is not shared with Unit 1;
therefore, GDC 5 is not applicable.

On the basis of the above, the staff concludes that the emergency switchgear
room ventilation system conforms with GDC 2 and 4 as they relate to protection
from the effects of natural phenomena and provision of a suitable environment
for equipment operation. It also meets Position C.1 of RG 1.29 as it relates
to seismic design classification and is, therefore, acceptable. The emergency
switchgear room ventilation system meets SRP 9.4.5.

9.4.5.6 Safeguards Area Ventilation System

The safeguards area ventilation system provides a suitable environment for
equipment operation including the quench spray pumps, high head safety injec-
tion pumps, low head safety injection pumps, and the auxiliary feedwater pun s
during accident conditions and allows personnel access during normal plant
operation. It is designed so that the safeguard area temperature will not
exceed 120'F when the equipment in this area is in operation.

The safeguards area ventilation system is located in the safeguards area and
consists of two identical redundant subsystems, the south safeguards area ven-
tilation system and the north safeguards area ventilation system. No portion

* of the system is shared with Unit 1; thus, GDC 5 does not apply. The system is
*

.
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seismic Category I, quality Group C. The safeguards area is a seismic Cate-
gory I, reinforced concrete structure designed to provide tornado protection for
the ESF pumps, valves, and piping penetrations. Thus, GDC 2 and Position C.1
of RG 1.29 are met.

Each of the two ventilation subsystems consists of a full-capacity A/C unit
with a fan, service water cooling coils, volume control dampers, supply grills,
distribution ductwork, and electric unit heaters. They are powered by redun-
dant Class 1E power sources to ensure their operability during accident con-
ditions. The failure of one of the subsystems will not impair the ventilation
subsystem for the redundant safeguards area and, therefore, meets the single
failure criterion. The safeguards areas are maintained under a negative pres-
sure by the supplementary leak collection and release system, which prevents
the spread of airborne radioactive contamination (see Section 9.4.6). Thus,
GDC 4 is met.

On the basis of the above, the staff concludes that the safeguards area venti-
lation system conforms with GDC 2 and 4 as they relate to protection against
natural phenomena and maintaining a suitable environment for equipment opera-
tion. It also meets Position C.1 of RG 1.29 as it relates to seismic design
classification and is, therefore, acceptable. The safeguards area ventilation
system meets SRP 9.4.5.

9.4.5.7 Ca'.,le Vault and Rod Control Area Ventilation System

The cable vault and rod control area ventilation system provides a suitable
environment for equipment operation during normal and accident conditions and
personnel access. It operates in a 100% recirculation mode and therefore has
no outside air intake or exhaust. The system consists of two redundant, paral-
lei, 100% capacity A/C units, volume control dampers, supply and return air
grills, and the associated ductwork. Each A/C unit has a chilled water cooling
coil, a service water cooling coil, a hot water heating coil, and a roll-type
filter and centrifugal fan. Normally, one train is in operation and the other
train is in standby. 'Should a unit fall to start as the result of a high area
temperature, the standby unit is automatically started, thus ensuring system
function in the event of a single failure.

During normal operation, the chilled water cooling coil in the A/C unit is used
to cool the recirculated air. When the chilled water system is unavailable, such
as during emergency conditions, the safety-related service water coil is used
for cooling. The water flow in the hot water heating coil and chilled water
cooling coil is modulated by the return air thermostat. The air conditioning*

units and associated controls are supplied with emergency power during emer-
gency conditions to ensure this operation. Thus, GDC 4 is satisfied.

The area is maintained under a negative pressure by the SLCRS, as described in
Sec ; ion 9.4.6.

i No portion of this system is shared with Unit 1; therefore, GDC 5 is not
applicable.

The system is seismic Category I, quality Group C. The cable vault area that
houses the ventilation system is in the seismic Category I portion of a rein-

- forced concrete structure capable of withstanding tornados and floods. There-
fore, GDC 2 and Position C.1 of RG 1.29 are satisfied..

.
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On the basis of the above, the staff concludes that the cable vault and rod
control area ventilation system conforms with GDC 2 and 4 as they relate to
protection against natural phenomena and maintenance of a suitable environment
for equipment operation. It also meets Position C.1 of RG 1.29 as it relates
to seismic classification and is., therefore, acceptable. The cable vault and
rod control area ventilation system meets SRP 9.4.5.

9.4.5.8 Alternate Shutdown Panel Room Ventilation System

The alternate shutdown panel (ASP) is lccated in its own room at elevation
755.5 feet in the auxiliary building / cable tunnel. The ASP room ventilation
system is provided to maintain a suitable environment for personnel and safe
shutdown equipment operation following a postulated exposure fire in the cable
spreading room, instrumentation and relay room,' west communication room (emer-
gency shutdown panel), or cable tunnel. (See Section 9.S.1 for further discus-
sion of the post-fire, alternate shutdown capability.)

The ASP ventilation system consists of one self-contained A/C unit, an electric
duct heater, volume control dampers, fire dampers, supply air diffuser, return
air grill; and related duct work. The A/C unit employs an expansion cooling
coil, a water-cooled condenser, a cartridge-type air filter, and a centrifugal
fan.

The ASP room is independent for each unit; thus, 60C 5 is not applicable.

During normal operation, the ASP room ventilation system operates only during
pe'riodic testing. It is started manually and is controlled by room thermostats.
The ventilation system. operates in a recirculation mode, and a small amount of
outside air provides the pressurization necessary to eliminate infiltration.
Outside air is drawn fron an area independent of the postulated fire areas for
which the ASP must be available. '

The A/C unit and associated controls are seismic Category I and are supplied
with Class 1E electric power. The system is not redundant because a fire and
additional accidents or failures that might render other means of safe shutdown
inoperable (either the control room or emergency shutdown panel) are not postu-
lated to occur simultaneously. The ASP ventilation system is housed in a seis-
mic Category I, flood- and tornado protected building. Thus, the system meets
GDC 2 and 4 with respect to protection against natural phenomena and assurance,

of proper operating environment for essential equipment, and meets Positions C.1
and C.2 of RG 1.29 for seismic design.

On the basis of the above, the staff concludes that the alternate shutdown panel
room ventilation system conforms with GDC 2 and 4 as they relate to protection
against natural phenomena and maintaining a suitable environment for equipment
operation. It also meets Positions C.1 and C.2 of RG 1.29 as they relate to
seismic classification and is, therefore, acceptable. The ASP room ventilation
system meets SRP 9.4.5.

9.4.6 ' Supplementary Leak Collection and Release System

The function of t.he supplementary leak collection and release system (SLCRS) is
to collect and filter potential radioactive leakage from the cable vault and
rod control area, charging pump cubicles, primary component cooling water pump-

-

.
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area, safeguards area, solid waste handling building, auxiliary building, main
steam and feedwater valve area, and the fuel and decontamination building
before the leakage is discharged to the atmosphere. It consists of two normal
non-safety-related exhaust fans, two redundant safety-related leak collection

} filter exhaust fans, four filter banks, and two redundant emergency chargingpump cubicle exhaust fans. The capacity of the exhaust fans is in excess of|

the estimated air leakage, thereby ensuring a negative pressure in the areas
served. Measures have been taken to limit the inleakage to the respective
areas.

During normal plant operation, one of the two normal leak collection exhaust
' fans is in operation and the other fan is on standby. Except for air from the

'

solid waste handling building, auxiliary building charging pump cubicles, pri-
mary component cooling water pump area, main steam and feedwater valve area and
the fuel and decontamination building (SLCRS areas), the exhaust air is unfil-
tered. The exhaust air from these SLCRS areas is normally demisted, filtered,
and exhausted by the leak collection filter exhaust fans.

Upon receipt of a containment isolation Phase A signal, the normally unfiltered
air is directed through one of the two demister and filter assemblies before it
is exhausted by the leak collection filter exhaust fans. The other SLCRS trainis maintained on standby.

The SLCRS includes redundant, 100% capacity leak collection exhaust fans, de-
mister assemblies, main filter banks, and dampers. The redundant fans, electric
heating coils, and dampers are connected to separate emergency buses. Therefore,
there is sufficient redundancy in the system to ensure system function in the
event of a single failure. Thus, GDC 60, Position C.2 of RG 1.52, and Positions
C.1 and C.2 of RG 1.140 are met. (See Section 9.4.2 for a discussion of system
compliance with GDC 61 and RG 1.13.)

The SLCRS is seismic Category I, quality Group C, and is located in the upper
portion of the seismic Category I auxiliary building. This portion of the build-
ing does not provide protection from tornados, hurricanes, or missiles. The
design calculations of the cooling requirements for safety-related equipment
do not take credit for the cooling effect provided by the operation of the
SLCRS. Further, it is assumed that accidents requiring SLCRS function (such
as a LOCA) will not occur concurrently with these natural phenomena. Therefore,
protection of the SLCRS from tornados and tornado missiles is not required,
because its function is not essential for ensuring safe shutdown following a
tornado. Thus, the staff concludes that GDC 2 and Position C.1 and C.2 of
RG 1.29 are met. The SLCRS is not shared with Unit 1; therefore, GDC 5 is notapplicable.

On the basis of its review, the staff concludes that the SLCRS meets GDC 2 and
60 with regard to protection against natural phenomena and providing protectionagainst radioactive releases. It also meets Positions C.1 and C.2 of RG 1.29,

'

Position C.2 of RG 1.52, and Positions C.1 and C.2 of RG 1.140 concerning seis-
mic classification and emergency and normal ventilation system filtration design.It is, therefore, acceptable. The SLCRS meets SRP 9.4.2.

.

'

.
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9.5 Other Auxiliary Systems

9.5.1 Fire Protection Program

The staff has reviewed the fire protection program for conformance with
SRP 9.5.1, which contains, in BTP CMEB 9.5.1, the technical requirements of
Appendix A to BTP ASB 9.5-1 and Appendix R to 10 CFR 50. Because the appli-
cant has compared the Beaver Valley Unit 2 program to the latter guidelines,
this report also references these guidelines.

In response to the staff's request for an evaluation of the fire protection
program against the guidelines of Appendix A to BTP ASB 9.5-1, the applicant,
by Amendment 3, transmitted a fire protection evaluation report. At the same
time, the applicant also provided an evaluation of compliance with the require-
ments of Appendix R to 10 CFR 50 and BTP CMEB 9.5-1. The applicant provided
additional information by letter dated May 23, 1984.

As part of this review, the staff will visit the plant site to examine the re-
lationship of safety-related components, systems, and structures in specific
plant areas to both combustible materials and to associated fire detection and
suppression systems. The site visit has not yet been conducted because con-
struction has not progressed to a level where such a visit would be meaningful.

The staff review to date has included an evaluation of the automatic and manu-
ally operated water and gas suppression systems, the fire detection systems,
fire barriers, fire doors and dampers, fire protection administrative controls,
and the fire brigade size. The object of the review is to ensure that in the

event of a fire, personnel and plant equipment would be adequate to safely shut
down the reactor, to maintain the plant in a safe shutdown condition, and to
minimize the release of radioactive material to the environment.

Staff consultants, Rolf Jensen and Associates, Inc. , participated in the review
of the fire protection program.

The staff will require that the fire protection program be operational before
initial fuel loading.

9.5.1.1 Fire Protection Program Requirements

Fire Protection Program

The applicant's fire protection program is described in FSAR Section 9.5-1 and
the fire protection evaluation report. On the basis of its review, the staff
concludes that the applicant's program conforms to the technical requirements
in BTP CME 8 9.5-1, Section C.1, and is, therefore, acceptable.

Fire Hazards Analysis

The applicant's fire hazard analysis specified the combustible materials pres-
ent in fire areas, identified safety related equipment, determined the conse-
quences of a fire on safe shutdown capability, and summarized available fire
protection in accordance with BTP CME 8 9.5-1, Section C.1.b. The staff's evalu-
ation of the identified fire hazards is in the paragraphs below. Alternative

'

shutdown capability has been provided for the control room and cable spreading
* room.

Beaver Valley 2 SER 9-42

1



_ _ , . . . . . .. . -

GDC 3 states: " Fire fighting systems shall be designed to assure that rupture
or inadvertent operation does not significantly. impair the safety capability
of those structures, systems and components." To satisfy this requirement, the

1
'

applicant has several means of protection incorporated into the design:

The applicant has designed components required for hot shutdown so that-

rupture or inadvertent operation of fire suppression systems will not ad-
versely affect the operability of these components.

By letter dated May 23, 1984, the applicant committed to protect redundant-

components from flooding. For each area containing safe shutdown or ESF
components, the applicant will evaluate (1) the need for flooding protec-
tion by determining the location and height above the floor of the affected
equipment with respect to flood elevation and (2) the piping in the area
with regard to size, operating conditions, and frequency of operation. Hy-
draulic boundaries will be determined to define the extent of flooding. In
determining flood levels, consideration will be given to the ability of the
drainage systems to pass flow and to the effect on areas cross-connected by
drainage piping. The height above the floor of the lowest safe shutdown or
ESF component will be determined and compared with the worst flood level.
The length of time until this component can be affected by the worst flood
if the failure is not isolated also will be calculated. Then, on the basis
of the results of the flooding analysis, modifications to prevent flooding
will be implemented as necessary.

Equipment identified as being within a spray area of cracks in the fire protec-
tion lines is protected from that spray. Additionally, the interactions analy-
sis of the carbon dioxide systems revealed two areas where the potential existed
for interaction of the carbon dioxide with redundant safety-related tr.ains. In
the diesel generator rooms, a signal from the carbon dioxide systems caused shut-
down of the ventilation systems. This was alleviated by disconnecting the sys-
tems from the carbon dioxide systems and installing heat detectors to control
the shutdown of the fans in a fire emergency, thereby eliminating any inter--

action with the carbon dioxide systems.

On the basis of its review, the staff concludes that the fire hazards analysis,
with the above commitment, will meet Section C.1.b of BTP CMEB 9.5-1 and is,
therefore, acceptable,

i 9.5.1.2 Administrative Controls

The administrative controls for fire protecti'on consist of the fire protection
program and organization, the fire brigade training, the controls over combus-
tibles and ignition sources, the prefire plans and procedures for fighting fires,

I and quality assurance. The applicant's administrative controls conform to
'

Section C.2 of BTP CHEB 9.5-1. On the basis of its review, the staff finds that
! the administrative controls meet BTP CMEB 9.5-1, Item C.2, and are, therefore,

acceptable.
'

9.5.1.3 Fire Brigade and Fire Brigade Training

By letter dated May 23, 1984, the applicant committed to comply with the staff
guidelines concerning the quantity of self-contained breathing apparatus and

., spare cylinders. At least 10 sets of self-contained breathing apparatus will
.-
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be provided for fire brigade personnel, with at least 2 extra air bottles for
each self-contained breathing unit. Five sets of breathing apparatus are lo-
cated in the brigade room, with five additional units at a strategic location
within the plant. An air compressor dedicated to supplying breathable air for
replenishing air exhausted from air bottles is located in the turbine building.
The air compressor satisfies the requirement for an onsite G-hour supply of
reserve air.

The applicant proposes to give physical examinations to the fire brigade members
every 3 years instead of annually as specified in the staff guidelines. Fach
fire brigade member's medical records will be reviewed annually to determine
fitness for strenuous fire fighting activity. This procedure was approved for
the Unit 1 fire brigade in 1976 and has operated successfully since then. The
Unit 2 site shares a common fire brigade with Unit 1. On the basis of its evalu-
ation and previous approval, the staff concludes that this is an acceptable
deviation from the guidelines in Section C.3 of BTP CMEB 9.5-1.

Fire brigade training is evaluated in Section 13.2 of this report.

9.5.1.4 General Plant Guidelines

Building Design

Fire are~as are defined by walls and floor / ceiling assemblies. Walls that
separate buildings and walls between rooms containing safe shutdown systems
are 3-hour-fire-rated assemblies. In cases where the fire rating is less than
3 hours, the staff evaluated each area with respect to its fuel load, fire sup-
pression and detection systems, and proximity to safe shutdown equipment to
determine if the fire-rated assemblies provided are adequate for the areas
affected and meet Section C.S.a of BTP CMEB 9.5-1. On the basis of this
evaluation, the staff finds that the protection provided meets its guidelines.

The applicant'will provide penetration seals for all penetrations of fire rated
walls or floor / ceiling assemblies. The penetration seals have been subjected
to qualification tests using the time-temperature curve specified by Standard
E-119 of the American Society 'for Testing and Materials (ASTM E-119), " Fire Test
of Building Construction and Materials." The applicant did not specify the test
acceptance criteria. The staff guidelines recommend that a maximum temperature
of 325*F be used as the acceptable level. By letter dated May 23, 1984, the
applicant committed to provide penetration seals that do not exceed the accep-
tance criterion of 325 F as recommended by BTP CMEB 9.5-1, Section C.5.a(3).
The staff finds this acceptable.

The applicant will provide 2-hour-fire-rated masonry barriers for the plant's
enclosed stairwells. This complies with Section C.S.c of BTP CMEB 9.5-1, and
is, therefore, acceptable.

With the exception of two rolling steel doors, the door openings in fire-rated
barriers are provided with Underwriters Laboratory (UL)-labeled fire door assem-
blies that have ratings commensurate with the fire ratings of the walls in which
they are installed. The two rolling steel doors (which have one removable jamb
to provide for equipment access) have been UL tested and approved. The doors

'
were tested with the standard jamb detail consisting of door guide angles ,

attached to a channel frame instead of a removable jamb. The doors serve as |
.
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fire barriers between the general building area and the ex,it stairways. Be-
cause the combustible loading in the area is negligible, the staff finds the
minor differences between the door with the removable jamb and the tested door
assembly acceptable. On the basis of its review, the staff concludes that
the fire doors, with the acceptable deviation, meet Section C.S.a of BTP
CMEB 9.5-1, and are, therefore, acceptable.

Ventilation ducts that penetrate fire barriers are provided with fire dampers.
The fire dampers will be UL labeled and installed according to the manufacturer's
directions. Three-hour-fire-rated dampers will be provided in all three-hour-
fire-rated barriers. The staff concludes that the fire dampers will be pro-
vided in accordance with STP CMEB 9.5-1, Section C.S.a, and are, therefore,
acceptable.

Thermal insulating materials are noncombustible. They have flame-spread and
smoke-devel.oped ratings of 25 and 50, respectively, as tested by UL. Interior
walls and structural components, radiation shielding materials, and sound-
proofing and interior finishes are noncombustible or listed by a nationally
recognized testing laboratory, such as Factory Mutual (FM) or UL, for flame
spread, smoke, and fuel contribution of 25 or less. This is in accordance
with BTP CMEB 9.5-1, Section C.S.a, and is, therefore, acceptable.

Metal roof deck construction is FM-listed Class 1. This meets Section C.S.a(10)of BTP CMEB 9.5-1, and is, therefore, acceptable.

Transformers installed inside buildings are either air cooled, of the dry type,
or are insulated and cooled with a noncombustible liquid. This meets Sec-
tion C.5.a(12) and is, therefore acceptable.

The main and plant services transformers are located more than 50 feet from any
buildings or are separated by 3-hour-fire walls. The station service trans-
formers are located within 50 feet of the exterior walls of the turbine andfuel handling building. No safety-related equipment is located within these
buildings. The turbine building's exterior walls are not rated. The station
service transformers are protected by an automatic water deluge system. This
is an acceptable deviation from BTP CMEB 9.5-1, Section C.S.a(13), because no
safety-related equipment is located in the turbine building. The installation
of the transformers, with the approved deviation, meets BTP CMEB 9.5-1, Sec-
tion C.5.a(13) and is, therefore, acceptable.

Floor drains are provided to remove fire protection water from all safety-
related areas. Floor curbs are provided in some of the cable tray areas to
minimize the spread of water. Where gas suppression systems are used, floor,

drains are provided with adequate seals or the gas suppression system is sized
to compensate for the loss of suppressant through the drains. Drains in areas
of combustible liquids have provisions for preventing backflow of combustible
liquids to safety-related areas through interconnecting drain piping. The
plant floor drain system meets Section C.5.a(14) of BTP CMEB 9.5-1 and is,
therefore, acceptable.

On the basis of its evaluation, the staff concludes that, with the approved
deviations, the building design meets Section C.S.a of BTP CMEB 9.5-1 and is,
therefore, acceptable.

.

*

.
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Safe Shutdown Capability

The applicant has not yet provided the additional information required for the
staff to complete its reveiw. The staff review of safe shutdown capability
will be addressed in a supplement to this SER.

Alternate or Dedicated Shutdown Capability

The applicant has not yet provided the additional information required for
the staff to complete its review. The staff review of alternate or dedicated
shutdown capability will be addressed la a supplement to this SER.

Control of Combustibles

Safety related systems have been isolated or separated from combustible mate-
rials as much as possible. The storage of flammable liquids complies with Na-
tional Fire Protection Standard 30 (NFPA 30). Compressed gases are stored ei-
ther outdoors or in non-safety-related structures whenever possible. Hydrogen
piping, however, passes through safety-related areas.

By letter dated May 23, 1984, the applicant committed to provide hydrogen piping
that is seismically designed and supported to withstand the SSE. This design
will ensure that the piping will remain intact during a seismic event

On the basis of its evaluation, the staff concludes that the hydrogen piping
meets Section C.S.d of BTP CMEB 9.5-1 and is, therefore, acceptable.

Electrical Cable Construction, Cable Trays, and Cable Penetrations

Cable trays are of all-metal construction. Electrical cable construction pas-
ses the Institute of Electrical and Electronics Engineers (IEEE) 383-1974 flame
flam' test. The cables are designed to allow wetting down with fire suppres-
sion water without electrical faulting.

Safety-related cable trays outside the cable spreading room are separated from
potential fire exposure hazards by either 3-hour-rated fire barriers,1-hour-
rated fire barriers with automatic suppression, or 20 feet of separation with
automatic suppression.

Except for the following three areas, all areas containing cable trays are
provided with early warning smoke detectors:

(1) containment (fire area RC-1)
(2) auxiliary building (fire area PA-3)
(3) auxiliary building (fire area PA-4)

All areas containing concentrated cable trays are provided with automatic total-
flooding carbon dioxide systems. The three areas listed above have eight or
fewer cable trays, spread out over a large area. The cable tray configuration
permits a hose stream to be effectively applied. On the basis of its evaluation,
the staff concludes that the fire protection safety of these configurations
would not be greatly enhanced by the addition of automatic suppression.

.
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On the basis of its evaluation, the staff concludes that the protection pro-
vided for the cable trays and the approved deviation meet Section C.5.e of BTP
~CMEB 9.5-1 and are, therefore, acceptable.

Ventilation

There are no ventilation systems in the plant designed specifically to exhaust
smoke or other products of combustion. Normal plant ventilation systems will
be utilized for this purpose. Portable smoke ejectors will be provided to as-
sist'in removing the products of combustion should the normal ventilation sys-
tems be unavailable because of damper closures or other failures. Because the
normal ventilation system is capable of being realigned to 100% exhaust, the
staff finds this acceptable.

The power supply controls for the redundant ventilation systems provided for
the control room are located in the equipment room without separation.

The primary smoke removal for the control room is provided by one of the two
100% capacity fans of the control room A/C system. If a single fire renders
both fans inoperable, the Unit 1 ventilation system, which is completely sepa-
rated from the Unit 2 system, can be used. If additional smoke removal is re-
quired, the double doors to the outside can be opened for natural ventilation.
If further ventilation is necessary, portable exhaust fans can be utilized. l

These fans are part of the fire brigade equipment inventory located in the bri-
gade staging area.

Because three diverse methods of cooling the control room are provided, the
staff finds this an acceptable deviation from its guidelines.

Air intake and exhaust ventilation dampers in areas protected by total flooding
gas extinguishing systems are provided with mechanisms that will close them
upon actuation of the suppression system. Stairwells are provided with self-
closing doors designed to minimize smoke infiltration during a fire. Charcoal
filters are provided in accordance with RG 1.52. The staff finds this
acceptable.

On the basis of its evaluation, the staff concludes that the ventilation sys-
tems, with the approved deviation, meet Section C.S. f of BTP CMEB 9.5-1 and
are, therefore, acceptable.

Lighting and Communication
.

Fixed, self-contained lighting units with individual 8-hour battery power sup-
plies are installed in all areas that will be staffed for shutdown and for ac-

,

cess and egress to and from all fire areas. Portable hand lights are provided '

for emergency use by the fire brigade and by other operations personnel required
to achieve shutdown.

The plant communications system consists of three independent systems. The
normal method of communication is by means of a five-channel, page party ad-
dress system. Offsite and onsite communication can be achieved by use of the
separate private automatic exchange telephone system. The third method of
plant communications is the calibration jack system, a two-channel system that

- utilizes plug-in jacks and head sets with earphones and microphones.
*

.
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These three independent plant communications systems will provide a reliable
means of emergency communication. During a fire, any one system may be desig-
nated for use for emergency communications.

A portable radio communications system is also provided for use by the fire
brigade.

On the basis of its review, the staff finds that the lighting and communica-
tions systems meet BTP CMEB 9.5-1, Section C.'5.g and are, therefore, acceptable.

9.5.1.5 Fire Detection and Suppression

Fire Detection

A fire detection system is provided for all areas cor.taining safety related
equipment and for all areas that present a fire exposure to safety-related
equipment.

The system complies with NFPA 720 for a Class A system, with detectors installed
in accordance with NFPA 72E.

By letter dated May 23, 1984, the applicant committed to provide a reliable
power supply for the fire detection system as follows:

(1) The primary supply for the fire detection system and suppression systems
is the normal offsite power supply system.

(2) The secondary supply for the fire detection. systems is a non-safety diesel
generator. The switchover capability is an automatic function. The die-
sel generator supplies the 120-V ac uninterruptible power supply system
required for the detection system and the 125-V dc panels for the fire

i detection and suppression systems.

A battery backup system with a 2-hour ra|ed capability is provided as a(3) t

backup to the 125-V dc systems.

A battery backup system with a 30-minute capability is provided as a backup to
the 120-V ac systems. This is to provide electrical power continuity for the
10 seconds required to start the diesel and achieve rated voltage and frequency.
The staff finds this an acceptable primary and secondary source of power.

L On the basis of its evaluation, the staff concludes that the fire detection
system will meet Section C.6.a of BTP CMEB 9.5-1 and is, therefore, acceptable.

Fire Protection Water Supply System

The water supply system consists of two fire pumps: one pump is electrically
~

driven and the other is diesel-engine driven. Each fire pump is separately
connected to a buried water main loop around the plant, and each fire pump has
a rated capacity of 2500 gpm at 125 psig. The fire pumps and controllers are
UL listed. The fire pump installation has been designed and installed and will
be tested in accordance with NFPA 20.

-

,. -
L
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The fire pumps are located in the intake structure and are separated by 3-hour-
fire-rated barriers. Pressure for the fire protection water system is provided
by a jockey pump that maintains the system pressure between 115 and 125 psig.

The source of water for the fire protection system is the Ohio River. Separate
suction lines are provided for each pump.

The greatest water demand for the fixed fire suppression system is 2000 gpm.
Coupled with 500 gpm for hose streams, this creates a total water demand of
2500 gpm. The staff finds that the water supply system can deliver the re-
quired water demand with one pump out of service.

Yard hydrants are provided at intervals of less than 250 feet along the fire
protection water supply loop. The lateral to each yard hydrant is provided
with a key-operated isolation valve to facilitate hydrant maintenance and re-
pairs witnout shutting down any part of the fire water supply system. Hose
houses are provided at intervals of approximately 680 feet, in accordance
with NFPA 24.

Approved post-indicator secti~onal control valves are provided to isolate por-
tions of the underground main for maintenance or repair withc;t shutting off
the supply to primary and backup fire suppression systems that serve areas
containing or exposing ~ safety-related systems.

By letter dated May 23, 1984, the applicant committed to supervise all valves
in the fire protection water supply system, in accordance with NFPA 26.

On the basis of its evaluation and the above commitment, the staff concludes
the fire protection water supply meets Section C.6.b of BTP CMEB 9.5-1 and is,
therefore, acceptable.

Sprinkler and Standpipe Systems

The wet pipe sprinkler systems, deluge systems, and pre-action systems meet the
provisions of NFPA 13 and NFPA 15. The areas equipped with water suppression
systems are listed in Table 1 of the applicant's fire protection evaluation
report.

Each automatic sprinkler system and interior hose standpipe is supplied through
separate connections from the yard main or from the internal cross-connections
through buildings to ensure that no single failure in the water supply system
will impair both the primary and backup fire protection in building areas.

Each sprinkler and standpipe system connection to the distribution system is
equipped with an indicating gate valve so that groups of sprinkler systems
and/or manual hose stations can be isolated without interrupting the supply to
other sprinkler systems and manual hose stations connected to the same header.

On the basis of its evaluation, the staff finds that sprinkler and standpipe
systems have been provided in accordance with Section C.6.c of BTP CMEB 9.5-1,
and are, therefore, acceptable.

Manual hose stations are located throughout the plant in accordance with
NFPA 14. Standpipe system piping for hose stations protecting safe shutdown

-
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equipment has been analyzed for SSE loading and is provided with seismic sup-
ports. The staff concludes that the design of the standpipe system piping
meets Section C.6.c of BTP CMEB-9.5-1, and is, therefore, acceptable.

Halon Suppression System

A Halon 1301 system is prosided for the computer room and west communications
The system has been dasigned and installed in conformance with NFPA 12A.room.

On the basis of its review, the staff concludes the Halon system meets Sec-
tion C.6.d of BTP CMEB 9.5-1, and is, therefore, acceptable.

Carbon Dioxide Suppression Systems

Total flooding carbon dioxide systems are provided for the electrical equipment
areas of the auxiliary building listed in Table 1 of the applicant's fire pro-
tection evaluation report.

The carbon dioxide systems comply with the requirements of NFPA 12.

On the basis of its review, the staff concludes that the carbon dioxide extin-
guishing systems meet BTP CMEB 9.5-1, Section C.6.e, and are, therefore,
acceptable. '

Portable Extinguishers

Portable fire extinguishers are provided to conform with NFPA 10. The staff
finds this acceptable. On the basis of its review, the staff concludes that
these extinguishers meet BTP CMEB 9.5-1, Section C.6.f, and are, therefore,
acceptable.

i

9.5.1.6 Fire Protection of Specific Plant Areas

Containment

The reactor coolant pumps will be equipped with an oil collection system. The
oil collection system will be designed and installed so that failure will not

|

i lead to fire during normal or design-basis accident conditions and so that there
| will be reasonable assurance that the system will withstand the safe shutdown

earthquake.

The collection systems will be capable of collecting lube oil from all poten-
tial pressurized and unpressurized leakage sites in the reactor coolant pump

| lube oil systems.

By letter dated May 23, 1984, the applicant committed to provide a drain tank
| for'each pump. The tank will be sized to collect the entire lube oil inventory

| from the pump in accordance with Section C.7.a of BTP CMEB 9.5-1.

Manually operated sprinklers are provided for the protection of the cable pene-
! tration area and the charcoal filters.

|
~

By letter dated May 23, 1984, the applicant committed to separate redundant
| safe-shutdown cables by 20 feet or provide radiant energy shields.
|. *
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On the basis of its evaluation and the above commitment, the staff concludes
that the protection provided for the containment area meets Section C.7.a of

|BTP CMEB 9.5-1 and is, therefore, acceptable.

Control Room

The control room complex is separated from all other areas of the plant by
3-hour-rated assemblies.

By letter dated May 23, 1984, the applicant clarified that the only peripheral
room in the control room complex is the shift supervisor's office. Because of
the low fire risk associated with the supervisor's office, the staff finds the
existing protection acceptable.

All structural materials, interior finishes, and miscellaneous architectural
items used in construction are noncombustible. All cabinets and furniture witt.-in the shift supervisor's office are of all-metal construction. Portable fire
extinguishers are located throughout the control room complex, and hose racks
are located in stairwells outside the control room entrances. Portable fire
extinguishers are rated according to the hazard protected, including Class A
extinguishers for the shift supervisor's office.

All cables entering the control room terminate there. No cables are routed
through the control room from one area co another. There is a section of
raised floor between the main control board and the benchboard. All cables in
the underfloor are in conduits. This is acceptable because cables completely
enclosed in metal conduits do not add to the combustible loading in the area.

Ionization smoke detectors have been installed in the control room as well as
inside the individual cabinets and consoles within the control room.

The applicant has provided an alternate shutdown system for the control room.
The alternate shutdown system is reviewed in Section 9.5.1.4 of this report.

The outside air intakes for the control room's ventilation system are equipped
with smoke detectors that alarm in the control room. In the event of a fire,
the smoke venting system can be manually initiated to purge smoke from the con-
trol room, or isolated to keep smoke from entering the control room. It is,
therefore, acceptable in this regard.

Cable Spreading Room

The cable spreading room is separated from the balance of the plant by 3-hour-
fire rated walls and floor / ceiling assemblies. All penetrations through fire-
rated barriers are fitted with 3-hour-fire-rated dampers and/or 3-hour-fire rated
penetration seals.

An alternate shutdown system has been provided for the cable spreading room.
The alternate shutdown system is reviewed in Section 9.5.1.4 of this report.

The primary fire suppression system in the cable spreading room is an automatic
redundant' total flooding carbon dioxide system. This does not meet the staff
guidelines. The applicant must provide a water suppression system to protect
the cable spreading room in accordance with Section C.7.c of BTP CMEB 9.5-1.

-
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Switchgear Rooms

The Division I and Division II switchgear rooms are separated from each other
and from other plant areas by 3-hour-fire-rated walls and floor / ceiling
assemblies.

Automatic fire detection is provided by ionization smoke detectors. Manual
protection is provided by standpipe hose stations and portable extinguishers.
Floor drains have been provided in the switchgear rooms. On the basis of its*

review, the staff concludes that the protection provided for the switchgear
room is in accordance with Section C.7.e of BTP CMEB 9.5-1, and is, therefore,
acceptable.

Remote Safety-Related Panels

Redundant safety-related panels remote from the main control room will be sepa-
rated by barriers having a minimum fire rating of 3 hours. On the basis of its
review, the staff concludes that the protection providei for remote safety-
related panels meets Section C.7.f of BTP CMEB 9.5-1, and is, therefore,
acceptable.

Safety-Related Battery Rooms

The battery rooms are separated from each other and from the balance of the
plant by 3-hour-fire rated barriers. Ionization smoke detection systems are
provided in each battery room. Hose stations and portable fire extinguishers
are available in the areas for manual fire suppression. The ventilation sys-
tem is designed to maintain the hydrogen levels below 2%. Loss of ventilation
alarms have been provided for each battery room. On the basis of its review,
the staff concludes that the protection provided for the battery rooms meets
Section C.7.g of BTP CMEB 9.5-1, and is, therefore, acceptable.

Emergency Diesel Generator Rooms

The emergency diesel generators are in individual rooms separated from each
other and from other areas of the plant by fire barriers having a fire rating
of 3 hours.

The primary fire suppression systems for these cubicles are individual, auto-
matic, fixed-flooding carbon dioxide systems. Early warning smoke. detectors
and portable carbon dioxide fire extinguishe'rs are located in each room. Manual
fire hose stations are located at the entrance to each room as a backup to the
carbon dioxide system.

Each diesel generator cubicle has a floor-mounted, 1100 gallon fuel oil day
tank located within a curbed area. An oil sump pit with a drain is pro ided
within the curbed area and is connected to an underground oil separator. The
curbed volume is sufficient to contain 1100 gallons.

On the basis of this review, the staff concludes that the protection provided
for the diesel generator rooms meets Section C.7.i of BTP CMEB 9.5-1, and is,
therefore, acceptable.

.
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Other Plant Areas

The applicant's fire hazards analysis addressed other plant areas not specifi-
cally discussed in this report. The staff finds that the fire protection for
these areas is in accordance with the guidelines of BTP CMEB 9.5-1, and is,
therefore, acceptable.

9.5.1.7 Summary of Deviations from BTP CMEB 9.5-1

The technical requirements of Appendix R to 10 CFR and Appendix A to BTP
ASB 9.5-1 have been included in BTP CMEB 9.5-1. Listed below are the approved <
deviations from the guidelines of BTP CMEB 9.5-1 and the sections of this re-
port, as indicated in parentheses, wherein they are discussed:

(1) rolling steel fire doors (9.5.1.4)
(2) station service transformers (9.5.1.4)
(3) fire brigade physical examination interval (9.5.1.3)
(4) concentrated cable tray protection (9.5.1.4)
(5) control room ventilation (9.5.1.4) -

(6) control room shift supervisor's office (9.5.1.6)

9.5.1.8 Open Items

The following are the open fire protection items:

(1) safe shutdown (9.5.1.4)
(2) alternate shutdown (9.5.1.4)
(3) cable spreading room (9.5.1.6)

9.5.2 Communication Systems

The design function of the communication system is to provide reliable intra-
plant and interplant (or plant-to-offsite) communications under normal plant
operation, emergency plant operation, and accident conditions.

9.5.2.1 Intraplant Systems

The design basis for the intraplant communication systems is to provide suf-
ficient equipment of various types so that the plant has adequate communica- -

tions to start up, continue safe operation, or safely shut down under any
| design-basis event. The intraplant systems include:

.

(1) Page Party System

The five-channel page party system (PPS) system provides communications
from the main control room to all buildings and control areas within
Beaver Valley Unit 2, and from one building or control area to any other.
The PPS is normally used during daily plant operation to allow individuals
to communicate between PFS stations and to provide for public address
within the plant.

In an emergency, the system is used to alert personnel on the site and to
~

communicate messages between individuals. The evacuation / standby alarms
are manually initiated from the communications console in the main control

.
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room or from the auxiliary communications station adjacent to the emer-
gency or alternate shutdown panel. 'The alarms are carried on the PPS
loudspeakers to ensure that they are heard throughout the plant. Evacua-
tion alarm lights are provided instead of loudspeakers in areas of high
noise levels where it would be difficult to hear the alarms.

The PPS consists of amplifiers, handset stations, loudspeakers, and special
components, such as alarm tone generators, merge / isolate cabinets, and
various controls. Two communications consoles house page party equipment;
one is in the main control room, and the other is in the shift suparvisor's
office. Controls for merging or isolating the Unit 1 and Unit 2 page party
systems are located at the communications console in the main control room,
at the auxiliary shutdown panel in Unit 1, and at the alternate shutdown
panel (ASP) of Unit 2.

*

The main plant PPS is powered from essential bus panels, which are fed from
a 480-V unit substation and are ultimately backed by the onsite, non-safety-
related diesel generator. Outlying buildings, such as the cooling tower
pumphouse, obtain power from the PPS from normal ac distribution panels.

(2) Calibration Jack System

The calibration jack system installed at the plant is a two-channel system
in which headsets, consisting of earphones and a microphone, are connected
through a network of plug-in jacks to permit direct communication between
persons in different areas. This system is normally used for maintenance,
during instrument and equipment calibration, and during construction and
startup.

The major components of the system are headset / amplifiers, system power
; supplies (one for each of two channels), phone jacks, and a tie to the PPS

to enable paging via any headset / amplifier set connected at any jack
location in the system.

The calibration jack system is powered from an essential bus panel, which
is backed by the onsite non-safety-related diesel generator.

The applicant stated in the FSAR that, during emergency or accident con-
ditions, the calibration jack " system can be used as an alternate means to
relay messages between different areas of the plant." The applicant was
requested to describe how the relaying of messages using the calibration
jack system would be accomplished within the plant. In a letter dated
March 5, 1985, the applicant modified the statement on and the description
of the calibration jack system to show that the system would not be used
for the relaying of messages. The staff has reviewed the system and finds
it acceptable.

(3) ' Radio System

The radio system for Beaver Valley Unit 2 is shared with Beaver Valley
Unit 1. The system consists of hand-held portable radios, two base
radio / stations, and five remote consoles.

The hand-held portable radios are powered by rechargeable batteries and
are available for use during normal and emergency conditions. The radios
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\
'

operate on one very high frequency (VHF) band and two 450-MHz band fre-
quencies. The VHF frequency is used for normal maintenance and operating
communications tnd can be used as an alternate means of relaying messages
between areas of the plant during an emergency. The 450-MHz band frequen-
cies will be used by security personnel for both normal and emergency
operations.

1

The VHF remote consoles are located at communications console 1 in the main
control room, communications console 2 in the shift supervisor's office,
the Unit 1 auxiliary shutdown panel, the emergency shutdown panel (ESP)
areas of Unit 2 at the emergency response facility (ERF) and at the second-
ary emergency response center appro.ximately 10 miles from Unit 2 at South'
Heights, Pennsylvania. All of the above remote consoles are connected to
two separate control lines. One control line is connected to a VHF high
band radio transmitter / receiver and is the primary radio station for
Units 1 and 2. The other control line, selectable by a switch, is con-
nected to a VHF low band radio transmitter / receiver and is a secondary ra-
dio system for Units 1 and 2. Both of these base radios are in the radio
building. Each remote console has two speakers so that messages can be
received from both the primary and secondary base stations. The switch
selection is identified by lights on the console.

The primary radio station can communicate directly with the Duquesne Light
Company (DLC) System Control Center, the Pennsylvania Emergency Management
Agency, the West Virginia Emergency Services Agency, and the Ohio Disaster
Service Agency, all of which are within the 10-mile radius of the plant.

The consoles in Unit 2 are powered from a 120-V ac essential bus backed by
the onsite, non-safety-related diesel generator. The radio control cir-
cuits at the plant and the radio building are powered by a 48-V dc dedi-
cated communication battery / charger system. The batteries are sized to
run the system for 8 hours if the ac source is lost.

There is also a high band base radio transmitter / receiver in the main con-
trol room. The antenna for this station is on the roof of the plant. The
radio is for emergency use in case both radio transmitter / receiver stations
are lost. The staff has reviewed the system and finds it acceptable.

(4) Private Automatic Exchange (PAX) Telephone System

The PAX system for Unit 2 is a commercial-type telephone network consis-
ting of an onsite switchboard located in the communications area of Unit 1
that provides telephone service to dial-type telephone handsets. PAX
telephones are located at the communications consoles in the main control
room; in the shift supervisor's office; at the auxiliary shutdown panel
Unit 2 alternate shutdown panel, and the emergency shutdown panel; in the
essential bus inverter and rectifier area; and in other areas of the plant
that may be continuously or frequently manned.

The 48-V de source for the switchboard is obtained from a 120-V ac to 48-V
de converter, which also supplies the current to keep the 48-V battery bank
fully charged. The battery bank operates in parallel with the converter and

' maintains full power to the switchboard for a minimum of 8 hours in the
*

,.
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event of a converter failure or a loss of ac power to the converter.. The
converter is connected to a non-safety-related vital ac bus and provides.

full power to the Beaver Valley Unit 2 switchboard and to simultaneously
recharge the battery from fully discharged to fully charged within 24 hours.
This power system is shared with the Unit 1 telephone switchboard, which
is an identical 100-line telephone switchboard.

The Unit 1 and Unit 2 switchboards are interconnected so that incoming and
outgoing calls can be completed even with a failure of either switchboard.
All of the common switchboard equipment for Unit 2, such as ringers and
dial tone, is provided with standby units. The telephone lines from the
Unit 2 switchboard to various parts of the plant are fed radially and are
in separate conduits. This system is tied to commercial telephone lines
to allow for calls outside the plant but does not depend on them for
intraplant use.

There is an independent telephone system between the Unit 2 main control
room and the containment building. Telephones on this system are located
in the main control room, containment building, personnel hatch, and emer-
gency air lock. The system is powered from a non-safety-related essential

,ac bus. If the telephone handset is lifted at any one of the four loca- L

tions, it automatically rings at the other two locations.

A direct telephone system is provided between the ERF and the main control
room.- These lines are established for emergency use. Personnel in the
ERF can access one of six lines to the control room. In the control room,
two of these lines are on the operator's desk, two on the shift super-
visor's desk, and two in the computer room. Lifting the handset at either
end will automatically ring the respective line at the other end. This
system is powered from a non-safety-related essential bus at the ERF end

3and from a non-safety-related vital bus at the Unit 1 end.

A direct telephone line is connected to the DLC system center from the Unit 2
control room. This line is powered by dry cell batteries and has a separate '

signaling system. "

,

| The applicant was requested to provide the following information:
1

(1) Identify all working stations (safety-related areas) on the plant site'
where it may be necessary for plant personnel to communicate with the
control room or the emergency shutdown panel during and/or following

; -transients and/or accidents (including fires) to mitigate the conse-
.quences of the event and to attain a safe cold plant shutdown.

,

i
'

(2) Indicate the maximum sound levels that could exist at each of the above
identified working stations for all transients and accident conditions.

(3) Indicate the types of communication systems available at each of the above,

! identified working stations.
'
,

| (4) Indicate the maximum background noise level that could exist at each
working station and yet reliably expect effective communication with the

,

; control room using

.- ,

;

!.
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(a) the page party communications systems
(b) any other additional communication system provided that working

station

(5) Describe the performance requirements and tests that the above onsite
working stations communication systems will be required to pass to be
assured that effective communication with the control room or emergency
shutdown panel is possible under all conditions.

In addition to the above, the applicant was requested to evaluate his system
and discuss the protective measures taken to ensure a functionally operable
onsite and offsite communication system. The discussion was to include the
considerations given to component failures, loss of power, severing of communi-
cation lines or trunks as a result of an accident or fire, and any sharing with
the Unit I communication systems and their power sources.

From the information submitted, the staff could not conclude that, under a
design-basis event (such as a seismic event) with the loss of offsite power,
adequate communications would be available to safely shut down the plant.

In a letter dated March 27, 1985 the applicant submitted additional information
on the communications systems. The defense-ir Nepth design approach at the
Beaver Valley Unit 2 plant provides a number of integrated communications sys-
tems which are powered from diverse station power sources. In addition, many
of the communications systems are supplied backup power from a diesel genera-
tor in the event of a loss of offsite power. Although the diesel generator is
identified as a non-safety-related installation, the diesel generator building
is designed to conform to applicable state and national building codes, and
power cables to the plant are routed underground. The non-safety-related diesel
generator is provided with its own 7-day supply fuel oil storage and distribu-
tion system and other auxiliary systems similar to the onsite Class IE standby
power system. Maintenance and testing of the non-safety diesel generator and
batteries will be similar to that performed on comparable safety-related diesel
generators and batteries. It is the staff's conclusion that the multiple com-
munications systems provided at Beaver Valley Unit 2 together with the diverse,
multiple power sources and seismic mounting of many components provide a high
degree of assurance that adequate communications will be available to facilitate
safe plant shutdown even in the unlikely event of a loss of offsite power con-
current with a design-basis event.

In addition, the applicant provided historical data on the reliability of the
offsite power system at Beaver Valley for Generic Issue A-44, " Station Blackout,"
study. The data indicate that, in the past 9 years of operation, Beaver Valley
experienced one loss of offsite power which was restored within 17 minutes.
The reliability of offsite power at Beaver Valley compares favorably with the
industry average.

On the basis of the above, the staff concludes that reasonable assurance exists
that adequate communications will be available to safely shut the plant down in
the unlikely event of a loss of offsite power concurrent with a design-basis
event. The staff finds the communications system design at Beaver Valley
Unit 2 acceptable.

.
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The information submitted by the applicant in Amendment 4 to the FSAR indicates
that the communication systems--in particular, the page party system, the radio
system, and the telephone systems- are shared, interconnected in some manner,
or can be connected to their counterpart systems in Beaver Valley Unit 1. In a
letter dated March 5, 1985, the applicant provided additional information on
the interconnections between the Beaver Valley Units 1 and 2 communication
systems. The staff has reviewed the information and found that, during normal
and emergency (accident / transient) operations, the systems for both units are
independent. Only in the case of emergency announcements would the page party
systems for both units be merged. On completion of the announcement, the
systems would be returned to a normal isolated mode of operation. The stafffinds this acceptable.

The FSAR discusses the inservice inspection tests, preventative maintenance,
and operability checks that are performed periodically to prove the availa-
bility of the communication systems. The applicant was requested to provide
the frequency of the various tests and inspections to be performed. In Amend-
ment 8 of the FSAR, the applicant provided the information. The staff has
reviewed the program and finds it acceptable.

9.5.2.2 Interplant (Plant-to-Offsite) Communication System

The design basis for interplant communications is to provide dependable communi-
cation for reliable operation. The interplant communication systems include:

(1). Telephone Communication-

See Section 9.5.2.1 of this SER.

(2) Plant-to-Offsite Radio System

| See Section 9.5.2.1 of this SER.

(3) Microwave System
,

|

The microwave system is shared with Unit 1. It consists of microwave|

radios (located at the switchyard relay house) and their affiliated cir-
cuits. The microwave radios are powered from a Unit 1 48-V de dedicated
switchyard battery / charger system.

(4) System Operator Telephone System

The system operator telephone is located on the communications console in
'

the main control room. It is direct link, via hardwire and microwave
radio, to the DLC dispatcher. It is separated from all other telephone
systems and powered by two dedicated No. 6 dry cells.

The applicant was requested to provide a detailed description of each inter-
plant communication system listed in FSAR Section 9.5.2.2. This information
was to include an identification and description of each system's power source,
a description of_each system's components (headsets, handsets, switchboards,
amplifiers, consoles, handheld radios, etc.), location of major components
(power sources consoles, etc.) and interfaces between the various systems..

.

.
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In a letter dated March 27, 1985, the applicant submitted additional information.
The applicant stated that the microwave system will be deleted from the FSAR
because the hardwire operator telephone system was found to be more reliable.
The staff finds this acceptable.

The scope of review of the plant communication systems included the assessment
of the number and types of communication systems provided, assessment of the
adequacy of the power sources, and verification of the functional capability of
the communications systems under all conditions of operation.

The basis for acceptance in the staff review was conformance of the design
criteria and bases and design of the installed communication systems to
GDC 5 and SRP 9.5.2. Other bases for acceptance were conformance to industry
standards and the ability of the systems to provide effective communications
from diverse means within Beaver Valley Unit 2 under maximum potential noise
levels.

On the basis of its review, the staff concludes that the installed communica-
tion systems at Beaver Valley Unit 2 meet GDC 5 and conform to the above-cited
standards, criteria, and design bases. They can perform their design functions
and, therefore, are acceptable. Once the requested additional information has
been received, the staff will report its findings in a supplement to this SER.

Special communication system requirements for fire protection are addressed in
Section 9.5.1 of this SER.

9.5.3 Lighting System

The design function of the lighting system for Beaver Valley Unit 2 is to pro-
. vide sufficient lighting in all areas of the station for normal and emergency
| plant operation and for any design-basis event to permit safe plant shutdown.

The lighting system consists of normal and backup (essential) ac lighting sys-
| tems and an emergency de lighting system. The design is based on illumination

levels that equal or exceed those recommended by the Illuminating Engineering
Society of North America for nuclear stations and NUREG-0700, " Guidelines for
Control Room Design Review."

9.5.3.1 AC Normal Lighting System

| The normal lighting system provides general illumination for the station.
' Normal ac lighting for the plant is supplied from the 480-V station service

system through single phase, 480-120/240-V, three-wire grounded, dry-type
transformers.

( In most areas of the plant, normal ac lighting is provided from two different
! sources to enhance reliability. Alternating rows of fluorescent fixtures are
| supplied from different lighting panels and trarsformers, which, in turn, are
! supplied from separate 480-V motor control centers (MCCs) on separate 480-V
! unit substation buses.

Indoor areas illuminated primarily with mercury vapor (MV) sources have an
auxiliary lighting system to provide illumination during the cooling and

| restrike time of MV lamps. This auxiliary lighting is fed from the same ac.

!
. circuit as the MV lamp and is a quartz lamp built into the luminaire.

.
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9.5.3.2 AC Standby (Essential) Lighting System
,

The essential lighting system supplements the normal lighting system and pro-
vides illumination for operation only in the control room, the emergency switch-
gear rooms, the emergency shutdown panel area, and the essential bus inverter
and rectifier area in the rod control vault building. The standby ac lighting
subsystem is connected to non-Class IE 480-V MCCs through 480-120/240-V dry-type
transformers. In the event of a loss of normal ac power, this sybsystem is auto-
matically connected to and receives power from the onsite, non-safety related
diesel generator. All lighting fixtures connected to this lighting subsystem
are 120 V or 240 V fluorescent and are continuously energized.

9.5.3.3 DC Emergency Lighting System

Backup dc emergency lighting consists of 125-V dc incandescent fixtures supplied
from the non-Class IE station batteries, which are designed for a 2-hour duty
cycle, and are normally energized from the non-safety-related, diesel-backed,
480-V unit substation through 480-V MCC and 480-120-V dry-type transformers.
Automatic transfer switches connect the backup de lighting to the station bat-
teries upon a loss of normal ac supply and will then retransfer to the 120-V
ac power when the non-safety-related diesel generator is supplying load or nor-
mal ac power returns. These switches have a 3-second time delay on transfer
from normal to backup sources to prevent nuisance operation caused by momentary
voltage dips. These switches have also been sized to withstand expected levels
of fault current. Separate circuit-breaker-type panel boards are used for this
lighting system.

The standby (essential) lighting system in the four areas listed above will
also be supplemented by sealed beam. lamps, each with an individual battery pack
rated at a minimum of 8 hours of operation, to allow safe shutdown operations,
to illuminate the means of egress, and to aid in providing lighting for the

! fighting of fires. Backup lighting required for personnel safety in the
balance of the plant is provided by local, self-contained, battery powered,
backup lighting units with a 1.5-hour minimum operation rating.

The applicant was rcquested to identify the vital (safety-related) areas and
access routes to these areas, where emergency lighting is needed for safe shut-
down of the reactor in the event of an accident. He was to tabulate the illu-
mination levels the lighting systems provided in the design to accommodate those,

areas and to determine the level of hazard these areas or access routes would
.

pr.esent to an operator. The applicant has not provided this information.
|

In the event of an accident concurrent with the loss of offsite ac power, nu-
merous safety-related areas of the plant are illuminated only by the emergency
de lighting system powered from the non-Class IE station battery designed for a
2-hour duty cycle. For loss-of-offsite power t~ansients exceeding 2 hours, the
applicant was requested to discuss how he proposed to provide lighting in those
safety-related areas.

The applicant was requested to provide a discussion on the protection measures
taken to ensure a functionally operable lighting system, including considera-
tions given to component failures, loss of ac power, and the severing of light-

_
ing cables as a result of an accident or fire. He has responded to this request.

.
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The FSAR stated that the lighting systems provide adequate illumination in all
access areas and in all areas required for control of safety-related equipment.
The staff found this statement too general. The staff has determined and re-
quires that a minimum of 10 foot candles at the work station is necessary to
adequately control, monitor, and/or maintain safety-related equipment during
accident and transient conditions, and 2 to 5 foot-candles, based on activity
level, for access to safety related plant areas. The applicant is not in
agreement with this position and has not shown that he is in conformance with
the position.

FSAR Section 9.5.3.5 states that the backup ac lighting system will be tested
when the onsite non-safety related diesel generator is tested under load.

FSAR Section 9.5.3.2 states that the emergency lighting system is composed of
three subsystems--the 125-V dc, 480-120/240-V ac, and 1.5- to 8-hour battery
lighting systems. A number of areas in the plant are served by one or more of
these systems. All these systems are classified non-Class 1E and receive power
from non-Class 1E sources, that is, non-Class 1E station batteries for the de
lighting and the non-Class 1E emergency diesel generator for the ac lighting.
Assuming a failure or nonavailability of any or all of these systems following
a seismic event, it is possible that portions of the plant, particularly the
control room, may be without sufficient lighting or without lighting for an
extended period of time during this design-basis event. It is the staff's posi-
tion that adequate lighting be provided to all vital, hazardous, and safety-
related areas needed for the safe shutdown of the reactor and the evacuation of

' personnel if a design-basis event should occur. The staff requires that the
applicant demonstrate that sufficient emergency lighting is provided in these'

areas to permit a safe plant shutdown under any design-basis event.

In a letter dated March 27, 1985, the applicant submitted additional information
on the lighting system. The defense-in-depth design approach at the Beaver
Valley Unit 2 plant provides a number of integrated lighting systems which are
powered from diverse station sources. In addition, many of the lighting systems
are supplied backup power from a diesel generator in the event of a loss of
offsite power. Although the diesel generator is identified as a non-safety-
related installation, the diesel generator building is designed to conform to
applicable state and national codes, and power cables to the plant are routed
underground. The non-safety-related diesel generator is provided with its own
7-day supply fuel oil storage and distribution system and other auxiliary systems
similar to the onsite Class 1E standby power system. Maintenance and testing
of the non-safety diesel generator and batteries will be similar to that per;

'

formed on comparable safety-related diesel generators and batteries. It is the
staff's conclusion that the multiple lighting systems provided at Beaver Valley
Unit 2 together with the diverse, multiple power sources and seismic mounting
of many components provide a high degree of assurance that adequate lighting
will be available to facilitate safe plant shutdown even in the unlikely event
of a loss of offsite power concurrent with a design-basis event.

In addition, the applicant provided historical data on the reliability of the
offsite power system at Beaver Valley for generic issue A-44, " Station Blackout,"
study. The data indicate that, in the past 9 years of operation, Beaver Valley
experienced one loss of offsite power which was restored within 17 minutes. The
reliability of offsite power at Beaver Valley compares favorably with the industry
average.-
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The scope of the review of the lighting sys' tem for Beaver Valley Unit 2 included
assessment of all components necessary to provide adequate lighting during both
normal and emergency operating conditions, the adequacy of the power sources
for the normal and emergency lighting systems, and verification of the func-
tional capability of the lighting system under all conditions of operation.

The basis for acceptance in the staff review was conformance of the design bases
and criteria and the design of the lighting sy' stem and necessary auxiliary sup-
porting systems to SRP 9.5.3. Other bases for acceptance were conformance to
the Illuminating Engineering Society of North America and NUREG-0700 for illumi-
nation levels and the ability. to provide effective lighting under all conditions
of operations.

On the basis of its review, the staff concludes that the various lighting, systems
provided at Beaver Valley Unit 2 are in conformance with the above-cited stan-
dards, criteria, and design bases, they can perform their design function, and,
therefore, are acceptable, except as noted above. Once the requested additional
information has been received, the staff will report its findings in a supple-
ment to this SER.

Special lighting system requirements for fire protection are addressed in
Section 9.5.1 of the SER.

i 9.5.4 Emergency Diesel Engine Fuel Oil Storage and Transfer System

f 9.5.4.1 Emergency Diesel Engine Auxiliary Support Systems (General)

There are two emergency diesel generators for Beaver Valley Unit 2, and each,

diesel engine has the auxiliary systems listed below. These systems are
discussed in detail in the SER sections indicated in parentheses after the
system name.

(1) fuel oil storage and transfer system (9.5.4.2)
(2) cooling water system (9.5.5)
(3) starting system (9.5.5)
(4) lubrication system (9.5.7)
(5) combustion air intake and exhaust system (9.5.8)

This section of the SER applies to all of the above systems.

f With several exceptions, the diesel generator and its auxiliary support sys-
tems are housed in a seismic Category I diesel generator building that provides'

protection from the effects of tornados, tornado missiles, and floods. The
exceptions are the diesel generator exhaust stacks, the diesel fuel oil storage
tanks, and the fuel oil fill and vent lines. The diesel generator fuel oil
storage tanks are embedded in the seismic Category I concrete floor mat of the
diesel generator building, which provides protection from the effects of torna-
dos, tornado missiles, and floods; the fuel oil day and storage tank vents and
the diesel exhaust stack are located in enclosures and are protected from the
effects of tornados, tornado missiles, and floods caused by natural phenomena.
Therefore, GDC 2 and 4 with regard to missiles and RGs 1.115 and 1.117 are met.

;

.

-

.
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Protection from the effects of tornados, tornado missiles, and floods is evalu-
ated in Section 3 of this report. Tornado-missile protection of the diesel gener-
ator fuel oil fill lines is discussed in Section 9.5.4.2.

The diesel generators and their auxiliary systems for Beaver Valley Unit 2 are
<

independent of Beaver Valley Unit 1 diesel generators. Thus, GDC 5 is met.

The diesel engine and its engine-mounted and separately skid-mounted portions
of the auxiliary support systems' piping and components normally furnished with
the diesel generator package are designed to seismic Category I requirements
and follow the Diesel Engine Manufacturers Association (DEMA) standards. The
diesel engine and its mounted auxiliary support systems' piping and components
conform to the requirements of IEEE 387-1977, " Standard Criteria for Diesel-
Generator Units Applied as Standby Power Supplies for Nuclear Power Generating
Stations," which endorses the DEMA standard, and the guidelines of RG 1.9,
" Selection, Design and Qualification of Diesel-Generator Units Used as Onsite
Electric Power Systems at Nuclear Plants." The diesel engine and its auxiliary
support systems meet the quality control requirements of 10 CFR 50, Appendix 8.
The quality assurance program is evaluated in Section 17 of this SER.

Once the repairs or maintenance has been completed and before an actual start,
run, and load test, a final equipment check is made to ensura that all electri-
cal circuits are functional (i.e., fuses are in place, switches and circuit
breakers are in their proper position, there are no loose wires, all test leads
have been removed, and all valves are in the proper position to permit a manual
start of the equipment). After the unit has been satisfactorily started and
load tested, it is returned to automatic standby service and is under the con-
trol of the control room operator.

The applicant will perform preoperational and startup tests of the diesel engine
auxiliary support systems in accordance with RG 1.68, " Initial Test Programs
for Water Cooled Reactor Power Plants." The adequacy of the test program is
evaluated in Section 14.1 of this SER.

The design of the diesel engine auxiliary support systems had not been fully
evaluated with respect to the recommendations and guidelines of Branch Technical
Position (BTP) ASB 3-1, " Prevention Against Postulated Piping Failures in Fluid
System Piping Outside Containment," and BTP MEB 3-1, " Postulated Break and Leak-
age Locations in Fluid System Piping Outside Containment." The applicant had
not evaluated the failure of the high-energy diesel generator air starting sys-
tem. Therefore, with the exception of the air starting system, the auxiliary
support systems conform with GDC 4. Protection against dynamic effects asso-
ciated with the postulated pipe system failures other than the air starting
system is evaluated in Section 3.6 of this SER. The high energy failure
analysis of the air starting system is discussed in "ection 9.5.6.

The primary fire protection system for the diesel generator building is a
carbon dioxide system, which is not safety related and is not qualified for
seismic events. The system is seismically supported. The applicant was re-
quested to show that a spurious actuation of the carbon dioxide fire protec-
tion system will not affect diesel generator availability and operability. In
Amendment 8 of the FSAR, the applicant demonstrated that a spurious actuation
of the carbon dioxide system would nct affect diesel generator operability and-

,
availability. The staff has reviewed the information and found it acceptable.
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The adequacy of the fire protection for the emergency diesel generator and-
associated auxiliary support systems with respect to BTP CMEB 9.5.1, " Guidelines
for Fire Protection for Nuclear Power Plants," is evaluated in Section 9.5.1 of
this SER.

The design of the diesel generator auxiliary support systems also has been
evaluated with respect to the recommendations of NUREG/CR-0660, " Enhancement
of Onsite Emergency Diesel Generator Reliability." This report made specific
recommendations on increasing the reliability of nuclear plant emergency diesel
generators. Information requests concerning these recommendations were trans-
mitted to the applicant during the review process. The applicint responded in
the amendments to the FSAR stating how the recommandations of NUREG/CR-0660 have
been or will be met. The staff has reviewed these responses and determined that
the applicant's conformance to the recommendations is as shown in Table 9.1.

On the basis of its review, the staff cannot conclude that there is sufficient
assurance of diesel generator reliability. To ensure long-term reliability of
the diesel generator installation, the staff requires that the following issues
be resolved and their solutions implemented before initial startup.

(1) Moisture in the Air Start System

See Section 9.5.6 of this SER.

(2) Dust and Dirt in Diesel Generator Room

Experience at some operating plants has shown that diesel engines have
failed to start because of the accumulation of dust and other deleterious
material on electrical equipment associated with starting of the diesel
generators (e.g., auxiliary relay contacts and control switches). The
applicant was requested to describe the provisions that have been made in
the diesel generator building design, electrical starting system, and
combustion air and ventilation air intake design (s) to preclude this
condition to ensure availability of the diesel generator on demand. He
was also requested to describe what procedure (s) will be used to minimize
accumulation of dust in the diesel generator room under normal plant
operation and to specifically address concrete dust control. In a letter
dated March 5, 1985, the applicant described the types of electrical
enclosures used in the diesel generator rooms, housekeeping procedures,
and other aspects of dust and dirt control. The staff has evaluated the
information and finds it acceptable.

(3) Personnel Training

The applicant was requested to provide a detailed discussion (or plan) of
the level of training proposed for plant operators, maintenance crew, and
quality assurance and supervisory personnel as well as new personnel who
will be responsible for the operation of the emergency diesel generators
over the lifetime of the plant. The discussion was to identify the amount
and kind of training that will be received by personnel in each of the
above categories and the type of ongoing training program planned and its
conformance to the vendor's training program to ensure optimum availabil-
ity of the emergency generators. The applicant has not provided adequate-

information to evaluate the training program.
,
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(4) Automatic Prelube

See Section 9.5.7 of this SER.

(5) No-Load and Light-Load Operation

(a) The applicant has discussed the procedures for no-load and light-load
operation of the diesel generator and states that the manufacturer
recommends the following:

During extended no-load and light-load operation (less than 20%-

full load), the diesel generators will be loaded to a minimum of
50% of full load for 1 hour following each 24 hours of continuous
no-load or light-load operation.

During periodic testing, the diesel generator will be loaded to-

a minimum of 25% of full load.

The applicant did not discuss no-load operation during troubleshoot-
ing. Therefore, the staff will require that the no-load / light-load
procedures described above, as well as the following item, be included
in the plant operating procedures.

During troubleshooting, no-load operation will be minimized if-

the troubleshooting operation takes place over an extended period
of time (i.e., up to 24 hours); the engine will be cleared by
loading the diesel in accordance with the first procedure given
above. -

,

(b) The applicant has stated that each diesel generator unit is capable
of operating at its maximum rated output under the following outdoor
service conditions and for the durations indicated during the following
weather disturbances:

outdoor service conditions-

ambient air intake: -17*F to 102*F-

humidity: maximum 100%-

weather disturbances-

a tornado pressure transient causing an atmospheric pres--

sure reduction of 3 psi in 3 seconds followed by a rise
to normal pressure in 3 seconds (a shorter transient
(1.5 seconds) will not affect engine operation and output)

a hurricane or northeastern storm pressure of 26 inches of-

mercury for a duration of 1 hour (the engine is capable of
continued operation for up to 14 hours at 26 inches of
mercury with no effect on operation and output)

In a meeting with Colt Industries in Philadelphia on June 9 to 10, 1982,
. the diesel engine manufacturer stated that no-load and light-load opera-

.

tion of the diesel engines at low ambient temperatures is an unacceptable,
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operating condition for Colt engines, and that, under these environmental ~
conditions, the diesel engine would fail to operate properly because there
would be insufficient turbocharger preheating of the combustion air and
potential fuel oil degradation.

To alleviate this condition, the manufacturer recommended a minimum loading
of the engine based on the outside ambient temperatures (e.g., at -10 F,
the diesel would have to be loaded to'between 60% and 66% of full load to
prevent engine failure). This would require the paralleling of the onsite
(diesel generator) power source with the offsite power source for extended
periods of time. This is unacceptable to the staff and would violate the
independence requirement of GDC 17. In letters dated February 1 and 14,
1983, Public Service.of New Hampshire, which has similar diesel engines
at their Seabrook plant, stated that the diesel engine manufacturer had

, advised them that an ci" temperature of 50*F or greater at the turbocharger
inlet would allow continuous no-load and light-load operation of the diesel
generators. Operation with inlet air temperatures below 50 F would require
preheati,ng of the combustion air.

On the basis of preliminary information supplied by the applicant, the manu-
facturer states that the diesel engines can operate at no-load, light-load,
and rated-load conditions with no degradation of the engine's operating
characteristics or dility to accept and carry load when operated at stated
ambient service conditions. The applicant has not provided formal documen-
tation to substantiate the manufacturer's new statement, nor has he shown
tihat'the diesel engines can accept full load within the required accident
load sequence following such operation as stated in Set. tion 8.3.1 of this
SER. The staff will find the above acceptable on receipt of confirmatory /
information.

(6) Preventive Maintenance Identification of Root Causes of Failures

Preventive maintenance should go beyond the normal routine adjustments,
servicing, and repair of components when a malfunction occurs. Preventive
maintenance should encompass investigative testing of cxmonents that have
a history of repeated malfunctioning and require constant attention and,

repair. In such cases consideration should be given to the replacement of
those components with other products that have a record of demonstrated
reliability, rather than repetitive repair and maintenance of the existing
components. Testing of the unit after adjustments or repairs have 'been
made only confirms that the equipment is operable and does not necessarily
mean that the root cause of the problem has been eliminated or alleviated.

The applicant in Amendment 8 of the FSAR described his program for the
preventive maintenance / identification of root causes of failures. The

,

staff has reviewed the program and finds it acceptable.

(7) Vibration of Instrument and Controls
,

The availability on demand of an emergency diesel generator depends on,
among other things, the proper functioning of its controls and monitoring
instrumentation. This equipment is generally panel mounted, and in some-

instances the panels are mounted directly on the diesel generator skid.
Major diesel engine damage has occurred at some operating plants from- -
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vibration-induced wear on skid-mounted controls and monitoring instrumen-
tation. This sensitive instrumentation is not made to withstand and func-
tion accurately for. prolonged periods under continuous vibrational stresses
normally encountered with internal combustion engines. Operation of sen-
sitive instrumentation under this environment rapidly deteriorates cali-
bration, accuracy, and control signal output. Therefore, except for sensors
and other equipment that must be directly mounted on the engine or associ-
ated piping, the controls and monitoring. instrumentation should be installed
on a free-standing, floor-mounted panel separate from the engine skids and
located on a vibration-free floor area. If the floor is not vibration free,
the panel shall be equipped with vibration mounts.

The applicant in Amendment 4 to the FSAR stated that the controls and
monitoring instrumentation panels are floor mounted on the diesel generator
building floor slab and are seismically supported. Seismically supporting
the panels does not qualify this equipment, with the associated controls
and monitoring instrumentation, for continuous operation under severe vi-
brational stresses that may be transmitted through the floor panels unless
the skid-mounted panels and equipment have been specially developed, tested,
and qualified for these conditions.

The staff requires the applicant to either provide test results and
results of analyses that validate that the floor-mounted control panels
and panel mounted' equipment, including skid-mounted equipment, have been
developed, tested, and qualified for such operation or isolate the floor-
mounted control panels and instrumentation from engine vibration that may
be transmitted through the floor so that diesel generator availability and
reliability is not compromised.

The present diesel generator design meets GDC 2 and 4 with regard to tornado-
and turbine-missile protection, GDC 5, 17, and 18 and the cited RGs and industry
standards and is acceptable, except as noted above. Once the requested informa-
tion has been received, the staff will evaluate the design of the diesel gener-
ator and its auxiliary systems for conformance to GDC 21 and the recommenda-
tions of NUREG/CR-0660 for enhancement of the diesel generator and the related
NRC guidelines and criteria. Its evaluation will be reported in a supplement
to this SER.

9.5.4.2 Emergency Diesel Engine Fuel Oil Storage and Transfer System

The design function of the emergency diesel engine fuel oil storage and transfer
system is to provide a separate and independent fuel oil supply train for each
diesel generator and to permit operation of the diesel generator at engineered
safety features load requirements for a minimum of 7 days without replenishment
of fuel.-The system is designed to meet GDC 2, 4, 5, and 17. The conformance

-to GDC 2, 4, and 5 is discussed in Section 9.5.4.1 of this SER.

There are two emergency diesel generators for Beaver Valley Unit 2. Each diesel
engine fuel oil storage and transfer system consists of a 1100 gallon day tank
sufficient to power the diesel engine at continuous rated load for approximately
3.0 hours, a 58,000 gallon diesel fuel oil storage tank sufficient to power the
diesel engine at continuous rated load for 7 days, two ac motor-driven transfer
pumps (both pumps powered from the associated diesel), and associated piping,.

valves, instrumentation, and controls.
,

*

.
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Each diesel engine fuel oil storage and transfer system is independent andI

physically separated from the other system supplying the redundant diesel
generator. Thus, a single failure within any one of the systems will affect
only the associated diesel generator. Therefore,.the independence and redun-I

! dancy criteria of GDC 17 are met.

Except for the fuel oil tank fill lines, the diesel engine fuel oil storage and
transfer system piping and components up to the diesel engine interface, includ-
ing auxiliary skid-mounted piping, are designed to seismic Category I, ASME
Code Section III, Class 3 (Quality Gr6up C) requirenents. They m?et RG 1.26,
" Quality Group Classifications and, Standards for Water , Steam, and Radioactive-
Waste Containing Components of Nuclear Power Plants," and RG 1.29, " Seismic De-
sign Classification." The engine-mounted piping and components, from the engine
block to the engine interface, are considered part of the engine assembly and
are qualified to seismic Category I requirements as part of the diesel engine

|package. This piping and the associated compor: ants--such as' valves, fabricated
|neaders, and fabricated special fittings--have not been described by the appli-
Icant. The applicant had been asked to provide the industry standards to which |

the engine mounted piping and components are designed.

Each fuel storage tank is filled from a single fuel oil supply line which meets
GDC 2 except for the exposed. portion which is not tornado missile protected.
The applicant has not stated to which industry standards the fuel oil tank fill
line has been designed. The s,taff requires that the fuel oil storage tank fill
line be designed touseismic Category I, ASME Code Section III, Class 3 (Quality
Group C) requirements and be tornado missile protected. In Amendment 7 of the
FSAR, the applicant stated that, in the event of damage to the fuel oil storage
tank fill lines, the fuel oil storage tanks can be filled through a sample con-
nection or manhole that is located inside the diesel generator building entrance
labyrinth. The staff fir.ds the alternate fuel oil storage tank fill method
acceptable.

Adequate information had not been provided to demonstrate that the design of
the emergency diesel engine fuel oil storage and transfer system conforms to
American National Standards Institute (ANSI) N-195-76. The applicant was
requested to. provide specific information for the following sections bf the
standard:

(1) Section 5.4 -

The FSAR states that the 1100 gallon day tank will provide for 3 hours of
running time for each engine when it is loaded to its maximum, and that
the 58,000 gallon fuel oil stQrage has a total capability to operate the
diesel generator for 7 days at. maximum load and 10 hours of testing. The
applicant was requested to substantiate the above by providing the results
of an analysis in accordance with guidelines in Section 5.4 of ANSI N-195
to show that his present diesel oil storage supply system will last 7 days
with the diesel' operating at rated load. The applicant provided this
information fr Amendment 7. The-staff concurs with the analysis.

(2) Section 6.3
~

The applicant states that a Y-type strainer will be used instead.of a du-
. plex strainer as required in the standard. This is an acceptable deviation
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because two transfer pumps with strainer are provided. However, the func-,
t tion of the strainer is to preclude particulate matter present in the fuel

oil storage tanks from passing through the fuel oil-system and damaging
vital components of the system. The fuel oil transfer pump is considered
a vital component of the fuel oil system. Figure 9.5-7 of the FSAR shows
the strainers located between th'e fuel oil transfer pumps and the fuel oil
day tank. Normal design practice is to place the strainer before the fuel
oil transfer pump to protect the pump. The applicant was requested to
justify the location of the fuel oil strainers as shown or move the
strainer to protect the transfer pumo. In Amendment 7 of the FSAR, the
applicant provided additional information on the design of his system with
regard to the fuel oil strainer. The staff has reviewed the response and
found the design acceptable.

(3) Section 7.5

In FSAR Section 9.5.4.2 the applicant stated that. all fuel oil lines are
adequately protected from external corrosion by encasement in concrete and
interior surfaces of the fuel oil storage tanks are protected. These state-
ments were considered too general and did not provide sufficient informa-
tion to evaluate the adequacy of the corrosion protection. The applicant
was requested to expand,the FSAR to include a more explicit description of
proposed protection of' underground piping and protection against external
and internal tank corrosion and the industry standards that will be used
in their application. Also, he was to discuss what provisions would be
made in the design of the fuel oil storage and transfer system in the use
of an impressed-current-type cathodic protection system, in addition to
waterproof protective coatings, to minimize external corrosion of buried
piping or equipment. If cathodic protection was not being considered, he
was to provide justification.

In Amendment 4 of the FSAR, the applicant provided information on the tank
internal and external coatings, which the staff found acceptab'le. In
Smendment 7 of the FSAR, the applicant provided a discussion as to how the
concrete used at Beaver Valley Unit 2 will protect the buried piping from
corrosion. The staff has evaluated the response and found it acceptable.

(4) Sections 8 and 9

In FSAR Section 9.5.4.5, the applicant described the instruments, controls,
sensors, and alarms provided for monitoring the diesel engine fuel oil
storage and transfer system and their functions, which alert the operator
when param'eters exceed the ranges recommended by the engine manufacturer.
He was requested to discuss the testing and frequency of testing necessary
to maintain and ensure a highly reliable instrumentation, controls, sensors,
and alarm system, and to describe what operator actions ata required during
alarm conditions to prevent harmful effects to the diesel engine. The
applicant has not provided the requested information.

The fuel oil quality and tests will conform with RG 1.137, Positions C.2.a
through C.2.f, and the requirements will be included in the plant Technical
Specifications. Position C.2.g of RG 1.137 regarding sediment control during
refilling was addressed by the applicant. He stated that the fuel oil fill.

, connection and pump suction are located sufficient distances apart to enhance
.
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settling of sediment stirred up during fill operations. Distances between tank
fill line and pump suction to allow for sediment settling is not a valid justi-
fication. This is not acceptable. During subsequent discussions with the
applicant, it was determined that plant procedures would prevent filling the
day tank during filling of the storage tank. Also, the storage tank would be
filled before it was completely empty. During the filling of the diesel gener-
ator storage tank, operating loads would be transferred to the other diesel
genera tor. The staff finds this acceptable. This item is considered closed
pending documentation of this additional information.

In addition the applicant was requested to provide the following:

(1) A discussion on the means for detecting or preventing growth of algae in
the diesel fuel storage tanks. If it were detected, a description of the
methods to be used for cleaning the affected storage tanks. In Amendment 4
of the FSAR, the applicant provided the requested information. The staff
evaluated the material ar.d found it satisfactory.

~

(2) In FSAR Section 9.5.4.3, the applicant stated that diesel fuel oil is
available from local distribution sources. In Table 9.5.2 he identified
the sources where diesel quality fuel oil will be available and the dis-
tances required to be traveled from the source to the plant. He was re-
quested to discuss how fuel oil will be delivered on site under extremely
unfavorable environmental conditions. In Amendment 8 of the FSAR, the
applicant stated that, under unfavorable environmental conditions of floods
and snowstorms, the roads leading to the plants are above the probable
maximum flood level and that the snow would be removed from the roads with-
in a day. The staff finds this acceptable.

(3) FSAR Figure 9.5-7 showed a fuel oil accumulater tank in the diesel engine
fuel oil system. The applicant was requested to provide a description of
the tank and its purpose. In Amendment 8 of the FSAR, the applicant pro-
vided sufficient information to evaluate the tank's purpose. The staff
has reviewed the information and has found it acceptable.

The scope of review of the diesel engine fuel cil storage and transfer system
included layout drawings, piping, and instrumentation diagrams, and descriptive
information in FSAR Section 9.5.4 for the system and the auxiliary support
systems essential to its operation.

The basis for acceptance in the staff review was conformance of the design cri-
teria and bases and design of the diesel engine fuel oil storage and transfer
system to GDC 17 with respect to redundancy and physical independence, the cited
RGs, NUREG/CR-0660, and industry codes and standards.

On the basis of its review, the staff concludes that the emergency diesel engine
fuel oil storage and transfer system meets GDC 2, 4, 5, and 17, NUREG/CR-0660,
the cited RGs, SRP 9.5.4, and industry codes and standards. The system can
perform its design safety function and, therefore, is acceptable, except as
noted above. Once the required additional information has been received, the
staff will ' report its findings in a supplement to this SER.

.

.
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9.5.5 Emergency Diesel E~ngine Cooling Water System

The design function of the emergency diesel engine cooling water system is to
maintain the temperature of the diesel engine within a safe operating range
under all load conditions and to maintain the engine coolant preheated during
standby conditions to improve starting reliability. The system is designed to
meet GDC 2, 4, 5, 17, 44, 45, and 46. Conformance with GDC 2, 4, and 5 is
discussed in Section 9.5.4.1 of this SER.

The emergency diesel engine cooling water system is a closed-loop system, which
cools the engine jacket, lube oil cooler, governor lube oil cooler, fuel oil
injectors, turbocharger and air coolers, and generator bearing. This system
is composed of two subsystems: the jacket water system and the intercooler
water system. The major components of the jacket water system for each standby
emergency diesel engine include an engine-driven jacket coolant water pump,
jacket water heat exchanger, an expansion tank (shared by both subsystems),
two turbochargers, a governor lube oil cooler, a lube oil cooler, a motor-
driven keep-warm pump, an electric heater, and thermostatic three-way valves,
as well as the required instrumentation, controls, and alarms and the associated
piping and valves to connect the equipment. The major components of the inter-
cooler water system for each standby emergency diesel engine include an engine-
driven intercooler water pump, an intercooler water heat exchanger, ait coolers,
and thermostatic three-way valves, as well as the required instrumentation,
controls, and alarms and the associated piping and valves to connect the equip-
ment, provide cooling to the fuel injectors, and generator bearings and connect
the system with the jacket water system. When the diesel engines are operating,
the heat generated is rejected to the service water system by means of the
cooling water heat exchangers.

During operation of the standby diesel engine, the temperature of the diesel
engine coolant is regulated automatically through the action of a temperature-
sensing three-way thermostatic valve. When the standby diesel engine is idle,
the engine coolant is heated by an electric heater and continuously circulated
through the engine. The temperature is controlled by a thermostat to keep the
engine warm and ready to accept loads within the prescribed time interval.
Instrumentation, controls, sensors, and alarms have been provided to enable the
control room operator to monitor the diesel generator cooling system while the
unit is in the standby mode or in operation. The applicant was requested to
discuss the testing and frequency of testing necessary to maintain and ensure a
highly reliable instrumentation, controls, sensors, and alarm system and to
describe what operator actions are required during alarm conditions to prevent
harmful effects to the diesel engine. He has not provided this information.

The function of the diesel generator cooling water system is to dissipate the
heat transferred through the (1) engine water jacket, (2) lube oil cooler,
(3) engine air water coolers, and (4) governor lube oil cooler. The applicant
was requested to provide information on the individual component heat removal
rates (Btu /hr), flow (1b/hr), and temperature differential (F ) and the total
heat removal capacity included in the design of major components and subsystems
so that the staff could verify the adequacy of the design. The applicant pro-
vided the requested information in Amendment 7 of the FSAR. The staff has

_ reviewed the data and finds them acceptable.

.
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Proper operation of the standby diesel generator during accident and transient
conditions requires that heat removal capability be restored before the diesel
engine exceeds its operating design temperature limits. In FSAR Section 9.5.5.2,
the applicant stated that the motor-operated service water inlet valves on the
standby diesel generator ccoling system heat exchangers are opened on a safety
injection signal or diesel generator running signal, but he did not state the
time period between engine start and valve opening. The applicant was requested
to provide the following:

(1) the time interval between the diesel engine start and the opening of the
service water inlet valve or service water pump restart whichever is longer

(2) results of an analysis that show that cooling will be restored to the
diesel engine before it overheats

In Amendment 4 of the FSAR, the applicant, in response to item (1) above,
provided the times when the power will be restored to the valves and service
water pumps and valve opening time. These times are 14 seconds, 18 seconds,
and 74 seconds, respectively, after the diesel start signal. In Amendment 7
the applicant, in response to item (2), stated that the engine could operate up
to 3 minutes without cooling water. He also stated that cooling water would
start to flow through the diesel generator jacket water heat exchangers within
15 seconds of a diesel start. The staff finds this acceptable.

There are two emergency diesel generators for Beaver Valley Unit 2, and each
diesel generator has a physically separate independent cooling water system.
Therefore, GDC 17 and 44 as they relate to redundancy and the single failure
criterion are met.

The diesel engine cooling water system piping and components up to the diesel
engine interface, including auxiliary skid-mounted piping, are designed to
seismic Category I, ASME Code Section III, Class 3 (Quality Group C) require-
ments and meet RGs 1.26 and 1.29. The engine-mounted piping and components,
from the engine block to the engine interface, are considered part of the
engine assembly and are seismically qualified to seismic Category I require-
ments as part of the diesel engine package. This piping and the associated
components--such as valves, fabricated headers, and fabricated special fittings--
have not been described by the applicant. The applicant has been requested to
provide the industry standards to which the engine-mounted piping and components

,

| are designed.
i

i The diesel engine cooling water system conforms with RG 1.9, Position C.7, as
. it relates to engine cooling water protective interlocks. The diesel generator
' system protective interlocks are discussed in Section 8.3 of this SER.

The diesel engine cooling water system has provisions to permit periodic
inspection and functional testing during standby and normal modes of power
plant operation as required by GDC 45 and 46.

The applicant was requested to provide additional information on the following
concerns:

-

.
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(1) Operating experience indicates thaf. diesel engines have failed to start on
demand because of the spraying of water on locally mounted electronic /
electrical components in the diesel engine starting system. The applicant
was requested to describe what measures have been incorporated in the die-
sel engine electrical starting system to protect such electronic / electrical
components from such potential environment. In Amendment 7 of the FSAR,
the applicant stated that all electrical panels and components were enclosed
in NEMA type 12 enclosures, which would protect the electrical equipment
from water spray. The staff finds this acceptable.

(2) In FSAR Section 9.5.5.2, the applicant stated that the diesel engine
cooling water is treated as appropriate to minimize corrosion. He was
requested to provide additional details of the proposed diesel engine
cooling water system chemical treatment with regard to precluding organic
fouling and to discuss how the proposed treatment complies with the engine
manufacturer's recommendations. In Amendment 8 of the FSAR, the applicant
provided the requested information, and the staff finds it acceptable.

(3) Recent licensee event reports have shown that tube leaks are being experi-
enced in the heat exchangers of diesel engine jacket cooling water systems
with resultant engine failure to start on demand. The applicant was re-
quested to provide a discussion of the means used to detect tube leakage
and the corrective measures that will be taken. The discussion was to
include jacket water leakage into the lube oil system (standby mode), lube
oil leakage into the jacket water (op.erating mode), jacket water leakage
into the engine air intake and governor system (operat_ing or standby mode),
the permissible inleakage or outleakage under each of the above conditions
that can be tolerated without degrading engine performance or causing en-
gine failure, and the effects of jacket water / service water systems leakage.
The applicant has not provided this information.

The scope of the review of the emergency diesel engine cooling water system
included layout drawings, piping and instrumentation diagrams, and descriptive
information in FSAR Section 9.5.5 for the system and the auxiliary support
systems essential to its operation.

The bases for acceptance in the staff review were (1) conformance of the design
criteria and bases and design of the diesel engine cooling water system to
GDC 17 and 44 with respect to redundancy and physical independence, GDC 45 and
46 with respect to inspection and testability of the system, the cited RGs,
NUREG/CR-0660, and industry codes and standards and (2) the ability of the sys-
tem to maintain stable diesel engine cooling water temperature under all load
conditions.

On the basis of its review, the staff concludes that the emergency diesel engine
cooling water sy, tem meets GDC 2, 4, 5, 17, 44, 45, and 46, NUREG/CR-0660, the
cited RGs, SRP 9.5.5, and industry codes and standards. Thus, it can perform
its design function and is, therefore, acceptable, except as noted above. Once
the requested additional information has been received, the staff will report
its findings in a supplement to this SER.

9.5.6 Emergency Diesel Engine Starting System
.

The design function of the emergency diesel engine starting system is to provide
a reliable method for automatically starting each diesel generator so that the
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rated frequency and voltage are achieved and the unit is ready to accept requi.ed
loads within 10 seconds. The system is designed to meet GDC 2, 4, 5, and 17.
The meeting of GDC 2, 4, and 5 is discussed in Section 9.5.4.1 of this SER.

There are two emergency diesel generators for Beaver Valley Unit 2. Each die-
sel generator has an independent and redundant air starting system; each start-
ing system has sufficient air capacity to provide a minimum of five consecutive
cold engine starts. The applicant was requested to clarify the statement re-
garding the five start capability of the air start system without recharging
the air receivers. A successful ciesel generator start is defined as the
ability of the air start system to crank the diesel engine to the revolutions
per minute recommended by the manufacturer, to enable the generator to reach
voltage, frequency, and begin-load sequencing in 10 seconds or less. Assuming
the receiver is at the low pressure alarm setpoint and is not recharging, the
applicant was requested to provide a tabulation of receiver pressure and diesel
engine starting times for each of the five consecutive starts. The applicant
was also requested to describe the system design, when an emergency start signal
exists, whether the diesel engine cranks until all compressed air is exhausted,
or cranking stops after a preset time to conserve the diesel starting air supply.
In a letter dated March 5, 1985, the applicant provided the requested informa-
tion. The staff has evaluated the information and finds it acceptable.

Redundancy in the starting system is provided by two emergency diesel generators
so that a malfunction or failure in one system does not impair the ability of
the other system to start its diesel engine. The diesel generator air start
systems for both safety-related emergency diesel generators are connected by a
non-safety-related cross-connect with proper isolation valves provided. The
diesel generator air compressor cross-connect valves, which are normally closed.
permit the supply air compressor from one emergency diesel generator to be used
to restore air pressure in the second emergency diesel generator air starting
system air receiver tanks. The air receivers between the two emergency diesel
generator trains are prevented from being cross-connected by check valves in
the inlet lines; only the air compressor discharge can be cross-connected.
When both compressors for the same train are inoperable, a compressor from the
other train will be used to supply air pressure as required. The cross connect
valves will be controlled by existing Beaver Valley Unit 2 administrative pro-
cedures. The applicant was requested to describe the procedures, administra-
tive controls, and limiting conditions of operation that will govern the use of
this cross-connect during the above stated conditions, as well as consider the
effect of the use of the cross-connect on the control air system discussed
later in this section. In Amendment 8 of the FSAR, the applicant adequately
described the cross-connect, the procedures, and the administrative controls
that would maintain the independence of the diesel generator and starting sys-
tems at Beaver Valley Unit 2 in accordance with GDC 17. The staff has evaluated
the information and finds it acceptable.

The air starting system for each diesel includes two air compressors, two
receiver tanks, intake air filters, injection lines and valves, air-to-cylinder
control and starting valves, a control air tank, instrumentation, controls,
alarms, and the associated piping to connect the equipment.

Alarms annunciate on the local panel and in the main control room to enable the
operator to monitor the air pressure of the diesel generator starting air sys-

-

tem. Automatic controls are provided to automatically start and stop each air
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compressor when the pressure in its respective air receivers decreases or in-
creases to predetermined levels. The applicant has not provided the requested
setpoints for the compressor cutin and cutout pressures as well as the high-
pressure, low pressure, and low-low pressure alarm setpoints. In addition, the
applicant was requested to describe (1) the testing necessary to maintain a
highly reliable instrumentation, control, sensors, and alarm system, (2) where
the alarms are annunciated, and (3) any operator actions required during alarm
conditions to preveat harmful effects to the diesel engine. The applicant has
not provided this infirmation.

The diesel engine air starting system piping and components from the air com-
pressor up to the diesel engine interface, including auxiliary skid mounted
piping, are designed to seismic Category I, ASME Code Section III, Class 3
(Quality Group C) requirements and meet RGs 1.26 and 1.29. The engine-mounted
piping and components, from the engine block to the engine interface, are con-
sidered part of the engine assembly and are seismically qualified to seismic
Category I requirements as part of the diesel engine package. This piping and
the associated components--such as valves, fabricated headers, and fabricated
special fittings--have not been described by the applicant.

The diesel generator air starting system is a high-energy system (design pres-
sure 450 psig). The applicant had not discussed the necessity of a high pressure
air start system, ror a high energy line break analysis for the air starting
system. In Amendment 7 of the FSAR, the applicant discussed the necessity for
the high pressure air start system. The staff finds the discussion acceptable.

In Amendment 8 of the FSAR, the applicant provided his justification for not
performing a high energy line analysis of the air starting system or classify-
ing the entire air starting system as ASME Code Section III, Class 3 (Quality
Group C). The staff reviewed the applicant's justification, and on the basis
of its criteria and guidelines on high-energy line failure, the staff finds the
design of the air starting system for Beaver Valley Unit 2 acceptable.

The diesel generator air starting system conforms with RG 1.9, Position C.7, as
it relates to diesel engine air starting system protective interlocks. The
diesel generator system protective interlocks are discussed in Section 8.3 of
this SER.

The present air starting system design does not include air dryers as recom-
mended by NUREG/CR-0660. The air starting system provided for the diesel gener-
ators relies on periodic blowdown of the air receivers for the removal of en-
trained oil and excess water from the sta.rting air. Operating experience has
shown that accumulation of water in the starting air system has been one of the
most frequent causes of diesel engine failure to start on demand. NUREG/CR-0660
has shown that this problem can occur in diesel engines with air start motors
as well as air-over piston started diesel engines. Thus, to ensure maximum
availability of this equipment, the staff requires that engine starting air for
all-types of diesel engines be dried. Air in the air receivers is saturated to
tne system air pressure and temperature. Air flow from this point with reduc-
tion in system pressure and/or temperature will result in water condensation.
Because periodic blowdown of the air receivers will not provide dry diesel
engine starting air, the staff requires that air dryers be installed upstream

- of the air recei m s before startup. In addition, it requires that a monthly
.
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verification and/or maintenance program be established and placed in the plant
operating procedures to verify air dryer performance. The above issue will bepursued with the applicant.

The air starting system also provides control air to the diesel engine fuel
rack and the cooling water system three-way valves and for other functions.
The staff requested the applicant to provide the following on the control air
system:

(1) The applicant was asked to discuss any diesel engine control functions
supplied by the air starting system. The discussion was to include the
mode of operation for the control function (air pressure and/or flow), a
failure modes and effects analysis, and the necessary piping and instru-
mentation diagrams to evaluate the system. The applicant has provided
this information.

(2) Because air systems are not completely air tight, there is a potential for
slight leakage from the system. The air starting system uses a nonseismic
air compressor to maintain air pressure in the seismic Category I air
receivers during the standby conditfor.. In case of an accident, a seismic
event, and/or loop, the air in the air receivers is used to start the~ die-
sel engine. After the engine starts, the air starting system becomes non-
essential to diesel generator operation unless the air system supplies air
to the engine controls. In this case the controls must rely on the air
stored in the air receivers, since the air compressor may not be available
to maintain system pressure and/or flow. The applicant was requested to
show that, with the compressor nut available, a sufficient quantity of air
will remain in the air re'ceivers, following a diesel engine start, to
control engine operations for a minimum of 7 days assuming a reasonable
leakag' rate or that, on loss of air pressure, the controls, valves, etc.,
go to the fail safe position and do not degrade or prevent the engine from
operating and carrying load. In Amendment 7 of the FSAR, the applicant
stated that a loss of control air will not affect the operation of a
running diesel generator. The staff finds this acceptable.

Operating experience at two nuclear power plants has shown that during periodic
surveillance testing of a standby diesel generator, initiation of an emergency
start signal (loss-of-coolant accident or loss of offsite power) resulted in
the diesel failing to start and perform its function because of the depletion
of the starting air supply from repeated activation of the starting relay. This
event occurred as the result of inadequate procedures, a hangup in engine start-
ing, and failure of control circuit logic to address a builtin time delay relay
to ensure the engine comes to a complete stop before a restart is attempted.
While the relay was timing out, fuel to the engine was blocked and the starting
air was uninhibited. This condition with repeated start attempts depleted start-
ing air and rendered the diesel generator unavailable until the air system could
be repressurized. This is an unacceptable operating condition. The applicant
was asked to review his procedures and/or control system logic to ensure that
this event will not occur at Beaver Valley Unit 2. In Amendment 7 of the FSAR,
the applicant stated that the control logic would prevent this condition from
occurring. The staff finds this acceptable.

.

.
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'The scope of review of the emergency diesel engine starting system included
layout drawings, piping and instrumentation diagrams, and descriptive informa-

<

tion in FSAR Section 9.5.6 for the system and the auxiliary support systems '

essential to its operation. .

-The bases for acceptance in the staff review were (1) conformance of the design
criteria and bases. and design of the diesel engine air starting system to
NUREG/CR-0660 and industry codes and standards and (2) the ability of the

Lsystem.to start the diesel generator within a specified period.
i

On the' basis of its review, the staff concludes that the emergency diesel engine '

air starting system meets GDC 2, 4, 5, and 17, the cited RGs, SRP 9.5.6,
NUREG/CR-0660, and industry codes and standards. Thus, it can perform its
design safety function and-is, therefore, acceptable, except as noted above.
Once the requested additional information has been received, the staff will
report its findings in a supplement to this SER.

9.5.7 Eme,rgency Diesel Engine Lubricating Oil System

The design' safety function of the emergency diesel engine lubricating oil sys-
tem is to provide a supply of filtered lubrication oil to the various moving
parts of-the diesel engine including pistons and bearings. The system is de-
signed to meet GDC 2, 4, 5, and 17. The meeting of GDC 2, 4, and 5 is dis-
cussed in Section 9.5.4.1 of this SER.

Major components of the emergency diesel engine lubricating oil' system include
an engine-driven lube oil pump; an engine-driven rocker arm lube oil pump; a
motor-driven keep-warm and prelube pump; a motor-driven rocker arm prelube pump;
a lube oil collection sump, strainers, and filters; a lube oil cooler; an elec-
tric heater and thermostatic three-way valve; instrumentation, controls, and

' alarms; and associated piping and valves to connect the equipment. The diesel
engine is equipped with relief (blowout) ports, as well as a crankcase exhaust
system composed of a crankcase vacuum pump, oil separator, and the necessary
piping to the outside of the diesel generator building. This system provides
protection from crankcase explosion. Alarms and protective devices alert the

, control room operator to abnormal conditions in the diesei generator lube oil
systems during standby, startup, or operating conditions. The applicant was
requested to describe the testing and frequency of testing necessary to maintain
a highly reliable instrumentation, control, sensors, and alarm system, as well -

as describe any operator action required during alarm conditions to prevent
! harmful effects to the diesel engine. The applicant has not provided the

required information.

) .The emergency diesel engine lubrication oil system is an integral part of the
; diesel engine and thus meets GDC 17 with regard to system independence and the

single failure criterion. The engine heat is rejected to the diesel engine
i~ jacket water system. The-applicant was requested to discuss the capability to

detect and control system leakage and the frequency it will be checked. The
- applicant, in Amendment 8 of the FSAR, provided the requested information with

i regard to cooling water / lube oil system leakage. The staff has reviewed the
[ information and finds it acceptable.
!

|.
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The diesel engine lubrication system is composed of two subsystems: the main
engine lube oil system and the rocker arm lube oil system. During engine
operation or when the engine is on standby, the main engine lube oil system
supplies oil to all main bearings, the camshaft bearings, cam followers, engine
wearing parts, and turbocharger. The prelubrication portion of this system is
operated when the engine is on standby, at which time the lube oil is heated by
an electric heater and circulated through the engine continuously by an ac
motor-driven pump to improve the first-try starting reliability. The system
has alarms to indicate heater failure.

During engine operation, the rocker arm lube oil system supplies oil to the
rocker arm assemblies. The prelube portion of this system is operated manually
to prelubricate the engine once a month before the periodic test. This is unac-
ceptable. An emergency diesel generator unit in a nuclear power plant is nor-
mally in the ready standby mode unless there is a loss of offsite power or an
accident or the diesel generator is under test. Long periods on standby result
in a tendency to drain or nearly empty the engine rocker arm lube oil piping
system. With an essentially dry engine, the momentary lack of lubrication at
the various moving' parts may damage bearing surfaces producing incipient or
actual component failure with resultant equipment unavailability.

In Amendment 8 of the FSAR, the applicant provided the following information:
"The vendor technical mariual states that the rocker arm lubricating system is
properly lubricated and ready for emergency starts if (a) the engine has been
operated in the past week, or (b) the rocker arm prelube oil pump has been run
for at least 5 minutes but no more than 30 minutes in the past week." The
applicant committed to incorporate the above in the plant diesel generator
operating manual. The staff finds this an acceptable alternative.

FSAR Section 9.5.7.1 states that the temperature of the lubricating oil is
automatically maintained above a minimum value by means of an independent
recirculation loop, including its own pump and heater, to enhance first-try
starting reliability of the engine in the standby condition. The rocker arm
lubrication system is an independent subsystem of the diesel lube oil system,
which is connected to the main system by a float valve in the rocker arm oil
reservoir; thus, the lube oil in the rocker arm lubrication system will never
be preheated unless the oil level is low enough to open the float valve. The
applicant was requested to discuss the means that have been provided to preheat
the rocker arm lubricating oil. The applicant has not provided sufficient
information to evaluate this aspect of the design.

The diesel engine lubrication oil system piping and components up to the diesel
engine interface, including auxiliary skid-mounted piping, are designed to seis-
mic Category I requirements and meet RGs 1.26 and 1.29. The engine-mounted
piping and components, from the engine block to the engine interface, are con-
sidered part of the engine assembly and are seismically qualified to seismic
Category I requirements as part of the diesel engine package. The engine-
mounted lube oil system and crankcase vacuum system piping and associated
components--such as valves, fabricated headers, and fabricated special fittings--
have not been described by the applicant. The applicant has been requested to
provide the industry standards to which the engine-mounted lube oil system and
crankcase vacuum system piping and components are designed. In addition, the
staff requires the seismic classification of the crankcase vacuum system. The-

applicant has not provided this information.
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The diesel generator lubricating oil system conforms with RG 1.9, Position C.7,
as it relates to diesel engine lubrication system protective interlocks. The
diesel generator system protective interlocks are discussed in Section 8.3 of
this SER.

The lube oil used to lubricate the wearing parts is stored in the engine lube
oil sump. During diesel engine operation, a certain amount of lube oil is con-
sumed as part of the combustion process. Because the diesel generator may be
required to operate for a minimum of 7 days during a loss-of offsite power or
accident condition, sufficient lube oil should be stored in the sump and/or at
the site to preclude diesel generator unavailability caused by lack of lube
oil. The applicant was requested to provide the-following:

(1) Provide the normal lube oil usage rate for each diesel engine under full-
load conditions. Also provide the lube oil usage rates that would be
considered excessive and the sump capacity.

(2) Show that, with the lube oil in the sump at the minimum recommended level
(lube oil sump low level alarm setting), the diesel engine can operate
without refilling the lube oil sump for a minimum of 7 days at full-rated
load. If the the capacity of the sump tank is insufficient for this
condition, show that adequate lube oil will be stored on site for each
engine to ensure 7 days of operation at rated load.

(3) If the lube oil consumption rate becomes excessive, discuss the provisions
for determining when to overhaul the engine. The discussion should include
the procedures used and the quality of operator training provided to enable
determination of an excessive lube oil consumption rate.

In Amendment 7 of the FSAR, the applicant stated that assuming a high lube oil
consumption rate, 504 gallons of lube oil would be required for each diesel fcr
7 days of operation. The applicant stated that 1400 gallons of lube oil would
be stored on site for the diesel generators. The staff finds this acceptable;
however, the staff is currently incorporating surveillance requirements to en-
sure 7 days' supply of lube oil on site at all times into the Standard Technical
Specifications. In the interim the staff will require that the following be
included as plant-specific Technical Specifications:

(1) In Section 3.8.1.1 of the Technical Specifications:

Provide for lubricatin0 oil storage containing a minimum total volume-

of 504 gallons of lubricating oil per engine.

Demonstrate the capability to transfer lubricating oil from storage-

to the diesel generator unit for both standby and operating modes.

(2) In Section 4.8.1.1.2.a of the Technical Specifications:
,

Verify the lubricatirg oil inventory in storage.+

'

Providing 7 days' supply of lubricating oil for the diesel generator only
addresses part of the concern. The staff also assumes an unlikely event has
occurred requiring the operation of the diesel generator for a prolonged period-

'

>
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that would require replenishment of lube oil without interrupting operation of
the diesel generator. The applicant was requested to provide the following:

(1) The provisions that will be made in the design of the lube oil system to
add lube oil to the sump. These provisions shall include procedures or
instructions available to the operator on the proper addition of lube oil
to the diesel generator as follows:

(a) how and where lube oil can be added while the equipment is in
operation

(b) particular assurance that the wrong kind of oil is not inadvertently
added to the lubricating oil system

(c) if the expected rise in level occurs, verification of lube oil added
for each unit

(2) Verification that these operating procedures or instructions will be avail-
j able or posted locally in the diesel generator rooms.

(3) Verification that personnel responsible for the operation and maintenance
of the diesel are trained in the use of these procedures. Verification of
the ability of the personnel to use the procedures shall be demonstrated
during preoperational tests and during operator requalification.

(4) Verification that the color-coded, or otherwise marked, lines associated
with the diesel generator are correctly identified and that the line or
point for adding lube oil (when the engine is on standby or in operation)
has been clearly identified.

(5) The measures that have been taken to prevent entry of deleterious materials
into the engine lubrication oil system as a result of opera. tor error Juring
recharging of lubricating oil or normal operation.

In Amendment 8 of the FSAR and by letter dated March 27, 1985, the applicant
provided the above information, and the staff finds it acceptable.

The applicant discussed the availability of diesal fuel oil from local distribu-
tion sources in Section 9.5.4 of the FSAR, but he did not discuss the availa-
bility of lube oil in the FSAR. The applicant was requested to identify the
sources from which diesel quality lube oil will be available and the distances
to be traveled from the source (s) to the plant, as well as discuss how the lube
oil will be delivered on site under extremely unfavorable environmental condi-
tions. In Amendment 8 of the FSAR, the applicant provided the requested infor-
mation, and the staff finds it acceptable.

f

FSAR Section 9.5.7.5 discusses the level alarms associated with the lube oil
system. It states that the rocker arm lube oil reservoir level is monitored

i for high level and the level is maintained by a level control valve. No men-
tion is made of a reservoir low level alarm. A failure of the level control
valve to maintain lube oil level in the rocker arm reservoir could result in
inadequate or no lubricating oil for the rocker arms, leading to diesel gener-
ator unavailability and/or failure. This is an unacceptable condition. The-

applicant was requested to justify his design or to provide a low level alarm,
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for the rocker arm lube oil reservoir. By letter dated March 27, 1985, the
applicant provided the requested information. He stated that "the rocker arm
lube oil reservoir is provided with a sight glass, allowing local verification
of lube oil level. This level is checked weekly during prelube of rocker arms."
The staff finds this acceptable and considers this issue closed pending inclu-
sion of the above surveillance of lube oil level in the rocker arm lube oil
reservoir in the plant operating procedures.

The scope of review of the diesel generator lubricating oil system included
piping and instrumentation diagrams and descriptive information in FSAR Sec-
tions 9.5.7 and 9.5.8 for the system and the auxiliary support systems essential
to its operation.

The basis for acceptance in the staff's review was conformance of the design
criteria and bases and design of the diesel. engine lubricating oil system to
GDC 17 with respect to redundancy and physical independence, SRP 9.5.7,
NUREG/CR-0660, and industry codes and standards.

On the basis of its review, the staff concludes that'the emergency diesel engine
lubricating oil system meets GDC 2, 4, 5, and 17, NUREG/CR-0660, the cited RGs,
SRP 9.5.7, and industry codes and standards. Thus, it can perform its design
safety function and is, therefore, acceptable, except as noted above. Once the
iequested additional information has been received, the staff will report its
findings in a supplement to this SER.

9.5.8 Emergency Diesel Engine Combustion Air' Intake and Exhaust System

The design function of the emergency diesel engine combustion air intake and
exhaust system is to supply filtered air for combustion to the engine and to
dispose of the engine exhaust to the atmosphere. The system is designed to
meet GDC 2, 4, 5, and 17. The meeting of GDC 2, 4, and 5 is discussed in
Section 9.5.4.1 of this SER.

A separate source of combustion air for each diesel engine is taken from the
common tornado-missile protected diesel generator air intake structure through
an air filter, turbocharger compressor, and combustion air coolers. The path
of the exhaust gas discharge is through the turbocharger, exhaust silencer, and
exhaust ducting to the outside of the building. This meets GDC 17 with regard
to system independence, redundancy, and the single failure criterion.

The location of the air intake and exhaust structures meets the NUREG/CR-0660
guidelines, and the design precludes their being clogged or obstructed during
standby or in operation by heavy rain, freezing rain, dust storms, ice, and
snow. The air intake is also protected from drifting snow; however, the exhaust
structure had not been shown to be adequately protected from blockage from snow
drifts. In a letter dated March 5, 1985, the applicant demonstrated that the
exhaust structure would not be totally blocked by drifting snow so that the
diesel generator can perform its design safety function. The staff finds this
acceptable.

The applicant had not demonstrated that the function of the diesel engine air
intake and exhaust system would not be degraded to an extent that would prevent

- the development of full engine rated power or caus2 engine shutdown because of
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the effect of any accident condition on the performance of the diesel generator,
such as the potential and effect of a fire extinguishing (gaseous) medium or
the recirculation of diesel combustion products, or other gases, including
products of combustion resulting from a fire that may intentionally or acci-
dentally be released on site. In a letter dated March 5, 1985, the applicant
provided the requested information, and the staff finds it acceptable.

In addition, the applicant has not fully analyzed and shown that a potential
fire in the diesel generator building together with a single failure of the
fire protection system will not degrade the quality of the diesel combustion
air so that the remaining diesel will be able to provide full rated power.

Figure 1.2-2 of the FSAR shows system station service transformer 2A located
near the diesel generator building. A transformer fire under the right meteor-
ological conditions could degrade engine operation by the the drawing of the
products of combustion into the diesel generator ventilation system and combus-
tion air intake system. The same conditions apply for the oil storage laydown
area and oil separator No. 22, located in the immediate area of the diesel
generator building. The applicant was requested to discuss the provisions of
the design (such as site characteristics, ventilation system, and building
design) that would preclude this event from occurring. In a letter dated March 5,
1985, the applicant demonstrated that a transformer fire or a fire .in the oil
storage laydown area or oil separator no. 22 would not affect diesel generator
operability and availability, and the staff finds it acceptable.

The diesel generator combustion air intake and exhaust system conforms with
RG 1.9, Position C.7, as it relates to diesel engine combustion air intake and
exhaust system protective interlocks. The diesel generator system protective
in'terlocks are discussed in Section 8.3 of this SER. FSAR Section 9.5.8.5
describes the instrumentation, controls, sensors and alarms provided in the
design of the diesel engine combustion air intake and exhaust system and their
functions, which alert the operator when parameters exceed ranges recommended
by the engine manufacturer. However, the applicant was requested to discuss
the testing and frequency of testing necessary to maintain and ensure a highly
reliable instrumentation, controls, sensors, and alarm system and where the
alarms are annunciated, and describe any operator action required during alarm
conditions to prevent harmful effects to the diesel engine. The applicant has
not provided this information.

The diesel engine combustion air intake and exhaust system piping and components
up to the diesel engine interface are designed to seismic Category I require-
ments and meet RG 1.29. The engine-mounted piping and components, from the
engine block to the engine interface, are considered part of the engine assembly
and are seismically qualified to seismic Category I requirements as part of the
diesel engine package.

The combustion air intake and exhaust piping and associated components--such
as fabricated headers and fabricated special fittings--up to the engine inter-
face are designed to ASME Code Section III, Class 3 (Quality Group C) require-
ments and meet RG 1.26. The engine mounted combustion air intake and exhaust
piping and the associated components have not been described by the applicant.
The applicant has been requested to provide the industry standards to which the
engine-mounted piping and components are designed..
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FSAR Section 8.3 states that, in the event of a loss of offsite power (LOOP),
the diesel generator room ventilation system must be manually reconnected to the

! bus. The diesel generator room ventilation system provides cooling to the die-
sel generator and its auxiliary equipment during diesel generator operation.
Failure to restore the ventilation system to operating condition within a rea-i

sonable amount of time will result in diesel generator room temperatures exceed-
1 ing the 120 F design ambient temperature specified in FSAR Section 9.5.4. In a

response to the staff's request for information on this aspect of the design,
. the applicant stated that " operation of the primary and secondary supply fans,
'

normal exhaust fans and associated motorized dampers is maintained during loss
of normal station power by automatic connection to the emeig3ncy buses."
However, FSAR Table 8 3-3, " Emergency Diesel Generator Loading," only shows
that the supply fans and heaters are connected to the buses and not the other
equipment. The staff has discussed this concern and discrepancy with the

i applicant, and he is evaluating his design.

The scope of review of the diesel generator intake and exhaust system included
layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion in FSAR Section 9.5.8 for the system and the auxiliary support systems
essential to its operation.

The bases for acceptance in the staff review were (1) conformance of the de-
sign criteria and design of the diesel engine air intake and exhaust system to
GDC 17 with respect to redundancy and physical independence, the cited RGs,

! SRP 9.5.8, NUREG/CR-0660, and industry codes and standards and (2) the ability
of the system to provide sufficient combustion air and release of exhaust gases
to enable the emergency diesel generator to perform on demand.

On the basis of its review, the staff concludes that the emergency diesel en-
gine intake and exhaust system meets GDC 4, 5, and 17, NUREG/CR-0660, the cited
RGs, SRP 9.5.8, and industry codes and standards, and it can perform its design
safety function and is, therefore, acceptable, except as noted above. Once the
requested additional information has been received, the staff will report its
findings in a supplement to this SER.

1

,

!
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Table 9.1 Conformance to NUREG/CR-0660

Recommendation Conformance SER section

(1) Moisture in air starting system No 9.5.6

(2) Dust and dirt in diesel generator Yes 9.5.4.1
room

(3) Turbocharger gear drive problem N/A

(4) Personnel training No 9.5.4.1

(5) Automatic prelube No 9.5.7

(6) Testing, test loading, and No 9.5.4.1
preventive maintenance

(7) Improve identification of root Yes 9.5.4.1
cause of failures

(8) Diesel generator ventilation and Yes 9.5.8
combustion air systems

(9) Fuel storage and handling Yes 9.5.4.2

(10) High temperature insulation * 9.5.4.1

(11) Engine cooling water Yes 9.5.5

(12) Concrete dust control Yes 9.5.4.1

(13) Vibration of instruments No 9.5.4.1

* Explicit conformance is considered unnecessary by the staff in view of the.

equivalent reliability provided by the design, margin, and qualification
testing requirements that are normally applied to emergency standby diesel
generators.

.

-

'
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10 STEAM AND POWER CONVERSION SYSTEM
n

10.1 System Description

The steam and power conversion system is designed to remove heat energy from
the primary reactor coolant loop via three steam generators and to generate
electrical power in the turbine generator. After the steam passes through the
high- and low pressure turbines, the main condensers deaerate the condensate
and transfer the rejected heat to the closed-cycle circulating water system,
which uses cooling towers to dissipate the rejected heat. The condensate is
reheated and returned as feedwater to the steam generator. The entire system
is designed for the maximum expected energy from the nuclear steam supply system.

A turbine steam dump (bypass) system is provided to discharge directly to the
condenser up to 90% of the main steam flow around the turbine during transient
conditions. This bypass capacity together with a 10% reactor automatic step
load-reduction capability is sufficielt to withstand a 100% generator load loss
without tripping the turbine or lifting the main steam safety valves or tripping
the reactor.

10.2 Turbine Generator
.

The turbine generator converts steam power into electrical power and has a tur-
bine control and overspeed protection system. The design functions of the tur-
bine control and overspeed protection system are to control turbine action under
all normal or abnormal conditions, to ensure that a full-load turbine trip will
not cause the turbine to overspeed beyond acceptable limits, and to minimize the
probability of generation of turbine missiles in accordance with GDC 4. The
turbine control system and overspeed protection system is, therefore, essential
to the overall safe operation of the plant.

The turbine generator is manufactured by the Westinghouse Electric Corporation
and is a tandem-compound type (single shaft) with one double-flow high pressure
turbine and two double-flow low pressure turbines. It is designed for a rota-
tional speed of 1800 rpm and a gross generator output of 888 MWe at a nominal
plant exhaust pressure of 2.0 inches mercury (absolute).

The turbine generator is equipped with an analog-type electrohydraulic control
(EHC) system. The EHC system consists of an electronic governor using solid-
state control techniques in combination with a high-pressure hydraulic actuating
system. The system includes electrical control circuits for speed control, load
control, and steam control valve posi ioning.

Overspeed protection is accomplished by three independent systems--normal speed
governor, mechanical overspeed, and electric backup overspeed control systems.
The normal speed governor modulates the turbine control valves to maintain
desired speed load characteristics and will start.to close the intercept valves
and control valves at 103% of rated speed. The mechanical overspeed sensor
trips the turbine stop, control, and combined intermediate valves by deener-,

gizing the hydraulic fluid systems when 111% of rated speed is reached. After,
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an overspeed condition is detected, the turbine steam valves' closure times are
as follows: main steam throttle valve, 150 milliseconds and reheat stop valve,
150 milliseconds. In Amendment 7 of the FSAR, the applicant stated that the
closure times were 150 milliseconds for the main steam governor valve and reheat
intercept valve and within one-half second for the extraction steam valves.
These valves are designed to fail closed on loss of hydraulic system pressures.
The electrical backup overspeed sensor will trip these valves when 112% of rated
speed is reached by independently deenergizing the hydraulic fluid system. Both
of these actions independently trip the energizing trip fluid system. The over-
speed trip systems can be tested while the unit is on line. Therefore, the staff
concludes that GOC 4 is met.

To protect the turbine generator, the following signals will shut down the tur-
bine: (1) manual emergency trip, (2) low bearing lubricating oil pressure,
(3) low condenser vacuum, (4) feedwater isolation, (5) turbine antimotoring,
(6) loss of 110-V dc electrical power to EHC system, (7) low hydraulic fluid
pressure, (8) generator electric trip, (9) reactor trip, (10) excessive thrust
bearing wear, and (11) turbine overspeed at 111% of rated speed.

In Amendment 6 of the FSAR, the applicant proposed the following inservice
inspection program for the turbine main steam throttle, governor, and reheat
stop and intercept valves:

(1) The main steam throttle, control, and reheat stop and intercept valves
will be exercised and observed at least once a month.

(2) During the first 39 months of operation following initial startup of the
turbine, the main steam throttle, control, and reheat stop and intercept
valves will be inspected in accordance with the vendor recommendation of
15, 27, and 39 months, respectively. In this program some valves are dis-
mantled and inspected 12 to 15 months after startup, others 24 to 27 months,
and the balance 36 to 39 months so that all valves are inspected'at least
once in the 39 month period except for the throttle and reheat stop valves,
which are inspected twice during the first 39 months of plant operation.

(3) After the initial 39-month inspection program is completed, all the turbine
valves will be dismantled and inspected periodically in accordance with
the manufacturer's recommendations.

(4) The mechanical and backup overspeed trip tests will be performed periodi-
cally while carrying load without tripping the unit by using special test
provisions.

The staff finds the above inservice inspection program acceptable except for
the following:

The applicant had not provided (1) justification for the change from weekly
valve testing, as specified in SRP 10.2 and the Standard Technical Specifica-
tions, to monthly valve exercising; (2) the frequency of valve inspection fol-
lowing the initial 39-month inspection interval, including a description of
this program; (3) proposed changes to the plant Technical Specifications; and
(4) the frequency of the mechanical and backup overspeed trip tests and a de-
scription of the special test provisions that allow testing while carrying load-

and without tripping the unit. Therefore, the staff will require the applicant.
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to provide (1) justification for changing the periodic turbine valve testing
program from weekly to monthly, (2) a copy of the plant Technical Specifications
marked to show the intended changes, (3) confirmation from Westinghouse that
the turbine generator valves (turbine stop, control intercept, and extraction
steam valves) at Beaver Valley can be periodically tested on a monthly basis,
and (4) a description of the proposed perindic dismantling and inspection pro-
gram for all turbine valves following the initial 39-month inspection program
to be included in the plant Technical Specifications. In Amendment 8 of the
FSAR, the applicant committed to conform to the inservice inspection require-
ments (item 4 above) of SRP 10.2 and the Standard Technical Specifications for
the turbine valves.

In addition, the staff also requires that the applicant describe (1) the inser-
vice inspection program for the mechanical and backup overspeed trips, the fre-
quency of testing, and the special provisions that allow testing while carrying
load without tripping the unit and (2) the inservice inspection program for the
extraction steam valves. The inspection of the extraction steam valves is needed
to ensure that the check valve closing mechanism travels in the closing direc-
tion in a free and positive manner. This is to alleviate the concern of a tur-
bine overspeed resulting from back flow of steam from extraction feedwater heat-

In Amendment 8 of the FSAR, the applicant described the inservice inspec-ers.
tion program for the mechanical and backup overspeed trips only. The staff has
evaluated t'.is program and finds it acceptable.

The applicant will include preoperational and startup tests of the turbine
generator in accordance with RG 1.68, " Initial Test Programs for Water Cooled
Power Plants." The adequacy of the test program is evaluated in Section 14 of
this SER.

The applicant had not addressed how the turbine generator system meets the rec-
ommendations of Branch Technical Positions (BTPs) AS8 3-1, " Protection Against
Postulated Piping Failures in Fluid Systems Outside Containment," and MEB 3-1,
" Postulated Break and Leakage Locations in Fluid Systems Outside Containment,"
with regard to protection of the turbine overspeed protection system from thei

dynamic effects associated with postulated piping system failures. The appli-
cant provided this information in Amendment 7 of the FSAR. Evaluation of pro-
tection against dynamic effects associated with the postulated pipe system
failure is covered in Section 3.6 of this SER.

The scope of review of the turbine generator included descriptive information
in FSAR Section 10.2, flow charts, and diagrams. The basis for acceptance in
the staff's review was conformance of the design criteria and bases and designi

of the turbine generator system to GDC 4 with respect to the prevention of the
generation of turbine missiles, the additional guidance of SRP 10.2, and indus-'

try codes and standards.

On the basis of its review of the information provided, the staff concludes that
the turbine generator overspeed protection system meets GDC 4 and SRP 10.2; it
can perform its designed safety functions and is, therefore, acceptable, except
as noted above. Once the requested additional information has been received,
the staff will report its findings in a supplement to this SER.

i

|.- .
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10.2.1*

10.2.2*

10.2.3 Turbine Disk Integrity

See Section 3.5.1.3 of this SER.

10.3 Main Steam Supply System -

The function of the main steam supply system is to convey steam from the steam
generators to the high pressure turbine and other auxiliary equipment for power
generation. Section 10.3.1 evaluates the safety-related portion of the main
steam system including the main steam isolation valves (MSIVs). Section 10.3.2
evaluates the non-safety related portion of the main steam system downstream of
the MSIVs up to and including the turbine stop valves.

10.3.1 Main Steam Supply System (Up To and Including the Main Steam Isolation
Valves)

The acceptance criteria for the main steam supply system include RG 1.115,
" Protection Against Low Trajectory Turbine Missiles," which is addressed in
Section 3.5.1:3 of this SER.

The main steam supply system conveys steam from the steam generators to the
high pressure turbine and other auxiliary equipment for power generation. The
steam produced in the three steam generators is conveyed in three separate main
steamlines from the steam generators through the MSIVs to a main steam header
and then through four lines to the'high pressure turbine. Each of the three
main steamlines contains one MSIV. The portions of the main steamlines from
the steam generators through the containment, including the MSIVs, the main
steam safety valves, the power-operated atmospheric dump valves, and a residual
heat release control valve are located in the seismic Category I, flood- and
tornado protected main steam and feedwater valve building (see Sections 3.4.1
and 3.5.2 of this SER), thus complying with Position C.2 of RG 1.29, as it
relates to damage to the main steamline by other systems as a result of an SSE.
The lines are designed to quality Group B and seismic Category I standards up
to and including the MSIVs.

The lines from the MSIVs to the turbine building wall are designed to quality
Group C, seismic Category I standards, as is the line to the auxiliary feed-
water pump steam turbine. All branch lines from the seismic Category I, quali-
ty Group B portions of the main steamline to and including the first normally
closed valve in the branch line also are designed to seismic Category I, quali-
ty Group B standards, thus complying with Positions C.I.f and C.3 of RG 1.29,
as they relate to the design of portions o. main and branch steamlines and the
extension of seismic Category I requirements. Thus, this portion of the main
steamline satisfies GDC 2.

* Sections dealing only with background material were deleted from the July 1981
revision of the SRP (NUREG-0800). The section numbers are retained here to
provide continuity in numbering and to ensure a close correlation between-

subsequent SER sections and their associated SRP sections.-
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Main steam isolation is provided by a spring-loaded, hydraulically operated
valve in each steamline located just outside of containment. The ball-type
MSIVs are opened hydraulically and are held open by a mechanical latch. If a
pipe ruptures either upstream or downstream of an isolation valve, a main steam-
line isolation signal causes a trip solenoid to release the mechanical latch,
closing the valve by spring force. To ensure that the safety function is actu-
ated, all solenoid valves are in redundant pairs, powered from separate Class IE
power sources. The MSIVs automatically close on pressure signals in any steam-
line on a high containment" pressure signal or on a large rate of change in pres-
sure in any steamline. The MSIVs can also be closed manually by the operator
from the control room. The MSIVs are designed to close in 5 seconds or less
and are also designed to stop steam flow from either direction.

A steamline break upstream or downstream of the MSIVs coupled with the failure
of an MSIV to close will not result in a blowdown of more than one steam gener-
ator. If a steamline breaks upstream of an MSIV and an MSIV on an unaffected
steam generator fails to close, the closure of the MSIV on the affected steam
generator prevents blowdown of the unaffected steam generator through the break.
Blowdown through the turbine and condenser is prevented by closure of the non-
seismic Category I turbine stop valves and main steam dump valves, which serve
as an acceptable backup for this accident. This is in accordance with Issue 1
of NUREG-0138, " Staff Discussion of Fifteen Technical Issues Listed in Attach-
ment to November 3, 1976 Memorandum'from Director, NRR to NRR Staff."

Three seismic Category I, quality Group B, modulating, electrobydraulically
actuated atmospheric steam dump valves (one for each steam generator main steam-
line) are provided. One atmospheric dump valve provides modulating pressure
control for each steam generator when normal turbine bypass is not available.
The valves are normally closed and fail closed (safe position) on loss of power
or control signal and have a combined design capacity of 10% of the maximum main
steam flow. Two of the three valves provide sufficient decay heat removal for
shutdown. The actuators are powered from a Class 1E power supply and can be
operated manually from the control room during a loss of offsite power. Controls
for two of the atmospheric dump valves are located on the alternate shutdown
panel to provide the capability for manually positioning the valves. Provisions
have been made to allow local manual hydraulic control should electrical power
be unavailable to any of the valves. In addition, a remotely operated residual
heat release control valve capable of removing the sensible and reactor decay
heat to the atmosphere via the residual heat release header is provided. This
safety related (seismic Category I, quality Group B) valve is manually posi-
tioned from the control room and is powered from a Class 1E power supply that
is redundant to the Class 1E power source for the atmospheric steam dump valves
described above. This one valve, which is mounted on the common residual re-
lease header, serves all three steam generators through connections on each
main steamline upstream of the MSIV. This valve has twice the capacity of an
atmospheric dump valve. This design satisfies the single failure criterion.
Check valses ensure that steam may flow to the header but prevent reverse flow
of steam, which might occur if a line breaks between a steam generator and an
MSIV. The atmospheric dump valves and the residual heat release valve discharge
to the atmosphere through a diffuser for noise suppression.

Fifteen seismic Category I, quality Group B safety valves (five on each main
_ steamline) are provided. The safety valves have a combined relief capacity

greater than 100% of the design steam flow. The five safety valves on each
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line are located outside of containment, upstream of the main steam atmospheric
dump valve, the turbine bypass valve, the residual heat release valve, and the
MSIV in accessible areas of the seismic Category I main steam and feedwater
valve building. The MSIVs, residual heat release valve, safety valves, and
power-operated atmospheric dump valves will undergo preoperational functional
testing at normal design temperature and pressure. MSIV closure times and
safety and atmospheric relief valve setpoints will be verified. Therefore, the
staff concludes that the design of the main steam supply system meets GDC 34,
" Residual Heat Removal," by complying with BTP RSB 5-1, " Design Requirements
of the Residual Heat Removal Systems," and it meets Issue 1 of NUREG-0138.

The equipment that must function to ensure that main steam isolation capability
will be available upon demand is protected against the effects of high energy
pipe breaks (see Sections 3.6.1 and 3.11 of this SER). ibis equipment is lo-
cated in tornado missile protected structures and is located so that it is not
affected by internally generated missiles (see Section 3.5.1.1 of this SER).
Thus, GDC 4 and RG 1.117, Positions C.1 and C.2, are satisfied.

There is no sharing between units of any portion of the main steam supply sys-
tem; therefore, GDC 5 is not applicable.

On the basis of the above, the staff concludes that the main steam supply system
from the steam penerators through the MSIVs meets GDC 2, 4, and 34 with respect
to protection against natural phenomena, missiles, environmental effects, and
residual heat removal capability. This conclusion is based on the system's
compliance with Positions C.1 and C.2 of RG 1.29 and Positions C.1 and C.2 of

| RG 1.117 as they relate to the system's seismic classification and protection
| against tornado missiles and with BTP RSB 5-1 and Issue 1 of NUREG-0138 as they
| relate to the capability to achieve cold shutdown and ensure main steam isola-'

tion. The system is, therefore, acceptable and meets SRP 10.3.

10.3.2 Main Steam Supply System (Downstream of the Main Steam Isolation valves)

This portion of the main steam system is not required to effect or support safe
shutdown of the reactor except as noted below.

The main steam system is designed to deliver steam from the steam generators to
the high pressure turbine. The main steam and turbine steam systems provide
steam to the auxiliary feedwater pump turbine, auxiliary steam system, turbine
gland seal systems, and turbine steam bypass system and steam supply to the
moisture separator reheaters. The main steam system from the MSIV up to the
first anchor is designed as seismic Category I. The piping from the MSIV up toi

! the turbine stop valves and all branch lines are designed to the requirements
of ANSI B31.1 and are acceptable.

In FSAR Section 10.3.1, the applicant states that the main steam system is de-
signed in accordance with Issue 1 of NUREG-0138, and that credit is being taken<

for all valves downstream of the MSIVs to limit blowdown of a second steam gen-
erator in the event of a steamline break upstream of the MSIVs. Sufficient
descriptive information was not provided in the FSAR to confirm satisfactory
performance following such a steamline break. The applicant was requested to
provide the following:

.
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(1) In the event of the postulated accident, steam flow from all systems iden-
tified in FSAR Table 10.3-1, except those that can be used for mitigation
of the accident, must be terminated to bring the reactor to a safe cold
shutdown. For these systems describe what design features have been in-
corporated to ensure closure of the steam shutoff valve (s). Describe
what operator actions (if any) are required.

(2) If the systems that can be used for mitigation of the accident are not
available or a decision is made to use other means to shut down the reactor,
describe how these sy:.tems are secured to ensure positive steam shutoff.
Describe what operator actions (if any) are required.

(3) Show that failure to isolate or secure these systems will not result in a
blowdown of more than one steam generator.

The applicant has not provided sufficient information in response to the above
three requests.

The scope of review of the main steam supply system (between the MSIVs and up
to and including the turbine stop valves) included descriptive information in
FSAR Section 10.3, and flow charts and diagrams. The basis for acceptance in
the staff review was conformance of the design criteria and bases and design of
the main steam supply system to SRP 10.3.

On the basis of its review, the staff concludes that the main steam supply sys-
tem between the MSIVs and up to and including the turbine stop valves is in con-
formance with the above cited criteria and design bases; it can perform its de-
signed functions and is, therefore, acceptable, except as noted above. Once the
requested information has been received, the staff will report its findings in
a supplement to this SER.

10.3.3*

10.3.4*

10.3.5 Secondary Water Chemistry

In late 1975, the staff incorporated into the Standard Technical Specifications
provisions that required limiting conditions for operation and surveillance re-
quirements for secondary water chemistry parameters. The Technical Specifica-
tions for all PWR plants that have been issued an operating license from 1974
until 1979 contain either these provisions or a requirement to establish these
provisions after baseline chemistry conditions have been determined. The intent
of the provisions was to provide added assurance that the operators of newly
licensed plants would properly monitor and contral secondary water chemistry
to limit corrosion of steam generator components such as tubes and tube support
plates.

* Sections dealing only with background material were deleted from the July 1981
revision of the SRP (NUREG-0800). The section numbers are retained here to
provide continuity in numbering and to ensure a close correlation between,

subsequent SER sections and their associated SRP sections. '

,
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!4

! In a number of instances, the Technical Specifications .have significantly re-
I stricted the. operational flexibility of some plants with little or no benefit
; in regard to limiting degradation of steam generator tube and the tube support ;
! plates. On the basis of this experience and the knowledge gained in recent
! years, the staff has concluded that Technical Specification limits are not the

'

j most effective way of ensuring that steam generator degradation will be minimized.

! Because of the complexity of the corrosion phenomena involved and the state of
i the art, the staff has determined that, in lieu of specifying limiting conditions

in the Technical Specification, a Technical Specification should require the
|

i ,

i implementation of a secondary water chemistry monitoring and control program I
! containing appropriate procedures and administrative controls. This has been
j the approach used since 1979.

i The required program and procedures are to be developed by applicants, with in- l

) put from their reactor vendors or other consultants, to account for site- and '

| plant-specific factors that affect water chemistry conditions in the steam gen- '

| erators. Following such procedures would ensure that licensees would devote
i proper attention to controlling secondary water chemistry, while also providing

,

the needed flexibility to allow them to deal effectively with offnormal condi- |
i tions that might arise.

The applicant provided the secondary water chemistry program in Amendment 3.
! The program addresses the six criteria of the staff position, as discussed

below. It is based on the . steam generator water chemistry program recommended3

; by the nuclear steam supply system (NSSS) vendor.

j The program monitors the critical' parameters to inhibit steam generator corro-
] sion and tube degradation. The limits and sampling schedules for these param-
) eters have been established for the condensate pump common discharge, the con-
| densate polisher outlet, the deaerator storage tank outlet, steam generator
! water and steam, and the moisture separation drains. The modes covered include
| normal power operation, startup from hot standby, hot shutdown / hot standby, and

cold layup. Sampling frequencies, control points for the critical parameters,,

and process sampling points have been identified. Plant procedures used for;

j measuring the values of the critical parameters have been similarly identified.
:

; The staff finds that the applicant's secondary side chemistry monitoring and ;
i control program

'
.

! (1) is capable of reducing the probability of abnormal leakage in the reactor -

( coolant pressure boundary by inhibiting steam generator corrosion and tube
,

degradation, and thus meets GDC 14.
,

i

1 (2) adequately addresses all of the program criteria delineated in the staff
position on control and monitoring of secondary water,

j (3) is based on the NSSS vendor's recommended steam generator water chemistry
i program,

(4) monitors the secondary coolant purity in accordance with BTP HTEB 5-3,j

j Revision 2, and thus meets criterion 3 of SRP 5.4.2.1. '

|
*

i-

e i
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(5) monitors the water quality of the secondary side water in the steam genera-
tors to detect potential condenser cooling water leakage into the condensate,
and thus meets Position II.3.f(1) of BTP MTEB 5-3, Revision 2.

(6) describes the methods for control of secondary side water chemistry data
and record management procedures and corrective actions for off-control
point chemistry and thus meets Positions II.3. f(2) to (6) of BTP MTEB 5-3,
Revision 2.

On the basis of its evaluation, the staff concludes that the secondary water
chemistry monitoring and control program meets (1) GDC 14 (because secondary
water chemistry control ensures the integrity of the primary boundary material
integrity); (2) criterion 3 of SRP 5.4.2.1, Revision 1; (3) Position II.3 of
BTP MTEB 5-3, Revision 2; and (4) the program criteria in the staff's position.
It is, therefore, acceptable.

10.3.6 Main Steam and Feedwater Materials

The applicant selected materials for Class 2 and 3 components of the steam and
feedwater systems that satisfy Appendix I of Section III of the ASME Code, and
meet Parts A, B, and C of Section II of the Code. Conformance with RG 1.85 is
discussed in Section 5.2.1.2.

.

When the materials were selected, the Code allowed waiving of impact testing
of main steam and feedwater materials. Based upon the results of impact test-
ing by other applicants of the same specification steels, and correlations of
the metallurgical characterization of these steels with the fracture toughness
data presented in NUREG-0577, the staff concludes that the fracture toughness
properties of the ferritic materials in the main steam and feedwater systems
have adequate safety margins against the possibility of nonductile behavior
and rapidly propagating fracturo.

The applicant has satisfied, to the extent practical, RG 1.71, " Welder Qualifi-
cation for Areas of Limited Accessibility," by meeting RG 1.71 or by meeting
alternative approaches that the staff has reviewed and found to be acceptable
(see Section 4.5.1). The onsite cleaning and cleanliness controls during
fabrication satisfy RG 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power Plants,"
and ANSI N45.2.1-1973, " Cleaning of Fluid Systems and Associated Components
During Construction Phase of Nuclear Power Plants," or the applicant's alter-
native approaches have been reviewed and are acceptable to the staff as dis-
cussed in Section 4.5.1.

The staff concludes that the main steam and feedwater system materials are
acceptable and meet the relevant requirements of 10 CFR 50.55a, GDC 1, and
Appendix B te 10 CFR 50.

10.4 Other Features

10.4.1 Main Condansar

The main condenser is designed to function as a heat sink for the turbine ex-
haust steam, turbine bypass steam, and other turbine cycle flows and to receive,

and collect condensate flows for return to the steam generators. The main,

,
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condenser transfers heat to the circulating water system, which uses Long Island
Sound to dissipate the rejected heat.

The main condenser is not required to effect or support safe shutdown of the
reactor or to perform in the operation of reactor safety features. The main
condenser has two shells and is designed to produce a turbine back pressure of
2.0 inches mercury absolute when operating at rated turbine output. The main
condenser design includes provisions for condensate deaeration and hotwell surge
storage of condensate for approximately 4 minutes' supply at design conditions.
Offgas from the main condenser is processed in the condenser evacuation system,
which is described and evaluated in Section 10.4.2.

, ,

The main condenser is designed to accept full load exhaust steam from the main.
turbine, cup to 90% of the main steam flow from the turbine steam bypass system;
and other cycle steam flows. ' The main condenser is also designed to deaerate-

the concensate to the required water quality. Stainless steel tubes have been
used to minimize corrosion and erosion of condenser tubes. Condenser tube leak-
age could result in degradation of the feedwater quality with potential for cor-*
rosion of secondary system components. The applicant monitors the condensatt
by means of an automatic hotwell sampling system to give an indication of tube
leakage. The applicant, in response to a request for additional information,
provided details on the detection, control, and correction of condenser cooling
water leakage into the condensate. The adequacy of the secondary sampling sys-
tem for leak detection,is evaluated in Section 9.3.2 of this SER.

The applicant will include preoperational and startup tests of the main condenser
in accordance with RG 1.68, " Initial Test Programs for Water Cooled Reactor Power
Plants." The adequacy of the test program is evaluated in Section 14.1 of this

i SER.

The applicant discussed the tests, initial field inspection, and the inservice
inspection of the main condenser in FSAR Section 10.4.1, but he did not specify
the frequency of these tests other than to say they would be done periodically.
In Amendment 8 of the FSAR, the applicant defined " periodically" for the various
main condenser inservice inspection tests. Therefore, the staff finds the in-
service inspection program acceptable.!

,

; The scope of review of the main condenser included layout drawings and descrip-
tive information of the condenser in FSAR Section 10.4.1.

!
! The basis for acceptance in the staff review was conformance of the design cri-

teria and bases and design of the condenser to SRP 10.4.1.II and industry
standards.

!

On the basis of its review, the staff concludes that the main condenser is in
conformance with the above cited criteria and design %ases; it can perform its

; designed function and is, therefore, acceptable.

i 10.4.2 Main Condenser Evacuation System

The main condenser evacuation system (MCES) is designed to (1) establish a
vacuum in the condenser and (2) remove noncondensible gases from the main
condenser and discharge them to the atmosphert. For condenser evacuation, a

-

.
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priming steam-driven air ejector is utilized to bring the condenser from atm" -
pheric pressure to 15 inches of mercury absolute pressure. Then the primary
ejector is isolated, and one or two main air ejectors are brought into service
to complete the evacuation down to 1 inch of mercury absolute.

The effluent air from the air ejectors is normally discharged directly to the
atmosphere atop the Beaver Valley Unit 1 cooling tower. If the air ejector dis-
charge activity monitor detects radioactivity in this effluent, the effluent *

air will be redirected to the Unit 2 air ejector charcoal delay system (dis-
cussed further in Section 11.3).

Three activity monitors are associated with this effluent stream: one at the
air ejector discharge, one at the discharge point atop the Unit 1 cooling tower,
and one downstream of the air ejector charcoal delay system.

The MCES includes equipment and instruments to establish and maintain condenser
vacuum and to prevent an uncontrolled release of gaseous radioactive material
to the environment. The staff review included the system's capability to trans-
fer radioactive gases to the gaseous waste processing system or ventilation ex-
haust systems, and the design provisions incorporated to monitor and control re-
leases of radioactive materials in effluents. The staff has reviewed the appli-
cant's sy' stem descriptions, piping and instrumentation diagrams, and design
criteria for the MCES components.

On the basis of its review, the staff concludes that the Unit 2 design is ac-
ceptable because the applicant has met GDC 60 and 64 with respect to the con-
trol and monitoring of releases of radioactive materials to the environment.
The applicant has also met the criteria for applying appropriate industrial
standards on the design of heat exchangers and air ejectors.

10.4.3 Turbine Gland' Sealing System

The turbine gland sealing system (TGSS) is designed to provide a continuous sup-
ply of " clean" steam to main turbine shaft seals. This sealing system is used
to prevent air leaking into the steam cycle and radioactive steam leaking out of
the steam cycle into the turbine building. Noncondensible gases are evacuated
from the gland seal steam condenser by one of two 100% capacity charcoal filtra-
tion units. Each unit draws air through a moisture separator / electric heater
for humidity control, then through charcoal and high-efficiency particulate air
filters, and finally through an exhaust fan that discharges through the auxiliary,

building ventilation stack.

The TGSS includes the equipment and instruments to provide clean sealing steam
to the annulus space where the turbine shafts penetrate their casings. The
staff review included the source of sealing steam and the provisions incorpor-
ated to monitor and control releases of radioactive material in gaseous efflu-
ents, in accordance with GDC 60 and 64. The staff has reviewed the applicant's
system descriptions and design criteria for the components of the TGSS and found
them consistent with RG 1.2G.

Thus, the staff concludes that the TGSS design is acceptable because the appli-
cant has met GDC 60 and 64 with respect ta the control and monitoring of releases
of radioactive materials to the environment. The system meets SRP 10.4.3 and-

is, therefore, acceptable..
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10.4.4 Turbine Bypass System

The turbine bypass system is designed to bypass' up to 90% of main steam flow to
the main condenser. This capacity together with a 10% reactor automatic step
load capability is sufficient to withstand a 100% generator load loss without
tripping the turbine or causing control rod movement. The turbine bypass system
is used to control coolant temperature as foPlows: (1) during the reactor heat-
up to rated pressure, (2) while the turbine generator is being brought up to
speed and synchronized, (3),during power operation when the reactor steam gener-
ator exceeds the transient turbine steam requirements, and (4) during reactor
cooldown. This system is not required to perform during accident conditions.

The bypass system is composed of 18 air-operated valves, associated instruments
and controls, and piping. Each valve is rated for a capacity of approximately
5.0% of the main steam flow at full-load pressure and temperature. The 18 by-
pass valves are connected to the main steam header downstream of the main steam
isolation valves by two turbine bypass headers (9 bypass valves per header) and
discharge the steam directly to the main condenser. The turbine bypass system
is not a safety,-related system and is not required for plant shutdown following
an accident. The turbine bypass valves are designed to fail closed upon loss
of electric power or air system pressure to the valve control system. The tur-
bine bypass valves are designed to close on loss of main condenser vacuum.

The applicant will include preoperational and startup tests of the turbine by-
pass system in accordance with RG 1.68. The adequacy of the test program is

~

evaluated in Section 14.1 of this SER.

The turbine bypass system meets the recommendations of BTPs ASB 3-1 and MEB 3-1.
Evaluation of protection against dynamic effects associated with the postulated
pipe system failures is covered in Section 3.6 of this SER.

In FSAR Section 10.4.4.4, the applicant discussed the initial field inspections
and startup test for the turbine bypass system. This system is used to prevent
unnecessary operation of safety-related systems and to mitigate the consequences
of a steamline break upstream of the MSIVs (Issue 1 of NUREG-0138). The staff
requires that the applicant describe his inservice inspection program for the
turbine bypass system and its frequency. The staff will continue to pursue

| this item with the applicant.

In FSAR Section 10.3.2 and 10.4.4.3, the applicant states that turbine bypassi

| system interlocks are provided to prevent spurious opening of the turbine by-
1 pass valves. In Section 10.4.4.5, he states that interlock selector switches

are provided in the main control room. The applicant was requested to describe
the interlocks, the interlock selector switches, and their purpose. In Amend-
ment 4 to the FSAR, the applicant described the various interlocks on the tur-
bine bypass system, but he did not describe the interlock switches or their
purpose. The staff requires the information to evaluate the operability of the
turbine bypass system.

The scope of review of the turbine bypass system included drawings, piping and
instrumentation diagrams, and descriptive information of the system in FSAR
Section 10.4.4.

_
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The basis for acceptance in the staff review was conformance of the design
criteria and bases and design of the turbine bypass system to SRP 10.4.4 and
industry standards.

On the basis of its review, the staff concludes that the turbine bypass system
is in conformance with the above cited criteria and design bases; it can per-
form its designed function and is, therefore, acceptable, except as noted above.
Once the requested additional information has been rsceived, the staff will
report its findings in a supplement to this SER.

10.4.5 Circulating Water System

The non-safety-related (non-seismic Category I) circulating water system (CWS)
provides cooling for the main condenser. It is a closed-loop system consist-
ing of four 25% capacity pumps, a pump house, circulating water and blowdown
piping, and a natural draft cooling tower. The cooling tower provides circu-
lating water to the condenser at.90 F under design conditions. The system is
capable of withstanding the pressure transients associated with normal pump
startup, shutdown, bus transfer, and a trip of all four pumps following the
loss of offsite power.

A portion of the service water system flow is discharged with the CWS. However,
failure of the CWS will not affect the safety functions of the service water~

system or other safety-related equipment, as discussed in Section 9.2.1 of this
SER. The cooling tower is far enough from safety-related structures so that
its collapse would not affect any of the Unit 1 or 2 seismic Category I struc-
tures (including the primary intake structure).

.

The applicant's analysis of the effects of a postulated failure of the CWS
piping or expansion bellows indicates that safety-related structures, systems,
and components will not be submerged because the water level will reach grade
elevation and flow away from safety-related structures. Safety-related equip-
ment is located above grade elevation. Thus, GDC 4 is satisfied with regard
to flood protection as a result of CWS failure.

On the basis of the above, the staff concludes that the CWS meets GDC 4 as it
relates to protection against flooding. It is, therefore, acceptable. The
circulating water system meets SRP 10.4.5.

10.4.6 Condensate Cleanup System

The condensate cleanup system (CCS) removes dissolved and suspended solids from
the condensate to maintain the high quality of the feedwater being supplied to
the steam generators under all normal plant conditions (startup, shutdown, hot
standby, and power operation). This is accomplished by ditacting the full flow
of condensate to a set of mixed-bed demineralizer units. Because the demineral-
izers need periodic resin regeneration, spare units are provided in the system
to replace units taken out of service. The system provides final polishing of
the secondary cycle condensate water.

The CCS is designed to assist in the control of the secondary side water chemis-
try and is part of the total control system. The system includes all components

- and equipment necessary for the removal of dissolved and suspended impurities
- that may be present in the condensate.
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The staff has reviewed the CCS equipment design, materials, and system operation. '

The system meets the requirements for condensate cleanup capacity, and contains
adequate instrumentation to monitor the effectiveness of the system. The staff
has reviewed the sampling equipment, sampling locations, and instrumentation to
monitor and control the CCS process parameters. On the basis of this review,
the staff finds that the instrumentation and sampling equipment provided is
adequate to monitor and control process parameters.

Thus, on the basis of its review of the applicant's proposed criteria and design
bases for the condensate cleanup system and the requirements for operation of
the system, the staff concludes that the design of the condensate cleanup system
and supporting systems meets SRP 10.4.6. It is, therefore, acceptable.

The secondary water chemistry monitoring and control program is evaluated in
Section 10.3.5. -

On the basis of its review of the applicant's proposed design criteria and de-
sign bases for the CCS and the requir,ements for operation of the system, the
staff concludes that the design of the condensate cleanup system and supporting
systems is acceptable and meets the primary boundary integrity requirements of
GDC 14. This conclusion is based on the applicant's having met GDC 14 as it
relates to maintaining acceptable chemistry control for PWR secondary coolant
during normal operation and anticipated operational occurrences by reducing cor-
rosion of PWR steam generator tubes and materials, thereby reducing the likeli-
hood and magnitude of reactor, piping failures and of primary-to-secondary cool-
ant leakage. This requirement has been met because the applicant's CCS design
meets BTP MTEB 5-3 for PWRs.

Thus, the staff concludes that the CCS meets the staff guidelines and is
acceptable.

10.4.7 Condensate and Feedwater System

The condensate and feedwater system provides feedwater from the condenser to
the steam generators and includes the piping and components from the condenser
hot well, through the condensate pumps, condensate demineralizers, low pressure
feedwater heaters, feedwater pumps, high pressure feedwater heaters, flow con-
trol valves, and containment isolation valves to the three steam generators.
The system contains three 50% capacity motor-driven condensate pumps and two
50% capacity motor-driven feedwater pumps. The spare condensate pump will auto-
matically start on loss of one of the normally running condensate pumps and/or-
low condensate header discharge pressure.

The condensate and feedwater system is not safety related, and is not seismic
Category I, with the exception of that portion of the feedwater system between
the containment isolation valves and the steam generators, which is safety re-
lated, seismic Category I, and designed to Group B criteria. This portion of
the system has three safety-related functions as follows: automatically iso-
late the main feedwater flow to the steam generators following a feedwater

- isolation signal, provide a barrier against the release of containment atmos-
phere during a LOCA, and serve as a boundary.for ensuring that steam generator
levels can be maintained when the main feedwater pumps are not available.

.
'

!
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Automatic isolation of the main feedwater system is provided when it is required
to mitigate the consequences of a steamline or feedwater line break. The hy-
draulically operated main feedwater isolation valves (one per steam generator)
close within 5 seconds of receipt of a feedwater isolation actuation signal.
Redundant feedwater line isolation is provided by the fail-closed main feedwater
regulating valves and bypass valves, which serve as an acceptable backup. The
isolation valves are located in the main steam and feedwater valve area, which
is a seismic Category I, flood- and tornado-missile protected structure (see
Sections 3.4.1 and 3.5.2 of this SER). Thus, GDC 2 and Positions C.1 and C.2
of RG 1.29 have been satisfied. The safety-related auxiliary feedwater system
automatically provides flow to the steam generators via the main feedwater lines
for decay heat removal upon failure of the condensate and feedwater system.
(See Section 10.4.9 of this SER for further discussion of the auxiliary feed-
water system.) Thus, GDC 44 is satisfied. The safety-related portions of the
system are located in accessible areas and will be periodically inspected and
tested in accordance with the Technical Specifications. Thus, GDC 45 and 46
are satisfied.

The essential equipment is separated from the effects of internally generated
missiles and is protected against failures in high-energy piping (see Sec-
tions 3.5.1.1.and 3.6.1 of this SER). Thus, GDC 4 is satisfied. No portion
of the condensate and feedwater system is shared; therefore, GDC 5 is not
applicable.

To reduce the possibility of waterhammer in the feedwater system, the feed-
water header in the steam generators is provided with J tubes to prevent drain-
age of water during low steam generator water level. In addition, the feedwater
connecticns to the steam generators utilize a downward-turned elbow that does
not present a horizontal pipe run immediately upstream of the feedwater nozzles.
This arrangement is intended to prevent the formation of steam pockets during
steam generator low water level conditions. In addition, the applicant has
agreed to perform a test to verify that unacceptable waterhammer will not occur
when the plant operating procedures are being used for normal and emergency re-
storation of steam generator water level utilizing the auxiliary feedwater sys-
tem following the loss of normal feedwater. Thus, GDC 4 and BTP ASB 10-2, "De-
sign Guidelines for Water Hammer in Steam Generators with Top Feeding Des.igns,"
are satisfied.

On the basis of the above, the staff concludes that the safety-related portion
of the condensate and feedwater system meets GDC 2, 4, 44, 45, and 46 with re-
spect to its protection against natural phenomena, missiles, and environmental
effects, decay heat removal function, and inservice inspection and testing, and
meets Positions C.1 and C.2 of RG 1.29 and BTP ASB 10-2 with respect to seismic
classification and waterhammer prevention features. It is, therefore, accept-
able. The condensate and feedwater system meets SRP 10.4.7.

10.4.8 Steam Generator Blowdown System

| The steam generator blowdown system (SGBS) is used in conjunction with the con-
! densate demineralizer, chemical addition, and sample systems to control the
| chemical composition of the steam generator shell-side water within specified

limits during all operating modes. The blowdown fluids are directed to the
. blowdown tank and then to the condenser.

.
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The SGBS controls the concentration of chemical impurities and radioactive mate-
rials in the secondary coolant. The review of the SGBS included piping and
instrumentation diagrams, seismic and quality group classifications, design
process parameters, and instrumentation and process controls. The review in-
cluded the applicant's evaluation of the proposed system operation and the
applicant's estimate of the controlling process parameters.

The portion of the SGBS up to and including the containment isola. tion valves is
seismic Category I, ASME Code Section II, Class 2. All other piping and equip-
ment in the steam generator blowdown syste.m is not safety related and is de-
signed and built to ANSI B31.1 requirements. Thus, the SGBS meets the quality
standards requirements of GDC 1 and the seismic requirements of GDC 2.

Instrumentation and automatic controls are provided to monitor and control the
operation of the blowdown system, with provision for sampling of the blowdown,
in conformance with BTP MTEB 5-3.

The secondary water chemistry monitoring and control program is evaluated in
Section 10.3.5.

The SGBS design meets the primary boundary material integrity requirements of
GDC 14 as it relates to maintaining acceptable secondary water chemistrv control
during normal operation and anticipated operational occurrences by reducing cor-
rosion of steam generator tubes and materials thereby reducing the likelihood
and magnitude of primary-to-secondary coolant leakage.

On the basis of the above evaluation, the staff concludes that the proposed
steam generator blowdown system meets SRP 10.4.8 and is acceptable.

10.4.9 Auxiliary Feedwater System

The auxiliary feedwater system (AFWS) is designed to supply an independent
source of water to the secondary side of the steam generators when the normal
feedwater system is not available, thereby maintaining the heat sink capabil-
ities of the steam generators. It is an engineered safety feature system that
is relied upon to aid in preventing core damage in the event of transients such
as loss of normal feedwater, a secondary system pipe rupture, or a small-break
LOCA. The system consists of three redundant, safety related essential trains,
each with.its own pump, associated valves, piping, controls, and instrumenta-
tion. Each auxiliary feedwater (AFW) pump is capable of supplying feedwater to
all three steam generators. Two 50% capacity motor-driven pumps are provided.
Each has a design flow rate of 375 gpm at 2760 feet total dynamic head (TDH),
including recirculation flow of 25 gpm, and is powered from separate onsite
emergency diesel generators. A 100% capacity turbine-driven pump is also pro-
vided; this pump has a design flow rate of 750 gpm at 2760 feet TDH, including
a recirculation flow of 50 gpm. The power for the controls for the turbine-
driven AFW pump is completely independent of the power for the motor-driven AFW
pumps and is independent of ac power. Each AFW supply line to the steam gener-
ator contains a check valve, motor-operated isolation valve, and flow control
valve. The steam for the AFW pump turbine is supplied from each of the steam
generators (A, B, and C) upstream of the MSIVs. The AFW flow to the steam gen-
erators is limited by flow venturi tubes located in each AFW line. These venturi

- tubes are sized to restrict the flow to a depressurized steam generator while
.
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ensuring that there is sufficient flow for decay heat removal to the two remain-
ing intact steam generators.

Unit 2 has its own AFWS, with the water provided from the primary plant deminer-
alized water storage tank (PPDWST) through three suction lines. Each line con-tains two locked-open manually operated isolation valves. Because the AFWS is
not shared with Unit 1, GDC 5 is not applicable.

The staff has reviewed the AFWS design to verify its acceptability with respect.

to its classification and operating characteristics. Minimum performance re-
quirements for the AFWS have been identified and are sufficient for the various
functions of the system. The system design includes isolation of the interfaces
between the safety-related AFWS and nonsafety related systems. These interfaces
occur at (1) the main feedwater lines, (2) the PPDWST, and (3) the chemical addi-
tion system. The AFW supply to the steam generators enters the main feedwater
line downstream of all other connections. Motor-operated seismic Category I,
quality Group B, redundant isolation and check valves are provided in the main
feedwater line to protect the AFWS from failures in the nonseismic Category I
portions of the main feedwater lines. The PPDWST is seismic Category I, quality
Group C (see Section 9.2.6 of this SER). All nonseismic Category I piping con-
nections to the PPDWST are above the water volume dedicated to the AFWS. All
piping and instrumentation, including redundant level indicators connected to
the dedicated water volume in the PPDWST, are seismic Category I. Interfaces
with the chemical addition system have seismic Category I, normally closed
manual valves and' check valves.

Each AFW pump has a seismic Category I recirculation control valve, which is
located on the discharge piping that recirculates to the PPDWST. These features
provide sufficient isolation to ensure that the functioning of the system is
not impaired if a nonessential component should fail. Therefore, the staff
concludes that the AFWS meets GDC 2 and 44 and Position C.2 of RG 1.29.

The AFWS is designed to seismic Category I, quality Group C criteria from the
PPDWST to, but not including, the electrohydraulically operated control valves.
These control valves, downstream check valves, and the piping from the control
valves to the steam generator are designed to seismic Category I, quality Group B
standards. The AFWS is located within the seismic Category I safeguards build-
ing and containment building; thus, it is protected against the effects of
natural phenomena and tornado missiles. The PPDWST is located outside, but it
is protected against the effects of tornados and missiles by a seismic Cate-
gory I concrete enclosure. A portion of the AFW suction piping is routed under-
ground from the PPDWST to the AFW pumps, and is thereby protected from tornado
missiles. The turbine drive for the turbine-driven AFW pumps is seismically
qualified to function during the SSE. Thus, the AFWS meets GDC 2 as it relates
to protection against natural phenomena and Positions C.1 and C.2 of RG 1.29 as
they relate to seismic classification.

Provisions for AFWS testing and inspection are included in the design. Each
AFWS pump is equipped with a recirculation line to the PPDWST for periodic func-
tional testing. Local manual realignment of valves is not required for this
testing. Continuous recirculation during pump operation is provided through a
fixed orifice. When one AFWS pump train is being tested, the other two trains

- are available for automatic operation. Periodic surveillance testing of the
. essential pumps and their associated flow trains is identified in the Standard

Beaver Valley 2 SER 10-17

.. -_ _ .__ -.. __



- . . - -

.

.

.

Technical Specifications. The applicant has committed to incorporate in the
proposed plant Technical Specifications a statement that one essential AFWS pump
train may be inoperable for no more than 72 hours. If this time is exceeded,
the unit affected must be in hot shutdown within 12 hours. The AFWS is tested
each month for pump capacity and valve position and each 18 months for automatic
start capability. Further, the applicant has committed to incorporate in the
plant Technical Specifications an AFW flow path verification test during which
water is pumped from the primary water source to the steam generators before
startup after any cold shutdown of 30 days or longer. On the basis of the
applicar.t's commitments, the staff concludes that the AFWS meets NUREG-0611 re-
garding functional testing and surveillance.

The AFW components are located in areas that are accessible during normal plant
operation to permit periodic inservice inspection. The applicant has committed*

to provide a second (independent) operator verification of proper AFWS-valve
position following restoration of an AFWS train to service after periodic test-
ing or maintenance. Therefore, the staff concludes that the AFWS meets NUREG-0611
regarding provisions for inservice inspection.

.

i The AFWS trains are not used during startup and shutdown; therefore, they are
i not designed as high-energy lines, as prescribed in SRP 3.6.1 and 3.6.2. Sepa-
, rate cubicles are provided for redundant AFW pumps to prevent possible intern-'

ally generated missiles from damaging more than one pump. Although the separate
cubicle enclosure for the turbine-driven pump protects the motor-driven pump
from potential missiles originating from the turbine-driven pump, the applicant
has not provided the results of an analysis that shows that potential missiles-

i from the turbine-driven AFW pump cannot damage other safety related equipment.
! Further discussion on protection against internally generated missile is in
! Section 3.5.1.1 of this SER. Protection against the effects of pipe breaks is

discussed further in Section 3.6.1 of this SER. Environmental qualification
of AFWS components with respect to pipe breaks is discussed in Section 3.11 of-

this SER. Thus, GDC 4 is satisfied.
'

The AFWS functions automatically as required during a loss of offsite power.
Under this condition, heat from the steam generators is discharged to the atmos-
phere via the atmospheric relief valves (see Section 10.3.1 above). The turbine-

| _ driven pump functions independently of any ac power (as discussed below) and
thus-is not affected by a loss of offsite power. Power for the motor-driven
pumps is normally provided by the two onsite emergency diesel generators. .The

'

power supply train for each pump is physically separated from that of the other-

t pump. Driving staam for the turbine-driven pump is provided from either the A,
'

B, or C steam generator main steamlines upstream of the MSIVs and is discharged
to the atmosphere. Each steam supply line has an air piston-operated valve that
opens on a signal to start the turbine-driven pump. Redundant control systems

f are provided to ensure that etch valve opens on a turbine-driven pump start sig-
1. nal. If there is a power or air failure, the valve will not open. A check
: valve in each steam supply prevents flow reversal. Each AFW pump discharge has

a normally open motor-operated isolation valve, a normally open electrohydrau-,

lically operated control valve, and a check valve in the individual feedlines,

to each steam generator. The discharge from the AFW pump also has a loop for.

full-flow pump testing. Self-regulating recirculation flow control valves are
provided to ensure that each pump has the minimum flow needed during operation.,

-

Therefore, the AFWS meets GDC 34 and 44 and NUREG-0611 with respect to the
:

i
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ability of one AFWS to transfer decay heat from the reactor coolant system
under a loss of offsite power.

The AFWS is designed to accommodate a single failure in any active system ccm-
ponent without loss of function. The AFWS consists of three redundant trains,
a 100% capacity turbine-driven train, and two 50% capacity motor-driven trains,
each supplying all three steam generators. Each 50% capacity train provides
sufficient flow for decay heat removal, as discussed below. Each AFW pump is
supplied by separate suction lines from the PPDWST through locked-open manual
valves. Thus, in the event of a postulated design-basis accident concurrent
with a single failure, adequate feedwater to an intact steam generator is en-
sured. Adequate isolation of the AFWS from nonessential systems also is pro-
vided (see above). Therefore, the staff concludes that the AFWS meets GDC 34
and 44 and NUREG-0611 with respect to the single failure criterion.

.

Adequate AFW flow is ensured to the steam generators. If offsite and emergency
onsite ac power are lost, adequate AFW flow to the steam generators is ensured
by the safety-related diverse turbine-driven pump subsystem. The subsystem can
perform its safety function independent of ac power for at least 2 hours. Loss
of ac power will not adversely affect the position of motor-operated valves in
the turbine-driven pump subsystem. All electrically operated valves in the tur-
bine-driven pump discharge path to the A, 8, and C steam generators are normally
open and fail as is on loss of ac power. Therefore, the staff concludes that
the AFWS meets GDC 34 and 44, BTP ASB 10-1, and NUREG-0611 with regard to AFWS
power diversity.

The motor-driven pumps will automatically start and provide the minimum required
feedwater flow within 1 minute after any of the following conditions:

(1) low-low steam generator level in two out of three steam generators
(2) loss c# both main feedwater pumps
(3) initiation of a safety injection signal
(4) loss of station offsite power (main feed pumps tripped)
(5) failure to start turbine-driven AFW pump

The turbine-driven pump will automatically start and provide the minimum re-
quired feedwater flow within 1 minute after one of the following conditions:

(1) low-low steam generator level in any steam generator
(2) manual start (from the control room on emergency shutdown panel)
(3) reactor coolant pump buses undervoltage (2-out-of-3 logic)

Venturi and orifice flowmeters indicate and control the rate of auxiliary feed-
water flow to each steam generator. These flowmeters have safety-related indi-
cation and can be controlled remotely and manually from the control room. (See
also the discussion of automatic AFWS initiation and flow indication, including
compliance with Item II.E.1.2 of NUREG-0737, in Section 7.3 of this SER.)
Safety-related Class 1E equipment in the control room and at the emergency
shutdown panel gives the operator the capability to manually initiate and con-
trol the AFWS pumps / valves and isolate an AFWS train. This manual capabili+y
exists even after the automatic system is actuated. In addition, local manual
control at the individual component is available. Therefore, the staff concludes

- that the AFWS provides adequate instrumentation and control for the prompt
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initiation of a shutdown using safety-related equipment in accordance with
GDC 19, BTP RSB 5-1, and NUREG-0611.

The applicant has described how the design of the AFWS will prevent excessive
pump runout following a main steamline or feedwater line break (steam generator
depressurization) and still maintain the minimum required AFWS flow (350 gpm) to
at least two intact steam generators. Flow control valves and a flow-limiting
venturi tube are provided on each AFWS supply line to each steam generator to
limit the AFW flow to a depressurized steam generator. Then, within 10 min-
utes of the break, the operator can terminate flow to the depressurized steam
generator by manually closing the AFWS isolation valves from the control room.
AFW flow is not throttled to avoid waterhammer because the design of the system
minimizes the possibility of waterhammer (see Section 10.4.7). Therefore, the
AFWS meets GDC 34 and 44 with respect to its ability to transfer heat under
accident conditions and provide isolation to ansure systam function. The AFWS
also meets NUREG-0611 concerning throttling to prevent waterhammer.

In accordance with the conservatisms assumed in the accident analyses discussed
in Section 15 of this report, each AFW pump is designed to provide sufficient
flow for residual heat removal over the entire range of emergencies that require
the AFWS to function. These emergencies include the following accident / transient
conditions:

(1) loss of main feedwater
(2) loss of offsite power
(3) secondary system pipe rupture
(4) cooldown following steam generator tube rupture
(5) small-break LOCA

A minimum dedicated volume in the PPDWST of 140,000 gallons of water is reserved
for the AFWS by Technical Specification. This volume ensures that the reactor
coolant system will cool down to the residual heat removal system cut-in tem-
perature (350 F) in 7 hours (3 hours in hot standby and 4 hours for cooldown),
assuming no makeup to the PPDWST. The PPDWST has connections to the 600,000-
gallon demineralized water storage tank, which is used for normal makeup and
makeup during normal conditions. The connection between the two tanks is above
the 140,000 gallon level in the PPDWST. No nonsafety-related piping is directly
connected to the PPDWST below this level. Safety-related, full-range, redundant
level transmitters are provided on the tank. Annunciation is provided in the
control room for high and low levels in the PPDWST. The PPDWST has a chemical
addition system for maintaining proper water quality. In additi.on, the appli-
cant has committed to develop procedures for transferring to the service water
system, which serves as an additional safety related backup long-term source
of AFW for the steam generators (see Section 9.2.1). Therefore, the staff con-
cludes that the AFWS meets the decay heat removal requirements of GDC 34 and
44, BTP RSB 5-1, and NUREG-0611.

In addition to meeting tha generic recommendations of NUREG-0611 as discussed
above, the applicant has committed to perform a 48-hour endurance test on each
AFW pump before initial fuel load. This commitment is acceptable and also
meets NUREG-0611.

- The applicant has provided an AFWS reliability analysis in Appendix 10A of the
FSAR in accordance with the guidelines of the March 10, 1980 NRC generic letter,
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which corresponds to Item II.E.1.1 of NUREG-0737. The applicant's analysis
evaluated AFWS reliability for two postulated transient and accident scenarios:
case 1, loss of main feedwater with offsite power available, and case 2, loss
of main feedwater due to loss of offsite power, as identified for study in the
March 10, 1980 letter. Overall numerical system unavailability for the two cases
was determined using the guidance and data base in NUREG-0611, Appendix III,
as identified in SRP 10.4.9. The applicant used a number of more conservative
plant specific component failure rates in lieu of those in NUREG-0611. Dominant
quantitative system unavailability for each of the above transient / accident con-
ditions was calculated. The NRC consultant, Brookhaven National Laboratory
(BNL), reviewed the applicant's reliability evaluation and performed an inde-
pendent analysis utilizing fault tree techniques 2nd NUREG-0611 data to provide
results for direct comparison to the applicant's values and to the AFWS unavail-
ability acceptance criterion of 10 4 to 10 5 per demand as indicated in the SRP.

The staff has reviewed the results of the BNL analysis and concurs with its
findings. On the basis of its review, the staff has determined that the AFWS
availability per demand is in the acceptable range for cases 1 and 2. For com-
pleteness, the staff has also reviewed the AFWS availablility for the loss-of-
all-ac power event (station blackout), although there is no numerical acceptance
criterion for this event. The staff review for this event is intended to con-
firm that one train of the AFWS is available independent of ac power. The re-
sults of the applicant's and BNL's studies of the AFWS reliability are compared
in Table 10.1.

The staff concludes that the applicant has satisfactorily complied with
Item II.E.1.1 of NUREG-0737 concerning the AFWS reliability analysis, and that
the AFWS meets the numerical unavailability acceptance criterion of 10 4 to
10 5 per demand for'the loss-of-main-feedwater and loss-of-offsite power events.
For the loss of-all-ac power case, the staff has confirmed that the turbine-
driven AFW pump is available independent of ac power.

The applicant has submitted the design bases for the AFWS flow requirements.
The design bases were requested as part of Item II.E.1.1 of NUREG-0737 and de-
tailed in Enclosure 2 of the March 10, 1980, generic letter. The staff has re-
viewed the applicant's response regarding the design basis for the AFWS flow re-
quirements and concludes that it is acceptable.

On the basis of its review, the staff concludes that the AFWS complies with
GDC 2, 4, 19, 34, 44, 45, and 46 with respect to protection against natural phe-
nomena, missiles, and environmental effects, capability to shut down the plant
from the control room, capability to remove sufficient decay heat for safe shut-
down and cooling water capability, inservice inspection, and functional testing.
It also complies with RG 1.29, BTP ASB 10-1, and BTP RSB 5-1 concerning seismic
classification, power diversity, and design of decay heat removal systems, and
NUREG-0737 and NUREG-0611 concerniog generic improvements to the AFWS design,
procedures, Technical Specifications, and AFWS reliability. It is, therefore,
acceptable. The AFWS meets SRP 10.4.9.

-

.
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Table 10.1 Auxiliary feedwater system (AFWS)
reliability

Probability of AFWS
. failure (or AFWS* ~

unavailability per
demand

Brookhaven
National

Transient description Applicant Laboratory

Loss of main feedwater (LMFW) 8.7 x 10.s 1.6 x 10 8
Loss of offsite power (LOOP) 9.0 x 10 s 2.8 x 10 8
Loss of all ac (LOAC) 2.0 x 10 2--

f

E

1 .

.
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11 RADI0 ACTIVE WASTE MANAGEMENT

The radioactive waste management systems for Unit 2 are designed to provide for
the controlled handling and treatment of liquid, gaseous, and solid wastes.
The liquid ' radioactive waste system processes wastes from equipment and floor
drains, sample wastes, decontamination and laboratory wastes, and chemical
wastes. The gaseous radioactive waste system provides holdup capacity to allow
decay of short-lived noble gases released from the primary coolant gas stripper
and vents from tanks and other equipment containing primary coolant. The liquid
and gaseous waste systems utilize decay tanks and charcoal adsorbers to obtain
as low as is reasonably achievable (AL, ARA) levels, in accordance with 10 CFR 20
and 50.34a. The solid radioactive waste system has been designed to solidify
all wet waste, provide short-term interim storage, and ship it off site for
final burial. At this time, the radioactive waste management review includes
the process and effluent radiological monitoring and sampling systems provided
for the detection and measurement of radioactive materials in plant process and
effluent streams.

11.1 Source Terms

The estimated expected releases of radioactive materials in liquid and gaseous
effluents were calculated by the applicant using the PWR GALE Code described in
NUREG-0017. The staff has reviewed these source terms and found them consistent
with SRP 11.1. The applicant's source terms in the staff evaluation are given
in FSAR Table 11.1-2. The principal parameters used in the staff's calculations
are in Table 11.1.

Unit 2 has three radioactive waste management systems: a liquid waste manage-
ment system that serves Unit 2, but can be cross-connected to receive waste
from Unit 1; a gaseous waste management system; and a solid waste management
system. Additionally, Unit 2 has several radiation monitoring subsystems for
radiological monitoring of processes and' plant effluents.

11.2 Liquid Waste Management System

11.2.1 System Description and Review

The liquid radioactive waste management system consists of process equipment
and instrumentation necessary to collect, delay, process, monitor, and dispose
of radioactive liquid wastes. The liquid wastes originate from the containment
sump, auxiliary building sump, laboratory drains, reactor coolant samples, con-
densate demineralizer rinse water, and other miscellaneous sources. Turbine
building liquid drain wastes are monitored, and, if no activity is detected,
they are released to the environment without processing. Otherwise, the tur-
bine building drain wastes are sent to the liquid waste processing system for
delay and processing before they are released.

The liquid waste processing system consists of two 7500 gallon waste drain tanks
for collection and initial holdup; two 20 gpm evaporators for initial radioac-

- tivity removal; two mixed-bed ion demineralizers; and two 18,000 gallon test
tanks for sampling processed liquid before release. If additional storage is
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required because there is unusual leakage or processing equipment is out of
service, two 50,000 gallon steam generator blowdown hold tanks are made avail-
able to accommodate the additional liquid.

The applicant states that the expected waste flow to be processed is approxi-
mately 4060 gallons per day. This input is consistent with SRP guidelines.
At this rate, assuming only one waste drain tank and one steam generator blow-
down holdup tank are available (57,500 gallon storage capacity), sufficient
storage tank capacity (more than 14 days' worth) is provided to accommodate
transient flows and unexpected maintenance activities requiring shutdown of the
processing equipment. With a process flow of 20 gpm through the evaporator and
demineralizer, the expected daily flows can be processed in sufficient time
(less than 4 hours).

After the water has been proce sed by the evaporator, it can be sent directly
to the test tanks or through a mixed-bed demineralizer before it enters the
test tanks. The water in the test tanks is sampled at the primary sample panel
to determine its activity level. If additional cleanup is required, the test
tank pumps can direct water through the mixed-bed cleanup demineralizer at a
rate of 100 gpm and return the filtered water to the test tanks. With the
water in the test tanks determined to be acceptable for discharge, the test
tank pumps discharge the tank contents through a flow control valve to either
the Unit 1 or Unit 2 cooling tower blowdown. Aa activity monitor continuously
surveys the discharge before its release to the blowdown flow. The discharge
flow will be terminated if high activity is detected.

The evaporator bottoms gradually build up high concentrations of radioactive
elements, suspended solids, and chemicals. The evaporator bottoms are periodi-
cally discharged via redundant evaporator bottoms pumps at 20 gpm through a
cooler and into a heat-traced evaporator bottom holdup tank (2200 gallons).
The holdup tank pump then transports the contents to the solid waste processing
system for solidification and offsite disposal.

In its evaluation of the liquid radioactive waste management system, the staff
considered (1) the capability of the system for keeping the levels ~of radio-
activity in effluents ALARA based on expected radwaste inputs over the life of

i the plant, (2) the capability of the system to maintain releases below the
! limits in 10 CFR 20 and to limit radiological doses to less than allowed by
| Appendix I to 10 CFR 50 during periods of fission product leakage at design
! levels from the fuel, (3) the capability of the system to meet the processing

demands of the station during anticipated operational occurrences, (4) the
quality group and seismic design classification applied to the equipment and
components and structures housing the system, and (5) the design features that
are incorporated to control the releases of raoloactive materials in accordance
with GDC 60.

As noted above, the estimated releases of radioactive materials in liquid
effluents were calculated by the applicant using the PWR GALE Code described
in NUREG-0017. The PWR GALE Code is a computerized mathematical model for cal-
culating the routine releases of radioactive material in effluents from PWRs.
The' code has been in use since 1976 for all PWR licensing reviews. The calcu-
lations in the code are based on (1) data generated from operating reactors,

- (2) field and laboratory tests, (3) standardized coolant activities derived
. from American Nuclear Society (ANS) 18.1 Working Group recommendations, (4) re-

lease and transport mechanisms that result in the appearance of radioactive
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material in liquid streams, and (5) the Beaver Valley Unit 2 radwaste system
design features used to reduce the quantities of radioactive materials ulti-
mately released to the environs. The principal parameters used by the staff
in its calculations are given in Table 11.1. The liquid source term is in
FSAR Table 11.1-2.

11.2.2 Evaluation Findings

The liquid radwaste systems include the equipment necessary to control the re- -

leases of radioactive materials in liquid effluents in accordance with GDC 60
and 61 and 10 CFR 50.34a. Capacities of principal components considered in
the liquid waste processing system evaluation are listed in FSAR Table 11.2-12.
The staff concludes that the design of the liquid waste management system is
acceptable and meets 10 CFR 20.106 and 50.34a, GDC 60 and 61, and 10 CFR 50,
Appendix I, as referenced in the SRP.

The applicant has met Section II.A of Appendix I of 10 CFR 50 with respect to
dose-limiting objectives by proposing a liquid radwaste treatment system that
is capable of maintaining releases of radioactive materials in liquid effluents
so that the calculated individual doses for two-unit operation in an unrestrict-
ed area from all liquid pathways of exposure are less than 5 mrems per year to
the total body and less than 15 mrems per year to any organ.

The staff has concluded that the applicant has met the requirements of the
Commission'.s September 4, 1975, Annex to Appendix I of 10 CFR 50 with respect
to meeting the ALARA criterion and is, therefore, exempt from the cost-benefit
analysis required by Section II.D of Appendix I to 10 CFR 50.

The applicant has met 10'CFR 20.106. The staff has considered the potential
consequences resulting from reactor operation and has determined that the con-
centrations of radioactive materials in liquid effluents in unrestricted areas
will be a small fraction of the limits in 10 CFR 20, Appendix B, Table II,
Column 2.

The applicant has met GDC 60 and 61 with respect to controlling releases of
radioactive material to the environment. The staff has evaluated the capabili-
ties of the proposed liquid radwaste treatment system to meet the demands of the
plant as a result of anticipated operational occurrences and has concluded that
the system capacity and design flexibility are adequate to meet the anticipated
needs of the plant. The staff has reviewed the applicant's quality assurance
provisions for the liquid radwaste systems, the quality group classifications
used for system components, and the seismic design applied to structures hous-

| ing these systems. The design of the systems and structures housing these sys-
' tems meets RG 1.143. The staff has reviewed the provisions incorporated in the

applicant's design to control the release of radioactive materials in liquids
as a result of inadvertent tank overflows and concludes that the measures pro-
posed by the applicant are consistent with RG 1.143.

11.3 Gaseous Waste Management System

; 11.3.1 System Description
i
l The gaseous radioactive waste disposal and plant ventilation systems are de-
I signed to collect, store, process, monitor, and discharge potentially radioac-
[ tive gases generated during normal operation of the plant. The systems consist
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of equipment and instrumentation necesstry to reduce releases of radioactive
gases and particulates to the environment. The principal sources of gaseous
waste are the effluents from primary coolant gas strippers, vents from tanks
and other equipment processing reactor coolant, condenser evacuation system,
and ventilation exhausts from the radwaste building, containment, auxiliary
building, fuel building, and turbine building.

11.3.1.1 Degasifier Portion of Gaseous Waste Disposal System

A portion of the reactor conlant letdown containing dissolved hydrogen and
fission gases is normally directed to a degasifier in the boron recovery system
from the letdown line upstream of the volume control tank (VCT) of the chemical
volume and control system (CVCS). Liquid collected by the nuclear equipment
vent and drain system is directed to the other degasifier. Dissolved gases are
separated from the liquid in the degasifier at a pressure of approximately
2 psig.

Effluent gases from the degasifier contain primarily hydrogen, water vapor, a
small amount of nitrogen, and traces of xenon, krypton, and iodine. These
gases are dehumidified (dew point approximately 52 F) in one of the two sets
of coolers (degasifier vent chiller in the baron recovery system (BRS) and
gaseous waste chiller). Condensation effluent from the water trap is returned
to the primary drain transfer tank (PDTT) located outside containment, via a
liquid seal. The cooled gas stream is passed through and filtered by ambient
temperature charcoal bed adsorbers (cubicle temperature maintained at approxi-
mately 85 F) and one of two redundant prefilters. The heat from r.adioactive
decay is small and does not affect the adsorption of noble gases on the char-
coal. The charcoal bed adsorbers are designed to delay xenon isotopes for a-

minimum of 30 days; they provide a 2-day dela for krypton isotopes for the
normal letdown flow rates (60 gpm) when operated in series. In addition, de-
contamination of iodine to negligible levels is obtained during passage through
the charcoal beds. The only radioisotope present upon leaving the charcoal in
the predominantly hydrogen stream is krypton-85.

After leaving the char. coal, one of the two overhead gas compressors compresses
the radioactive gas stream in a gas surge tank to a pressure of about 65 psig.

Most of the gas flow is reduced in pressure and returned to the VCT in the
CVCS. Periodically, for removal of krypton-85, the surge tank gas is bled to
either the Unit 1 charcoal delay tanks or the Unit 2 gas waste storage tanks
(GWSTs).

'

The compressors operate automatically in response to the suction pressure, thus
maintaining the degasifier's overhead components at a pressure within estab-
lished limits.

The degasifier effluent portion of the gaseous waste disposal system is designed
to include hermetically sealed valves and welded pipe. In addition, the gas
flow is monitored for oxygen content. At an indication of a high oxygen con-
tent, the compressors are shut off. These precautions preclude potentially
explosive mixtures of oxygen / hydrogen.

. In the event of unusually prolonged meteorological conditions of poor disper-
, sion or modes of fuel failure that might result in abnormal concentrations of
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fission products in the reactor coolant, storage space is also provided in
Unit 1 decay tanks or in the Unit 2 GWSTs. The tanks will be allowed to go to
a higher holding pressure and will thus be able to accommodate a larger volume
of gas; however, the higher pressure will not exceed the design pressure of the
system.

11.3.1.2 Air Ejector Effluent Portion of Gaseous Waste Disposal System

The gaseous effluent stream from the main condenser air ejectors of Units 1 and
2 is directed, as necessary, to the air ejector vent charcoal delay beds. These
beds provide sufficient holdup for decay of short-lived radioactive components.
Before entering these charcoal beds,'the gas stream has a dew point of 55 F,
and the humidity is decreased by allowing the gas stream to heat before it
enters the charcoal beds (the cubicle maintained at approximately 77 F). Nor-
mally, the effluent from the air ejectors is not contaminated and the charcoal -

adsorber beds are bypassed.

11.3.1.3 Gaseous Waste Storage Tanks

The Unit 2 GWSTs are designed to handle all the gas generated by either Unit 1
or Unit 2 when the units are going to a cold shutdown condition from the fol-
lowing sources

(1) noncondensible gases in the pressurizer steam space via the degasifier
(2) hydrogen in the reactor coolant
(3) nitrogen used as an inert cover gas in the VCT via the degasifier

During shutdown act1/ities, other provisions allow the operating unit to dis-
charge to the Unit 1 gaseous waste decay tanks while the Unit 2 GWSTs receive
input from the above sources.

The system utilizes seven tanks with the ability for individual isolation.
Pressure-relieving devices are provided on each tank. The total rated reliev-
ing capacity of each pressure relief device is sufficient to prevent pressuri-
zation greater than 100 psi. These pressure-relief devices discharge to the
process vent release point on Unit 1.

An offline radiation monitor is provided to detect the contained activity in
the tanks.

The discharge from the Unit 2 GWSTs is routed to the discharge path of the
'

Unit 1 gaseous waste decay tanks. This path is maintained by a flow control
valve and is automatically isolated upon receipt of a high radiation signal
from the process vent final release radiation monitor.

11.3.1.4 Ventilation Filter Systems

Unit 2 utilizes a portion of the supplementary leak collection and release
system (SLCRS) to process potentially contaminated flows from the following:

(1) containment purge exhaust (30,000 and 7500 cfm)

(2) fuel building exhaust (3000 cfm), normally filtered
,

.
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(3) exhaust from portions of the auxiliary building where radioiodine gases
may be present (these are the charging pump and component cooling pump
rooms (13,000 cfm) and the radwaste area of the auxiliary building and
waste handling building (39,000 cfm)), normally filtered

(4) main steam valve area exhaust (4000 cfm), normally filtered

(5) exhaust from contiguous enclosed areas around the reactor containment
(23,000 cfm), normally not filtered, but filtered if high activity is
detected in this flow stream

The filtration system consists of two parallel trains. Each train consists of
a moisture separator and an electric heater to remove water and control humidity,
followed by two parallel filter assemblies consisting of a high efficiency par-
ticulate air (HEPA)/ charcoal /HEPA filter arrangement.

The SLCRS filtration system is used during accident conditions, as well as dur-
ing normal operation. For normal operation, this system meets RG 1.140. The
filtration efficiencies for iodine and particulate removal assigned by the staff
during normal operation are 90% and 99%, respectively.

11.3.1.5 Containment Vacuum System Exhaust
9

The containment vacuum system exhaust has not been adequately addressed in the
FSAR as a source of radioactive gaseous release. As currently designed, redun-
dant 45-cfm water seal vacuum pumps take suction on the containment and exhaust
(at 100% relative humidity) through the Unit 1 gaseous waste disposal charcoal
filter. However, no provisions have been made for the Unit 1 filter to remove

,

water, control relative humidity, provide particulate filter protection of the
charcoal, and provide adequate surveillance leakage testing and methyl iodine
laboratory charcoal performance testing. These conditions do not meet the re-
quirements for non-engineered safety feature filter systems in RG 1.140. Conse-
quently, no iodine removal credit can be allowed for this system.

:

11.3.2 Review Discussion

In its evaluation of the gaseous radwaste management system, the staff consid-
ered the following SRP criteria: (1) the capability of the system for keeping
the levels of radioactivity in effluents ALARA based on expected radwaste inputs
over the life of the plant, (2) the capability of the system to maintain re-
leases below the limits in 10 CFR 20 during periods of fission product leakage
at design levels from the fuel, (3) the capability of the system to meet the
processing demands of the station during anticipated operational occurrences,
(4) the seismic design classification applied to the equipment and components
and structures housing the system, (5) the design features that are incorporated
to control the releases of radioactive materials in accordance with GDC 60, and
(6) the potential for gaseous releases resulting from hydrogen explosion in the
gaseous radwaste system.

As was done for liquid effluents, the staff calculated the estimated releases of
radioactive materials in gaseous effluents using the PWR GALE Code (NUREG-0017).
The principal parameters used by the staff in these calculations are contained
in Table 11.2.
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The staff has reviewed the applicant's quality assuranci~ provisions for the
gaseous radwaste systems, the quality group classifications used for system com-
ponents, and the seismic design criteria applied to the design of the system
and of structures housing the radwaste systems. The design of the system and
structures housing these systems meet RG 1.143 for radwaste processing systems,
as referenced in the SRP.

The staff has rsviewed the provisions incorporated in the applicant's design
to control releases as a result of hydrogen explosions in the gaseous radwaste
system and concludes that the measures proposed by the applicant are adequate
to prevent the occurrence of an explosion or to withstand the effects of a
hydrogen detonation.

The staff has reviewed the provisions incorporated in the applicant's design
to collect airborne radioactive materials in the normal ventilation exhaust
systems during normal plant operation, including anticipated operational occur-
rences. With the exception noted in Section 11.3.1.5 pertaining to the contain-
ment evacuation system, the staff finds that the design of air filtration and
adsorption units is consistent with RG 1.140, as referenced in the SRP.

11.3.3 Evaluation Findings

Even though no iodine removal credit was taken for the containment evacuation
system, the staff concludes that the design of the gaseous waste management
system is acceptable and meets 10 CFR 20.106 and 50.34a; GDC 3, 60, and 61;
and the Annex (RM-50-2) to Appendix I to 10 CFR 50, as referenced in the SRP.

The applicant has met GDC 60 and 64 with respect to controlling releases of
radioactive material to the environment by ensuring that the design of the
gaseous waste management system includes the equipment and instruments neces-
sary to detect and to control the release of radioactive materials in gaseous
effluents. Capacities of principal components considered in the gaseous waste
processing system evaluation are listed in Table 11.2.

The applicant has met the Annex to Appendix I to 10 CFR 50 by meeting the ALARA
criterion. Regarding Sections II.B and II.C of Appendix I, the staff considered
releases of radioactive material (noble gases, radiofodine, and particulates)
in gaseous effluents for normal operation including anticipated operational oc-
currences based on expected radwaste inputs over the life of the plant. The
staff has determined that the proposed gaseous waste management system is capa-
ble of limiting releases of radioactive materials in gaseous effluents so that
the calculated individual doses in an unrestricted area from all pathwayr of
exposure are less than 5 mrems to the total body or 15 mrems to the skin and
less than 15 mrems to any organ from releases of radioiodine and radioactive
material in particulate form. Because the applicant has met the requirements
of the Anrix to Appendix I to 10 CFR 50 with respect to meeting the annual
effluent limits and total site doses and thus meets the ALARA criterion, the
applicant is exempt from the cost-benefit analysis required by Section II.D of
Appendix I to 10 CFR 50.

The applicant has met the requirement > of 10 CFR 20. The staff has considered
the potential consequences of reactor operation with primary coolant activities

,
associated with 1% failed fuel and determined that, under these conditions, the

.
concentrations of radioactive materials in gaseous effluents in unrestricted
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areas will be a small fraction of the limits specified in 10 CFR 20, Appendix B,
Table II, Column 1.

The staff has considered the capabilities of the proposed gaseous waste manage-
ent system to meet the demands of the plant as a result of anticipated opera-
tional occurrences and has concluded that the capacity and design flexibility
of the system are adequate to meet these demands.

The staff has reviewed the applicant's quality assurance provisions for the
gaseous waste management system, the quality group classifications used for
system components, and the seismic design applied to the design of the system
and of structures housing the radwaste system. The design of the system and
of structures housing the system meet RG 1.143.

The staff has reviewed the provisions incorporated in the applicant's design.

to control releases resulting from hydrogen explosions in the gaseous waste
management system and concluded that the measures proposed by the applicant
are adequate to prevent the occurrence of an explosion in accordance with
GDC 3.

11.4 Solid Waste Management System

11.4.1 System Description

The solid waste management (processing) system is designed to collect, process,
and package radioactive wastes generated as a result of normal plant operation,
including anticipated operational fluctuations, and to store this packaged
waste until it is shipped off the site to a licensed burial site. Spent de-
mineralizer resins evaporator bottoms, decanted sludges, and spent filter media
will be solidified and packaged in 55 gallon drums. Dry solid waste consisting
of ventilation air filters, contaminated clothing, rags, and paper will be com-
pacted in the Unit 1 compaction facility. A detailed description of the Beaver
Valley Unit 2 solid waste proces' sing system is in FSAR Section 11.4.

The review of the solid waste management system and components included an.

evaluation of the system design, system design objectives (including expected
and design volumes of waste), activity and expected radionuclide distribution,
equipment design capacities and design parameters, flow diagrams and piping
and instrumentation diagrams, and special design features. Included in the
review were expected chemical content, radionuclide concentrations, solidifi-
cation methods, type and size of waste containers, packaging and storage, and
quality group classification.

11.4.2 Evaluation Findings

The applicant estimated that the expected annual :,olidified wet-waste volumes
that will be shipped off site or stored annually will have a volume of approxi-
ately 11,200 ft3 and contain 9400 Cf. The volume of dry solidified waste
(spent filters) is estimated to be approximately 2600 ft annually and contain3

approximately 2600 Ci; dry compressible wastes shipped or stored annually will
have a volume of 6,500 ft3 and contain less than 5 Ci.

- The applicant has employed components, system designs, and design criteria for
the solid radwaste systems that are consistent with components and systems
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used in operating plants that have demonstrated their efficiency, capacity
ratings, and availability factors in extensive operational use.

The applicant has not yet submitted a process control program to ensure that
waste solidification will meet the requirements for packaging, handling, ship-
ping, and disposal. Although such a program is not addressed in this report,
a program of this type will be required by the Technical Specifications, as
specified by BTP ETSB 11-3. As part of this process control program, the appli-
cant must address the additional requirements of 10 CFR 61. The applicant
should confirm that he will submit a solid waste process control program to
the staff for review before initial reactor heatup.

The applicant will provide adequate space for onsite storage of solidified and
dry wastes (28 weeks at the expected waste input rates), as specified by BTP
ETSB 11-3. The, capability of the proposed system to process the types and vol-
umes of waste generated during normal operation, including anticipated opera-
tional occurrences, is in accordance with GDC 60.

Provisions for handling of the wastes are in accordance with 10 CFR 20 and 70
and 49 CFR 171 to 179 (the latter are Department of Transportation regulations).
The applicant's quality group classification and seismic design have been found
to be acceptable, and the system meets RG 1.143.

The basis for the staff acceptance of the solid waste management systems has
been conformance of the system design and design criteria to the regulations
and guides referenced above. On the basis of the above evaluation, the staff
concludes that the proposed solid radwaste system is acceptable.

11.5 Process and Effluent Radiological Monitoring and Samoling Systems

11.5.1 System Description

The process and effluent radiological monitoring and sampling systems monitor,
record, and control the release of radioactive materials that may be generated
during normal operation, anticipated operational variations, and postulated
accidents. These monitors supply information to operating personnel.concerning
radioactivity levels in plant process and effluent streams.

Monitors used in liquid streams are either "inline" or "offline" gamma detec-
tors. Monitors in process gas or ventilation air streams are units that extract
an isokinetic sample and perform the following functions on the sample: con-
tinuously filter for particulates (moving filters) and measure particulate
activity as the filter media moves past a detector, collect radiciodine in
charcoal filter cartridges for subsequent laboratory counting, and continuously
determine the noble gas activity as the gas sample passes through a gamma de-
tector. Pipe-mounted shielded gamma detectors are utilized on steamlines.
Table 11.3 lists the process and effluent monitors utilized in Beaver Valley
Unit 2.

The staff review included the locations and types of effluent and process
monitoring provided for Unit 2. On the basis of the plant design, the contin-
uous monitoring locations, and the intermittent sampling locations, the staff
concludes that all normal and potential release pathways will be monitored._

The applicant's description indicates that the process and effluent monitoring'

system design meets the guidelines in RG 4.15 for quality assurance.
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The staff also determined that the sampling and monitoring provisions are ade-
quate for detecting radioactive material leakage to normally uncontaminated
systems and for monitoring plant processes that could affect radioactivity re-
leases. On these bases, the staff considers that the monitoring and sampling
provisions meet GDC 60, 63, and 64 and RG 1.21. Therefore, they meet the SRP.

11.5.2 Evaluation Findings

The staff concludes that the process and effluent radiological monitoring
instrumentation and sampling systems are acceptable and meet the relevant re-
quirements of 10 CFR 20.106 and GDC 60, 63, and 64, as referenced in the SRP.
The process and effluent radiological monitoring and sampling systems include
the instrumentation for monitoring and sampling radioactivity, contaminated
liquid, and gaseous process and effluent streams. The staff review included
the provisions propased to sample and monitor all station effluents in accord -
ance with GDC 64, the provisions proposed to provide automatic termination of
effluent releases and ensure control over discharges in accordance with GDC 60,
the provisions proposed for sampling and monitoring plant waste liquid and
gaseous process streams for process control in accordance with GDC 63, and the

'

provisions for conducting sampling and analytical programs in accordance with
RGs 1.21 and 4.15.

The review included (1) siping and instrument diagrams and process flow diagrams
for the liquid and gaseous processing systems and for ventilation systems, and
(2) the site plot diagrams for the location of monitoring points relative to
effluent release points.

The staff has determined that the applicant's designs, design criteria, and
design bases for the process and effluent radiological monitoring instrumenta-
tion and sampling systems provided for normal operation meet SRP 11.5.

.

-

.
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Table 11.1 Parameters for. evaluating liquid waste processing systems

Parameter Value

Reactor power (MWt) 2766
;

Mass of primary coolant (1b) 420,000
Primary system letdown flow (gpm) 60

Letdown cation demineralizer flow (gpm) 5.5
Number of steam generators 3

. . Total steam flow (million 1b7hr) 11.6
Mass of steam in each steam generator (1b) 6,700
Mass of liquid in each steam generator (1b) 99,300
Total mass of secondary coolant (Ib) 720,000

Steam generator blowdown treated by liquid waste system (1b/hr) 13,800
Condensate demineralizer flow fraction 1. 0

Radwaste dilution flow (gpm) 7,800
Shim bleed rate (gpd) 1,440

Decontamination factors (I, Cs, other) 102, 104, 104
Boron recovery holding tank collection time (days) 27
Process time (days) 3.6
Discharge fraction 0.1

Equipment drains (gpd) 75
,

Fraction of primary coolant activity- 1. 0
Decontamination factors (I, Cs, others) 103, 104, 104
Collection time (days) 1.5
Process time (days) 0.2
Discharge fraction , 1.0

Dirty waste (gpd) 3,985

Fraction of primary coolant activity 0.007
Decontamination factors (I, Cs, others) 103, 104, 104
Collection time (days) 1.5
Process time (days) 0.2
Fraction released 1.0

'

Steam generator blowcown fraction processed 1. 0

Decontamination factors (I, Cs, others) 103, 104, 104
Collection time (days) 1.0
Process time (days) 0.6 :
Release fraction 1.0

'

'

.

<
.

_

4 .

i *
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Table 11.2 Parameters for evaluating gaseous waste systems

Parameter Value

Continuous gas stripping of letdown flow (gpm) -60

Noble gas holdup time

Krypton (days) 2.6
Xenon (days) 4.6

Ventilation exhaust for auxiliary building

Charcoal filters (percent iodine removal) 90
HEPA filters (percent particulate removal) 99

Containment volume (million ft ) 1. 83

Containment atmosphere cleanup rate (cfm) 6,700

Containment volume purges per year 2

Continuous containment low volume purge without
iodine removal (cfm) 45

Total mass of charcoal delay beds (lb) 4,000
.

Dynamic adsorption coefficient-

3Krypton (cm /gm) 18.5
3Xenon (cm /gm) 330

Charcoal delay bed flow rate (cfm) 0.31
;

| -

|

: .

*

:.

!

Beaver Valley 2 SER 11-12

,
.

L



_ . - -. - _- _ _ _ . _ _ . _ . _ - -- ._ _. . . .

.

. - .

.

4

Table 11.3 Detector technical requirements for process and effluent radiation monitorsas

b$
.

*
' Maximum Minimum ** DetectableMonitor Detector background * Reference sensitivity range.:

B. designation description (mres/hr) Isotope (pCi/cc) (pCi/cc)I Rf
! '< Effluent

P3 Elevated release, Gas 2. 5 Xe-133 1x10 1 Later.

j N; high range ,

us - '

Main steam discharge, Gas 2.5 Cs-137 1x10 1 Laterhigh range (steam)
; Ventilation vent Particulate 2. 5 I-131 1x10 18 10 20 to 10 5

Gas 1 Xe-133 1x10 s 10 8 to 10 1
Gas 2*** Kr-8C 1x10 7 7x10 7 to 10 1.

t.I Elevated release Particulate 2. 5 I-131 1x10 18 Later
Gas 1 Xe-133 1x10 8

i Gas 2*** Kr-85 1x10 7se
: y' Liquid waste Liquid. 2. 5 Cs-137 1x10 8 !

.

t' process effluent
| |

Waste gas Gas 2. 5 Xe-133 1x10 18 10 8 to 10 1.

storage vault ,

|{ Condensate polishing Particulate 2.5 I-13.1 1x10 18 10 18 to 10 5 ;1 vent stack Gas Xe-131 10 8 to 10 1 !

Turbine building Liquid 1.0 Cs-137 1x10 s 10 8 to 10 1
|'

' drain, -

Process
,

Hydrogen purge Gas 15 Xe-137 1x10 1 10 1 to 104
.

,

vent, high range:

'

I Recirculation spray Liquid 5. 0 Cs-137 1x10 4 Later; heat exchanger
'

' service water '
'

Containment purge Gas 2.5 Xe-133 1x10 8 10 8 to 10 1;

Air ejector discharge Gas 0.75 Xe-133 1x10 4 Later
-

4

i

j

,

I b
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Table 11.3.(continued),

M

k Maximum Minimum ** DetectableMonitor Detector background * reference sensitivity rangey
designation description (ares /hr) isotope (pCf/cc). (pCi/cc)

*
,

Xx Air ejector delay Gas 2.5 Xe-133 1x10 s. Laterbed dischargeN

Aerated vent Gas 2. 5 Xe-133 1x10 8 10 8 to 10 1transfer line
Component cooling / Liquid 2.5 Cs-137 1x10 8 10 8 to 10 1service water
Component cooling Liquid 2.5 Cs-137 1x10 8 10 8 to 10 1heat exchanger

,

service water ,

Steam generator Liquid 2.5 Cs-137 lx10.s 10 4 to 10 1y blowdown sample
O Reactor coolant Liquid 2. 5 Cs-137 1x10 2 10 1 to 104#

1etdown, high range

Reactor coolant Liquid 2.5 Cs-137 1x10 4 10 4 to 100letdown, low range
Gaseous waste surge Gas 2.5 Kr-85 1x10 2 10 2 to 103tank transfer line
Component cooling Liquid 2.5 Cs-137 1x10.s lo_s to 10 1
Auxiliary steam Liquid 2.5 Cs-137 1x10 8 10 8 to 10 1condensate

Evaporator reboiler Liquid 2. 5 Cs-137 1x10 8 10 8 to 10 1condensate

Waste gas storage tanks Gas 2. 5 Xe-137 1x10 s to.s to 10 1
* Background from gammas of 1 Mev energy.

** Detector sensitivity will refer to the guidance described in ANSI .13.10.
***The ventilation vent and elevated release monitors include two gas detectors, one of which is gamma

sensitive and the other beta sensitive.for maximum Kr-85 sensitivity.

'
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12 RADIATION PROTECTION

The staff has evaluated the proposed radiation protection program in FSAR Chap-
ter 12 against SRP 12. The radiation protection measures at Beaver Valley
Unit 2 are intended to ensure that internal and external radiation exposure to
station personnel, contractors, and the general population as a result of sta-
tion conditions, including anticipated operational occurrences, will be within
applicable limits of 10 CFR 20 and will be as low as is reasonably achievable
(ALARA).

The basis of the staff acceptance of the Beaver Valley Unit 2 radiation protec-
tion program is that doses to personnel will be maintained within the limits of
10 CFR 20, " Standards for Protection Against Radiation." The applicant's radia-
tion protection designs and program features are consistent with RG 8.8, "Infor-
mation Relevant to Ensuring That Occupational Exposures at Nuclear Power Stations
Will Be As Low As Is Reasonably Achievable." Some of the radiation protection
measures which the applicant will use at Beaver Valley include the use of remote
handling equipment, pipe trenches for radioactive piping, use of corrosion-
resistant materials, location of radiation components in separately shielded
cubicles, and training of personnel in radiation protection. The applicant's
use of these and other radiation protection features will help to ensure that
occupational radiation exposures are maintained ALARA, both during plant opera-
tion and during decommissioning.

On the basis of its review of the FSAR, the staff has concluded that the radia-
tion protection measures incorporated in the design will provide a reasonable
assurance that occupational doses will be maintained ALARA and below the limits
of 10 CFR 20. These radiation design features are consistent with RG 8.8.

12.1 Assuring That Occupational Radiation Exposures Are ALARA

12.1.1 Policy Considerations

The applicant provides a management commitment to ensure that Beaver Valley
Unit 2 will be designed, constructed, and operated in a manner consistent with
RG 8.8; RG 8.10, " Operating Philosophy for Maintaining Occupational Radiation
Exposures As Low As Is Reasonably Achievable"; and RG 1.8, " Personnel Selection
and Training" (Revision 1). The ALARA philosophy was applied during the initial
design of the plant. Since then, the applicant's experienced operating person-
nel have continued to review, update, and modify the plant's design and construc-
tion on the basis of exposure data and experience gained from operating nuclear
power plants. This is done to ensure that occupational exposures will be kept
ALARA in accordance with RG 8.8. Therefore, the policy considerations are
acceptable.

12.1.2 Design Considerations

The objective of the plant's radiation protection design is to maintain indi-
_ vidual doses and total person rem doses to plant workers (including construc-

tion workers) and to members of the general public ALARA, and to maintain
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individual doses within the limits of 10 CFR 20. Within restricted areas,.all
plant sources of direct radiation and airborne radioactive contamination are
considered in the staff review.

To reduce radiation exposure, the applicant has utilized (1) information ob-
tained from plants currently operational and (2) guidance from RG 8.8. Some
examples of design improvements directly attributed to experience and operation
and following RG 8.8 are as follows:

(1) Equipment and per'sennel decontamination areas have been included in the
layout.

(2) Concrete shield walls, floors, and ceilings are painted to enhance decon-
tamination in the event of spillage of radioactive material in the auxil-
iary building.

(3) To minimize radiation exposure to operating personnel, radioactive piping
is routed behind shielding.

(4) Equipment and components requiring maintenance are located in low radiation
areas.

(5) Systems that may become contarinated are designed with provisions for
flushing or remote chemical cleaning.

(6) Equipment is located in accessible parts of cubicles; equipment frequently
changed in whole or in part is readily accessible.

(7) Localized shielding or space and adequate structure for localized shielding
are provided as part of the shielding design.

(8) Auxiliary building ventilation is designed to ensure control of airborne
contaminants; airflow is typically from areas of lower potential for con-
tamination to areas with a higher potential for contamination.

These design considerations conform with RG 8.8 and are acceptable.

12.1.3 Operational Considerations

The Beaver Valley Unit 2 operational considerations included the development of
a radiological training program, a radiation zoning and access control system,
and general guidelines for workers performing maintenance in high-radiation
areas. These operational considerations ensure that operating and maintenance,

personnel follow specific plans and procedures to ensure that ALARA goals are
achieved in the operation of the plant. Engineering controls for the protec-
tion of personnel have bee , identified. High-radiation-exposure operations are
carefully preplanned and carried out by personnel well trained in radiation
protection and using proper equipment. During such maintenance activities,
personnel are monitored for exposure to radiation and contamination. Upon com-
pletion of major maintenance jobs, a debriefing is conducted, a critique is
prepared, and feedback about how to improve procedures is obtained from super-
visors. The results are used to change job procedures and techniques.

.

.
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Station and utility management personnel will conduct periodic reviews of the
radiation protection program to identify design, operational, and personnel
problems in the radiation protection area. Station management will use the
findings to recommend design modifications or changes in plant procedures.
The operational considerations conform to RGs 8.8 and 8.10 and are acceptable.

The staff concludes that the policy considerations, design considerations, and
operational considerations at Beaver Valley Unit 2 are adequate to ensure that
occupational radiation exposures will be ALARA in accordance with RGs 8.8 and
8.10 and are acceptable.

12.2 Radiation Sources

FSAR Section 12.2 describes the sources of contained and airborne radioactivity
used as inputs for the dose assessment and for the design of the shielding and
ventilation systems. The methods and bases used by the applicant to estimate
the source terms are also described. Additional information on source terms
in Chapter 11 was also reviewed.

Inside the containment during power operation, the greatest potential for per-
sonnel dose during operation results from nitrogen-16, noble gases, and neu-
trons. Outside the containment and after shutdown inside the containment, the
primary sources of personnel exposure are fission products from fuel-cladding
defects and activation products, including activated corrosion products. Almost

! all of the airborne radioactivity within the plant results from equipment leak-
age. The source terms are based on conservatively selected data from the GALE
code (NUREG-0017) and Stone and Webster Topical Report RP-8A. The coolant and
corrosion activation product source terms are based on operating experience

! from reactors of similar design; allowances are included for the buildup of
activated corrosion products. Neutron and prompt gamma source terms are based
on reactor-core physics calculations and operating experience from reactors of-

i similar design. The source terms presented-are comparable to estimates by
other applicants and are acceptable.

The applicant has provided a tabulation of maximum expected radioactive airborne.

concentration in equipment cubicles, corridors, and operating areas, from equip-
ment leakage. The bases for these leakage calculations are in accordance with

,

RG 1.112, " Calculation of Releases of Radioactive Materials in Gaseous and
: Liquid Effluents from Light-Water-cooled Power Reactors," and are acceptable.

The ventilation system will be designed to provide enough volume changes per
,

hour in occupied areas that may contain significant airborne activity to main-<

tain-exposure to plant personnel ALARA. Air will be routed from areas of low
potential airborne contamination to areas of increasing potential airborne con-
tamination. The resulting estimated airborne radioactivity concentrations in
frequently occupied areas will be a small fraction of 10 CFR 20.103 limits and
are acceptable. The source terms used to develop these airborne concentration
values are comparable to estimates by other applicants with similar design and,

are acceptable.i

12.3 Radiation Protection Design Features
1

FSAR Section 12.3 describes the features that are included in the radiation pro--

tection design of the plant to maintain exposures ALARA. Separate descriptions: .

P

<
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are preserted for the categories of facility design features, shielding, venti-.

lation, and area-radiation and airborne radioactivity monitoring instrumentation.

12.3.1 Facility Design Features

The applicant has provided evidence that the dose accumulating functions per-|

I formed by workers have been considered in the plant design. Features have been
included in the design to help maintain exposure ALARA in the performance of
those functions. These features will facilitate access to work areas, reduce
or allow the reduction of source intensity, reduce the time required in the
radiation fields, and provide for portable shielding and remote-handling tools.
The applicant's facility design features are consistent with RG 8.8. Therefore,
the staff concludes that the facility design features are acceptable.

The applicant has provided five major radiation zones as a basis for classifying
occupancy and access restrictions for various areas within the plant. On this!

basis, maximum design dose rates are established for each zone and used as input
| for shielding of the respective zones. The areas that will have to be occupied
| on a predictable basis during normal operations and anticipated cccurrences are
| zoned so that exposures are below the limits of 10 CFR 20, and will be ALARA.

The zoning system and access control features will also meet the posting and
entry requirements of 10 CFR 20.203 and are consistent with RG 8.8.

Several features are included in the plant design and operational program to
minimize the buildup of activated corrosion products, a major contributor to
occupational doses.

Examples include:

(1) Interior surfaces as well as layout of ducts and pipes are designed to
minimize buildup of contamination.

(2) Valves, valve packing, and gaskets are selected to minimize leakage and
spillage of radioactive materials.

(3) Curbs, dikes, and controlled floor drains are provided around radioactive
- tanks to control leakage and minimize the spread of contamination.

(4) Systems subject to contamination include provisions for flushing or remote
chemical cleaning before maintenance.

(5) Chemistry in the primary system is controlled.

(6) Cobalt-bearing materials are minimized and used only as necessary for reli-
ability and wear.

s .

.

The applicant's corrosion product control features are consistent with RG 8.8
and are acceptable.

Tne design features incorporated by the applicant for maintaining occupational
radiation doses ALARA during plant operation and maintenance will also serve
to maintain radiation doses ALARA during decommissioning operations and are,

. therefore, acceptable.
*

e
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12.3.2 Shielding

The objectives of the plant's radiation shielding are to provide protection
against-radiation for operating personnel, both inside and outside the plant,
and for the general public, during normal operation, including anticipated
occupational occurrences and during reactor accidents. The shielding was
designed to meet the requirements of the radiation dose rate zone system dis-

p cussed above. The following are several of the shielding design features
incorporated into Beaver Valley Unit 2:

(1) Access labyrinths are provided for rooms housing equipment that contains
high radiation sources to preclude a direct radiation path from the equip-
ment to accessible areas. '

(2) Radioactive piping is routed through high-radiation areas where practical,
or in shielded pipe chases in low radiation areas.

(3) Shielding is provided for all equipment that is anticipated to be normally
radioactive.

(4) Piping penetrations, ducts, and voids in radiation shield walls are located
to preclude the possibility of streaming from a high- to a low-radiation
area.

(5) Shielding is designed to be removable, where required, to provide personnel
access for inspection, servicing, maintenance, or replacement of plant
equipment.

These shielding techniques are designed to maintain personnel radiation exposure
ALARA. Therefore, the staff concludes that the shielding design objectives are
acceptable.

.

The applicant's shielding design methods included the use of computer codes
such as GAMTRAN1, QADMOD, ANISD, and COHORT II, and other standard source mate-
rial. The applicant ai?o used shielding information from operating nuclear
plants as input data for his shield design calculations. All concrete shield-
ing in the plant will be constructed in general compliance with RG 1.69, " Con-
crete Radiation Shields for Nuclear Power Plants." Therefore, the staff con-
cludes that the shielding design methodology presented is acceptable.

'In accordance with the criteria of NUREG-0737 Item II.B.2, the applicant has
performed a design review of station shielding to allow access to vital plant
areas after an accident.

Dose rate calculations were performed for the areas of these systems by using
the source terms and criteria of NUREG-0737. The radiation environment was
evaluated at' increments from 0 to 720 hours after the reactor is shut aown fol-
lowing a_LOCA with significant core damage. Dose rate zone maps were provided
for each relevant area, as well as primary and alternate access routes to vital
areas.

Vital areas requiring accessibility following an accident are identified with
respect to location, occupancy requirements, and maximum dose levels. Vital.

.
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areas include the control room, emergency response facility, security build-
ing, hydrogen analyzers; postaccident sampling area, hydrogen recombiner cubi-
cle, safeguards building manual valve station, residual heat removal suction
valve transfer area in the cable vault area, service building electrical con-
nection area, and main intake structure. The shielding design review conducted
by the applicant showed that Unit 2 meets GDC 13 for vital areas requiring
extended or continuous occupancy (the control room, the emergency response
facility, and the security building). Additionally, it meets GDC 19 for those
vital areas requiring only infrequent access. .

On the basis of its review, the staff has concluded that the applicant has
performed a radiation and shielding design review for access to vital areas in
accordance with Item II.B.2 of '!UREG-0737.

12.3.3 Ventilation

The ventilation system at Unit 2 will be designed to ensure that plant personnel
are not inadvertently exposed to airborne contaminants exceeding those levels
given in 10 CFR 20.103. The applicant intends to maintain personnel exposures
ALARA by

(1) maintaining airflow from areas of potentially low airborne contamination
to areas of higher potential concentrations

(2) ensuring negative or positive pressures to prevent exfiltration or infil-
tration of potential contaminants, respectively

(3) controlling airborne radioactivity when normal airflow patterns may be
disrupted, such as during maintenance

These design criteria are in accordance with RGs 8.8 and 1.52. Some examples
of exposure reduction features in the ventilation system are:

,

(1) Shielding is provided as necessary around each filter train.

(2) Permanent test fittings are provided to facilitate routine testing.

(3) Adequate maintenance space, access, lighting, and changeout features are
provided to facilitate maintenance and inspection.

The staff concludes that the applicant's ventilation system will keep personnel
exposure at a small fraction of 10 CFR 20 values and is therefore acceptable.

.

12.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

12.3.4.1 Area Radiation Monitoring Instrumentation

The applicant's area radiation monitoring system is designed to

(1) provide operating personnel with an indication and record of gamma radia-
tion levels at selected locations within the various plant buildings

.

.
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(2) . provide local alarms at key points where a substantial change in radiation
levels might be of immediate importance to personnel frequenting the area

(3) provide a continuous record of radiation levels at key locations throughout
the plant

To meet these objectives, the applicant plans to use 32 radiation monitors in
14 areas where personnel may be present and where radiation levels could become
significant. Containment high-range radiation monitors will be installed in
accordance with NUREG-0737 Item II.F.1(3). Each area radiation monitor will be
equipped with local audible and visual alarms, variable alarm setpoints, and a
local readout device.

The applicant has provided area radiation monitors around the fuel storage areas
in lieu of criticality monitors that meet the particular requirements of 10 CFR
70.24 and the related guidance of RG 8.12. The applicant filed for an exemption
from 10 CFR 70.24(b) in September 1984, and the applicant has provided a discus-
sion of equivalent alternative monitoring methods that are acceptable to the
staff until an exemption request is approved. The alternative methods discussed
that preclude the need for a dedicated criticality monitor include geometric
spacing of fuel, criticality analyses of fuel storage, limit switches restrict-
ing fuel movement, procedures that govern fuel storage and movement, and the
use cf reliable area radiation monitors that are routinely calibrated and
maintained.

On the basis of its review, the staff concludes that the applicant's area radia-
tion monitoring system will be acceptable.

12.3.4.2 Airborne Radioactivity Monitoring Instrumentation

The design objectives of the applicant's airborne radioactivity monitoring
system are .

(1) to assist in maintaining occupational radiation exposure to airborne con-
taminants ALARA

(2) to inform' operating personnel of airborne radioactivity levels in plant
areas and ventilation effluent streams

(3) to ensure that abnormal release of airborne radioactivity is promptly
detected

The applicant will install airborne radioactivity monitoring systems (RMSs) in
work areas where there is a potential for airborne radioactivity. Visual and
audible alarms are provided in the main control room for these monitors. The
RMS airborne monitors have the capability to detect 10 mpc-hours of particulate
and iodine radioactivity in any compartment that has a possibility of containing
airborne radioactivity and that may be occupied by personnel. The applicant
will provide portable continuous air monitors when needed to monitor air in
areas not provided with fixed airborne radioactivity monitors. Airborne radio-
activity monitors will be calibrated at regular time intervals as required in
the Technical Specifications.

.
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The objective and location criteria for Beaver Valley Unit 2 area and airborne
radiation monitoring systems are in conformance with 10 CFR 20 and RGs 8.2 and
8.8 and are acceptable.

The staff concludes that the equipment and facility design features, shielding,
ventilation, area radiation monitoring, and airborne radioactivity monitoring
systems at Beaver Valley Unit 2 are sufficient to ensure that radiation expo-
sures are ALARA and are acceptable.

12.4 Dose Assessment

The applicant has based the estimate of annual person-rem exposure on experi-
ence from currently operating reactors, Beaver Valley Unit 1 operating experi-
ence, and how Unit 2 has been designed and will be operated. The applicant has
performed an assessment of the dose in agreement with RG 8.19. The assessment
considers doses that will be received by plant and contractor personnel based
on occupancy factors in zones to be occupied, the dose rates in these zones,
estimates of occupancy times, and the manpower necessary to perform the various
tasks involved in plant operations. The annual collective dose equivalent is
expected to be on the order of 450 person-rems per unit. Currently operating
PWRs average 440 person-rems per unit annually, with particular plants experi-
encing an average lifetime annual dose as high as 1300 person-rems. These dose
averages are based on widely varying yearly dases at PWRs. Long-term exposures
should not exceed this value significantly. The basis for this estimate is
associated with detailed dose estimates of specific tasks for the following
work functions: . reactor operations and surveillance, routine maintenance (nor-.

mal and refueling operations), inservice inspection, special maintenance (e.g.,
steam generator maintenance, reactor coolant pump seal inspection and repair),
waste processing, and refueling. Over the 5 year construction period for
Unit 2, doses to construction workers will total about 33.5 person-rems. The

i applicant will control doses through a formal ALARA program that has already
been effectively applied at Beaver Valley Unit 1. The doses expected from
normal operations are detailed in FSAR Tables 12.4-1 through 12.4-10 and are
consistent with operational experience at other operating PWRs. Anticipated
doses for maintenance and inservice inspection reflect current experience, such -

as steam generator inspection and repair, at a level consistent with effective
operational practices, good chemistry controls, and ALARA work planning and
conduct. For abnormal occurrences, the applicant has evaluated postaccident
dose rates and doses for areas that are considered vital to postaccident con-
trol and recovery, and has determined that occupancy and access for these areas
will be below the GDC 19 dose criteria. Special systems and procedures that
enable ALARA doses for postaccident activities have been designed and developed
for Beaver Valley Unit 2. The applicant's exposure estimates are consistent
with RGs 8.10 and 8.19 and the staff's ALARA policy, and, therefore, the staff
finds them acceptable.

12.5 Operational Radiation Protection Program

FSAR Section 12.5 describes the applicant's health physics program. The de-
scription includes the radiation protection organization, equipment, instru-
mentation, facilities, and procedures for radiation protection. Additional
information on the station's organization is in FSAR Chapter 13.

.

.
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The health physics program objectives are to provide reasonable assurance that
the limits of 10 CFR 20 are not exceeded, to further reduce unavoidable expo-
sures, and to ensure that individual and cumulative occupational radiation
exposures are maintained ALARA.

>

12.5.1 Organization

The radiological operations coordinator (ROC) is the radiation protection man-
ager (RPM) at Beaver Valley, and is responsible for the coordination, adminis-
tration, and implementation of the plant's health physics program. The overall
responsibility for the health physics program lies with the Vice President,
Nuclear Division. A radiation protection staff member is assigned to the sta-
tion's onsite safety committee. The applicant has committed that individuals
assigned as the backup to the RPM, if the RPM is absent from the station, will
meet the staff positions in NUREG-0731.

The Beaver Valley Unit 2 radiation protection organization has been evaluated
in accordance with NUREG-0731 and RG 8.8 (Sections C.1.b(2) and (3)).

The organizational description shows that the ROC reports off s.i.e site to the
Manager, Nuclear Safety and Licensing. The ROC has access to the Station Super-
intendent and has effective access to the onsite plant manager (Manager, Nuclear
Operations) as indicated. This organization meets the staff positions for inde-
pendence from operations as given in NUREG-0731 and RG 8.8 and is acceptable.

The applicant has shown that the ROC meets RG 1.8, " Personnel Selection and
Training," for the RPM and is acceptable.

During the absence of the RPM from the station, the Manager, Nuclear Safety and
Licensing, or his designee will select the backup to the RPM. The applicant has
committed to using the criteria of ANSI 3.1, December 1979 draft, in selecting
the individual temporarily filling the RPM position. This meets NUREG-0731 and
is acceptable.

The applicant has committed to having at least one radiation chemistry techni-
cian on the site at all times. This meets NUREG-0731 and is acceptable.

The applicant has shown that the current health physics organization meets
NUREG-0731 and RG 8.8 for an acceptable radiation protection organization.

12.5.2 Equipment, Instrumentation, and Facilities

The radiation protection features at Beaver Valley Unit 2 include a health
physics laboratory, radiochemistry laboratory, decontamination facility, and a
change area. These facilities are sufficient to maintain occupational radie-
tion exposure ALARA and are consistent with RG 8.8. Equipment to be used for
radiation protection purposes includes portable radiation survey instruments,
personnel monitoring equipment, fixed and portable area and airborne radio-
activity monitors, laboratory equipment, air samplers, respiratory protective
equipment, and protective clothing. The number and types of survey equipment,
the sensitivity and range, and details of calibration have been described by
the applicant to include the current Unit 1 inventory in detail as well as the

.

.
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general equipment intended for Unit 2. On the basis of the applic. ant's descrip-
tions for Unit 1 in this area, the staff finds the implementation of a similar
program at Unit 2 acceptable.

To meet NUREG-0737 III.D.3.3, the applicant has committed to provide the equip-
ment, training,'and procedures to sample and determine postaccident airborne
radioiodine concentrations by ~using portable air samples and charcoal or silver
zeolite sampling mediums. Low background counting facilities for postaccident
analyses will be provided. The postaccident radioiodine sampling and analyses
provisions described for Beaver Valley Unit 2 meet NUREG-0737 Item III.D.3.3
and are acceptable.

12.5.3 Procedures

All personnel entering controlled radiation areas will be assigned thermolumi-
nescent dosimeter (TLD) badges and self-reading pocket dosimeters. The TLDswill be processed on a routine basis.

Special neutron survays will be conducted and neutron TLDs will be provided in
accordance with RG 8.14 when plant personnel enter neutron areas, as required
by 10 CFR 20. Bioassay counts of all plant personnel exposed to radiation will
be conducted on an annual basis. Other bioassays will be provided when deemed

/necessary by the plant's health physics staff, using the guidance of RGs 8.9
and 8.26. All radiation exposure information will be processed and recorded in
accordance with 10 CFR 20.

Developmental and technical training is provided for health physics profession-
als. Initial training, requalification, and retraining programs are utilized
for the radiation protection staff. Radiation protection training for plant
staff members and contractor personnel is in compliance with 10 CFR 19.12.

Maintenance, repair, surveillance, and refueling procedures and methods used by
the applicant are reviewed to ensure that all plant radiation protection proce-
dures, practices, and criteria have been considered, to ensure that occupational
radiation exposures will be ALARA and in accordance with RG 8.8.

Quality assurance requirements related to radiation protection will be imple-
mented in accordance with RG 1.33, " Quality Assurance Program Requirements."

On the basis of the information presented in the FSAR and the applicant's
responses to the staff's questions, the staff concludes that the applicant
intends to implement a radiation protection program that will maintain in plant
radiation exposures within the applicable limits of 10 CFR 20 and will maintain
exposures ALARA in accordance with RG 8.8.

|
*

:
-
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13 CONDUCT OF OPERATIONS

13.1 Organizational Structure of Applicant

The applicant has not submitted a description of the organizational structure.
Therefore, this item remains open.

13.2 Training

The applicant's training program for licensed reactor operators and nonlicensed
plant staff was reviewed according to SRP 13.2. The acceptance criteria included
applicable portions of 10 CFR 19, 50, and 55; NUREG-0737; RGs 1.8 and 1.149; and
H. R. Denton's letter of March 28, 1980, to all power reactor applicants and
licensees.

13.2.1 Licensed Operator Training Program

A training program for Beaver Valley Unit 2 licensed reactor operators has been
implemented to develop and maintain an organization fully qualified to operate
the plant and maintain plant safety. The initial and requalification training
programs, which are designed to meet 10 CFR 50 and 55 and TMI-related require-
ments, are based on the individual employee's level of-education, experience,
and skills, as well as on the level of assigned responsibility and intended'

position. -

13.2.1.1 Initial Training Program

The initial training program for personnel who will be licensed consists of the
following discrete segments:

(1) Phase 1 - Academic and Nuclear Fundamental Training

This training course of formal classroom study will be approximately
14 weeks long; it is designed to provide individuals with basic knowledge
in the science and technology of power plant operations. The major areas
to be covered are mathematics, basic nuclear physics, reactor principles,
radiological fundamentals, chemistry, instrumentation and control, elec-
trical theory, safety analysis, fluid flow, thermodynamics, and heat
transfer.

(2) Phase 2 - Plant Systems

This training course is designed to provide the trainees with an indepth
knowledge of plant systems and equipment. This phase of the training pro-
gram is 30 weeks long. This course consists of formal classroom instruc-
tion, plus time in the plant tracing systems, identifying the equipment
associated with the topics covered in the classroom sessions, observing
plant evolutions, and reviewing the station operating and equipment manuals.

Beaver Valley 2 SER 13-1

.

----v-- . ,,,-, .- --e e- - - . e - ------r- - ---- - w -



. _ . _ . . . . . , . . ~ . ...-__... ._..._ _._. ..

(3) Phase 3 - Qualificatica 5tandard Checkoffs -

i

| This phase of the training program is approximately 49 weeks long and
requires the trainees to have (1) detailed knowledge of plant systems and,

.(2) the ability to perform certain operations using plant control devices.
i Throughout this training, trainees must demonstrate that they have the

skill and knowledge to perform the duties to which they will be assigned
for operation.- .The trainees will also learn about the configuration and
operation of plant systems through hands-on training.,

(4) Phase 4 - Offsite Training

: ~The offsite training phase is 1 week long; it includes reactor startup and
| shutdown to familiarize the operator candidates with reactor operations.

'(5) Phase 5 - Plant Manipulations Training-

: This phase of the training program is approximately 13 weeks long and will
! provide license candidates with hands-on training in reactivity manipula-
'

tions. The applicant has indicated that this training will be conducted
- on one of the Beaver Valley units, the Beaver Valley simulator, or an off-

' site simulator. The applicant also has indicated that all candidates for
Unit 2 operating licenses will receive simulator training that meets the:

i requirements of H. R. Denton's letter of March 28, 1980. The simulator
used for this training will meet RG 1.149.

I (6)~ Phase 6 - Lecture Review

This phase is approximately 8 weeks long and will summarize the entire
,

training' program to prepare the candidate for the licensing examination.
i'

(7) Training Program Evaluation
:

The performance of each license candidate participating in the training
program is monitored and evaluated throughout the program. Frequent exami-
nations and demonstration of proficiency during actual or simulated opera-
tiork' are given to each license candidate to determine the effectiveness
of the training and knowledge of the trainee.

On the basis of its review, the staff finds that the applicant's initial training-
' program meets the applicable portions of 10 CFR 50 and 55 and RG 1.8. It also
conforms to H. R. Denton's March 28, 1980 letter to all power reactor applicants
and licensees. Therefore, the staff concludes that the applicant's initial
training program for reactor operators (R0s) and senior reactor operators (SR0s):
is acceptable.

13.2.1.2 Beaver Valley Operator Cross-Training Program

The applicant _has not provided the details of the cross-training program. How-
ever, the applicant has indicated that this program is being developed.

| The staff wit 1 review the details of the cross-training program when they are
received and report its findings in a supplement to the SER.-

.

! Beaver Valley 2 SER 13-2
i

*

.



i

13.2.1.3 Requalification Training Program ;o

!

A requalification training program conducted by the applicant for all licensed
R0s and SR0s will be implemented following the initial licensing. This program
will consist of the following:

(1) Lectures

The applicant has indicated that a total of six preplanned requalification
training lectures will be scheduled throughout the year. The subjects and
contents of the lectures will be based on the results of the annual exami-
nation administered to licensed R0s and SR0s. The content of the lectures
will cover all the subjects listed in Appendix A of 10 CFR 55 and in
H. R. Denton's March 28, 1980 letter.

(2) On-the-Job Training

The on-the-job training portion of the requalification program will consist
of the following segments:

(a) Control Manipulations

The applicant has indicated that during each 2 year, term of the license,
each licensed RO shall perform all of the following listed control
manipulations and each licensed SR0 shall perform, direct, or evaluate
all of the following control manipulations:

* plant or reactor startup to include a range in which reactivity
feedback from nuclear heat addition is noticeable and heatup rate
is established

plant shutdown

* manual control of steam generators and/or feedwater during startup
and shutdown

boration and/or dilution during power operation

* any significant power change (greater than 10%) in manual rod control

any reactor power change 10% or greater where load change is performed
with load limit control

* loss of coolant

including significant PWR steam generator leaks
inside primary containment
large and small, including leak-rate deter,ination
including saturated reactor coolant response

loss of instrument air

~

loss of electrical power (and/or degraded power sources)
;

. loss of core coolant flow / natural circulation-

Beaver Valley 2 SER 13-3
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loss of condenser vacuum

loss of service water if required for safety-

loss of residual heat removal system-

loss of component cooling system or cooling to an individual-

component

loss of all normal fe'edwater and feedwater system failure-

*- loss of all feedwater (normal and emergency)

loss of protective system channel-

mispositioned control rod or rods (or rod drops)-

inability to drive control rods-

conditions requiring use of emergency boration-

fuel cladding failure or high activity in reactor coolant or-

offgas

turbine or generator trip-

malfunction of automatic control system (s) that affects reactivity-

malfunction of reactor coolant pressure / volume control system-

reactor trip-

main steamline break (inside or outside containment)-

; nuclear instrumentation failure (s)-

:

The starred items shall be performed on an annual basis; all other
items shall be performed on a 2 year cycle. An appropriate simulator'

that reproduces the general operating characteristics of and has
! instrument and control arrangements similar to Unit 2 may be used to
| perform these control manipulations.
,

The staff finds that this response complies with Enclosure 4 of H. R.
Denton's letter of March 28, 1980, and is, therefore, acceptable.

(b) Knowledge of Facility Design, Procedur?s, and License Changes, and
Abnormal and Emergency Procedures

To ensure a continuing awareness of the action and responses necessary
during abnormal and emergency situations, each licensed R0 and SRO
will periodically be given reading assignments to review the content
of the following subjects:

j~ facility design changes-

facility procedure changes-
;

|

|
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Technical Specification changes-

emergency preparedness plan-

radiation control procedures-

temporary facility procedures-

station industrial security procedures-

abnormal and emergency procedures-

(3) Simulator Training

The applicant has indicated that all of the licensed R0s and SR0s will
participate in simulator training during the term of their licenses. The
staff finds that the applicant has ce;amitted to the requirement in Enclo-
sure 1 of H. R. Denton's letter of March 28, 1980 that all licensed operators-
participate in a simulator trair.ing program as part of the requalification
program.

(4) Evaluation

As described in the Appendix A to the 10 CFR 55, the evaluation program
for licensed personnel shall include the following:

,

(a) Annual Written Examination

The applicant has indicated that annual examinations will be given to
determine areas in which retraining is needed to upgrade the knowledge
of the licensed R0s and SR0s. ,

(b) Systematic Observation and Evaluation
,

The applicant has indicated that the performance and competence of
licensed R0s'and SR0s will be evaluated at least annually by obser-
vation or by a critique of how the operators responded in recognizing
and managing such events as abnormal occurrences.and response to off-
normal operating conditions or to simulated emergency or abnormal
operating conditions. The final evaluation will be done through
observation using the Beaver Valley control panel or the station simu-
lator control panel.

(5) Accelerated Requalification Program

The applicant has indicated that any licensed operator who scores less
than 80% in any section of the comprehensive annual examination shall be
required to attend lectures on the subject of those sections of the exami-
nation. If an individual fails to attain the established overall average
of 80%, with a minimum of 70% in each section, that operator shall be
removed from shift duties and shall participate in the accelerated requali-
fication program under the direction of the Director, Nuclear Division
Training. The operator will be returned to shift duties only after he/she
is retested and meets the established requirements for overall average of-

each section. The applicant also has made provisions for licensed operators
to participate in an accelerated requalification program when the results
of the systematic observation and performance evaluation program clearly
indicate the need.

-

.
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The applicant has prov'ided the criteria for determining if a licensed
individual must participate in an accelerated requalification program.
The staff finds that these criteria meet Appendix A to 10 CFR 55 and
Enclosure 1 of H. R. Denton's letter of March 28, 1980.

On the basis of its review, staff finds that the applicant's requalification
training program for licensed R0s and SR0s meets Appendix A to 10 CFR 55 and
the March 28, 1980 letter from H. R. Denton. Therefore, the staff concludes
that the applicant's requalification training program is acceptable.

13.2.1.4 TMI-Related Requirements for New Operating License

I.A.2.1 Immediate Upgrading of Reactor Operator and Senior Reactor Operator
Training and Qualifications

The applicant has established a program to' ensure that all R0 and SR0 license
candidates have the prescribed experience, qualification, and training.

Before a candidate applies to take the NRC license examination, the Vice Presi-
dent of the Nuclear Division will certify that he or she is competent to do so.
As an OL applicant, the applicant is not subject to the 1 year experience re-
quirement for cold license SRO candidates. However, after the station has been
in operation for 1 year, individuals who apply for an SR0 license will be required
to comply with the 1 year experience requir'ement for hot license SR0 applicants,
unless they have previous experience in an equivalent position at another nuclear
plant or at a military propulsion reactor. The experience of license applicants
in the latter category will be documented by the applicant, on a case-by-case
basis, in sufficient detail for the staff to determine the equivalence of the
military experience. SR0 license applicants who have a degree in engineering
or an applicable science are considered to meet the 1 year experience requirement
as an R0 provided they (1) satisfy the requirements in Sections A.1.a and A.2
of Enclosure 1 to the March 28, 1980 letter from H. R. Denton and (2) have parti-
cipated in a training program equivalent to a cold license SR0 applicant's
training.

Because cold license candidates need not meet the requirement for 3 months of
onshift experience for control room operators and SR0 candidates as an extra
person on shift, this item is not applicable to Beaver Valley. Unit 2. However,
after the plant has been in operation for 3 months, the applicant will be re-
quired to meet this criterion for hot license candidates.

The applicant's training program includes topics in heat transfer, fluid flow,
and thermodynamics. All license candidates will attend simulator training pro-

grams as part of the initial training program. Also the applicant has committed
to provide a simulator training program for all licensed operators as part of
the requalification program.

On the basis of its review, the staff concludes that the applicant has satisfied
the requirements of this item of NUREG-0737 (the TMI Action Plan).

I.A.2.3 Administration of Training Program

The applicant has indicated that all those who teach integrated response, tran-
.

sient, and simulator courses shall be SR0 certified and licensed. Instructors
,
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who teach systems shall be either SR0 certified, licensed, or designated and
qualified systems experts. SR0 licensees or certified instructors are enrolled
in' appropriate requalification programs.

On the basis of its review, the staff finds that the applicant complies with
this item of NUREG-0737.

II.B.4 Training for Mitigating Core Damage

The applicant has indicated that Shift Technical Advisors (STAS) and operating
personnel from the Superintendent, Operations through the operating chain to
the licensed operators will be trained for mitigating core damage. Supervisors
and technicians in the radiation control, chemistry, and instrumectation and
controls departments will receive training in mitigating core damage commen-
surate with their responsibilities.

On the basis of its review, the staff finds that the applicant has complied
with the requirements of this item of NUREG-0737.

13.2.2 Training for Nonlicensed Plant Staff

The FSAR describes the details of the training given to nonlicensed plant per-
sonnel including maintenance, instrumentation and control, radiation protection,
radwaste, nuclear physics, and technical personnel.

All permanently employed plant personnel will participate in a general training
program including, but not limited to, radiological health and safety, quality
assurance, industrial safety, plant security, emergency plan, fire protection,
and other appropriate plant plans and procedures.

The applicant has provided a training program for the STAS. The staff has re-
viewed the program and finds that it is comparable to the STA training program
outlined in Appendix C to NUREG-0737. Thus, the staff concludes that the appli-
cant's training program for STAS is acceptable.

The applicant has established a fire protection training program. The staff
has reviewed the program, which includes classroom instruction and training in
fire fighting equipment use, strategies, techniques, and periodic drills. The
staff concludes that the program meets SRP 13.2.2 and BTP CMEB 9.5-1 and is
acceptable.

On the basis of its review, as indicated above, the staff finds that the appli-
cant's training program for nonlicensed plant staff meets NUREG-0737 and 10 CFR 19
and 50. Therefore, the staff concludes that the applicant's training progrant
for nonlicensed plant staff is acceptable.

13.3 Emergency Planning

13.3.1 Introduction

The Beaver Valley station is located on the banks of the Ohio River in Shipping-
port Borough, Beaver County, western Pennsylvania, about 25 miles northwest of
Pittsburgh and 5 miles east of Liverpool, Ohio. The plume exposure emergency

'

planning zone (EPZ) includes portions of three counties in three states: Beaver
County, Pennsylvania; Columbiana County, Ohio; and Hancock County, West Virginia.'-
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Beaver Valley Unit 1 first operated in October 1976, and construction of Unit 2
is to be complete in December 1985. The Beaver Valley site adjoins the Shipping-
port Atomic Pcwer Station, a light water breeder reactor demonstration plant
that was operated by the applicant for the Department of Energy. Shippingport
has no core and is in the process of being decommissioned. With contractor
personnel still on the site, Shippingport has an emergency preparedness plan.
Both the Shippingport emergency plan and the Beaver Valley emergency plan pro-
vide for communications interface between the plants, primarily for notification
and implementation of onsite protective actions at either plant in response.to
an emergency condition at the other plant.

The staff had reviewed and, in a letter dated April 28, 1982, commented on an
earlier version of the Beaver Valley emergency plan. The current plan is Issue 7,
Revision 0, dated December 21, 1982. As stated in a letter from the applicant
dated April 28, 1983, the plan must be revised to incorporate Unit 2 as an ope-
rating unit (rather than as a construction site).

The acceptance criteria used as the basis for the staff's review are in SRP 13.3
and include 10 CFR 50.47(b), Appendix E to 10 CFR 50, and NUREG-0654. The cri-
teria of NUREG-0654 have been endorsed in RG 1.101, Revision 2, and thus have
the same status as a regulatory guide.

Evaluation of the state of emergency preparedness for the Beaver Valley facility
includes a review of state and local radiological emergency response plans by
the Federal Emergency Management Agency (FEMA). The SRP states that the FEMA
findings on offsite plans are to be reviewed by the NRC and that a full-scale
exercise is to be conducted at the facility, demonstrating that the applicant
and the state and local organizations are capable of taking adequate protective
actions should a radiological emergency occur. The FEMA findings have not yet
been developed; however, the FEMA review of offsite plans and subsequent submit-
tal of findings and determinations to the NRC must be complete before the plant
is authorized to operate above 5% of rated power. Similarly, a full-scale exer-
cise must be conducted before operation above 5% of rated power will be permitted.
FEMA's findings and determinations on the adequacy of the state and local emer-
gency response plans, as well as the overall conclusion of the NRC on the state
of emergency preparedness for Beaver Valley, will be addressed in a supplement
to this SER.

Section 13.3.2 of this report gives each planning standard of 10 CFR 50.47(b),
followed by an evaluation of the applicant's plan as it relates to that standard.
Section 13.3.3 of this report provides the staff's conclusions.

13.3.2 Evaluation of the Applicant's Onsite Emergency Plan

13.3.2.1 Assignment of Responsibility (Organization Control)

Standard

Primary responsibilities for emergency response by the nuclear facility licensee
and by state and local organizatiuns within the EPZ have been assigned, the
emergency responsibilities of the various supporting organizations have been
specifically established, and each principal response organization has staff to |

,

respond to and to augment its initial response on a continuous basis.
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Emergency Plan Evaluation

The Beaver Valley emergency plan identifies those state, local, and Federal
response organizations that have response roles in the event of an accident.
Because the plume exposure and ingestion EPZs incoporate portions of Pennsyl-

lvania, Ohio, and West Virginia, three state emergency response agencies have
primary response roles: Pennsylvania Emergency Management Agency, Ohio Disaster
Services Agency, and West Virginia Office of Emergency Services. The Beaver
County Emergency Management Agency, Columbiana County Disaster Services Agency, I
and the Hancock County Emergency Services Agency are t!.e lead county response
agencies in their respective states.

A concept of operations for each of these organizations and their relationship
to the total effort is specified. The interrelationships are illustrated in
Table 3.1 and Figures 5.3 and 5.6 of the emergency plan. These figures are
applicable only for Unit 1; they will be revised for two-unit operation.

The Emergency Director (initially the Shift Supervisor, who is succeeded by the
Station Superintendent) is identified as the person who will ensure overall
direction and control of the applicant's emergency response.

Twenty-four-hour-a-day emergency response, including staffing of communications
links, is provided by the onshift crew. In an emergency, this crew can be aug-
mented as required.

Written agreements with Federal, state, and local agencies and other support
organizations that have an emergency response role within the EPZs are appended
to the plan. The plan describes the role of each of the agreement agencies and

| its relationship to the role of the plant.

The plan describes a corporate-level support organization that would be respon-
sible for ensuring continuity of resources for protracted 24-hour operations.
This organization encompasses all of the Nuclear Division, as required, which
consists mainly of Nuclear Operations, assisted by Nuclear Safety and Licensing,
Nuclear Engineering, and Nuclear Support Services. This organization will per-
form emergency duties that are essentially identical with its normal duties.

13.3.2.2 Onsite Emergency Organization
| Standard

Onshift facility licensee responsibilities for emergency response are unambig-
uously defined, adequate staffing to provide initial facility accident response!

| in key functional areas is maintained at all times, timely augmentation of re-
. sponse capabilities is available, and the interfaces among various onsite re-
| sponse activities and offsite support and response activities are specified.
|

Emergency Plan Evaluation -

The emergency plan specifies the onsite emergency organization of plant person-
nel for all shifts and its relation to the responsibilities and duties of the
normal staff. It also describes the emergency assignments for managers and key'

! coordinators. The onshift Supervisor is designated as the Emergency Director-

i- and has the authority to initiate emergency actions and recommend protective
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measures to offsite officials entil he/she is relieved of the Emergency Director
duties by a designated senior n;anagement official (Station Superintendent, Chief
Engineer, or Maintenance Supervisor). The plan also describes the responsibili-
ties, lines of succession, and functions that cannot be delegated. Table 5.1
of the plan specifies the position or title and major tasks to be performed by
the persons assigned to the functional areas of emergency activity. The plan
indicates the staffing levels that can be reached (through augmentation) within
60 to 120 minutes. Table 5.1 has been revised to correspond with Table B-1 of
NUREG-0654. Results of a survey of travel times conducted by the applicant
indicate that emergency augmentation of the staff meets the guidelines of
Table B-1.

The corporate management, administrative, and technical support personnel who
will augment the plant staff are specified for the functional areas of emergency
response. Section 6 of the revised plan states that when the condition is classi-
fled as alert or higher, the Shift Supervisor / Emergency Director will ensure that
key Emergency Coordinators are notified using the beeper paging system and/or
telephone. These Emergency Coordinators will initiate calling additional per-
sonnel as needed. Implementing procedure EPP/IP 1.6, " Emergency Operations
Facility Organization and Operation," was revised to describe the staffing, aug-
mentation, and operation of the emergency operations facility (EOF).

The plan specifies the contractor and private organizations that niay be asked
to provide technical assistance and augmentation for the emergency response .
organization, as well as the services to be provided by local agencies, includ-
ing police, ambulance, medical, hospital, and fire fighting organizations. '

The interfaces between and among the onsite functional areas of emergency acti-
vity and the offsite emergency organization (made up of corporate support, local
services support, and state and local government response organizations) are spe-
cified. Figure 5.4 of the plan is a block diagram of the organization. Copies
of. letters of agreement with these organizations as well as letters of agreement
with Westinghouse Electric Corporation, Teledyne Isotopes, and the Institute of
Nuclear Power Operations (INPO) are appended to the plan.

13.3.2.3 Emergency Response Support and Resources

Standard

Arrangements for requesting and effectively using assistance resources have
, been made, arrangements to accomodate state and local staff at the licensee's
! near-site EOF have been made, and other organizations capable of augmenting the

planned response have been identified..

Emergency Plan Evaluation

The plan describes the types of response to be provided by Federal agencies,
such as NRC, Department of Energy Federal Radiological Monitoring and Assess-
ment Plan (FRMAP), National Weather Service (NWS), and FEMA. The primary and
secondary methods of notification for each are specified, but the person who is
authorized to request Federal assistance is not named.

. The plan states that, because FRMAP resources are to be used for offsite re-
sponse, the emergency plans of Pennsylvania, West Virginia, and Ohio have made,
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provisions for the use of FRMAP resources. Space will be made available in the
EOF for personnel from FRMAP as well as from each jurisdiction within the EPZ
so they can have access to plant release and meteorological data.

The plan does not identify the specific state, local, and applicant resources
that are available to support the Federal response, such as airports, transpor-
tation, office space, and communication. The plan provides that plant liaison
personnel will be sent to the primary government emergency operations centers
(E0Cs) upon request.

The plan describes onsite laboratories such as the dosimetry lab and sample
preparation and counting facility, the radiological laboratory, and the radio-
logical monitoring van (a portable field laboratory). Offsite laboratory sup-
port is available from the adjacent Shippingport Atomic Power Station; Bettis
Atomic Power Laboratories (approximately 1 hour by car from the site); Teledyne,
the environmental contractor; Radiation Management Corp., Philadelphia; NUS Corp.,
Pittsburgh; and Interex Corp., Natich, Maine. In addition, emergency support
and assistance are available from INPO, which maintains a roster of personnel
and an inventory of material, equipment, and services. The nuclear steam supply
system (NSSS) supplier is Westinghouse, which has agreed to provide emergency

i engineering assistance on a 24-hour-a-day, 7-day-a-week basis. Support also is
available from the Central Area Power Coordination Group whose members own or
control several nuclear power plants.

i The following items must be resolved:

(1) The plan should specify the persons, by title, who are authorized to request|

Federal assistance.'

(2) The plan should specify state, local, and applicant resources available to
support the Federal response.

13.3.2.4 Emergency Classification System

Standard

A standard emergency classification and action level scheme, the basis of which
includes facility system and effluent parameters, is in use by the nuclear facil-

| ity licensee, and state and local response plans call for reliance on information
provided by the facility licensee for determinations of minimum initial response;

| measures.

Emergency Plan Evaluation

The plan provides for a graded scale of response for distinct classifications
of emergency conditions, action within those classifications, and criteria for
escalation to a more se/ere classification. This classification system is com-
patible with the classification scheme used by the emergency / disaster responsei

' agencies in the three counties and states in the EPZ. The plan has four classi-
fications: Unusual Event, Alert, Site Area Emergency, and General Emergency.
The categories and the initiating events within each category are described in
Section 4 of the plan; they are consistent with Appendix 1 to NUREG-0654.

Section 4 (and Table 4.1) of the plan outlines the emergency action levels (EALs),.

which are detailed in the emergency procedures. They include specific instrument
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readings, plant system and effluent parameters, and equipment status indications
characteristic of a spectrum of offnormal conditions and accidents corresponding
to most initiating conditions for each emergency class.

The EAL descriptions appear to-be adequate except that the following initiating
conditions are missing or are deficient as noted (see the list in Appendix 1 of
NUREG-0654):

.

Unusual Event

Initiating Conditicn 9, loss of engineered safety feature or fire protection-

system requiring shutdown per the Technical Specifications: This condition
is listed in Table 4.1, but Tab 13 does not discuss the fire protection
system.

Initiating Condition 13d, hurricane: The EAL (in Table 4.1 of the plan-

and Tab 22 of the procedure) discusses tornadoes only; there is no refer-
ence to hurricanes or other high winds.

Initiating Condition 14e, turbine rotating component failure causing rapid-

shutdown: This is not addressed.

Initiating Condition 15, other plant conditions: This is not addressed.-

Initiating Condition 17, rapid depressurization of secondary side: This-

is not addressed; Tab 7 addresses only main steamline break.

Alert

Initiating Condition 2, steam generator tube failure with loss of offsite-

power: This is not addrassed in either Tab 6 or 7.

Initiating Condition 15, radiological effluents greater than 10 times Tech--

nical Specifications: The monitors and instruments are specified in Tab 20;
however, the alarm setpoint is 100 times the Technical Specifications rather
than 10 times.

Initiating Condition 17d, hurricane winds near design level: None of the-

EALs address hurricane winds.

Initiating Condition 18e, turbine failure causing casing penetration: This-

is listed as an Unusual Event, which is overly conservative.

Initiating Condition 19, other plant conditions: This is not addressed.-

Site Area Emergency

Initiating Condition 3, rapid failure of steam generator tubes with loss-

of offsite power: This is not addressed.

Initiating Condition 9, transient requiring operation of shutdown system
~

-

with failure to scram: This is partially addressed as an Alert condi-
tion (11), but is not addressed as a Site Area Emergency.-

.
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Initiating Condition 15c, substained winds in excess of design levels:-

Table 1 of Emergency Procedure (EPP) J-1 lists an EAL of " winds in excess
of design levels," but Tab 22 discusses only tornado winds.

Initiating Condition 17, other conditions: This is not addressed.-

General Emergency

Initiating Condition 5b, loss of feedwater and condensate system followed-

by failure of emergency feedwater systems: Table 1 of EPP I-1 lists this,
but there is no discussion in any of the tabs.

Initiating Condition 5d, loss of onsite and offsite power with total loss-

of emergency feedwater makeup capability for several hours: This is listed
in Table 1 of EPP I-1 but is not addressed in any of the tabs.

13.3.2.5 Notification Methods and Procedures

Standard

Procedures have been established for notification, by the licensee, of State
and local response organizations and for notification of emergency personnel by
all organizations; the content of initial and followup messages to response
organizations and the public has been established; and means to provide early
notification and clear instruction to the populace within the plume exposure
pathway emergency planning zone have been established. '

Emergency Plan Evaluation
,

The emergency communications procedures contain instructions and forms for initial
contact and notification, and forms to be used when the agency calls back for
followup information and verification.

When the event is classified as an Alert or higher, the Shift Supervisor will
ensure that key Emergency Coordinators are notified, as needed, using the beeper
paging system or telephone. The key Emergency Coordinators will initiate calling
additional personnel as needed. EPP IP-1.1 contains instructions for notifica-
tion of offsite authorities and emergency response agencies, phone lists, and
an initial notification form. The initial notification form contains the basic
information recommended in NUREG-0654, and requests that appropriate individuals
of the response organization contact the station for additional information.
Information has been disseminated to the news media according to EPP IP-9.1,
" Emergency Public Information Plan BVPS." The applicant has installed a public
alert and warning system consisting of sirens mounted along public highways and
at various fire stations throughout the 10 mile EPZ.

13.3.2.6 Emergency Communications
.

Standard

Provisions exist for prompt communication among principal response organizations
to emergency personnel and to the public.

. .
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Emergency Plan Evaluation

The emergency plan specifies five independent systems for outside communications
to Federal, state, and county authorities, corporate management, and offsite
support / response groups. These systems are commercial telephone system, the
utility private automatic exchange system, dedicated hot lines, utility system
operator direct lines, and the utility's industrial radio system. Onsite, the
plant alarm system, station paging system, and a two way alarm system between
Beaver Valley and Shippingport provide communication and notification for sta-
tion personnel. These communication links are illustrated in Figures 7.2.a and b
of the plan. The plan provides 24-hour-a-day activation of the state and local
emergency response network through the Pennsylvania Emergency Management Agency.
The various primary and backup systems have redundant power supplies. There is
a telephone link between the plant and the Beaver County hospitals, and a radio
link between the hospitals and ambulances. The communication systems will be
tested periodically.

13.3.2.7 Public Information

Standard

Information is made available to the public on a periodic basis on how it will
be notified and what its initial actions should be in an emergency; the principal
points of contact with the news media for dissemination of information during
an emergency (including physical location or locations) are established in ad-
vance; and procedures for coordinated dissemination of information to the public
are established.

Emergency Plan Evaluation,.

In cooperation with state and county authorities, the applicant will develop
and periodically disseminate emergency planning instructional material to resi-
dents and transients in the EPZ. This material will include (1) basic information
on radiation, (2) the public notification system, (3) public response to warning
signals, (4) evacuation routes and procedures, (5) sheltering procedures, and
(6) ingestion pathway protective actions. The methods to be used to ensure
that emergency planning information is transmitted to residents and transients
in the EPZ are (1) yearly ads in the local newspapers summarizing actions to be
taken by the residents, (2) printed instructions and evacuation maps to be dis-
tributed to EPZ residents, (3) printed instructions to be included in the local
telephone directory, and (4) printed instructions and evacuation maps to be
distributed to motels, hotels, and recreation areas.

The Manager, Public Information Department, will provide a point of contact for
the news media. A near-site emergency news center for use by the news media
will be established at the Willows Motel, about 3 miles from the site, for events
classified higher than an Alert. The applicant's corporate headquarters and
the William Penn Hotel will be used as alternate news centers if radiological
conditions make the Willows Motel unavailable. Corporate headquarters will be
the point of contact for Unusual Events and Alert emergencies. The Vice Presi-
dent, Nuclear Division, or designee, will be the company spokesperson.

The Public Information Department will maintain a representative at the tech-
nical support center (TSC) and E0F to ensure that correct and proper information'

.
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is provided for public release. The Customer Services Department will be staffed
and prepared to answer calls from the news media and general public and to deal
with rumors and incorrect information that may develop during the emergency.

The applicant will conduct annual programs to inform news media representatives
about the Beaver Valley emergency plan and the public notification system. In
addition, information concerning radiation and points of contact for the release
of public information during an emergency will be provided.

The following item requires resolution:

The printed instructions and evacuation maps for the public shall be developed,
submitted for FEMA and staff review, and distributed to residents and transients
within the 10 mile EPZ.

13.3.2.8 Emergency Facilities and Equipment *

Standard

Adequate emergency facilities and equipment to support the emergency response
are provided and maintained.

Emergency Plan Evaluation

The licensee has established a TSC and a near-site EOF in the emergency response
facility (ERF). An operations support (assembly) center with adequate capacity

.

has been established in the process instrument and rod position instrument area.
An offsite EOF has been established at the company's South Heights district
office, about 10 miles from the site. The permanent ERF, designed to satisfy
the functiondl requirements of the TSC and the EOF, also contains an emergency
control center, a dosimetry lab, a sample preparation and counting facility,
and a decontamination facility, as described in the applicant's response to
Supplement 1 to NUREG-0737. The permanent ERF is complete and operational except
for the safety parameter display system (SPDS). The SPDS is scheduled for in-
sta11ation during the fourth refueling outage of Unit 1, starting in September
1984. Activation and staffing of the ERF will follow the guidelines of Table 2
of Supplement 1 to NUREG-0737 (Table B-1 of NUREG-0654). On an interim basis,
the staff finds the ERF adequate.

As indicated in Supplement 1 to NUREG-0737, the staff will conduct a postimple-
~

mentation appraisal of the adequacy of the applicant's completed emergency re-
sponse facilities in accordance with a schedule to be developed between the
applicant and the staff (see Section 13.3.4, Item III.A.1.2. of this report).

Onsite and offsite monitoring and analysis systems and equipment have been
established and are identified in the plan. The central point for the receipt
and analysis of field monitoring data and coordination of sample media has been
established at the EOF.

Meteorological instrumentation and procedures have been or are being established,
including provisions for obtaining representative current meteorological infor-
mation from the NWS at Moon Township. The routine inspection, inventory, main-
tenance, and calibration of emergency equipment and supplies are satisfactorily
addressed in the plan.-

*

,
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The revised plan and EPP IP-1.6, " EOF Organization and Operation," provide for
augmentation of the EOF organization so it can perform overall emergency manage-
ment and radiological / environmental as essment and implement protective action;

recommendations.

13.3.2.9 Accident Assessment

Standard

Adequate methods, systems, and equipment for assessing and monitoring actual or
potential offsite consequences of radiological emergency condition are in use.

Emergency Plan Evaluation

The revised plan and Table 1 of EPP I-1 present an emergency classification
system and EALs that are consistent with Appendix 1 of NUREG-0654. EPP I-1
supplements the table with tabs for each initiating condition identifying the
instruments for each parameter with alarm setpoints or EALs for each (see also
Section 13.3.2.4).

If there is a known or projected release of radioactive material in quantities
or concentrations greater than those specified in the Technical Specifications, ,

on-duty shift personnel will immediately and continuously assess the doses of
radioactivity and make dose projections.

After the TSC is activated, the Environmental Assessment and Dose Projection
Coordinator and assigned assistants at the TSC will make the dose projections.
When a Site Area or General Emergency is declared, this function transfers to
the EOF. The plan identifies these dose projection responsibilities and func-
tions, and describes the activation of the emergency facilities. The plan also
describes the training of those who make dose projections.

The plan and procedures describe dose projections that are done manually. The
( applicant is developing computer equipment and methodology to perform these dose .

calculations; however, the manual methods will be retained as backup.'

13.3.2.10 Protective Response
,

Standard

A range of protective actions has been developed for the plume exposure pathway
EPZ for emergency workers and the public. Guidelines for the choice of protec-
tive actions during an emergency, consistent with Federal guidance, are developed
and in place, and protective actions for the ingestion exposure pathway EPZ
appropriate to the locale have been developed.

Emergency Plan Evaluationj

The plan describes onsite protective actions, including criteria and methods.
The primary protective actions are evacuation of nonessential personnel and the
use of protective equipment and clothing for those required to perform emergency
activities. Provision is made for increasingly larger areas of evacuation com-
mensurate with existing conditions. Other onsite protective actions include *

*

the use of respiratory protection equipment, anticontamination clothing, and
,
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thyroid prophylaxis, as well as the administration of an effective radiological
| controls program.
;

In accordance with emergency implementing procedures, measures have been estab-
lished to provide for personnel accountability in the event of an evacuation.

'

These measures are based on security identification badges and/or computerized
access security system (card / key). The plan does not specify a time limit for
initial accountability, according to NUREG-0654, nor does it provide for the'

continued accountability of members of the emergency organization.

The plan addresses otuite protective actions. These actions are primarily the
responsibility of state and local emergency organizations, but may be based on
recommendations by the Emergency Director (Emergency / Recovery Manager for Site

i Area or General Emergencies). These offsite organizations may invoke any emer-
gency actions that they deem appropriate, according to the assessment of the
individual situation, and at any level of radioactive material release or pro-
jected offsite dose. The key element that ensures compatibility of the Beaver
Valley plan and offsite emergency plans is the provision for initial notification
and continuing status reports to the state and local agencies, conveying current
release and dose projection information.

i

The plan, in the time evacuation study, gives estimates for evacuation time for
individLals in the various planning sectors of the EPZ, maps showing major road-
ways through the EPZ, radiological sampling and monitoring locations, and popu-
lation distribution by sectors throughout the EPZ.

Radiological monitoring procedures are detailed in the radiological control
manual. During site evacuations, personnel and vehicle.s on the site exit road
adjacent to the switchyard relay building will be surveyed using portable in-
struments. Vehicles will be decontaminated with fire hoses on the graveled
area in the switchyard adjacent to the fire hydrants. Individuals will be re-
turned to the station or to the Shippingport Visitors Center for decontamina-
tion. In the event of an immediate evacuation, personnel will be directed to
proceed by personal automobiles to the designated remote assembly area for per-,

sonal and vehicle monitoring.

I The following item requires resolution:

The plan does not indicate if initial accountability can be accomplished within
30 minutes, or what methodology is to be used to maintain accountability on a'

continued basis.

13.3.2.11 Radiological Exposure Control
,

i Standard
4

Means for controlling radiological exposures, in an emergency, are established,

; for emergency workers. The means for controlling radiological exposures shall
include exposure guidelines consistent with EPA Emergency Worker and Lifesavingi

Activity Protection Action Guides.

Emeroency Plan Evaluation

| The Beaver Valley radiation control manual and the radiation protection-

j procedures establish the radiation protection program by providing criteria,
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|
|

guidelines, and instructions for maintaining the radiation exposure of station jpersonnel as low as reasonably achievable (ALARA) and within Federal standards
(10 CFR 20). Specifically, the radiation protection program provides for expo-
sure control, exposure monitoring, access control, identifying radiological
areas and materials, respiratory protection, contamination control, and handling
of radioactive material. Administrative controls (radiation work permits, radia-
tion clearance, and ALARA measures) will remain in force during an emergency.
If necessary operations require personnel exposure in excess of normal limits or
if normal work practices result in unacceptable delay, the Radiological Controls
Coordinator may wa'ive or modify established exposure control criteria and methods,
but the Emergency Director and Emergency / Recovery Manager are the only individuals
who may authorize doses in excess of 10 CFR 20 limits. Procedures listed in
the plan provide a 24-hour-a-day capability to determine the radiation dose
received by emergency workers, issue and process dosimetry devices, and maintain
dose records.

The applicant has established onsite control of access to contaminated areas and
control of access to onsite food and drinking water. In addition, the applicant
has established provisions for decontamination of personnel, materials, and,

! equipment; for disposal of contaminated waste; and for return of contaminated
areas and items to normal use. The applicant has established the capability to
monitor and decontaminate relocated (evacuated) personnel and provide clean

' clothing as required. Decontamination kits are stocked with the materials re-
quired for the various kinds of contamination, including radioiodine on the
skin.

13.3.2.12 Medical and Public Health Support

| Standard ,

Arrangements are made for medical services for contaminated injured individuals.

Emergency Plan Evaluation

At least two first aid personnel, trained in Red Cross multimedia, are on the
site at all times. First aid kits are available at several locations on the
site, and a first aid room is available. The applicant has written agreements
with Aliquippa Hospital, the Medical Center of Beaver County, Wald & Spritzer

| Associates / University of Pittsburgh, and Presbyterian-University Hospital for
,' medical assistance to injured personnel who also may be contaminated.

,' These organizations can be contacted directly or through the Beaver County Emer-
gency Medical Services (via the Beaver County Communications Center). Emergency
Medical Services Radio provides communications between the Beaver County Communi-
cations Center, the ambulances, and the Beaver Valley hospitals. In accordance
with Appendix 0 of the plan, ambulance amergency supply kits are stored in the
first aid room on the site.

The applicant provides dosimetry for ambulance personnel. Contaminated patients
are accompanied by a radiation control person who is responsible for appropriate
contamination control measures to minimize the spread of contamination to the'

ambulance, the ho' spital, and hospital personnel. Backup transportation can be,

provided by a suitable company vehicle or by a private vehicle (on a voluntary
,} basis). A letter of agreement for transport of injured / contaminated personnel
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has not been included in Appendix 0 of the plan, although Medic-Rescue is listed
in the table of contents.

The following items require resolution:

(1) The plan lacks a letter of agreement for ambulance service.

(2) The applicant shall certify annually that the letters of agreement are
current.

13.3.2.13 Recovery and Re-entry Planning, Postaccident Operations

Standard '

General plans for recovery and re-entry are developed.

Emergency Plan Evaluation

The applicant has made provisions for establishing a recovery organization that
is commensurate with the scope and magnitude of an emergency condition, including
the assignment of qualified individuals to recovery organization positions, as
appropriate. A severe emergency condition will be terminated after a joint
evaluation by the utility, the three states involved, and the NRC.

The plan detafis criteria for termination of the emergency condition and esta -
blishment of the primary recovery organization. All emergency response and
support organizations are to be notified of the termination of the emergency--
and/or the initiation of recovery operations--folloWing the same procedures
used for initial notification. If the emergency resulted in damage to the plant,
the applicant's Nuclear Division will be activated as the recovery organization
under the direction of the Manager of Nuclear Operations. The Nuclear Division
is structured into functional areas and staffed by personnel competent in the
various disciplines necessary for recovery. The Nuclear Division maintains
offices either on or near the site.

The plan contains provisions for periodically estimating the total population
exposure resulting from radioactive releases during the emergency.

13.3.2.14 Exercises and Drills
.

Standard
'

Periodic exercises are (will be) conducted to evaluate major portions of emer-
gency response capabilities, periodic drills are (will be) conducted to develop
and maintain key skills, and deficiencies indentified as a result of exercise
or drills are (will be) corrected.
Emergency Plan Evaluation

At least once a year the applicant will conduct an exercise that is appropriate.

to a Site Area or General Emergency and that simulates conditions resulting in
offsite radiological releases that would require protective response by offsite
authorities. This exercise will test the integrated capability and a major-

portion of the basic elements of the plan. The scenario will vary from year to.
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year so that all major elements of the plan and the emergency organizations are
tested within 5 years. Consistent with the ability of offsite agencies to par-
ticipate, this exercise will be scheduled to begin between 6 p.m. and midnight
and between midnight and 6 a.m. once every 6 years. The exercise scenarios will
be a cooperative effort between all participants, and,'to the extent possible,
will allow free play for decisionmaking by the participants. Each exercise
will be observed and critiqued by qualified observers from Federal, state, and/
or local governments. Critiques of all scheduled exercises will be held soon
after the completion of the exercise, with all observers having the opportunity
to participate.

An overall report on the exercise will be distributed to all primary partici-
pants. This report will document any significant deficiencies observed during
the exercise. The Emergency Planning Supervisor is responsible for recommending
corrective actions for each deficiency and for submitting the recommendations
to the Onsite Safety Committee for review and to the Station Superintendent for
approval. The Emergency Planning Supervisor will also propose changes to the
emergency preparedness plan and/or emergency implementing procedures for review
and implementation by the Onsite Safety Committee.

The plan provides for drills (preplanned simulations) in which the participants
are walked or talked through one or more procedures or aspects of the emergency
plan to give them hands-on training in a controlled situation. Drills will be
evaluated by the instructor, who will normally correct erroneous performance on
the spot.

Each drill will be conducted to (1) ensure that the participants are familiar
with their respective duties and responsibilities, (2) verify the adequacy of
the emergency preparedness plan and the methods used in the emergency implement-
ing procedures, (3) test communications networks and systems, (4) check the
availability of emergency supplits and equipment, (5) verify the operability
of emergency equipment, and (6) verify the adequacy of interrelationships with
offsite agency plans.

The following drills will be conducted:

Drill- Frequency

Fire emergency drill Semiannual

Medical emergency drill Annual

Radiation emergency drill

Onsite airborne Semiannual

Onsite liquid Annual

Offsite air and liquid Annual-

In addition, communications drills will be conducted regularly, on a schedule
to ensure continued operability of the systems.

.

.
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13.3.2.15 Radiological Emergency Response Training

Standard

Radiological emergency response training is provided to those who may be called
on to assist in an emergency.

Emergency Plan Evaluation

The applicant provides training and annual retraining in the plan and procedures
for all permanent plant personnel. This training includes assignment of duties
and responsibilities, location and use of assembly areas, and familiarization
with alarms and communications systems. In addition, those who have specific
roles as part of the onsite emergency organization receive specialized training
in their expected duties. These areas include emergency response coordination
and direction, accident assessment, radiological monitoring, repair and damage
control, rescue, and first aid.

The plan provides training for nonemergency onsite personnel and for those indi-
viduals working on the site but outside the protected area. Training consists
(as a minimum) of instructions on warning signals, assembly areas, and evacua-
tion routes.

.

The applicant will provide training and annual retraining for those offsite
organizations whose services may be required in an emergency, such as fire,
police, medical support, and rescue personnel. The training will be consistent
with the organization's emergency functions. The training program for members
of the applicant's emergency organization will include practical drills, as

.

discussed in Section 13.3.2.14 above.

13.3.2.16 Responsibility for the Planning Effort: Development, Periodic
Review, and Distribution of Emergency Plans

Standard

Responsibilities for plan development and review and distribution of emergency
plans are established, and planners are properly trained.

Emergency Plan Evaluation

The Station Superintendent has the overail responsibility and authority for the
maintenance of appropriate emergency preparedness. The Station Superintendent
is assisted by the Emergency Planning Supervisor, who is assigned the primary
responsibility for the emergency plan. The Emergency Planning Supervisor keeps
current by attending appropriate seminars and training courses. The Emergency
Planning Supervisor is responsible for the duvelopment and updating of the plan
and for coordination with onsite and offsite response organizations, and ensures
that the applicant's emergency plan corresponds with the interfacing offsite
plans. (These plans are listed in Section 2.5 of the Beaver Valley plan.) The
applicant's plan has a table of contents and includes, in Appendix C, a listing
of implementing procedures. The Onsite Safety Committee uses the review of the
combined exercise report as an annual review of the emergency preparedness pro-
gram. (See Section 13.3.2.14 for a discussion of the review, management controls.

for evaluation and correction, and distribution of the critique report.).
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13.3.3; Conclusions

On the basis of its review of the emergency plan for conformance with NUREG-0654
(which' addresses each of,the planning standards of 10 CFR 50.47(b)) and with,

, f- Appendix E .to 10 CFR 50, the staff concludes that, upon satisfactory correctionu
'of those items requiring resolution and those items requiring a commitment by.

the applicant (as identified in Section 13.3.2 of this report and summarized
.below), the plan will provide an adequate planning basis for an acceptable statee '

'

of onsite emergency preparedness.

;The applicant must

C' (.1) revise the emergency plan to inclu'de Unit 2 as an operating unit rather
than a~ construction site

(2) specify"-in the plan the persons, by title, who are authorized to request
'

'

Federal assistance.

(3) specify in the plan the resources (applicant, state, and local) available
to support the Federal response

p, .(4) correct the deficiencies in the EALs (see Section 13.3.2.4)

(5) develop and submit for review the printed instructions and evacuation maps
for the public

(6) specify the methodology for initial (within 30 minutes) accountability for
site personnel and the methodology to be used to maintain accountability

(7) provide in the plan a letter of agreement for ambulance service# -

y (8) certify annually that the letters of agreement are current
~

-After' reviewing FEMA's-findings and determinations on the adequacy of state and
local emergency response plans, and after reviewing the revisions to the appli-
cant's emergency plan, the staff will provide, in a supplement to this report,
its overall conclusions as to whether the state of onsite and offsite emergency
preparedness provides reasonable assurance that adequate protective measures
can and will be taken in the event of a radiological emergency.

13.3.4 ' TMI Action Items
.

III.A.1.2 Uparade Emergency Support Facilities
!

Supplement 1 to NUREG-0737 states that the NRC will conduct postimplementation
reviews-of ERFs, and provides all licensees and applicants with the requirements
and guidance against which the ERFs will be evaluated.

Supplement 1 to NUREG-0737 requested that by April 15, 1983, each licensee and
applicant develop and submit to the NRC a plant-specific schedule for completion
of the ERFs. The' schedule.is to include the plans for phased implementation and
. integration of all emergency response activities. The final staff evaluation
of the operational capability of completed ERFs (TSC, OSC, and EOF) will be.

part of the postimplementation review of emergency resp ~onse capabilities against,
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Supplement 1 to NUREG-0737. Accordingly, the schedule for the postimplementa-
tion appraisal of the ERFs will be established after these facilities have beencompleted. ;

'

III.A.2 Improving Emergency Preparedness - Long Term

The objective of this item is that each licensee upgrade the emergency prepared- |

ness effort at each nuclear facility to provide reasonable assurance that ade-
quate protective measures can and will be taken in the event of a radiological,

emergency. This task involved three phases: (1) submittal of upgraded emergency
plans consistent with the revised emergency planning regulations effective
November 3, 1980, and the guidance of NUREG-0654; (2) submittal of implementing
procedures; and (3) implementation of radiological response plans. Particular
emphasis in this task was given to the upgrade of meteorological assessment
capabilities.

Supplement 1 to NUREG-0737 superseded the guidance on meteorology
in Appendix 2 to NUREG-0654 and in Revision 1 to RG 1.23. The staff review under
this task is conducted in accordance with the rule on emergency planning,
NUREG-0654, and Supplement 1 to NUREG-0737. The capability of applicants /
licensees to implement their emergency plans will be assessed during an onsite
appraisal as part of the preoperational inspection.
13.4 Operational Review

This section is related to Section 13.1. The applicant has not submitted any
documents related to this topic; therefore, this issue will be addressed in asupplement to the SER.

13.5 Station Administrative Procedures

13.5.1 Administrative Procedures
\

This section is related to Section 13.1 The applicant has not submitted any
documents related to this topic; therefore, this issue will be addressed in asupplement to the SER.

13.5.2 Operating and Maintenance Procedures
~

The staff has reviewed the applicant's plan for development and implementation
of operating and maintenance procedures according to SRP 13.5.2. The review
was conducted to determine the adequacy of the applicant's program for ensuring
that routine operating, offnormal, and emergency activities will be conductedsafely. The review was based on information in the FSAR, including the Amend-
ment 3 response to a staff request' for additional information, and correspon-dence from the applicant.

The staff eview included evaluation of (1) the applicant's classification sys-
tem for procedures that are performed by licensed operators in the control room,
and for other operating and maintenance procedures; (2) the applicant's plan
for completion of operating and maintenance procedures during the initial plant
testing program to allow for correction before fuel loading; (3) the applicant's
program for compliance with RG 1.33, Revision 2, regarding the minimum procedural
requirements for safety-related operations; (4) conformance with ANSI N18.7-1976/
ANS 3.2, " Administrative Controls and Quality Assurance for the Operational_

Phase of Nuclear Power Plants"; and (5) the applicant's program for compliance-

with Supplement 1 to NUREG-0737.
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In the FSAR, the applicant has committed to a program in which activities
important to safety are to be conducted in accordance with detailed written and
approved procedures that meet RG 1.33, Revision 2, and ANSI /ANS 3.2-1978.

As described in the FSAR, the applicant will use the following categories for I

those operations performed by the plant operating staff:

(1) operating
(2) maintenance
(3) radiological control
(4) emergency preparedness
(5) chemistry / radiochemistry
(6) radioactive waste management
(7) material control
(8) engineering *

The staff has concluded that the applicant's program for use of operating and
maintenance procedures meets 10 CFR 50.34 and is consistent with RG 1.33,
Revision 2, and ANSI /ANS 3.2-1978. *

In letters of September 13 and 27, October 10 and 30, and November 9, 1979, the
staff required licensees of operating plants, applicants for operating licenses,
and licensees of plants under construction to (1) conduct performance analyses
of transients and accidents, (2) prepare emergency operating procedure guidelines,
(3) upgrade emergency operating procedures, and (4) conduct operator retraining
(see also NUREG-0737 Item I.A.2.1). Emergency operating procedures'(EOPs) must
be consistent with the actions necessary to cope with the transients and accidents
analyzed. Clarification of the scope of the task and appropriate schedule re-
visions were included in NUREG-0737 Item I.C.1. Supplement 1 to NUREG-0737 re-
quires the applicant to develop and submit a procedures generation package (PGP)
to the staff. The PGP submitted July 26, 1984, by letter from E. J. Woolever
to D. G. Eisenhut, describes how the Unit 2 E0Ps will be written using the generic
emergency response guidelines (ERGS) developed by the Westinghouse Owners Group
(WOG). The staff's review of the PGP will be described in a supplement to this
SER. -

| In accordance with NUREG-0737 Item I.C.7, NSSS vendor review of low power testing,
power ascension, and emergency operating procedures was necessary to further
verify adequacy of the procedures. Because the applicant has committed to imple-
ment procedures based on the NRC-approved Westinghouse ERGS, the staff does not
consider an additional NSSS vendor review of the E0Ps necessary. In addition,
because an NSSS vendor representative is a member of the Joint Test Group (FSAR
Section 14.2.2.1.4) that reviews preoperational and initial startup testing
procedures, the staff does not consider an additional NSSS review of low power
and power ascension testing procedures necessary. The staff considers NUREG-0737
Item I.C.7 resolved.

Since the incident at TMI-2, applicants have been required to meet NUREG-0737
Item I.C.8, " Pilot Monitoring of Selected Emergency Procedures for Near-Term
Operating License Applicants." This pilot monitoring program was used on an
interim basis for evaluation of the applicant's E0Ps before the staff approved

,
generic technical guidelines and developed the long-term program for upgrading

| E0Ps. This is no longer necessary bscause the NRC has approved the Westinghouse.

| . ERGS and the applicant has committed to develop E0Ps based on the ERGS. The
F staff considers NUREG-0737 Item I.C.8 resolved.
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Regarding NUREG-0737 Item III.D.1.1, the applicant has not adequately addressed
his program and related procedures aimed at minimizing reactor coolant leakage
outside the containment. As a confirmatory item, the applicant should include
with the PGP package a description of this program identifying the operational
and maintenance activities enforced on specified systems to minimize (prevent)
postaccident reactor cooolant leakage outside the containment.

13.6 Physical Security

13.6.1 Introduction

The applicant originally filed with tha NRC the following security program plans
(transmitted by letter dated July 28, 1983), which have since been revised and
amended, " Beaver Valley Power Station Physical Security Plan," " Beaver Valley
Power Station Safeguards Contingency Plan," and " Beaver Valley Power Station.

Training and Qualification Plan."

The sections below summarize how the applicant has provided for meeting 10 CFR 73.
The staff's review is composed of a basic analysis that is available for public
review and a " protected appendix" that is protected from public disclosure.

13.6.2 Physical Security Organization

To satisfy 10 CFR 73.55(b), the applicant has provided a physical security orga-
nization that includes a Shift Security Supervisor who is on site at all times
with the authority to direct the physical protection activities. To implement
the commitments made in the physical security plan, training and qualification
plan, and the safeguards contingency plan, written security procedures specify-
ing the duties of the security organization members have been developed and are
available for inspection.

The training program and critical security tasks and duties for the security
organization personnel are defined in the " Beaver Valley Power Station Training
and Qualification Plan," which meets 10 CFR 73, Appendix B, for the training,
equipping, and requalification of the security organization members. The phys- -

ical security plan and the training program provide commitments that preclude
the assignment of any individual to a security-related duty or task before the
individual is trained, equipped, and qualified to perform the assigned duty in
accordance-with the approved guard training and qualification plan.

13.6.3 Physical Barriers

In meeting 10 CFR 73.55(c), the applicant has provided a protected area barrier
that meets the definition in 10 CFR 73.2(f)(1). A 20-foot-wide isolation zone,
to permit observation of activities at the perimeter, is provided along both
sides of barrier (except for the locations listed in the protected appendix).
The staff has reviewed those locations and determined that the security measures
in place are satisfactory and continue to meet 10 CFR 73.55(c).

Illumination of 0.2 foot-candle is maintained for the isolation zones, protected
area barriers, and external portions of the protected area.

.

.
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13.6.4 Identification of Vital Areas

The protected appendix contains a discussion of the applicant's vital area pro-
gram and identifies those areas and items of equipment determined to be vital
for protection purposes. Vital equipment is located within vital areas that
are within the protected area and that require passage through at least two
barriers, as defined in 10 CFR 73.2(f)(1) and (2), to gain access to the vital
equipment. Vital area barriers are separated from the protected area barrier.

The control room and central alarm station are provided with bullet-resistant
walls, doors, ceilings, floors, and windows. On the basis of these findings
and the analysis in Paragraph C of the protected appendix (except as noted there-
in), the staff has concluded that the applicant's program for identification
and protection of vital equipment satisfies the regulatory intent. However,
this program is subject to onsite validation by the staff in the future and to
subsequent changes if any are found to be necessary.

13.6.5 Access Requirements

In accordance with 10 CFR 73.55(d), all points of personnel and vehicle access
to the protected area are controlled. The individual responsible for control-
ling the final point of access into the protected area is located in a bullet-
resistant structure. As part of the access control program, vehicles (except
under emergency conditions), personnel, packages, and materials entering the
protected area are searched for explosives, firearms, and incendiary devices by
electronic search equipment and/or physical search.

Vehicles admitted to the protected area, except applicant-designated vehicles,
are controlled by escorts when in operation. Applicant-designated vehicles are
limited to onsite station functions and remain in the protected area except for
operational maintenance, repair, security, and emergency purposes. Positive
control over the vehicles is maintained by personnel authorized to use the ve-
hicles or by the escort personnel. A picture badge / key card system, utilizing
encoded information, identifies individuals that are authorized unescorted access
to protected and vital areas, and is used to control access to these areas.
Individuals not authorized unescorted access are issued badges without pictures
that indicate an escort is required. Access authorizations are limited to those
individuals who have a need for access to perform their duties.

Unoccupied vital areas are locked and alarmed. During periods of refueling or
major maintenance, access to the reactor containment (s) is positively controlled
by a member of the security organization to ensure that only authorized individ-
uals and materials are permitted to enter. In addition, all doors and personnel /
equipment hatches into the reactor containment (s) are locked and alarmed. Keys,
locks, combinations, and related equipment are changed on an annual basis. In
addition, when .tn individual's access authorization has been terminated because
of a lack of reliability or trustworthiness or poor work performance, the keys,
locks, combinations, and related equipment to which that person had access are
changed.

13.6.6 Detection Aids

. In satisfying 10 CFR 73.55(e), the applicant has installed intrusion detection
,

systems at the protected area barrier, at entrances to vital areas, and at all
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emergency exits. Alarms from the intrusion detection system annunciate within
.the continuously manned central alarm station and a secondary alarm station.

located within the protected area. The central alarm station is located so
that the interior of the station is not visible from outside the perimeter of
the protected area. In addition, the central station is constructed so that
walls, floors, ceilings, doors, and windows are bullet resistant. The alarm
stations are located and designed so that a single act cannot inhibit the capa-
bility of calling for assistance or responding to alarms. No other functions
or duties that would interfere wi,th its alarm response function are performed
in the central alarm station. The intrusion detection system transmission lines
and associated alarm annunciation hardware are self checking and tamper indicat-
ing. _ Alarm annunciators indicate the type of alarm and its location when acti-
vated._ An automatic indication of when the alarm system is on standby power is
provided in the central alarm station.

13.6.7 Communications

As required by 10 CFR 73.55(f), the applicant has provided for the capability
of continuous communication between the central and secondary alarm station
operators, guards, watchmen, and armed response personnel through the use of a
conventional telephone system and a security radio system. In addition, direct
communication with the local law enforcement authorities is maintained through
the use of a conventional telephone system and two-way VHF radio links. All
nonportable communication links, except the cor.ventional telephone system, are
provided with an uninterruptible emergency power source.

13.6.8 Test and Maintenance Requirements

In meeting 10 CFR 73.55(g), the applicant has established a program for the
testing and maintenance of all intrusion alarms, emergency alarms, communication
equipment, physical barriers, and other security-related devices and equipment.
Equipment or devices that do not meet the design performance criteria or have
failed to otherwise operate will be compensated for by appropriate comp'ensatory,

measures as defined in the " Beaver Valley Power Station Physical Security Plan"
and in site procedures. These compensatory measures will ensure that the effec-
tiveness of the security system is not reduced by failures or other contingencies
affecting the operation of the security-related equipment or structures. Intru-:

L sion detection systems are tested for proper performance at the beginning and
end of any period during which they are used for security. Such testing will
be conducted at least once every 7 days.

I' Communication systems for onsite communications are tested at the beginning of
I each security shift. Offsite communication systems are tested at least once'

each day.
,

'

Audits of the security program are conducted once ever: 12 months by personnel
' independent of site security management and supervision. The audits, which
focus on the effectiveness of the physical protection provided by the onsite.

| security organization implementing the approved security program plans, include,
.but are not limited to, a review of the security procedures and practices, system4

! testing and maintenance programs, and local law enforcement assistance agreements.
: A report is prepared documenting audit findings and recommendations and is sub-

mitted to the plant management.
,

,.

;
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13.6.9 Response Requirements

In meeting 10 CFR 73.55(h), the applicant has provided for armed responders
immediately available for response duties on all shifts, consistent with the
requirements of the regulations. In addition, liaison with local law enforce-

ment authorities to provide additional response support in the event of security
events has been established and documented.

The applicant's safeguards contingency plan for dealing with thefts, threats,
and radiological sabotage events satisfies 10 CFR 73, Appendix C. The plan
identifies appropriate security events that could initiate a radiological sabo-
tage event and identifies the applicant's preplanning, response resources, safe-
guards contingency participants, and coordination activities for each identified
event. Through this plan, on the detection of unauthorized person (s) or activi-
ties within the protected or vital areas, response activities using the avail-
able resources would be initiated. The response activities and objectives in-
clude the neutralization of the existing threat by requiring the response force
members to interpose themselves between the adversary and the objective, in-
structions to use force commensurate with that used by the adversary, and author-
ity to request sufficient assistance from the local law enforcement authorities
to maintain control over the situation.

To assist in the assessment / response activities, a closed-circuit television
system that has the capability to observe the entire protected area perimeter,
isolation zones, and most of the protected area is provided to the security
organization.

13.6.10 Employee Screening Program

In meeting 10 CFR 73.55(a) to protect against the design-basis threat as stated,

| in 10 CFR 73.1(a)(1)(ii), the applicant has provided an employee screening pro-
gram. Personnel who successfully complete the employee screening program or
its equivalent may be granted unescorted access to protected and vital areas at
the Beaver Valley site. All other personnel requiring access to the site are
escorted by persons who are authorized and trained for escort duties an'd who
have successfully completed the employee screening program. The employee
screening program is based on accepted industry standards and includes a back-
ground investigation, a psychological evaluation, and a continuing observation
program. In addition, the applicant may recognize the screening program of
other nuclear utilities or contractors on the basis of a comparability review;

conducted by the Duquesne Light Company. The plan also provides for a " grand-'

father clause" exclusion that allows recognition of a certain period of trust-
worthy service with the utility or contractor as being equivalent to the overall

| employee screening program. The staff has reviewed the applicant's screening
program against the accepted industry standards (ANSI N18.17 1973) and has deter-
mined that it is acceptable.

:

|
1
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14 INITIAL TEST PROGRAM

The Beaver Valley Unit 2 startup and test program administratively and techni-
cally controls all testing activities, from completion of construction to power
level escalation testing. The program provides documented assurance that the
plant's structures, systems, and components will operate in compliance with
their design criteria in a way that does not endanger the health and safety of
the public, plant personnel, or plant equipment.

To the extent practicable, plant operating and emergency procedures are tested
and evaluated during the execution of this program. The startup and test pro-
gram also aids in the training of plant operating and maintenance personnel by
providing them hands-on experience in the operation and maintenance of plant
equipment.

The startup and test program has been divided into three major phases: (1) con-
struction proof test, (2) preoperational test, and (3) initial startup test.

The construction proof test phase includes preinstallation and postinstallation
testing of individual structures, systems, and components under the jurisdic-
tion of a construction startup group. The prime objective of this phase is to
verify that construction activities have been completed and documented. Another
objective is to verify that the components within the systems can be put into

' operation safely. The testing associated with this phase verifies the inte-
grity of the installation and the functional characteristics of components and
systems, and ensures that the structures, systems, and components are ready for
preoperational testing. These tests, in general, include instrument calibra-
tion, electrical continuity and insulation resistance measurements, pump and
motor rotation and vibration checks, and hydrostatic testing, cleaning, and
flushing.

,

The preoperational test phase normally begins after construction proof testing
of individual components and systems or subsystems is completed and jurisdic-
tional control has been turned over to the operations startup group. This phase
includes the tests required ?.o demonstrate that structures, systems, and
components perform satisfactorily and that they are ready to support fuel
loading and the initial sta-tup testing. During the preoperational test phase,
two types of tests are performed: preoperational tests and system operability
verification (50V) tests. The preoperational tests are performed on safety-

! related structures, systems, or components in accordance with Section XI of
Appendix B of 10 CFR 50. The SOV tests arc performed on structures, systems,
or components that aie not classified as safety related. Although these two
types of tests are similar in scope, the administrative processing of the tests
and results may be different. Where practicable, testing during the preopera-

- tional phase will be performed under system design conditions. Tests for which
system design conditions are not practicable or cannot be simulated will be
performed as closely to design conditions as possible, and the test acceptance
criteria will be adjusted accordingly.

: -

-
\
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The initial startup phase begins with the preparation for fuel load and extends
through operation at rated power and warranty demonstrations. The initial
startup test phase is divided into three areas: fuel loading testing, post-
loading testing, and criticality testing. Testing is performed during this
phase of the program to

(1) ensure that fuel loading is accomplished in a safe manner

(2) confirm the reactor nuclear design basis

(3) demonstrate that the plant responds to transients as designed

(4) ensure that the plant can be safely brought to sustained rated power
operations

The staff's review of FSAR Chapter 14 concentrated on the administration of
. the test program and the completeness of the preoperational and startup test
abstracts. The review included the SER-CP; the FSAR; licensee event report
summaries for operating reactors of similar design to identify potentially
serious event and chronic or generic problems; Standard Technical Specifica-
tions; NUREGs-0660, -0694, and -0737; and startup test reports for other similar
plants. The review followed SRP 14.2.

The staff's review is to verify the following features of the initial test
program:

(1) The applicant will develop test procedures using input from the nuclear
steam supply system (NSSS) vendor, the architect-engineer, the engineering
staff, and equipment suppliers and contractors. Operating experiences at
similar plants will be factored into the development of the test procedures.

(2) The applicant will conduct tests using approved test procedures. Adminis-
trative controls are to cover (a) the completion of test prerequisites,
(b) the completion of necessary data sheets and other documentation,
and (c) the review and approval of modifications to test procedures. The
applicant has stated that administrative procedures will also cover imple-
mentation of modification or repair requirements identified as being
required by the tests and any necessary retesting.

(3) The applicant will review the results of each test for technical adequacy
and completeness by review groups including the NSSS vendor and architect-
engineer as appropriate. Preoperational test results will be reviewed
before fuel loading, and the startup test results from each test condition
or power level will be reviewed before proceeding to the next test condi-
tion or power level.

(4) The applicant will use normal plant operating and emergency operating
procedures in performing the initial test program, thereby verifying the
correctness of the procedures to the extent practicable.

(5) The schedule for conducting the initial test program allows adequate
time to conduct all preoperational and startup tests. Preoperational test

. procedures will be available for NRC regional personnel review at least
.

I
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60 days before scheduled implementation. Startup test procedures will be
available for review not less'than 60 days before the scheduled fuel
loading date.

(6) An abstract of each test is in FSAR Chapter 14. The staff verified that
there are test abstracts for those structures, systems, components, and
design features that (a) will be used for shutdown and cooldown of the
reactor under normal, transient, and accident conditions and for main-
taining the reactor in a safe shutdown condition for an extended period of
time; (b) will be used for establishing conformance with safety limits or
limiting conditions for operation that will be included in the facility
Technical Specifications; (c) are classified as engineered safety features
or will be relied on to support or ensure the operations of engineered
safety features within design limits; (d) are assumed to function or for
which credit is taken in the accident analysis of the facility, as des-
cribed in the FSAR; or (e) will be used to process, store, control, or
limit the release of radioactive materials.

(7) The test objectives, prerequisites, test methods, and acceptance criteria
for each test abstract are sufficiently detailed to establish that the
functional adequacy of the structures, systems, components, and design
features will be demonstrated.

(8) Exceptions to RG 1.68, " Initial Test Programs for Water-Cooled Nuclear
P.ower Plants," Revision 2, are identified and adequately justified.

The staff was unable to verify all of the above and therefore additional
information was requested from the applicant on October 20, 1983. The staff
met with the applicant on January 12, 1984, and additiona'l information was
submitted in Amendments 5 through 8.

As a result of the staff questions, the applicant made a number of changes to
the initial test program. These changes included

(1) expanding FSAR Figure 14.2-3 to provide an index of system operability
verification, preoperational, and startup tests

(2) increasing the instrument air preoperational test to include testing for
both a sudden and gradual loss of pressure on each individual valve

(3) expanding testing to include simultaneous closing of main steam isolation
valves at 100% power

(4) expanding testing to demonstrate that the air flow paths of quench and
recirculation spray nozzles overlap the water flow test paths for pumps

(5) verifying that a manual ~ trip will remove power from the reactor trip
breaker undervoltage coil and energize the shunt trip coil

(6) modifying the station blackout test to ensure loss of power is maintained
long enough to allow plant conditions to stabilize

.
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However, before the staff can conclude that the applicant's initial test program
meets SRP 14.2, the applicant must resolve a number of open items as follows:

(1) FSAR Section 14.2.12.6.4 should include test initiation with the turbine
generator in operation.

(2) FSAR Section 14.2.12 should include the specific sources of acceptance
. criteria.

(3) FSAR Table 1.10-1 should be revised to provide specific reference to where
the testing and training requirements of NUREG-0737, Item I.G.1, are
addressed.

(4) FSAR Section 14.2.12 should be modified to demonstrate that capacities of
pressurizer power-operated relief valves and steamline atmospheric dump
valves are consistent with the accident analysis assumptions for both
minimum and maximum valve capacities.

(5) Discrepancies between the classification of certain test abstracts in FSAR
Section 14.2.12 and FSAR Figure 14.2-3 must be resolved.

(6) FSAR Section 14.2.12 should be modified to ensure that the accumulator
isolation valves can open unc'er maximum differential pressure conditions.

(7) FSAR Section 14.2.12.6.5 should be modified to secure appropriate sections
of the safeguards area ventilation which are ac powered.

- (8) The applicant'must provide assurance that there is adequate drainage for
the fire protection system to preclude flooding and that there is adequate
testing for nozzles that serve indoor facilities.

(9) ~The applicant must demonstrate the following: (a) proper operation of the
isolated phase duct cooling system under fully loaded conditions, (b) oper-
ability of the Class 1E dc loads necessary for safe shutdown at minimum
dc voltages,,and (c) full load testing of vital bus inverters.,

(10) FSAR Section 14.2.12.55.1 should be modified to demonstrate proper opera-
~

[. tion during complete loss of load.

(11) The applicant must justify the apparent exceptions to RG 1.68, Appendix A,
of the following: (a) reactor vessel interna 1 inspection (1.a.3, 4.s,

~

-5.p), (b) leak detection systems outside containment (1.j.7), (c) monitor-
ing of atmospheric parameters in containment leakage monitoring system
(1.j.22), (d) testing containment humidity monitors in the containment
vacuum system (1.j.22), (e) testing condenser hotwell level control sys-
tem at power (5.s), and (f) testing gaseous and liquid radwaste systems
at power (5.c.c).

(12) The applicant must clarify the use of SOV tests during both the preopera-
L tional and startup test phases.

On the basis of its review, the staff concludes that upon satisfactory resolution
| of the items identified above, the initial test program described in the FSAR(, (as amended through Amendment 8) will meet SRP 14.2 and 10 CFR 50.34(b)(6)(iii),

!
'
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which require that the FSAR include plans for preoperational testing and initial
operations; 10 CFR 50, Appendix B, Section XI, which requires a program to
ensure that the testing required to demonstrate that structures, systems, and
components will perform satisfactorily in service is identified and performed
in accordance with written test procedures that incorporate the requirements.

and acceptance limits contained in applicable design documents; and NUREG-0737,
Item I.G.1, which requires additional testing and training during the initial
test program.

This review and evaluation was performed with the assistance of Battelle
Pacific Northwest Laboratories' personnel.

.

.
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15 ACCIDENT ANALYSIS

The applicant evaluated the ability of Unit 2 to withstand anticipated opera-
tional occurrences and a broad spectrum of postulated accidents without undue
hazard to the health and safety of the public. The results of these analyses

'

are used to show conformance with GDC 10, 15, 27, and 31.

For each event analyzed, the worst operating conditions and the most limiting
single failure were assumed. Credit was taken for only minimum engineered
safeguards response. Parameters specific to individual events were
conservatively selected. Two types of events were analyzed

(1) those incidents that might be expected to occur during the lifetime of the
reactor

(2) those incidents not expected to occur that have the potential to result in
significant radioactive material release (accidents)

The nuclear feedback coefficients were conservatively chosen to produce the
most adverse core response. The reactivity insertion curve, used to represent
the control rod insertion, accounts for a stuck rod; it is in accordance with
GDC 26.

For transients and accidents, the applicant used a method that conservatively
bounds the consequences of the event by accounting for fabrication and
operating uncertainties directly in the calculations. Departure from nucleate
boiling ratios (DNBRs) were calculated using the W-3 correlation with a
modified spacer factor R; a minimum DNBR of-1.3 was used as the threshold for
fuel failure.

The applicant accounts for variations in initial conditions by making the
following assumptions as appropriate for the event being considered:

Parameter 3-loop operation 2-loop operation

Core power, MWt 2652 + 2% 1724 + 2%

Average reactor 576.2 4% 566.0 4%
vessel temperature, F ,

Pressure 2250 1 30 2250 1 30
(at pressurizer), psi

The staff concludes that the assumptions for initial conditions are acceptable
because they are conservatively applied to produce the most adverse effects.
These assumed values will form the basis for the Technical Specification
limits. For transients and accidents used to verify the engineered safety
feature (ESF) design, the applicant used the safeguards power design value of

. 2780 MWt.
.
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The applicant has also analyzed several events expected to occur one or more.
. times in the life of the plant. A number of transients can be expected to
occur with moderate frequency as a result of equipment malfunction or operator
error in the course of refueling and power operation during the plant lifetime.
Specific events were reviewed to ensure conformance with the SRP.

The acceptance criteria for transients of moderate frequency in the SRP include
the following:

(1) Pressure in the reactor coolant and main steam systems should be maintained
below 110% of the design values (ASME Code Section III).

(2) Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR will remain above the 95/95 DNBR limit for PWRs. (The 95/95 criterion
discussed in Section 4.4 of this SER provides a 95% probability, at a 95%
confidence level, that no fuel rod in the core experiences a departure
from nucleate boiling (DNB).)

(3) An incident of moderate frequency should not generate a more serious plant
condition witbout other faults occurring independently.

(4) For transients of moderate frequency in combination with a single failure,
.no loss of function of any fissior product barrier, other than fuel ele-
ment cladding, shall occur. Core geometry is maintained in such a way
that there is no loss of core cooling capability and control rod inserta-
bility is maintained.

Conformance with the SRP constitutes compliance with GDC 10, 15, and 26. (See
Section 6.8 of this SER for a discussion of the conformance of the auxiliary
feedwater system with NUREG-0737 Item II.E.1.1 and Sections 6.8 and 7.3.1.7 for
a discussion of compliance with NUREG-0737 Item II.E.1.2.)

The transients analyzed are protected by the following reactor trips:

(1) power range high neutron flux
(2) high pressure
(3) low pressure
(4) overpower AT
(5) overtemperature AT
(6) low coolant flow
(7) pump undervoltage/underfrequency
(8) low steam generator water level
(9) high steam generator water level

Time delays to trip, calculated for each trip signal, are included in the
analyses. (See Section 4.6 of this SER for a discussion of the staff review of
reactivity control system functional design.)

All of the events that are expected to occur with moderate frequency can be
grouped according to the following plant process disturbances: changes in heat I

r.emoval by the secondary system, changes in reactor coolant flow rate, changes
in reactivity and power distribution, and changes in reactor coolant inventory.

,

'
The postulated design-basis accidents (DBAs) analyzed by the applicant to '

determine the effectiveness of engineered safety features (ESFs)'in mitigating
|
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offsite radiological consequences are the same as those analyzed for previously
licensed PWRs. To evaluate the effectiveness of the ESFs proposed for Beaver
Valley Unit 2 and to ensure that the radiological consequences of these acci-
dents meet the applicable dose criteria, the staff has analyzed a design-basis
loss-of-coolant accident (LOCA), fuel-handling accident, steamline break, steam
generator tube rupture (SGTR), small-line break, and control rod ejection acci-
dent. These DBAs were evaluated using applicable SRP sections and RGs. The
results of the DBAs evaluated by the staff are in Table 15.1. The data and
assumptions used are in Tables 15.2 through 15.6.

The bases for estimated X/Q values (atmospheric diffusion estimates) are
discussed in SER Section 2.3.4.

15.1 Increase in Heat Removal by the Secondary System

The applicant's analysis of events that produce increased heat removal by the
secondary system is addressed in the following paragraphs.

15.1.1 Decrease in Feedwater Temperature

The consequences of a decrease in feedwater temperature are bounded by those
events discussed in Sections 15.1.2 and 15.1.4. The peak pressure is less than
that given in Section 15.1.2. The minimum DNBR is greater than that given in
Section 15.1.4.

15.1.2 Increase in Feedwater Flow

Increases in feedwater flow decrease the temperature of the reactor coolant
water. Because of the negative moderator temperature coefficient, positive
reactvity will be inserted and core power increased.

FSAR Section 15.1.2.1 states that for such events, the high neutron flux trip,
overtemperature AT trip, and overpower AT trip prevent any power increase that
could lead to a DNBR less than the limit value of 1.30. This analysis shows
that the maximum reactivity insertion rate as a result of an increase in feed-
water flow occurs at no-load conditions and is less than the maximum value cal-
culated for an inadvertent control rod withdrawal (evaluated in Section 15.4
below). However, this analysis also shows that increased feedwater flow can
cause a peak reactor coolant system (RCS) pressure of 2270 psia. This is below
the design pressure of 2485 psig, but it is the highest RCS pressure the appli-
cant calculated for any of this group of events.

The applicant has committed to providing a description in FSAR Section 15.1.2
of the two safety grade methods that will be used to protect against steam
generator overfill.

15.1.3 Increase in Steam Flow

The consequences of an increase in steam-flow are bounded by those events
discussed in Sections 15.1.2 and 15.1.4. The peak pressure is less than that
given in Section 15.1.2. The minimum DNBR is greater than that given in
Section 15.1.4.

*

.
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15.1.4 Inadvertent Opening of a Steam Generator Relief or Safety Valve

Of transients in this group, the transient that is most limiting with respect
to fuel performance is the inadvertent opening of the steam generator relief or
safety valve. The suddenly increased steam demand causes a reactor power in-
crease that results in a reactor trip from high neutron flux, overtemperature,
or overpower signals. The continued steam flow through the open valve causes
additional cooldown that, because of the negative moderator temperature co-
efficient, results in positive reactivity. The safety injection system (SIS)
injects highly concentrated boric acid from the boron injection tank into the
primary coolant system on either two out of three pressurizer low pressure
signals, or two out of three low steamline pressure signals in any one loop.
This ensures that the reactor is shut down during any subsequent cooldown. The
normal steam generator feedwater is isolated aJtomatically upon SIS initiation,
and the plant is gradually cooled with only safety grade equipment. DN8 does
not occur during this transient.

| The applicant has provided results of a study for a transient of this group
I combined with the limiting single failure. No credible single failure has been

identified that could result in a more limiting peak reactor coolant system
pressure or DN8R than that from the events themselves.

The cpplicant's analyses show that, for transients leading to an increase in
heat removal by the secondary system (with or without single failure), the
minimum DNBR is 1.3. Thus, no fuel failure is predicted, core geometry and
control rod insertability are maintained with no loss of core cooling capabil-
ity, and the maximum RCS pressure remains below 110% of design pressure. The
staff finds the results of these analyses are in conformance with SRP 15.1.1
through 15.1.4, and are, therefore, acceptable.

15.1.5 Steamline Rupture

The applicant has submitted analyses of postulated steamline breaks that show
no fuel failures attributed to the accident. These result are similar to those
obtained for previously reviewed Westinghouse three-loop plants.

A postulated double-ended rupture at hot standby power with no decay heat was
analyzed as the worst case. Because the steam generators have integral flowi

restrictors with a 1.4-ft2 throat area, any rupture with a break area greater
2than 1.4 ft , regardless of location, has the same effect on the system as a

1.4-ft2 break, so this was assumed in the analysis. The doubled-ended rupture
,

causes the reactor to increase in power because of the decrease in reactor
I coolant temperature. The reactor is tripped by either reactor overpower AT or
! by the actuation ~of the SIS. The SIS is actuated by any of the following: two

out of three low pressurizer pressure signals, two out of three high-1 contain-
i ment pressure signals, or two out of three low steamline pressure signals in-

any one loop. The transient is terminated using only safety grade equipment.
The injection of highly borated water ensures that the reactor is maintained in
a shutdown condition.

|

The staff concludes that the consequences of postulated steamline breaks meet
i GDC 18, 27, 31, and 35 regarding control rod insertability and core coolability

. and meet NUREG-0737.
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The applicant has met GDC 27 and 28' by demonstrating that any resultant fuel-
damage is limited so that control rod insertability is maintained, and there is
no loss of core cooling capability. The minimum DN8R experienced by any fuel
rod was ,>1.30; thus, none of the fuel elements is predicted to experience,

cladding perforation.

The applicant has met GDC 31 with respect to demonstrating the integrity of the
primary system boundary to withstand the postulated accident. The applicant
has met GDC 35 with respect to demonstrating the adequacy of the emergency
cooling systems to provide abundant core cooling and reactivity control (via
boron injection).

The staff'has reviewed a mathematical model that accounts for incomplete coolant
mixing in the reactor vessel and found it was used to analyze the effects of
steamline breaks inside and outside containment, during various modes of opera-
tion, with and without offsite power. The parameters used as input to this
model were reviewed and found to be suitably conservative.

15.2 Decrease in Heat Removal by the Secondary System

The applicant's analyses of events that result in a decrease in heat removal by
the secondary system are presented below.

15.2.1 Steam Pressure Regulator Malfunction or Failure that Results in
Decreasing Steam Flow

FSAR Section 15.2.1 states that any steam flow decrease caused by a malfunction
or failure of any steam pressure regulator is conservatively bounded by the
turbine trip event; this is analyzed in Section 15.2.3 below.

15.2.2 Loss of External Load

FSAR Section 15.2.2 states that the results of the turbine trip event analysis
are more severe than those expected for the loss of external load. The reason
given is that a turbine trip actuates the turbine stop valve, whereas a loss of
external load actuates only the turbine control valves. Because the stop valve
can more suddenly cut off the steam flow to the turbine, this is a more severe
decreased heat removal transient.

15.2.3 Turbine Trip

Assuming that offsite power is available to run the reactor coolant pumps, the
applicant analyzed the turbine trip event for a complete loss of steam load
from full power without a direct reactor trip and with only the pressurizer and
steam generator safety valves available for pressure relief. These assumptions
result in the highest peak RCS press.re for any decreased heat removal event.
The calculated peak value is 2560 psia, which is well below the ASME Code limit
of 110% of the design pressure. For these assumptions, the minimum DNBR is
1.75, which is well above the minimum limiting value of 1.30.

The applicant's analyses show that if instead of just the safety valves, the
pressurizer spray and power-operated relief valves (PORVs) are used to limit
the pressure during this turbine trip event, the minimum DNBR can go down to-

1.60. The FSAR states that if the PORV used in this situation were to stick
- open, there would be no impact on the minimum DNBR because in the analyses the
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PORVs are not required to close until after the reactor trip, at which point
the DNBR is rising and is very high. Likewise, the steam relief valves in the
secondary system are not required to close until after the reactor trip. This
failure to close will have no impact on the DNBR.

The consequences of a turbine trip without offsite power available are discussed
in Section 15.2.6.

15.2.4 Inadvertent Closure of Main Steam Isolation Valves

The consequences of this transient are the same as those discussed in Sec-
tions 15.2.3 and 15.2.6.

15.2.5 Loss of Condenser Vacuum

The consequences of this transient are the same as those discussed in Sec-
tions 15.2.3 and 15.2.6.

15.2.6 Loss of Nonemergency AC Power to the Station Auxiliaries

A loss of nonemergency ac power is more limiting than the turbine-trip-initiated
decrease in secondary heat removal without loss of ac power because the reactor
coolant pumps are lost and the subsequent flow coastdown further reduces the
amount of heat the primary coolant can remove from the core. In this transient,
the loss of offsite power is closely followed by a turbine trip and reactor
trip. The reactor trip is assumed to come from low-low steam generator level,
which is the second safety grade trip. The emergency feedwater system is auto-
matically started, and one electric-motor-driven pump is assumed to be feeding
all three steam generators.

The applicant's LOFTRAN analysis shows that the natural circulation ficv avail-
able adequately transfers the decay heat from the core to the steam generators,
which are being fed with emergency feedwater flow. The steam that is generated
is assumed to be relieved through the steam generator safety valves. The pri- -

mary system relief valves are assumed not to function.

The emergency feedwater comes from the primary plant demineralizer water stor-
age tank (PPDWST), which, FSAR Section 10.4.9.1 states, contains sufficient
water to reduce the hot leg temperatures to 350*F for this transient. At 350*F,
the residual heat removal system can be started to remove the decay heat.

The DNBR remains above 1.30 throughout this transient, and the peak RCS pressure
remains below 110% of the design pressure.

15.2.7 Loss of Normal Feedwater Flow

The consequences of this anticipated operational occurence are more serious if
a concurrent loss of offsite power is assumed. However, if a loss of offsite
power is assumed, the consequences will be the same as the loss-of-nonemergency-
ac power event discussed in Section 15.2.6.

1

15.2.8 Feedwater System Pipe Breaks
' ~

The applicant has provided a feedwater-line-break analysis using assumptions
'

that minimize secondary system heat removal capability, maximize heat addition
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to the primary system coolant, and maximize the calculated primary system '

pressure. The applicant assumed a double-ended rupture of the largest feed-
water line, as well as failure of the turbine-driven auxiliary feedwater pump
to start and supply emergency feedwater to the steam generator.

The applicant used the NRC-approved LOFTRAN code (discussed in Section 5.2.2 of
this SER) to perform this analysis. The analysis assumed that, with a single
failure of the auxiliary feedwater system, emergency feedwater flow is supplied
to two intact steam generators by only one electric-motor-driven auxiliary feed
pump. This is sufficient feedwater flow to remove the residual heat after
reactor shutdown. The use of only safety grade equipment will mitigate this
accident. No fuel damage was calculated, and the peak calculated pressurizer
pressure was approximately 2500 psia.

15.3 Decreases in Reactor Coolant Flow Rate

15.3.1/15.3.2 Loss of Forced Reactor Coolant Flow, Including Trip of Pump and
Flow Controller Malfunctions

The applicant has analyzed the total loss-of-forced-reactor-coolant-flow event
that bounds partial loss of forced reactor coolant flow.

The loss of offsite power and resulting loss of all forced coolant flow through
the reactor core causes an increase in the average coolant temperature and a
decrease in the margin to DNB. The reactor is tripped from an.undervoltage
trip monitoring the reactor coolant pump (RCP) power supply, and a minimum DNBR-

of 1.47 is reached 3.2 seconds into the transient. The maximum calculated RCS
pressure is 2310 psia during the transient. '

15.3.3/15.3.4 Reactor Coolant Pump Rotor Seizure and Reactor Coolant Pump
Shaft Break

The applicant has analyzed the RCP rotor seizure and shaft break event's with
the LOFTRAN and FACTRAN computer codes. Because the initial rate of reduction
of coolant flow is greater after an RCP rotor seizure, this is the limiting
event. In the analyses, the applicant assumed that the core goes into the
nucleate boiling regime (DNB) immediately at the beginning of the transient.
The maximum RCS pressure will occur in the event of an RCP rotor seizure while
only two of the three loops are operating. This maximum pressure is calculated
to be 2647 psia with only the opening of the pressurizer and steam generator
safety valves. The applicant states that 2647 psia is below the faulted condi-
tion stress limit of the RCS.

In response to the staff's request, the applicant reanalyzed the RCP rotor
seizure event with an assumed loss of offsite power (LOOP). For this case, the
ar)1icant's analysis shows:

. .

(1) The. maximum RCS pressure increases to 2679 psia.
(2) The maximum cladding temperature increases to 1956*F.
(3) The maximum zirconium reaction fraction increases to 0.57%.
(4) The minimum DNBR is unchanged.

. Because a pressure of 2679 psia is unchanged from the previous value calculated
, with offsite power available, the radiological releases tabulated in FSAR
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Table 15.3-4 do not change if a LOOP is assumed to occur concurrently with the
RCP motor seizure event.

The staff's evaluation and finding on fuel damage and consequent control rod
.insertability and core cooling considerations during this event are in Sec-
|tion 4.2 of this SER. The evaluations of the computer codes LOFTRAN and

FACTRAN are in Section 5.2.2. In addition, staff has found:

(1) The parameters used as input to the mathematical model are suitably con-
servative.

(2) The use of Service Limit C of the ASME Code is acceptable for conforming
to GDC 31 and for demonstrating the integrity of the RCS during this
accident.

15.4 Reactivity and Power Distribution Anomalies

15.4.1 Uncontrolled Rod Cluster Control Assembly (Rod) Bank Withdrawal from
Zero Power Conditions -

The consequences of an uncontrolled rod cluster control assembly bank with-
drawal at zero power have been analyzed. Such a transient can be caused by a
failure of the reactor control or rod control sys'. ems. The analysis assumed a
conservatively small (in absolute magnitude) negative Doppler coefficient and a
conservative moderator coefficient. Hot zero power initial conditions with the
reactor just critical were chosen because they are known to maximize the calcu-
lated consequences. The reactivity insertion rate is assumed to be equivalent
to the simultaneous withdrawal of the two highest worth banks at maximum speed
(45 inches per minute).

Reactor trip is assumed to occur on the low setting of the power range neutron
flux channel at 35% of full power (a 10% uncertainty has been added to the set-

' point value). The maximum heat flux is much less than the full power value,
and the average fuel temperature increases to a value lower than the nominal
full power value. The minimum DNBR at all times remains above the limiting
value of 1.30.

The staff has reviewed this event according to SRP 15.4.1. The staff reviewed
possibilities for single failures of the reactor control system that could re-
sult in uncontrolled withdrawal of control rods under low power startup condi-
tions. The review included investigations of initial conditions and control
rod reactivity worths, the course of the resulting transients or steady-state
conditions, and the instrument response to the transient or power maldistribu-
tion. The review examined the methods used to determine the peak fuel rod
response and the input into the analysis, such as power distributions and reac-
tivity feedback effects due to moderator and fuel temperature changes.

On the basis of its review, the staff concludes that GDC 10, 20, and 25 have
been met. The applicant has met GDC 10 because the specified acceptable fuel
design limits are not exceeded, GDC 20 because the reactivity control systems
are automatically initiated so that specified acceptable fuel design limits are
not exceeded, and GDC 25 because single malfunctions in the reactivity control
system will not cause the specified acceptable fuel design limits to be ex-,

ceeded. These requirements have been met by comparing the resulting extreme,
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operating conditions and response for the fuel (i.e., fuel duty) with the ac-
ceptance criteria'for fuel damage (critical heat flux, fuel temperatures, and
clad strain limits should not be exceeded) to ensure that fuel rod failure will;

be precluded for this event. The bases for acceptance in the staff review are1

(1) that the applicant's analyses of the maximum transients for single error
: control rod withdrawal from a subcritical or low power condition have been con-

firmed, (2) that-the analytical methods atd input data are reasonably conserva-
tive, and (3) that specified acceptable fuel design limits will not be exceeded.'

4

i 15.4.2 Uncontrolled Rod Cluster Control Assembly (Rod) Bank Withdrawal at Power
i

| The consequences of uncontrolled withdrawal of a rod bank in the power operat-
ing range have been analyzed. The effect of such an event is an increase in1

coolant temperature (because of the core-turbine power mismatch) that must be
terminated before fuel design limits are exceeded.

,

The analysis is performed as a function of reactivity insertion rates, reac-1

; tivity feedback coefficients, and core. power level. Protection is provided by
the high neutron flux trip, the overtemperature AT and overpower AT trips, and
pressurizer pressure and pressurizer water level trips. In no case does the
ONBR fall below 1.30. Adequate fuel cooling is, therefore, maintained. The
maximum heat flux reached, including uncertainties, does not exceed 118% pf
full power; thus fuel centerline melting is precluded.,

The staff has also reviewed the possibilities for single failures of tha reac- '

tor control system that could result in uncontrolled withdrawal of control rods,

beyond normal limits under power operation conditions. The review included in-
-

] vestigations of possible initial conditions and the range of reactivity inser-
| tions, the course of the resulting transients, and the instrumentation response

to the transient. The methods used to determine the peak fuel rod response and
the input into the analysis--such as power distributions, rod reactivities, and
reactivity feedback effects of moderator and fuel temperature changes--also

I were examined.
!
. The staff concludes that GDC 10, 20, and 25 have been met. The applicant has
; met GDC 10 because the specified acceptable fuel design limits are not exceeded,

GDC 20 because the reactivity control systems are automatically initiated so
that specified acceptable fuel design limits are not exceeded, and GOC 25

!- because single malfunctions in the reactivity control system will not cause the
! specified acceptable fuel design limits to be exceeded.

These requirements have been met by comparing the resulting extreme operating
conditions and response for the fuel with the acceptance criteria for fuel dam-
age to ensure that fuel rod failure will be precluded for this event. The
bases for acceptance in the staff review are (1) that the applicant's analysis
of maximum transients for single error control rod malfunctions have.been con-

i - firmed, (2) that the analytical methods and input data are reasonably conserva-
tive, and (3) that specified acceptable fuel design limits will not be exceeded.

~15.4.3 Rod Cluster Control Assembly Malfunctions
1'

j The applicant has analyzed rod cluster control assembly misalignment incidents
L including a dropped full-length assembly, a dropped full-length bank, a mis--

(. aligned full-length assembly, and the withdrawal of a single assembly during
4
4
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operation at power. Misaligned rods are detectable by (1) asymmetric power dis-
tributions sensed by excore nuclear instrumentation or core exit thermocouples,
(2) rod deviation alarms, and (3) rod position indicators. A deviation of a
rod from its bank by about 15 inches or twice the resolution of the rod posi-
tion indicator will not cause power distribution to exceed design limits. Addi-
tional surveillance will be required to ensure proper rod alignment if one or
more rod position channels are out of service.

In the event of a dropped assembly or group of assemblies, the reactor typically
will scram on a neutron flux negative rate trip, and analysis indicates that
thermal limits will not be exceeded for the event. If the rod locations are
such that the reactor does not scram, however, the automatic controller may
return the reactor to full power and a power overshoot could result. Westing-
house has developed an analysis methodology for this event (WCAP-10297-P,
" Dropped Rod Methodology for Negative Flux Rate Trip Plants," January 1982),
which has been reviewed and approved by the NRC staff (Rubenstein, March 2,
1983). Generally, detailed analyses for most reactors for most cycles show
that if this event occurs, thermal limits will not be exceeded. However, the
analysis is both reactor specific and cycle specific, and the analyses for
Beaver Valley Unit 2 for cycle 1 have not been completed.

The staff has accepted an interim position for operating reactors, which re-
stricts operations above 90% power so that either the reactor is manually con-
trolled or the rods are out more than 215 steps. This restriction will be
applied to Beaver Valley Unit 2 if the calculations for cycle 1 operation are
not completed in time for initial operations. With this restriction, thermal
limits will not be exceeded. When the plant-specific analysis is approved, the
restriction will be removed. Similar analysis will be needed for each subse-
quent reload cycle.

For cases in which a group is. inserted to its insertion limit with a single rod
in the group stuck in the fully withdrawn position, analysis indicates that DN8
will not occur. The staff has reviewed the calculated estimates of the expected
reactivity and power distribution changes that accompany postulated misalign-
ments of representative assemblies and concluded that the values used in this
analysis conservatively bound the expected values, including calculational un-
certainties.

The inadvertent withdrawal of a single assembly requires multiple failures in
the control system, multiple operator errors, or deliberate operator actions
combined with a single failure of the control system. As a result, the single
assembly withdrawal is classified as an infrequent occurrence. The resulting
transient is similar to that resulting from a bank withdrawal, but the increased
peaking factor may cause DNB in the region surrounding the withdrawn assembly.
Fewer than 5% of the rods in the core experience DNB for such a transient.

The possibilities for single failures of the reactor control system that could
result in a movement or malposition of control rods beyond normal limits have
been reviewed. The scope of the review included investigations of possible rod
malposition configurations, the course of the resulting transients or steady-
state conditions, and the instrumentation response to the transient or power
maldistribution. The methods used to determine the peak fuel rod response and

- the input to that analysis--such as power distribution changes, rod reactivi-
ties, and reactivity feedback effects due to moderator and fuel temperature
changes--also were examined.

Beaver Valley 2 SER 15-10
*

. - _ -- _.



.. . - - -

The staff concludes that GDC 10, 20, and 25 have been met. The applicant has
met GDC 10 because the specified acceptable fuel design limits are not exceeded,
GDC 20 because the reactivity control systems are automatically initiated so
that specified acceptable fuel design limits are not exceeded, and GDC 25 be-
cause single malfunctions in the reactivity control system will not cause the
specified acceptable fuel design limits to be exceeded. The applicant has met
these GDC by comparing the resulting extreme operating conditions and response
for the fuel with the acceptance criteria for fuel damage to ensure that fuel
rod failure will be precluded for this event. The bases for acceptance in the
staff review are (1) that maximum configurations and transients for single error
control rod malfunctions have been analyzed, (2) that the analysis methods and
input data are resonably conservative, and (3) that specified acceptable fuel
design limits will not be exceeded.

15.4.4/15.4.5 Startup of an Inactive Reactor Coolant Pump at an Incorrect
Temperature

FSAR Section 15.4.4 provides the results of an analysis for startup of an in-i

active reactor coolant pump event.

During the first part of the transient, the increase in core flow with cold
water results in an increase in nuclear power and a decrease in core average
temperature. Reactivity addition for the inactive loop startup event is the
result of the decrease in core inlet water temperature. This transient was
evaluated by the applicant using a mathematical model that the staff has re-,

viewed and found acceptable. The maximum calculated RCS pressure is 2310 psia
and the minimum DNBR is above 1.3 throughout the transient.

i 15.4.6 Inadvertent Boron Dilution
i

i The applicant has analyzed various chemical and volume control system (CVCS)
malfunctions that could lead to an unplanned boron dilution incident. These
include the malfunctions that allow the operator the shortest time for correc-
tive action, starting from plant conditions of startup, through power operation

. (automatic and manual), hot standby, and cold shutdown. The applicant used
! acceptably conservative assumptions in these analyses. The results show that
j the operator has at least 15 minutes from an alarm announcing an unplanned
l moderator dilution to the loss of shutdown margin (i.e., criticality). The
; maximum reactivity insertion rate by boron dilution was found to be 1.5 X 10 5

ok/k (1.5 pcm) per second. If the operator does not stop the dilution, theI

DNBR still remains above 1.49, and the RCS and main steam pressures will remain
below 110% of design.

I In response to a question on protection from inadvertent boron dilution during
! refueling, the applicant stated that, during refueling, the RCS is isolated

from the potential source of unborated water. This isolation is accomplished
by having the operator place danger tags on the primary grade water header;

| isolation valves or lock these valves closed whenever the RCS water is below
| the normal level. The operator performing these tasks must sign each step of a
} procedural checklist. Tnis procedure is acceptable when the plant's Technical
! Specifications require the lockout of all possible sources of dilution water

when the plant is in Mode 6.

. The applicant has met GDC 10 with respect to demonstrating that the specified
acceptable fuel design limits are not exceeded for this event. This criterion
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has been met because the results of the analysis showed that the thermal margin
limits are satisfied, as indicated in SER Section 4.4. The applicant has met
GDC 15 with respect to demonstrating that the reactor coolant pressure boundary
limits have not been exceeded for this event. This criterion has been met be-
cause the analysis showed that the maximum pressure in the reactor coolant and
main steam systems did not exceed 110% of the design pressure. The applicant
has met GDC 26 and 28 with respect to demonstrating that the control rod system
has the capability of overcoming the effects of boron dilution events during
reactor operation. The applicant has demonstrated conformance with these cri-
teria by showing that under the postulated accident conditions and with appro-
priate margins for stuck rods, the specified acceptable fuel design limits are
not exceeded.

15.4.7 Inadvertent Loading and Operation of a Fuel Assembly in an Improper
Position

During fuel loading, strict administrative controls in the form of previously
approved established procedures and startup testing are followed to prevent
operation with a fuel assembly in an improper location or with a misloaded
burnable poison assembly. Nevertheless, the applicant analyzed the conse-
quences of a loading error.

The applicant compared power distributions calculated for the nominal fuel load-
ing pattern and those calculated for five loadings with misplaced fuel assem-
blies or burnable poison assemblies. The selected nonnormal loadings represent
the spectrum of potential inadvertent misplaced fuel. Calculations included,
in particular, the power in assemblies that contain provisions for monitoring
with incore detectors.

As part of the required startup testing, the incore detector system is used to
detect misloaded fuel before operation at power. The analysis described above
shows that all but one of the above misloading events would be detected by this
test. In the case that is the exception--an interchange of Region 1 and 2 as-
semblies near the center of the core--the increase in the power peaking is ap-
proximately equal to the uncertainty in the measurement of this quantity (5%).

; This uncertainty is considered in the analyses so that this misloading event
does not result in unacceptable consequences.

| The staff evaluated the consequences of a spectrum of postulated fuel loading
errors and concluded that the analyses provided by the applicant have shown,
for each case considered, that either the error is detectable by the available
instrumentation (and hence remediable) or the error is undetectable but the

| .offsite consequences are a small fraction of the 10 CFR 100 guidelines. The
applicant has stated that the available incore instrumentation will be used
before the start of a fuel cycle to search for fuel loading errors.

The staff concludes that GDC 13 and 10 CFR 100 have been met. The applicant
has met GDC 13 with respect to providing adequate provisions to minimize the
potential of a misloaded fuel assembly going undetected and 10 CFR 100 with

! respect to mitigating the consequences of reactor operations with a misloaded
| fuel assembly. The applicant has met these requirements by providing accept-

able procedures and design features that will minimize the likelihood of
loading fuel in a location other than its designated place..

!'
|
f
'
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15.4.8 Control Rod Ejection Accident

The mechanical failure of a control rod mechanism pressure housing would result
in the ejection of a rod cluster control assembly. For assemblies initially
inserted, the consequences would be a rapid positive reactivity insertion to-
gether with an adverse core power distribution, possibly leading to localized
fuel rod damage. Although mechanical provisions make this accident extremely
unlikely, the applicant has analyzed the consequences of such an event..

Methods used in the analysis are reported in Westinghouse Topical Report
WCAP-7588, Revision 2, "An Evaluation of the Rod Ejection Accident in Westing-
house Reactors Using Spatial Kinetics Methods," which has been reviewed and
accepted by the staff. This report demonstrated that the model used in the
accident analysis is conservative relative to a three-dimensional kinetics cal-

' culation. -

The applicant's criteria for gross damage of fuel are a maximum clad tempera-
ture of 2700*F and an energy deposition of 200 calories per gram in the hottest
pellet. These criteria are more conservative * than those proposed in RG 1.77.
Therefore, they are acceptable.

Four cases were analyzed: beginning-of-cycle at 102% and zero power, and end-
of-cycle at 102% and zero power. The highest clad temperature (2606 F) and the
highest fuel enthalpy (169 calories per gram) were reached in the- end-of-cycle
zero power and beginning-of-cycle full power cases, respectively. The analysis
also shows that less than 10% of the fuel experiences DNB and less than 10% of
the hot pellet melts. Analyses have been performed to show that the pressure

- surge produced by the rod ejection is mild and will not approach the RCS emer-
gency limits. Further analyses have shown that a cascade effect (the ejection
of a further_ rod as a result of the ejection of the first one) is not credible.

The staff concludes that the analysis of the rod ejection accident is accept-
able and meets GDC 28. The applicant met GDC 28 with respect to preventing
postulated reactivity accidents that could result i.n damage to the reactor
coolant pressure boundary greater than limited local yielding, or cause suffi-
cient damage that would signficantly impair the capability to cool the core.
The applicant has met GDC 28 by demonstrating compliance with RG 1.77. The
staff has evaluated the applicant's analysis of the assumed control rod ejec-
tion accident and finds the assumptions, calculation techniques, and conse-
quences acceptable. Because the calculations resulted in peak fuel enthalpies
less than 280 calories per gram, prompt fuel rupture with consequent rapid heat
transfer to the coolant from finely dispersed molten uranium dioxide was assumed
not to occur. The pressure surge was, therefore, calculated on the basis of
conventional heat transfer from the fuel and resulted in a pressure increase
below Service Limit C (as defined in Section III of the ASME Code) for the maxi-
mum control >od worths assumed. The staff finds that the calculations contain
sufficient conservatism, both in the initial assumptions and in the analytical

- models, to ensure that primary system integrity will be maintained.

w

*RG 1.77 has an acceptance criterion of 280 calories per gram energy deposition
and no criterion for clad temperature other than that implicit in requirements
.for preventing fuel and pressure vessel damage.'

.

'
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In analyzing this accident, the staff has used a conservative value of 10% fuel
cladding failures and 0.25% fuel melting on the basis of previous experience at
similar PWRs. The consequences of this accident were evaluated using Appendix
A to SRP 15.4.8 and RG 1.77. The staff calculated two doses via two release
pathways: through containment leakage and through the secondary system. In
the case of the containment leakage pathway, the ejected rod assembly is assumed
to puncture the control rod drive mechanism housing, with the activity released
through containment leakage to the environment. The containment leakage is
assumed to cease after 1 hour, the time it takes the containment to return to
subatmospheric pressure. In the second case, all the released activity is
assumed to be mixed with the primary coolant, with some of the activity trans-
ported to the secondary side of the steam generators through steam generator
tube leaks. Because loss of offsite power is assumed, the activity would be
released to the environment through a steam dump to the atmosphere.

The assumptions used to determine the consequences of this accident are in
Table 15.2. The estimated 0- to 2-hour thyroid dose at the exclusion area
boundary for the containment leakage pathway exceeds the guideline value of
SRP 15.4.8, Appendix A, by approximately 5%. The staff finds this departure
from the acceptance criterion and the design for mitigating the consequences
of the accident acceptable because

(1) doses are below the guideline values of 10 CFR 100

(2) the consequences were calculated on the basis of fuel failures and fission
product releases that are predicted by conservative models

(3) the uncertainties in the dose calculations are large

(4) the acceptance criterion in the SRP appendix of "well within" the guide-
line values of 10 CFR 100 is conservative with respect to the likelihood
of this accident

15.5 Increase in Reactor Coolant Inventory

15.5.1 Inadvertent Operation of the Emergency Core Cooling System Ouring Power
Operation

Emergency core cooling system (ECCS) operation could be initiated by a spurious
signal or an operator error. Two cases were examined: one in which reactor
trip occurs simultaneously as a result of the safety injection signal, and the
other in which the reactor trips later in the transient because of low RCS pres-
sure. The reactor pressure decreases during the initial phase of the transient
and then increases to a peak pressure of 2350 psia at 200 seconds into the
transient. The DNBR never drops below its initial value for either case. These
transients are terminated by the use of only safety grade systems. If the
operator fails to turn off the high head safety injection (HHSI)/ charging pumps,
the safety valves will open. Continued operation of these pumps would overfill
the pressure relief tank. However, FSAR Table 6.3-1 states that the cutoff
head of the HHSI/ charging pumps is 6000 feet (2600 psig); thus, they cannot
create 110% of the reactor vessel design pressure (2733 psig) and cannot cause
the vessel to fail.

.

.
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15.5.2 Chemical and Volume Control System Malfunction that Increases Reactor
Coolant Inv'entory

The evaluation of the consequences of this event is in Section 15.4.6.

15.6 Decrease in Raactor Coolant Inventory

15.6.1 Inadverter 'ning of a Pressurizer Safety or Relief Valve
~

FSAR Section 15.6 ' des the results of an analysis for inadvertenc opening
of a pressurizer alve. During this projected event, nuclear power is
maintained at th value until reactor trip occurs on low pressurizer
pressure. The C decrease initially, but increase rapidly following
the trip. The >R of 1.50 would occur at 31 seconds into the tran-
sient. The RCf sid decrease throughout the transient.

15.6.2 Failv ine Carrying Primary Coolant Outside Containment

The applica: an analysis of an accidental break in the CVCS let-
down line e ment but downstream of the containment isolation
valves. Ti. as postulated that the most severe pipe rupture with
regard to ra. :onsequences outside containment would be a complete
severance of a setdown line in the CVCS. The staff concurs in this
assumption. Tn. ak would release up to 160 gpm of primary coolant to the
auxiliary buildir, >roviding a release pathway to the environment. The , time
required for the o,arator to identify the accident and isolate the rupture is
expected to be less than 15 minutes.

This value is consistent with Draft Standard ANSI N660, " Time Response Design
Criteria for Safety-Related Operator Actions." Indications, such as letdown
line pressure downstream of the postulated break location and volume control
tank level, will allow early detection of the failure by the operators.

Given a 15-minute isolation time, a total of 18,000 pounds mass (lb,) of primary
coolant could be released. The staff estimates that 40% of the hot reactor
coolant would flash into steam when it entered the auxiliary building atmosphere
and assumed that 40% of the dissolved iodine fission products would become air-
borne. The staff conservatively assumed that the airborne iodine and dissolved
noble gases can escape directly to the environment at ground level, without
decay, deposition, or filtration. Other assumptions are given in Table 15.3.
The radiological consequences for this postulated DBA are given in Table 15.1.
The estimated doses are a small fraction (not more than 10%) of the 10 CFR 100
exposure guidolines, are in accordance with RG 11.1 and, therefore, meet the
acceptance criteria of SRP 15.6.2. The staff finds the applicant's design for
mitigating the radiological consequences of a failure of small lines carrying
primary coolant outside containment acceptable.

.5.6.3 Steam Generator Tube Rupture

The applicant has provided an analysis of the systems' response and the radio-
logical consequences of a steam generator tube rupture (SGTR) accident. This
analysis is based on the ability to isolate the affected steam generator within
30 minutes.-

.

The staff asked the applicant to justify the position that the
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operator can take appropriate action within 30 minutes. The staff also ex-
pressed concerns regarding the systems for which the analysis takes credit in
mitigating the consequences of an SGTR. In response, the applicant stated that
the Westinghouse Owners Group is investigating several SGTR licensing concerns
and will address the staff's concerns through generic evaluations. When this
additional information is received, the staff will complete the review of th'is
open item and report the radiological consequences in a supplement to this SER.

l

15.6.4 Main Steamline Break Outside Containment j

Both the staff and the applicant have evaluated the radiological consequences
of a postulated steamline break accident outside containment and upstream of
the main steam isolation valve. During the course of the accident, the shell

!

side of the affected steam generator is assumed to stay dry because auxiliary
feedwater flow to the affected steam generator would be blocked under accident
conditions. Using this assumed dry condition, all the iodine transported by
the primary-to-secondary leakage (1 gpm) is assumed to be available to be
released directly to the atmosphere. Although the contents of the secondary
side of the affected steam generator would be vented initially to the atmos-
phere as an elevated release, the staff conservatively assumed that the entire
release for the duration of the accident occurs at ground level.

The staff investigated thcee cases in accordance with SRP 15.1.5, Appendix A.
For case 1, assuming a stuck rod, the applicant projected that 1% of the fuel
cladding will fail. The staff, however, used a value of 5% fuel cladding fail-
ure, which is consistent with that used for previous evaluations at Westinghouse
plants. For case 2, that of a preaccident iodine spike, the staff assumed that
previous reactor operation has resulted in a primary coolant concentration
equal to a Standard Technical Specification iodine spike limit of 60 pCi/gm
dose equivalent I-131 (DEI-131). For case 3, the staff assumed that an iodine
spike occurs as a result of the accident and that the iodine release rate from
the fuel to the primary-coolant following the accident is increased by a factor
of 500. Further, it was assumed that, before the accident, the plant was oper-
ating at the Technical Specification primary coolant equilibrium activity limit
of 1.0 pCi/gm DEI-131. Finally, the staff assumed (1) that plant cooldown took
8 hours and (2) that the decay heat removal system was then initiated.

The staff assumptions are in Table 15.4 and the staff's calculated doses are
given in Table 15.1. The calculated doses are within the guideline values of
SRP 15.1.5, Appendix A, and the staff finds the design to mitigate the conse-
quences of a main steamline break outside containment acceptable.

15.6.5 Loss-of-Coolant Accidents

In FSAR Section 15.6.5, the applicant has analyzed the double-ended cold leg
guillotine (DECLC) as the most limiting large-break LOCA. The analysis was done
for three different flow coefficients. The results show that the DECLG with a
Moody break discharge coefficient of 0.4 is the worst case. In this analysis,-
the peak cladding temperature reached is 2179 F. For the small-break LOCA, the
applicant has determined that a cold leg rupture of less than 10 inches in diam-
eter is the most limiting. The analysis was performed for 3 , 4 , and 6-inch-
diameter breaks. The results show that the 3-inch-diameter break is the worst

. case, and it results in a peak cladding temperature of 1985*F. Both of these
accidents are terminated by SIS and ECCS operation. Only safety grade equipment,

is used to mitigate the accident.
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The staff concludes that the LOCA analysis resulting from a spectrum of postu-
lated piping breaks within the reactor coolant pressure boundary is acceptable
and meets 10 CFR 50.46, Appendix K to 10 CFR 50, and GDC 35.

The applicant has analyzed the performance of the ECCS in accordance with
10 CFR 50.46 and Appendix K to 10 CFR 50. The analyses considered a spectrum
of postulated break sizes and locations. As shown in NUREG-0390, these analy-
ses were performed with an evaluation model that had been previously reviewed
and approved by the staff. The results show that the ECCS satisfies the fol-
lowing criteria:

(1) The calculated maximum fuel rod cladding temperature does not exceed
2200*F.

(2) The calculated maximum local oxidation of the cladding"does not exceed 17%
of the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical reac-
tion of the cladding with water or steam does not exceed 1% of the hypo-
thetical amount that.would be generated if all the metal in the cladding
cylinders surrounding the fuel, excluding the cladding surrounding the
plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains amen-
able to cooling.

.(5) After any calculated successful initial operation of the ECCS, the calcu-
lated core temperature is maintained at an acceptably low value and decay
heat is removed for the extended period of time required by the long-lived
radioactivity.

The staff concludes that the calculated performance of the ECCS after postu-
lated LOCA accidents conforms to the Commission's regulations and to applicable
RGs and staff technical positir 1s; thus, the ECCS performance is ' considered
acceptable for the postulated accidents.

The applicant has analyzed a hypothetical design-basis LOCA and concluded that
the combination of specific ESFs and distances to the exclusion area and the
outer boundary of the low population zone are sufficient to provide reasonable
assurance that the radiological consequences of such an accident are within the
guidelines-in 10 CFR 100.11(a)(1) and (2). The analysis included the following
sources and radioactivity transport paths to the atmosphere:

(1)' contribution from containment leakage
(2) contribution from post-LOCA leakage from ESF systems outside containment

The staff has reviewed the applicant's provisions for and design of the contain-
ment system ard the containment spray system, as described in Sections 3 and 6
of this report. The staff's independent analysis of the radiological conse-
quences of a hypothetical design-basis LOCA is described below.

15.6.5.1 Containment Leakage Contribution

. The staff's calculation of the consequences of a hypothetical LOCA used the con-
servative assumptions of Positions C.I.a through C.1.e of RG 1.4, Revision 2.*

Beaver Valley 2 SER '15-17
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The primary containment was assumed to leak at a rate of 0.1% a day for the
first hour and, because the containment pressure would become subatmospheric

f within 1 hour, the leak rate was assumed to be 0% a day after 1 hour. The frac-
tion of core inventory available for release from the containment was assumed
to be 25% for iodine and 100% for noble gases. The analysis took into account
radiological decay during holdup in the containment and iodine removal by the
sprays. Although the ESF areas are aligned and exhausted by the supplementary
leak collection and release system (SLCRS) immediately following a LOCA, no
credit was taken for filtration becaese the applicant, in the FSAR, did not
request credit for this system as a dose mitigation feature. A list of ass;mp-
tions used in the calculation of the LOCA doses is in Table 15.5.

15.6.5.2 Post-LOCA Leakage from ESF Systems Outside Containment

As part of the LOCA analysis, the staff also evaluated the consequences of leak-
age of recirculated sump water. During the recirculation mode of operation,
the sump water is circulated outside containment to the auxiliary building. If
a leak, such as a pump seal failure, should develop, a fraction of the iodine
in the water could become airborne in the auxiliary building and exit to the '

atmosphere. For Beaver Valley Unit 2, the ECCS area in the auxiliary building
is served by the SLCRS. Therefore, doses from passive feilures were not con-
sidered (as specified in Appendix B to SRP 15.6.5).

FSAR Table 15.6-9 gives 9.4,x 10 3 gpm as the expected amount of leakage from
the ECCS equipment following an accident. Using. Appendix B to SRP 15.6.5,
the staff evaluated the potential radiological consequences from this release
pathway assuming a ' routine leakage rate of twice the applicant's value
(1.9 x 10 2 gpm). The staff will review the Beaver Valley Unit 2 Technical
Specifications rela.tive to the testing of ESF systems' recirculating sump water
outside containment to ensure that the leakage outside containment for all
these systems is less than 9.4 x 10 3 gpm

15.6.5.3 Conclusions

The staff's calculated thyroid and whole-body doses from the hypothetical LOCA
are given in Table 15.1. The staff concludes that the distances to the exclu-
sion area and the low population zone boundaries for Beaver Valley Unit 2, in
conjunction with the specific ESFs of the Beaver Valley Unit 2 design, are
sufficient to provide reasonable assurance that the total radiological conse-
quences of a postulated LOCA will be within the exposure guidelines in
10 CFR 100.11. This conclusion is based on the staff review of the applicant's
analyses and an independent analysis performed by the staff to verify that the
total calculated doses are within the guidelines.

The controlling calculation is a 2-hour thyroid dose of 299 rems * in the north-
west direction at the exclusion area boundary, the boundary within which a
licensee should control postaccident activities and for which a postaccident
limiting thyroid dose guideline of 300 rems is required by 10 CFR 100. This
calculated dose is the highest value the staff has found acceptable for any

*The use of three significant digits in this dose estimate is a computational
artifact; that is, computer computations i.nfer a greater accuracy than is-

;- justified.
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ipower reactor reviewed to date. Furthermore, the thyroid dose at the exclusion '

area boundary was calculated several times by the staff with values ranging
from more than 360 rems to 299 rems in the most recent calculation. These
lower results were achieved by the staff's utilization of recent submittals by-

the applicant of meteorological data and a modified exclusion area boundary,
while still using standard regulatory models and assumptions.

i

The 10 CFR 100 dose calculation is a deterministic test of the acceptability of
combinations of site characteristics and ESFs of long standing. The staff rec-
ognizes that the regulation identifies these doses as guidelines, not limits.
Nevertheless, there is clear regulatory precedent and practice for treating4

them as limits. The applicant apparently understands this, but was unwilling
'

to adopt the suggestions of the staff regarding claiming further safety credit
for the supplemental leakage collection system. Adopting this suggestion would
have alleviated the problem of nominally high thyroid doses early in the review.;

a

The staff finds these dose estimates acceptable for two reasons. The first is
that the literal meaning of the regulations is satisfied. The second reason
that the staff has for accepting these calculated thyroid doses is its current
interpretation of the results of extensive source term studies that have been
going on for several years. There is a preponderance of evidence that bears on
this question. The doses at issue here are thyroid doses caused by volatile
radiciodine that is not removed by ESFs in the design-basis accident. .The

! weight of evidence from current studies of accident releases points to radio-
iodine as being not in the volati.le elemental form in quantity, but as beingi

mostly released from the reactor in water solution or as an aerosol form of the
salt, cesium iodide. This would tend to decrease the amount of iodine avail-
able for release to the environs and thus decrease the offsite doses for this

' licensing calculation.'

15.7 Radioactive Releases from a Subsystem or Component

15.7.1*
'

15.7.2"

15.7.3 Liquid Tank Failure Accident
ii

The applicant's analysis of the radioactive liquid waste tank failure accident
is in FSAR Section 15.7.3. The staff has conducted an independent evaluation,

of the consequences of component failures for redioactive Tiquid waste compo-,

nents located outside the reactor containment that could result in releases of
-liquid containing radioactive materials to the environs.

The principal criteria governing acceptance in the staff review were (1) GDC 60,
; as it relates to the raJioactive waste management systems being designed to

control releases of radioactive materials to the environment, and (2) 10 CFR 20,
as-it relates to effluents to unrestricted areas. Tanks and associated com-
ponents containing radioactive liquids outside containment are considered,

:

* Sections dealing only with background data were deleted from the July 19812

revision of the SRP (NUREG-0800). The sect' ion numbers are retained here to*- ~

1 - provide continuity in numbering and to ensure a close correlation between
subsequent SER sections and their associated SRP sections.,

'
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acceptable, according to SRP 15.7.3, if failure does not result in radionuclide
concentrations in excess of the limits in 10 CFR 20, Appendix B, Table II,
Column 2, at the nearest potable water supply in an unrestricted area.

Beaver Valley Unit 2 has several radioactive liquid waste processing and storage
tanks encompassed by this review.

The applicant submitted one failure case that is considered limiting. This
case is the failure of the refueling water storage tank. This tank is not
enclosed, and, if it ruptured, the water would be released onto the ground sur-
face and run into the river. The applicant states the river provided enough
dilution and decay time to maintain radionuclide concentrations at the nearest
potable water supply intake (7.1 miles downstream) below 10 CFR 20 limits.

The staff has performed an independent analysis to verify the applicant's con-
clusions. This analysis predicted the maximum reactivity in the refueling water
storage tank and the evaporator bottoms storage tank. This activity, coupled
with the hydrologic dilution effects for postulated failures, predicted the
concentration at the nearest drinking water intake (at Chester, West Virginia).
The staff has concluded that failure of the refueling water storage tank would
result in a spill that would run across the plant yard into the New Cumberland
Pool on the Ohio River. This spill would be diluted by a factor of about 2000
at the Chester intake. This would maintain the radionuclide concentrations
below 10 CFR 20 limits. Failure of the evaporator bottoms storage tank would
result in a spill that would be retained in the auxiliary building. Notwith-
standing this fact, the staff assumed that spill contaminants would leak through
cracks out into the groundwater beneath the auxiliary building. There are no
down gradient residential or municipal wells that could be affected by this
postulated accident. The staff's analysis predicted this contaminated ground-
water would eventually enter the Ohio River. The combination' of time decay and
river dilution yielded a nuclide concentration reduction factor of approximately
1010 This reduction factor is more than sufficient to maintain radionuclide
concentration below 10 CFR 20 limits.

15.7.4 Fuel-Handling Accident

For the analysis of a fuel-handling accident in the fuel pool, the staff as-
sumed that a fuel assembly was dropped in the fuel pool during refueling
operations and that all of the fuel rods in the dropped assembly were damaged,
as well as 50 rods in the second impacted assembly (as conservatively proposed
by the applicant), thereby releasing the volatile fission gases from the fuel
rod gaps into the pool. The fuel building exhaust system and filters, which
are part of the SLCRS, were assumed to be in operation during fuel handling,
and the radioactive materials that escaped from the fuel pool were assumed to
be released to the environment in a puff release, with the iodine activity
reduced by filtration through the SLCRS.

The estimated offsite radiological consequences of this postulated accident
are given in Table 15.1. The calculated doses are within the guidelines of
SRP 15.7.4. The assumptions and parameters used in the analysis are given in
Table 15.6. The dose model and dose conversion factors used in the analysis
were the same as those given in RG 1.25, " Assumptions Used for Evaluating the

. Potential Radiological Consequences of a Fuel Handling and Storage Facility for
Boiling and Pressurized Water Reactors."

,
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The staff also evaluated the consequences of a fuel-handling accident inside
containment. The applicant states that the time required for air to travel
from the radiation monitor to the first containment isolation valve is greater
than the closure time of the containment isolation valves plus the detector re-
sponse time. Therefore', the design capability for rapid isolation of the con-
tainment provides assurance that virtually all the radioactive releases would
be contained in the primary containment, and no doses need be reported in this
SER.

~

The staff finds the design to mitigate the consequences of fuel-handling acci-
dents acceptable.

15.7.5 Spent Fuel Cask Drop Accident

The applicant has stated that the spent fuel cask will not be lifted more than
30 feet above any surface during the entire transfer operation under normal
operating conditions. On this basis of this commitment, the staff does not
anticipate any radiological release from such a drop and, therefore, no doses
need be evaluated in accordance with the acceptance criteria of SRP 15.7.5.

15.8 Anticipated Transients Without Scram

Anticipated transients without scram (ATWS) are events in which the scram sys-
tem (reactor trip system) is postulated to fail to operate as required. This
subject has been under generic review by the Commission staff for several years.

.

In December 1978, Volume 3 of NUREG-0460, " Anticipated Transient Without Scram
for Light Water Reactors," was issued describing the proposed type of plant,

| modifications the staff believed necessary to reduce the risk from anticipated
| transients with failure to scram to an acceptable level. The staff issued
| requests for the industry to supply generic analyses to confirm the ATWS miti-

gation capability described in Volume 3 of NUREG-0460, and the staff presented'

recommendations on plant modifications to the Commission in September 1980.
The staff has recommended to the Commission that rulemaking be used to deter-
mine the modifications required to resolve ATWS concerns as well as the schedule
for implementation of such modifications. Beaver Valley Unit 2 is subject to
rulemaking on this matter.

The following paragraphs discuss the bases for operation of Beaver Valley,

Unit 2 at full power while final resolution of ATWS is being considered.

NUREG-0460, Volume 3, states:

The staff has maintained since 1973 (for example, see pages 69 and
70 of WASH-1270) and reaffirms today that the present likelihood of
severe consequences arising from an ATWS event is acceptably small
and presently there is no undue risk to the public from ATWS. This
conclusion is based on engineering judgement in view of: (a) the
estimated arrival rate of anticipated transients with potentially
severe consequences in the event of a scram failure; (b) the favor-
able operating experience with current scram systems; and (c) the
limited number of operating reactors.

In view of these considerations and the expectation that the necessary plant
.

modifications will be implemented 1 to 4 years following a Commission decision
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on ATWS, the staff has generally concluded that PWR plants can continue to
operate because the risk from ATWS events in this time period is acceptably
small. As a prudent course, to further reduce the risk from ATWS events before
the plant modifications deemed necessary by the Commission are completed, the
staff has required that emergency procedures be developed to assist operators
in the recognition and mitigation of an ATWS event. These procedures shall in-
clude consideration of scram indicators, rod position indicators, flux monitors,
pressurizer level and pressure indicators,. pressurizer relief valve and safety
valve indicators, and any other alarms annunciated in the control room, with
emphasis on alarms not processed through the electric portion of the reactor
scram system. When implemented, these procedures will provide an acceptable
basis for interim operation of Beaver Valley Unit 2 based on the staff's under-
standing of the plant response to postulated ATWS events.

As noted in Section 13.5.2, the applicant has committed to implement emergency
operating procedures based on the Westinghouse Emergency Response Guidelines
that have been endorsed by NRC Generic Letter 83-22. These guidelines include
guideline ECA-1, " Anticipated Transient Without Scram." On the basis of the
applicant's commitment to implement procedures based on these guidelines, the
staff concludes that the applicant's commitment in this area is acceptable, on
an interim basis, for full power operation. The Commission will, by rulemaking,
determine any future modifications necessary to resolve the ATWS concerns and
the required schedule for implementaLion of such modifications.

15.9 TMI Action Plan Requirements

15.9.1 II.B.1 Reactor Coolant System Vents

The design for the reactor coolant system vents is described in Sections 1.10
and 5.4.15 of the FSAR.

Acceptability of the qualification criteria, instrumentation and control, and
operating procedures for these vents is addressed in Sections 5.2 and 5.4.12 of
this SER.

15.9.2/15.9.3 II.K.1 IE Bulletins on Measures To Mitigate Small-Break LOCAs
and Loss of Feedwater Accidents

II.K.1.5 Review ESF Valve Positions, Controls, and Related Test and Maintenance
Procedures To Assure Proper ESF Functioning; and

II.K.1.10 Review and Modify Procedures for Removing ESF From Service To Assure
Operability Status Is Known

The applicant states that the intent of these two items will be met when the
operating and maintenance procedures are written. They are scheduled to be
completed in June 1985. The staff will evaluate the acceptability of the mea-
sures taken to satisfy these items when these procedures are submitted.

15.9.4 II.K.2.13 Thermal Mechanical Report: Effect of High-Pressure Injection
on Vessel Integrity for Small-Break LOCA with No Auxiliary
Feedwater

. The staff review of this item is addressed in the discussion of NRC Unresolved
Safety Issue A-49, " Pressurized Thermal Shock," in Appendix C. '

,
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15.9.5 II.K.2.17 Potential for Voiding in the Reactor Coolant System During
Transients

Westinghouse performed a study that addressed the potential for void formation
in Westinghouse-designed nuclear steam supply systems during natural circula-
tion cooldown/depressurization transients. This study was submitted to the
NRC by the Westinghouse Owners Group, and the results of this study were ac-
cepted (Houston, December 6, 1983) by the staff.

15.9.6 II.K.2.19 Sequential Auxiliary Flow Analysis

Sequent.ial auxiliary feedwater flow criteria are only of concern in once-through
steam generator designs. Because Westinghouse uses U-tube steam generator
designs, the Item II.K.2.19 analysis is not needed for Beaver Valley Unit 2.

15.9.7 II.K.3.2 Report on Overall Safety Effect of Power-0perated Relief Valve
Isolation System

In response to this item, the applicant referenced a generic Westinghouse Owners
Group submittal (WCAP-9804). Should the staff generic review of this material
indicate a need for action, the staff will request further consideration of
modification of Beaver Valley Unit 2.

15.9.8 II.K.3.3 Reporting SV and PORV Challenges and Failures

FSAR Table 1.10-1 states that the applicant will be responsible for ensuring
that any failure of PORVs or safety valves to close will be reported promptly
to the NRC and that all challenges to PORVs and safety valves will be docum,ented
in the annual report. The staff concludes that the Beas r Valley Unit 2 proce-
dures will meet the criteria of this item and are acceptable.

15.9.9 II.K.3.5 Automatic Trip of RCPs During a LOCA

In response to this item, the applicant stated that Westinghouse performed an
| analysis of delayed RCP trip during a LOCA. This analysis is documented and is

the basis for the Westinghouse position on RCP trip (i.e., automatic RCP trip
'

is not necessary because sufficient time is available for manual tripping of
the RCPs).

|

Westinghouse has submitted generic reports (WCAP-9584 and WCAP-9585), which are
being reviewed.

| 15.9.10 II.K.3.10 Proposed Anticipatory Trip Modification

The applicant has not prc ,y modification to the standard anticipatory
trip. Therefore, no TMI A. Plan requirements are imposed.

15.9.11 II.K.3.17 Report on Outages of ECCS

FSAR Table 1.10-1 and Section 13.5.2.1 state that the applicant will meet the
intent of this item when the operating and maintenance procedures are written.
They are scheduled to be completed in June 1985. The acceptability of the

' measures taken to satisfy this item will be evaluated when these procedures are
. submitted.
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15.9.12 II.K.3.25 Effect of Loss of AC Power on RCP Seals

In response to this item, the applicant stated that, in the event of loss of
offsite power, the RCP motor is de energized, the diesel generators are auto-
matically started, and both seal injection flow and component cooling water
flow are automatically restored within seconds.

The staff concludes that the-applicant's design meets the criteria of this item
and is acceptable.

15.9.13 II.K.3.30 Revised Small-Break LOCA Methods To Show Compliance with'
10 CFR 50, Appendix K

In response to this item, the applicant stated that Westinghouse has submitted
a new small-break evaluation model to the staff. The staff is reviewing this
submittal. The staff's safety evaluation, which finds the new small-break LOCA
model acceptable, will be completed by May 31, 1985 (WCAP-10054 and
WCAP-10079).

15.9.14 II.K.3.31 Plant-Specific Calculations To Show Compliance with
10 CFR 50.46

The applicant states that the July 1983 Westinghouse small-break LOCA model was
used for the analyses discussed in FSAR Section 15.6.5. However, this does not
constitute a review that shows Beaver Valley Unit 2 is in full compliance with
10 CFR 50.46. After the staff's review of this evaluation model is' completed,
the applicant will be required to submit a specific response on this issue.

,

.

.

.

.
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Table 15.1 Radiological consequences of design-basis accidents

EAB dose, rems LPZ dose, rems

Postulated accident Thyroid Whole body Thyroid Whole body

Loss of coolant

Containment leakage
0-1. hour * 298 6.0 9 0.2

Total containment leakage 298 6.0 9 0.2

ECCS component leakage 1.0 0.1 1.0 0.1

Total 299 6.1 10 0.3

Steamline break outside ,

secondary containment
5% fuel cladding

failure (case 1) 96 5. 0 11 0.6
Preaccident iodine

spike (case 2) 34 5.0 2.9 0.6
Concomitant iodine

spike (case 3) 23 5.0 1.9 0.6

Control rod ejection
Containment leakage

pathway 79 0.4 3.0 0.04-

Secondary system
release pathway 30 4.0 3.0 0.3

I

| Fuel-handling accident
in fuel-handling area 25 2.0 1. 0 0.1

Small-line break 18 0.1 0.5 0.3

Steam generator tube rupture **
DEI-131 at 60 pCi/gm (case 1)
DEI-131 at 1 pCi/gm (case 2)

! * Containment leakage occurs for only 1 hour--the time it takes the contain-
ment to become subatmospheric.

**0 pen items.

!'

.

. .

'

!

| Beaver Valley 2 SER 15-25
:

~
o



: - .x. . . ._. _a . . _ . . _ . , _ . . . . . . ..

Table 15.2 Assumptions used in rod ejection
accident analyses

Parameter and unit of measure Value

Power level, MWt 2766

Failed fuel, % 10

Melted fuel, % 0.25

Iodine partition factor 100

Steam generator tube leak rate, gpm 1

1 Containment leakage, % per day 0.1

Time containment goes subatmospheri:
.after the accident, hours 1

Time at which the primary and secondary
pressures equalize, hours 8

Peaking factor 1.65

Table 15.3 Assumptions used in analyses of accidents
involving small-line breaks outside
containment

Parameter and unit of measure Value
.

Coolant released, 1b, 18,000.

Fraction of coolant released
flashed to steam, % 40

: Primary coolant concentration, pCi/gm DEI-131 1.0
:

Spiking factor, iodine release rate multiplier 500

;- Letdown rate, gpm 120
|

<

Primary coolant volume, fta 8,416
1

.

*

.
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Table 15.4 Assumptions used to evaluate the radiological
consequences following a postulated main
steamline break accident outside containment

Parameter and unit of measure Value

Power, MWt 2766

Failed fuel fraction (case 1), % 5

Preaccident dose-equivalent I-131 in primary' coolant 60
(case 2), pCi/gm

Preaccident dose equivalent I-131 in primary coolant 1
(case 3), pCi/gm

Primary-to-secondary leak rate, gpm 1

Amount of 1 gpm leak occurring in the 100
affected steam generator, %

Amount iodine transported to the shell side of the steam 100
generator by the leakage that is lost to the environment
without decay, %

Increase in iodine release rate from fuel 50,000
as a result of the accident (case 3), %

Duration of accident, hours 8

.

.

.

*

.
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Table 15.5 Assumptions used to calculate LOCA doses

Parameter and unit of measure Value

Containment leakage

Power level, MWt 2766

Operating time, years 3

Core inventory available for containment leakage, %-

Iodine 25
Noble gases 100

Initial iodine composition in containment, %
Elemental 91
Organic 4
Particulate 5

Containment leak rate, % per day
0-1 hour 0.1
After 1 hour 0

Containment volume, ft3
Sprayed volume 1.4 x 108
Unsprayed volume 4.0 x 105

.

Containment mixing rate, hr 1 2-

Containment spray system
Maximum allowable elemental iodine
decontamination factor 100*

Spray removal coefficients, hr 1
Elemental iodine 10
Particulate iodine 0.65
Organic iodine 0

Relative concentration values (x/Q), sec/m *3

0-2 hours at the EAB** 1.6 x 10.a,

0-8 hours at the LPZ boundary *** 7.2 x 10 s
8-24 hours at the LPZ boundary *** 5.1 x 10 5
24-96 hours at the LPZ boundary *** 2.4 x 10 5
96-720 hours at the LPZ boundary *** 8.0 x 10 8

ECCS leakage outside containment

Power, MWt 2766
Sump volume, gal 8.3 x 105
Flash fraction 0.1
Leak rate (twice maximum operational leakage), gpm 0.019
Leak duration, hours 720
Delay time, hours 0.08
Filter efficiency, % 95

* Decontamination factor is approximately 25 at the time the con-
tainment becomes subatmospheric.

**EAB (exclusion area boundary) = 547 meters in the northwest
*

sector.
***LPZ (low population zone) boundary = 5800 meters.*

Beaver Valley 2 SER 15-28

.



-- ---

._. . _ . . . . .

Table 15.6 Assumptions used for estimating the
radiological consequences following
a postulated fuel-handling accident

Parameter and unit of measure Value

Power level, Mwt 2766

Number of fuel rods damaged 314

Total number of fuel rods in core 41,448

Radial peaking factor of damaged rods 1.65

Shutdown time, hours 100 -

Inventory released from damaged rods 10
(iodines and noble gases), % .

Pool decontamination factors
Iodines 100
Noble gases 1

Iodine fractions released from pool, %
Elemental 75 .

Organic 25

Iodine removal efficiencies for fuel building
exhaust system, %

Elemental 95
Organic 95

.

.

.

*
.
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16 TECHNICAL SPECIFICATIONS

The Technical Specifications in a license define certain features, character-
istics, and conditions governing operation of a facility that cannot be changed
without prior approval of the staff. The Technical Specifications finally
approved for Beaver Valley Unit 2 will be made a part of the Operating License.
Included will be sections covering definitions, safety limits, limiting safety
system settings, limiting conditions for operations, surveillance requirements,
design features, and administrative controls.

Staff preparation of the Technical Specifications for Beaver Valley Unit 2 will
begin approximately 12 to 18 months before the expected fuel loading date. The
staff will use the then-current version of " Standard Technical Specifications
for Westinghouse Pressurized Water Reactors" (NUREG-0452). This document has
been updated from earlier revisions as a result of continued discussion with
Westinghouse and licensees with Westinghouse PWRs.

On the basis of its review to date, the staff concludes that normal plant opera-
tion within the limits of the Technical Specifications will not result in offsite
exposure in excess of the 10 CFR 20 limits. Furthermore, the limiting condi-
tions for operation and surveillance requirements will ensure that necessary
engineered safety features will be available in the event of malfunctions within
the facility.

During its review of the Beaver Valley Unit 2 application, the staff identified
certain issues that must be included in the Technical Specifications as a
condition of staff acceptance. These issues are identified in various sections
of the SER. Most of the issues that the staff has identified as being required
to be included in the Technical Specifications are already addressed in NUREG-
0452. Those issues that are not included in NUREG-0452 will be added to the
Technical Specifications being prepared for Beaver Valley Unit 2.

.

.
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17 QUALITY ASSURANCE

17.1 General

The description of the quality assurance (QA) program for the operations phase
of Beaver Valley Unit 2 is in FSAR Chapter 17. The staff evaluation is based *
on a review of this information and discussions with representatives of the
applicant and NRC Region 1. The staff assessed the QA program for the opera-
tions phase to determine if it complies with the requirements of 10 CFR 50,
Appendix B, " Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants," and SRP 17.2.

17.2 Organization

The applicant's organization responsible for the operation of Beaver Valley
Unit 2 is shown in Figure 17.1. It consists of five divisions: the Nuclear
Division, the Nuclear Construction Division, the Engineering and Construction
Division, the Operations Division, and the General Services Division. Each of
these divisions is headed by a Vice President who (with the. exception of the
General Services Division) reports directly to the President of Duquesne Light
Company, who, in turn, reports to the Chairman of the Board. The Vice President
of General Services reports directly to the Chairman of the Board. The General
Services Division has overall responsibility for the procurement of material
and equipment as requested by either the Nuclear Division or the Engineering
and Construction Division. The Operations Division is responsible for providing
testing and maintenance support for specified maintenance activities. The
Engineering and Construction Division is responsible for design changes and
engineering during operation.

The Nuclear Division is directly responsible for the safe and efficient opera-
tion of the plant; for the development and implementation of the quality control
(QC), radiological control, and environmental surveillance programs; for train-
ing, administrative services, and plant security; and for engineering activi-
ties. Within this division is the operational quality control (0QC) organiza-
tion, which is divided into three sections. The 0QC Maintenance Section is
responsible for implementing the quality requirements of plant maintenance,
surveillance activities, and maintenance related nondestructive examination.
The OQC Inservice Inspection Section is responsible for implementing the quali-
ty requirements of inservice inspection and control of nondestructive examina-
tion procedures. The OQC Refueling and Modifications Section is responsible
for implementing the quality requirements of refueling, new fuel receipt, and
modification activities.

The Nuclear Construction Division is responsible for construction and modifica-
tions activities. This division, through the QA Department, is also responsible
for establishing, managing, and measuring the overall effectiveness of the QA
programs for construction and operations.

. Reporting to the Manager of the QA Department are a QA Director for Operations
and a QA Director for Design, Construction, and Procurement. The QA Director,,
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Operations, is responsible for ensuring that the fabrication and installation:

of fuel, operation, testing, and maintenance are done in accordance with the
QA program. The QA Director for Design, Construction, and Procurement is re-,

sponsible for ensuring that design, engineering, procurement, construction,:
: and modification activities during both the construction and operation phases

are performed in accordance with the QA program.

The QA Manager has the authority to report quality matters to any level neces-
sary within the applicant's organization or.to establish effective corrective

; action. The QA and QC personnel have sufficient authority and organizational*

freedom from the pressures of cost and schedules to identify quality problems;
} initiate, recommend, or provide solutions to quality problems through designated

channels; verify implementation of solutions to quality problems; and control
! further processing, delivery, or installation of nonconforming items and ensure
! proper dispositioning has occurred.
)

17.3 Ouality Assurance Program

The QA program for the operation is described in FSAR Chapter 17 and is imple-
. mented by written policies, procedures, and instructions. The applicant has

i - committed that the QA program for the operations phase will in compliance with
1 the provisions of the RGs listed in Table 17.1.
4

] The QA program requires that implementing procedures and instructions contain
detailed controls for (1) translating codes, standards, regulatory requirements,3

} Technical Specifications, engineering, and process requirements into drawings '

;

and specifications, procedures and instructions; (2) developing, reviewing, and
approving procurement documents, including changes; (3) prescribing quality-,

: related. activities by documents, instructions, procedures, drawings, and speci-
fications; (4) issuing and distributing approved documents; (5) purchasing items
and services; (6) identifying materials, parts, and components; (7) performing !i special processes; (8) inspecting and/or testing materials, equipment, processes,
or services; (9) calibrating and maintaining measuring and test equipment;

; (10) handling, storing, and shipping items; (11) identifying the inspection,
; test, and operating status of items; (12) identifying and dispositioning non-
! conforming items; (13) correcting conditions adverse to quality; (14) preparing
j and maintaining QA records; and (15) auditing activities that affect quality.
,

| The indoctrination and training program ensures that personnel performing activ-
! ities affecting quality are knowledgeable and that they have competence and
; skill in the performance of their quality-related activities. It also provides
| for retraining personnel performing' activities affecting quality. . i-

4

| Quality is verified through checking, review, surveillance, inspection, testing,
e and audit of quality-related activities. The QA program requires that quality
i verification be performed by individuals who are not directly responsible for
* performing the quality-related activities. Inspections are performed by quali-

fled personnel in accordance with procedures and instructions approved by the.,
'

QA/QC organization.
:

! Audits are performed in accordance with preestablished written checklists by
qualified personnel not having direct responsibilities in the areas being,

! audited. Periodic audits will be performed to evaluate all aspects of the QA
| program including the effectiveness of the QA program implementation. The QA,

f:
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program requires the review of audit results by the person having responsibil-
ity in the area audited to determine and take corrective action where necessary.
Followup audits are performed to determine that nonconformances and deficiencies
are effectively corrected and that the corrective action precludes recurrences.

17.4 Conclusion

On the basis of its detailed review and evaluation of the QA program description
in FSAR Chapter 17, the staff concludes that the organizations and persons per-
forming QA functions appear to have the required independence and authority to
effectively carry out the QA program without undue influence from those directly
responsible for cost and schedules.

Moreover, the QA program describes requirements, procedures, and controls that,
when properly implemented, comply with Appendix B to 10 CFR 50 and with SRP 17.2.
The staff has requested additional information regarding the structures, systems,
and components that are under the control of the QA program. The results of
the review of the applicant's response will be provided in a supplement to this
SER. Thus, the staff concludes that, except for the above item, the applicant's
description of the QA program complies with applicable NRC regulations.

t

|

|
!

l

|
|

|

.

.
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Table 17.1 Regulatory guidance applicable to the quality assurance program
1

RG Title Date Rev.

1.30 Quality Assurance Requirements for 8/11/72 -

Installation, Inspection, and Testing of
Instrumentation and Electrical Equipment

1.33 Quality Assurance Program Requirements 2/78 2
(Operation)

1.37 Quality Assurance Requirements for Cleaning 3/16/73 -

of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants

.1.38 Quality Assurance Requirements for 5/77 2
Packaging, Shipping, Receiving, Storage,
and Handling of Items for Water-Cooled
Nuclear Power Plants

1.39 Housekeeping Requirements for Water-Cooled 9/77 2
Nuclear Power Plants

1.58 Qualification of Nuclear Power Plant 9/80 1
Inspection, Examination, and Testing
Personnel

1.64 Quality Assurance Requirements for G/76 2
the Design of Nuclear Power Plants

1.74 Quality Assurance Terms and Definitions 2/74 -

1.88 Collection, Storage, and Maintenance 10/76 2
of Nuclear Power Plant Quality Assurance
Records

1.94 Quality Assurance Requirements for 4/76 1
Installation, Inspection, and Testing
of Structural Concrete and Structural
Steel Ouring the Construction Phase of
Nuclear Power Plants

1.116 Quality Assurance Requirements for 5/77 0-R
Installation, Inspection, and Testing
of Mechanical Equipment and Systems

1.123 Quality Assurance Requirements for 7/77 1
Control of Procurement of Items and
Services for Nuclear Power Plants

1.144 Auditing of Quality Assurance Programs 9/80 1
for Nuclear Power Plants

1.146 Qualification of Quality Assurance Program 8/80 -

Audit Personnel for Nuclear Power Plants

-
.

*
.
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18 HUMAN FACTORS ENGINEERING

18.1 Detailed Control Room Design Review

All licensees and applicants for an operating license are required to conduct -

a detailed control room design review (DCRDR) in response to NRC Task Action
Plant Item I.D.1 (NUREG-0660) to identify and correct design discrepancies.
The objective, as stated in NUREG-0660, is to improve the ability of nuclear
power plant control room operators to prevent or cope with accidents if they
occur by improving the information provided to them. Supplement 1 to NUREG-
0737, dated December 17, 1982, confirmed and clarified the DCRDR requirement
in NUREG-0660. As a result of Supplement 1 to NUREG-0737, each applicant or
licensee is required to conduct a DCRDR on a schedule negotiated with NRC.

NUREG-0700 describes the following four phases of the DCRDR to be performed by
the applicant or licensee:

(1) planning
(2) review
(3) assessment and implementation
(4) reporting

SRP 18.1, Appendix A, " Evaluation Criteria for Detailed Control Room Design
Reviews," provides the necessary criteria for evaluating each phase.

According to Supplement 1 to NUREG-0737, the applicants and licensees are
required to submit a program plan that describes how the following elements of
the DCRDR will be accomplished:

(1) establishment of a qualified multidisciplinary review team

(2) function and task analyses to identify control room operator tasks and
information and control requirements during emergency operations

(3) comparison of display end control requirements with a control roci inventory

(4) control room . survey to identify deviations from accepted human factors
principles

(5) assessment of human engineering discrepancies (HEDs) to determine which
HEDs are significant and should be corrected

(6) selection of design improvements

(7) verification that selected design improvements will provide the necessary
correction

(8) verification that improvements will not introduce new HEDs
.

.
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(9) coordination of control room improvements with changes from other programs
such as the safety parameter display system, operator training, RG 1.97
instrumentation, and upgraded emergency operating procedures

The NRC requires each applicant and licensee to submit a summary report at the
end of the DCRDR. The report should describe the proposed control room changes
and implementation schedules and provide justification for leaving safety-
significant HEDs uncorrected or partially corrected.

The NRC will evaluate the organization, process, and results of each DCRDR.
The evaluation of the applicant's and licensee's DCRDR efforts will consist
of the following, as described in SRP 18.1, Appendix A:

(1) an evaluation of the program plan report submitted by the licensee or
applicant

(2) a visit to some of the plant sites to audit the progress of the DCRDR
programs

(3) an evaluation of the licensee's or applicant's DCRDR summary report

(4) a possible preimplementation audit

(5) the preparation of a safety evaluation report that will present the
results of the NRC evaluation

Significant HEDs should be corrected. Improvements that can be accomplished
with an enhancement program should be done promptly.

In response to Supplement 1 to NUREG-0737 and in additional information sub-
mitted on August 8, 1983, the applicant provided a program plan and stated that
a summary report will be submitted on June 1, 1985. On the basis of the re-
view of the Beaver Valley Unit 2 program plan, the staff conducted an onsite
in progress audit on July 26 and 27, 1984. Results of the audit indicated that
the DCRDR is proceeding in a. manner that will satisfy the requirements of
Supplement 1 to NUREG-0737.

The staff did identify several concerns that were brought to the attention of
the applicant. A major concern is the differences between the Unit 1 and Unit 2
control rooms, since the applicant indicated a desire to apply for dual-unit
licensing of its operators. Those differences will require careful evaluation
to determine if a potential for inducing operator error exists.

Although the function and task analysis process appears to be satisfactory, the
staff is concerned that (1) a human factors specialist is used only as a re-
viewer and has no direct input to the analysis and (2) selected event sequences
to be evaluated may not cover all emergency operations.

After the staff has assessed the DCRDR summary report, it will decide if a pre-
implementation audit is also required. This decision will be made, and the
licensee informed, within 2 weeks after the staff's receipt of the summary
report. If an onsite preimplementation audit is conducted, the staff will

. issue a supplement to this SER within a month after the audit.
.
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18.2 Safety Parameter Display System .

All licensees and applicants for an operating license must provide a safety
parameter display system (SPDS) in the control room of their plants. The NRC
has established various requirements and provided guidance for the design of an
SPDS in Supplement 1 to NUREG-0737.

The purpose of the SPDS is to provide a concise display of critical plant vari-
ables to control room operators to aid them in rapidly and reliably determin-
ing the safety status of the plant. NUREG-0737, Supplement 1, provides that
licensees and applicants prepare a written safety analysis describing the basis
on which the selected parameters are sufficient to assess the safety status of
each identified function for a wide range of events, which include symptoms of
severe accidents. Licensees and applicants shall also prepare an implementa--

tion plan for the SPDS that contains schedules for design, development, instal- -

lation, and full operation of the SPDS, as well as a design verification and
validation (V&V) plan. The safety analysis and the implementation plan are to
be submitted to the NRC for staff review. The results of the staff's review
are to be published in a supplement to this SER.

The staff review for licensees requesting a preimplementation review and for
applicants consists of a review of SPDS documentation (i.e., safety analysis
report and implementation plan) and audit meetings and site visits.

~

After an initial review of the licensee's or applicant's submittals, three
separate audit meetings and/or site visits, as described below, may be arranged
through the Division of Licensing Project Manager. As dictated by the compre-
hensiveness of the applicant's or licensee's documentation and the schedule for
design and implementation of the SPDS, the objectives of these audits may be
met in fewer site visits.

(1) Desian Verification Audit

The purpose of this audit meeting is to obtain additional information to
resolve any outstanding questions about the V&V program, to confirm that
the V&V program is being correctly implemented, and to audit the results
of the V&V activities to date. At this meeting, the applicant should pro-,

i vide a thorough description of the SPDS design process. Emphasis should
4 be placed on how the applicant is ensuring that the implemented SPDS will'

provide appropriate parameters, be isolated from safety systems, provide
reliable and valid data, and incorporate good human engineering practice.,

(2) Desian Validation Audit
,

i

i After review of all documentation, an audit may be conducted to review
the as-built prototype or installed SPDS. The purpose of this audit is to

>

; ensure that the results of the applicant's or licensee's testing demon-
! strate that the SPDS meets the functional requirements of the design and

that the SPDS exhibits good human engineering practice.

| (3) Installation Audit
! -

| As necessary, a final audit may be conducted at the site to ascertain that.

i the SPDS has been installed in accordance with the applicant's or licen-
t* see's plan and is functioning properly. A specific concern is that the
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data displayed reflect the sensor signal that measures the variable dis-
played. This audit will be coordinated with and may be conducted by the
NRC Resident Inspector.

Unlike licensees of operating reactors, applicants will undergo, before imple-
mentation, a full review to determine whether the applicable provisions of Sup-
plement 1 to NUREG-0737 have been satisfied. To the extent possible, the staff
will temper its review to conform to the schedule for licensing and SPDS imple-
mentation.*

By letter dated August 1, 1984, the applicant submitted a safety analysis report
regarding the SPDS. The staff reviewed the report and concluded that insuffi-
cient information was provided to allow the staff to complete its review of the
Beaver Valley Unit 2 SPDS. A request for additional information was forwarded
to the NRC Division of Licensing on October 31, 1984. When the applicant re-
sponds to the staff's questions, the document review will continue and onsite
audits will be scheduled as necessary to complete the staff's review of the
Beaver Valley Unit 2 SPDS.

.

.

Beaver Valley 2 SER 18-4
*

. _ _ _ - --__.___ . .__ _.- _ _ _ _ _ _ _ _ _ _ _ _ _ ._. _. _ _. - _ _ _ - - _



. _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ ._ _

_ _ _

.

.

19 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

The application for an operating license for Beaver Valley Unit 2 will be
reviewed by the Advisory Committee on Reactor Safeguards (ACRS). The NRC
staff will issue a supplement to this SER after the ACRS report to the
Commission is available. The supplement will include a copy of the ACRS
report, will address comments made by ACRS, and will describe steps taken by
the staff to resolve any issues raised as a result of the ACRS review.

.

.

'

|
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20 COMMON DEFENSE AND SECURITY

The application reflects that the activities to be conducted will be within the

jurisdiction of the United States and that all of the directors and principal
officers of the applicant are citizen of the United States. Duquesne Light

i Company and the joint applicants (collectively, the applicant) are not owned,
dominated, or controlled by an alien, a foreign corporation,'or a foreign govern-
ment. The activities to be conducted do not involve any restricted data, but
in accordance with the requirements of 10 CFR 50, the applicant has agreed to
safeguard any such data that might become involved. The applicant will rely on
obtaining fuel as it is needed from sources of supply available for civilian
purposes, so that no diversion of special nuclear material for military purposes
is involved. For these reasons, and in the absence of any information to the
contrary, the staff finds that the activities to be performed will not be inim-
ical to the common defense and security.

.

O

|

-

*
.
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21 FINANCIAL QUALIFICATIONS

On September 12, 1984, the NRC published in the Federal Register a final rule
(49 FR 35747) that eliminated the financial qualifications review and findings
for eTectric utilities that are applying for an operating license. This rule,

became effective October 12, 1984. Accordingly, a review of the financial
qualifications of the applicant is not required.

,

, .,
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22 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS

22.1 General

Pursuant to the financial protection and indemnification provisions of the
Atomic Energy Act of 1954, as amended (Section 170 and related sections), the
Commission has issued regulations in 10 CFR 140. These regulations set forth
the Commission's requirements with regard to proof of financial protection by,
and indemnification of, licenses for facilities such as power reactors under
10 CFR 50.

22.2 Preoperational Storage of Nuclear Fuel

The Commission's regulations in 10 CFR 140 require that each holder of a con-
struction permit under 10 CFR 50 who is also the holder of a license under
10 CFR 70 authorizing the ownership and possession for storage only of special
nuclear material at the reactor construction site for future use as fuel in the
reactor (after an operatin'g license is issued under 10 CFR 50) shall, during
the interim storage period before licensed operation, have and maintain 'inan-
cial protection in the amount of $1,000,000 and execute an indemnity agreement
with the Commission. Proof of financial protection is to be furnished prior
to, and the indemnity agreement executed as of, the effective date of the
10 CFR 70 license. Payment of an annual indemnity fee is required.

The applicant will furnish the Commission proof of financial protection in the
amount of $1,000,000 in the form of a Nuclear Energy Liability Insurance Asso-
ciation Policy. Further, the applicant will execute an Indemnity Agreement
with the Commission effective as of the date of its preoperational fuel storage
license. The applicant will pay the annual indemnity fee applicable to pre-
operational fuel storage.

22.3 Operating License

Under the Commission's regulations in 10 CFR 140, a license authorizing the
operation of a reactor may not be issued until proof of financial protection
in the amount required for such operation has been furnished and an indemnity
agreement covering such operation (as distinguished from preoperational fuel
storage only) has been executed. The amount of financial protection that
must be maintained for Beaver Valley Unit 2 (which has a rated capacity in
excess of 100,000 electrical kilowatts) is the maximum amount available fromi

private sources (that is, the combined capacity of the two nuclear liability
insurance pools; this amount is currently $570 million).

Accordingly, a license authorizing operation of Beaver Valley Unit 2 will not
be issued until proof of financial protection in the requisite amount has been
received and the requisite indemnity agreement executed.

The NRC staff expects that, in accordance with the usual procedure, the nuclear
liability insurance pools will provide, in advance of anticipated issuance of*

the operating license documents, evidence in writing, on behalf of the appli-
cant, that the present coverage has been appropriately amended so that the

*
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policy limits have been increased to meet the requirements of the Commission's
regulations for reactor operation. Similarly, the operating license will not
be issued until an appropriate amendment to the present indemnity agreement has
been executed. The applicant will be required to pay an annual fee for
operating license indemnity as provided in the NRC regulations.

On the basis of the above considerations, the staff concludes that the presently
applicable requirements of 10 CFR 140 have been satisfied and that, before an
operating license is issued, the applicant will be required to comply with the
provisions of 10 CFR 140 applicable to operating licenses, including those as
to proof of financial protection in the requisite amount and as to execution of
an appropriate indemnity agreement with the Commission.

.

.

.
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23 CONCLUSIONS

Based on its evaluation of the application as set forth above, the NRC staff
has determined that, upon favorable resolution of the outstanding matters
described herein, it will be able to conclude that

(1) The application for facility license filed by the applicant complies with
the requirements of the Atomic Energy Act of 1954, as amended (Act), and
the Commission's regulations set forth in 10 CFR Chapter I, except as duly
exempted therefrom.

(2) The facility will operate in conformity with the application as amended,
the provisions of the Act, and the rules and regulations of the Commission.

(3) There is reasonable assurance (a) that the activities authorized by the
operating license can be conducted without endangering the health and
safety of the public and (b) that such activities will be conducted in
compliance with regulations of the Commission set forth in 10 CFR

| Chapter I.
i

_

(4) The applicant is technically qualified to engage in the activities autho-
rized by the license, in accordance with the regulations of the Commission
set forth in 10 CFR Chapter I.

(5) The issuance of this license will not be inimical to the common defense,

and security or to the health and safety of the public.

Before an operating license is issued, the unit must be completed in conformity
with the construction permit, the application, the Act, and the rules and regu-
lations of the Commission. Such completeness of construction as is required
for safe operation at the authorized power levels must be verified by the NRC
before the license is issued.

Before an operating license is issued, the applicant will be required to satisfy
the applicable provisions of 10 CFR 140.

.

.
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APPENDIX A

CHRONOLOGY OF NRC STAFF RADIOLOGICAL REVIEW
0F BEAVER VALLEY POWER STATION, UNIT 2

May 16, 1983 Letter from applicant transmitting application for
docketing. Application docketed May 18, 1983.

May 16, 1983 Letter from applicant transmitting Amendment 1 to Final
Safety Analysis Report (FSAR).

,

May 16, 1983 Letter from applicant transmitting report on fire
protection.

May 19, 1983 Letter to applicant transmitting notices regarding oppor-
tunity for hearing.

May 23, 1983 Meeting with applicant to discuss compliance with Genera'
Design Criterion (GDC) 51.

June 3, 1983 Generic Letter 83-22--Safety Evaluation.of " Emergency
.

Response Guidelines."

June 7, 1983 Management meeting to discuss review of application.,

July 5, 1983 Generic Letter 83-26--Clarification of Surveillance
Requirements for Diesel Fuel Impurity Level Tests.

July 6, 1983 Generic Letter 83-27--Surveillance Intervals in Standard
Technical Specifications.

July 8, 1983 Generic Letter 83-28--Required Actions Based on Generic
Implications of Salem ATWS Events.

July 14, 1983 Letter from applicant transmitting Amendment 2 to FSAR.

July 14, 1983 Letter from applicant transmitting responses to accep-
tance review questions.

July 21, 1983 Generic Letter 83-30--Deletion of Standard Technical
Specifications Surveillance Requirement 4.8.1.1.4.d.6
for Diesel Generator Testing.

July 25, 1983 Letter from applicant transmitting responses to environ-
mental acceptance review questions.

July 27, 1983 Me'eting with applicant to discuss stress analysis for
piping components and supports.

.

.
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July 28, 1983 Letter from applicant transmitting security plan.
July 29, 1983 Letter from applicant transmitting worst-case deterministic

interval report for turbine missile analysis.
August 4, 1983 Meeting with applicant to discuss fracture toughness of

materials for containment pressure boundaries (GDC 51).

August 8, 1983 Letter from applicant transmitting " Detailed Control Room
Design Review Program Plan Report."

August 23, 1983 Meeting with applicant to discuss format for Technical
Specifications.

August 31, 1983 Letter to applicant transmitting request for additional
information.

September 2, 1983 Letter from applicant advising that schedule for respond-
ing to Generic Letter 83-28 will be submitted by Novem-
ber 30, 1983.

September 2, 1983 Letter to applicant forwarding newspaper notices for
September 28, 1983 public meeting on environmental
matters.

September 12, 1983 Letter from applicant transmitting " Regulatory Guide 1.97
Implementation Report."

September 15, 1983 Letter to applicant transmitting request for additional
information.

September 19, 1983 Letter to applicant transmitting request for additional
information on seismology and geology.

September 19, 1983 Letter to applicant transmitting request for additional
information regarding preservice/ inservice inspection
program.

September 19, 1983 Letter to applicant transmitting request for additional
information.

September 19, 1983 Letter to applicant transmitting request for additional
information on instrumentation and controls and confor-
mance to certain Office of Inspection and Enforcement
(IE) bulletins and NUREG-0737 items.

September 19, 1983 Letter to applicant transmitting request for additional
information on security plan.

September 22, 1983 Letter to applicant transmitting request for additional:

; information on environmental qualification.
!

September 22, 1983 Letter to applicant transmitting request for additional
' - information on seismic and dynamic loads.

Beaver Valley 2 SER 2 Appendix A
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September 22, 1983 Letter to applicant transmitting comments on FSAR Sec-
tion 1.9 regarding structural and geotechnical engineering
information.

September 28, 1983 Letter to applicant transmitting request for additional
information.

October 17, 1983 Meeting with applicant to discuss Geosciences Branch
review questions.

October 18, 1963 Letter to applicant granting extension until April 1, 1984
to submit response to Generic Letter 83-28.

October 18, 1983 Letter to applicant providing clarification of required
actions based on generic implications of Salem antici-
pated transients without scram (ATWS) events.

October 19, 1983 Generic Letter 83-33--NRC Positions on Certain Require-
ments of Appendix R.

October 20, 1983 Letter to applicant transmitting request for additional
information on containment systems.

October 20, 1983 Letter to applicant transmitting request for additional
information on initial test program.

October 26, 1983 Letter from applicant transmitting Amendment 3 to the
FSAR.

i

October 26, 1983 Letter from applicant.regarding August 23, 1983 meeting
to discuss development of Technical Specifications.

October 27, 1983 Letter from applicant transmitting Amendment 1 to report
on fire protection.

October. 27, 1983 Letter to applicant transmitting request for additional
information.

October 28, 1983 Letter from applicant transmitting " Development of Terrain
Adjustment Factors for Use at the Beaver Valley Power
Station for the Straight-Line Atmospheric Dispersion
Model."

October 31, 1983 Generic Letter 83-38--NUREG-0965, "NRC Inventory of Dams."

November 2, 1983 Letter to applicant transmitting request for additional
information.

November 2, 1983 Generic Letter 83-35--Clarification of TMI Action Plan
Item II.K.3.31.

'

November 2, 1983 Letter to applicant forwarding structural design audit
guideline and discussing forthcoming audits.

'
.

,. a
.-

Beaver Valley 2 SER 3 Appendix A

*

_



November 7, 1983 Meeting with applicant to discuss compliance with GDC 51.

November 10, 1983 Letter from applicant transmitting Revision 1 to security
plan.

November 14, 1983 Letter from applicant transmitting summary of fracture
toughness characterizations of the Unit 2 containment
pressure boundary materials.

November 15, 1983 Letter from applicant regardinn questions by Hydrologic
Engineering Branch on probable maximum precipitation
and its effect on safety-related structures and components.

November 18, 1983 Letter to applicant transmitting request for additional
information.

November 23, 1983 Letter from applicant advising of schedule for respond-
ing to requests for information.

November 30, 1983 Letter to applicant advising of change for date of struc-
tural design audit to January 23-27, 1983.

December 2, 1983 Generic Letter 83-32--NRC Staff Recommendations Regarding
Operator Action for Reactor Trip and ATWS.

December 2, 1983 Letter from applicant in response to Generic Letters 83-37
and 82-16.

December 2, 1983 Letter from applicant transmitting Amendment 4 to the /

FSAR.

December 4, 1983 Letter from applicant transmitting revised emergency
plan implementing procedures.

December 5, 1983 Letter from applicant regarding mass and energy release
data for steamline break accident.

December 5, 1983 Letter from applicant forwarding information on steamline
break blowdown (proprietary).

December 5-8, 1983 Meeting with applicant to conduct Instrumentation and
Control Systems Branch review for input to SER.

December 7, 1983 Letter to applicant requesting information for facility
staffing survey.

December 9, 1983 Letter from applicant transmitting annual financial
reports.

December 14, 1983 Meeting with applicant to discuss Geosciences Branch
review questions.

December 16, 1983 Generic Letter 83-41--Fast Cold Starts of Diesel.

Generators.
.
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December 19, 1983 Generic Letter 83-43--Report Requirements of 10 CFR
Part 50, 50.72 and 50.73 and Standard Technical Specifi-
cations.

December 19, 1983 Meeting with applicant to discuss environmental qualifi-
cation program.

December 19, 1983 Generic Letter 83-42--Clarification of Generic Letter
81-07 Concerning Response to NUREG-0612.

December 20, 1983 Meeting with applicant to discuss schedules, plans, and
progress in resolving electrical separation issues per
Regulatory Guide (RG) 1.75, Revision 2.

December 20, 1983 Generic Letter 83-44--Availability of NUREG-1021, Operator
Licensing Examination Standards.

December 21, 1983 Letter from applicant forwarding revision for physical
security plan.

December 21, 1983 Generic Letter 83-40--Request for Best Estimate of Need
for Operator Licensing Examinations for FY 84-87.

December 21, 1983 Letter from applicant regarding licensing schedule; fuel
load date is December 1985.

December 29, 1983 Letter from applicant transmitting description of preser-
vice inspection program initial plan.

December 29, 1983 Letter from applicant forwarding information on seismic
and dynamic qualification summary and status of safety-
related equipment.

January 4, 1984 Meeting with applicant to discuss quality assurance pro-
gram and staff's requirements.

January 5, 1984 Generic Letter 84-01--NRC Use of Terms, "Important to
Safety" and " Safety Related."

January 5, 1984 Meeting with applicant to discuss staff's review plans
for RG 1.97 implementation report.

January 6, 1984 Generic Letter 84-02--Notice of Meeting Regarding Facility
Staffing.

Jriuary 6,1984 Letter to applicant transmitting request for additional
information.

January 9, 1984 Letter from applicant forwarding response to facility
staffing survey.

January 9, 1984 Letter to applicant transmitting request for additional
information.

,

.
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. January 12, 1984 Meeting with applicant to discuss initial test program.

January 13, 1984 Generic Letter 84-03--Availability of NUREG-0933, "A
Prioritization of Generic Safety Issues."

January _13, 1984 Letter from applicant forwarding additional information
on cable separation.

January 13, 1984 Letter from applicant forwarding projected schedule
through-1987 for licensing examinations in response to
Generic Letter 83-40.

January 16, 1984 Letter from applicant forwarding Amendments 1 and 2 to
failure modes and effects analysis.

*
!

January 17, 1984 Letter from applicant transmitting draft technical evalu-
ation report on control of heavy loads.

January 19, 1984 Letter from applicant supplementing response to Generic
Letter 83-10c, " Resolution of the TMI Action Plan
Item II.K.3.5--Automatic Trip of Reactor Coolant Pump."

|
' January 23, 1984 Letter to applicant transn.itting detailed planning phase

and initial review phases for detailed control room design
review.

. -

January 24, 1984 Letter from applicant transmitting revised responses to
Quality Assurance Branch questions.

January 24, 1984 Letter from applicant transmitting revision for physical
security plan.

January 27, 1984 Letter to applicant regarding evaluation of the effect
,

of overthickness in pipe fittings. |

February 1, 1984 Generic Letter 84-04--Safety Evaluation of Westinghouse
Topicals Regarding Elimination of Postulated Pipe Breaks. !

February 1, 1984 Letter to applicant clarifying procedures for preparation
of Technical Specifications.

February 9, 1984 Letter from applicant transmitting Amendment 5 to the ,

FSAR.
,

February 9, 1984 Letter to applicant transmitting request for additional [
information. I

February 15, 1984 Meeting with applicant to continue discussion of certain
items not closed out at previous meeting with applicant
on Instrumentation and Control Systems Branch concerns.

February 21, 1984 Letter from applicant regarding reactor trip on turbine !

trip. |.

.

t
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February 21, 1984 Letter from applicant regarding recirculation spray
system pump net positive suction head requirements
(including proprietary calculation).,

February 24, 1984 Letter from applicant advising that response to December 2,
1983 request will be forwarded by March 23, 1984.

February 24, 1984 Letter from applicant regarding Generic Letter 84-04,
alternate pipe break design consideration--requesting
exemption from GDC 4.

February 27, 1984 Letter from applicant forwarding information in connec-
tion with structural design audit.

March 1, 1984 Letter to applicant summarizing January 26, 1984 meeting
concerning operating experience and development of
acceptable experience profile.

March 1, 1984 Letter to applicant forwarding draft SER.

March 1, 1984 Letter to applicant regarding deletion of home telephone
numbers, unlisted utility numbers, etc., from emergency
plans.

March 2, 1984 Letter from applicant forwarding Attachments 6 and 7 to
emergency preparedness plan.

March 5, 1984 Meeting with applicant to discuss and resolve open issues
regarding mechanical areas.

March 9, 1984 Letter from applicant forwarding " Missile Barrier Inter-
action" relative to structural design audit.

March 9, 1984 Letter from applicant regarding December 5-8, 1983
meeting.

,

March 13, 1984 Meeting with applicant to discuss questions and open items
relative to Chemical Engineering Branch review.

March 16, 1984 Letter from applicant forwarding responses to Procedures
and Systems Review Branch questions.

March 21, 1984 Meeting with applicant to discuss questions generated by
Environmental and Hydrologic Enginaring Branch.

March 26, 1984 Letter from applicant forwarding operating shift experi-
ence tables.

March 28, 1984 Letter from applicant forwarding responses to open items
and issues.

March 30, 1984 Letter from applicant forwarding proposed schedule for
written responses to outstanding issues in draft SER.

,

,

.
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March 30, 1984 Letter from applicant transliitting response to Generic
Letter 83-28.

April 2, 1984 Generic Letter 84-05--Change to NUREG-1021, " Operator
Licensing Examiner Standards."

iApril 3-5, 1984 Design documentation audit and Mechanical Engineering
Branch meeting with applicant.

*

April 9, 1984 Letter to applicant regarding physical security plan.

April 10, 1984 Letter to applicant in response to February 24, 1984 i

letter regarding pipe break criteria.

April 10, 1984 Letter from applicant forwarding response to Question
430.119 and Open Item 57 of draft SER.

April 10, 1984 Meeting with applicant to discuss responses to equipment
qualification questions.

April 11, 1984 Letter to applicant regarding site drainage plan.

April 12, 1984 Letter from applicant submitting emergency plan imple-
menting procedure effective index, etc..

"
April 13, 1984 Letter from applicant advising that fuel load date may

be extended to May 1986.

April 18, 1984 Letter to applicant regarding* safety review requests for
additional information.

April 18, 1984 Letter from applicant forwarding responses to Chemical
Technology Section draft SER outstanding issues.

April 18, 1984 , Letter to applicant transmitting questions on potential
effects of relocated gasoline pipeline.

April 18, 1984 Letter to applicant transmitting requests for additional r

information.

April 19, 1984 Meeting with applicant to discuss fire protection open
items. ,

April 20, 1984 Letter to applicant transmitting request for additional
information.

April 24, 1984 Letter from applicant regarding program plan for detailed
control room design review.

April 24-26, 1984 Meeting with applicant to observe his training programs.

April 26, 1984 Generic Letter 84-10--Administration of Operating Tests
Prior to Initial Criticality.

'

>

f
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April 27, 1984 Letter to applicant forwarding draft SER on meteorology
and effluent treatment systems.

April 27, 1984 Letter from applicant forwarding list that indicates
status of SER outstanding issues.

April 27, 1984 Letter from applicant forwarding responses to structural
design audit.

April 27, 1984 Letter from applicant transmitting Amendment 6 to the
FSAR.

April 30, 1984 Generic Letter 84-12--Compliance with 10 CFR Part 61 and
Implementation of Radiological Effluent Technical Speci-
fications and Attendant Process Control Program.

April 30, 1984 Letter from applicant forwarding responses to open
items and questions.

May 1, 1984 Meeting with applicant to discuss open items in draft SER
on radiological assessment issues and tour of site.

.May 3, 1984 Generic Letter 84-13--Technical 0pecifications for
Snubbers.

May 4, 1984 Letter from applicant transmitting Revision 2 to security
plan.

.

May 7, 1984 Letter from applicant forwarding documentation regarding
Mechanical Engineering Branch audit.

May 8, 1984 Generic Letter 84-09--Recombiner Capability Requirements
of 10 CFR 50.44(c)(3)(ii).

May 8, 1984 Letter from applicant forwarding list of significant
licensing issues and requesting meeting.

May 9, 1984 Letter from applicant forwarding information relative
to status of SER outstanding issues.

May 9, 1984 Letter to applicant forwarding instrumentation and control
licensing positions.

May 11, 1984 Generic Letter 84-14--Requalification Training Program.

May 14, 1984 Letter from applicant fc. warding preliminary seismic
qualification report.

May 14, 1984 Letter from applicant forwarding schematic and piping
diagrams.

May 14, 1984 Letter from applicant forwarding information relative
to switchover from injection to recirculation.-

.
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May 15, 1984 Meeting with applicant and Stone & Webster to discuss
accident evaluation.

May 16, 1984 Letter to applicant transmitting request for additional
information.

May 16, 1984 Letter to applicant forwarding equipment qualification
(SER-type) evaluation.-

May 21, 1984 Letter to applicant transmitting request for additional
information.

May 22, 1984 Letter from applicant forwarding annual financial reports.

May 22, 1984 Letter from applicant forwarding information regarding
SER outstanding issues list.

May 23, 1984 Letter from applicant forwarding status of fire protec-
tion items.

May 29, 1984 Letter from applicant forwarding response to draft SER
Outstanding Issue 70.

May 29, 1984 Letter from applicant regarding coordination of in-
progress audit.

May 30, 1984 Letter from applicant providing identification of Backfit
Requirement No. 1.

May 30, 1984 Letter from applicant regarding identification of Backfit
Requirement No. 9.

May 30, 1984 Letter from applicant concerning cable spreading room
protection requirement.

May 30, 1984 Letter to applicant forwarding draft SER concerning
core performance, materials engineering, quality assur-
ance, reactor systems, and emergency preparedness.

May 30, 1984 Letter from applicant regarding review criteria for
probable maximum flood.

May 30, 1984 Letter from applicant forwarding response to Site Analysis
Branch questions.

May 30, 1984 Letter from applicant concerning steam generator level
control design requirement.

May 31, 1984 Letter from applicant transmitting information to support
request for exemption to GOC 4 (alternate pipe break
design criteria and safety balance for elimination of
large primary loop pipe ruptures).

.

'
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June 1, 1984 Letter from applicant transmitting " Seismic Design
Response Spectra."

June 5, 1984 Letter from applicant forwarding response to Generic
Letter 81-21 on natural circulation cooldown.

June 8, 1984 Letter from applicant transmitting response to instru-
mentation and control licensing positions.

June 8, 1984 Letter to applicant forwarding additional (draft SER)
sections on containment systems, structural and geotech-
nical engineering, power systems, and reactor systems.

June 13, 1984 Letter from applicant forwarding responses to certain
outstanding and confirmatory issues.

June 13, 1984 Letter from applicant forwarding responses to Outstanding
Issues 68 and 71.

June 15, 1984 Letter from applicant forwarding information on status
of draft SER outstanding issues.

June 15, 1984 Letter from applicant forwarding information relative
to Unresolved Item 83-05-09, " Cable Tray Fill."

June 15, 1984 Letter from applicant advising of identification of Back-
fit Requirement No. 22.

June 15, 1984 Letter from applicant transmitting responses to structural
design audit items.

June 15, 1984 Letter from applicant forwarding description of air start-
ing system for emergency diesel generators.

June 15, 1984 Letter from applicant concerning Backfit Requirement .

No. 5.

June 20, 1984 Letter from applicant forwarding responses to several
outstanding issues.

June 22, 1984 Letter from applicant transmitting " Environmental Quali-
fication of Class 1E Electrical Equipment," Volume 1.

June 25, 1984 Letter from applicant identifying Backfit Requirement
No. 2.

June 25, 1984 Letter from applicant concerning Backfit Requirement
No. 15.

June 26, 1984 Meeting with applicant to discuss environmental equipment
qualification.

June 27, 1984 Generic Letter 84-16--Adequacy of On-Shift Operating.

Experience for Near-Term Operating License Applicants. *

,

.

|

| Beaver Valley 2 SER 11 Appendix A
1

. _ _______--______-_ ___---_____-____- _ - _-______ - _-_-___-________________ _ ______________ -________-_______________-_



. . - . . . ..

June 28, 1984 Letter from applicant advising of status of SER '
,

outstanding issues.

June 29, 1984 Meeting with applicant to discuss instrumentation and
,

control system open item identified in draft SER. i

June 29, 1984 Letter from applicant transmitting draft copy of ASME
Code Baseline Document.

July 2, 1984 Generic Letter 84-15--Proposed Staff Actions To Improve
and Maintain Diesel Generator Reliability. -

July 2, 1984 Letter from applicant forwarding additional information
on open items identified as a result of April 3-5, 1984
audit by Mechanical Engineering Branch.

July 2, 1984 Letter from applicant forwarding responses to 24 draft
SER open items by Auxiliary Systems Branch.

July 2, 1984 Letter from applicant transmitting Amendment 7 to the
FSAR.

July 3, 1984 Generic Letter 84-17--Annual Meeting To. Discuss Recent |
Developments Concerning Operator Training, Qualifications
and Examinations.

July 6, 1984 Generic Letter 84-18--Filing of Applications for Licenses
and Amendments, t

July 10-12, 1984 Meeting with applicant to interview various corporate ;
and plant personnel. '

July 12, 1984 Letter from applicant forwarding responses to Outstanding
,

Issues 44, 45, 47, and 73. ;

July 16, 1984 Letter from applicant transmitting " Technical Bases for
Eliminating Large Primary Loop Rupture as the Structural
Design Basis for Beaver Valley Unit 2" (proprietary and
nonproprietary versions).

1

July 16, 1984 Letter from applicant' transmitting additional revised
responses to Power Systems Branch questions.

July 17, 1984 Letter from applicant forwarding responses to issues
identified in technical evaluation report on control of
heavy loads.

July 19, 1984 Meeting with applicant to discuss power systems (electrical)
open items identified in draft SER.

July 23, 1984 Letter from applicant transmitting response to draft SER-

Open Item 102.

.

i

Beaver Valley 2 SER 12 Appendix A
$

w_._----- - . _ _ _ _ _ _ _ . - _ _ _ _ - . _ . _ _ _ _ _ _ _ . _ _ _ . _ _ _ . _ _ - _ . _ . . _ _ _ _ _ _ - _ _ _ - - _ - _ - _ - _ - _ . _ _ - _ _ _ _ . _ _ . . _ - _ _ - - _ - - - - - - _ - _ - _ _ _ - - _ _ _ -



_ _ _ _ _ _ _ _ _ ___ - _____

July 26, 1984 Letter from applicant transmitting responses to Structural
Engineering Branch requests for additional information.

July 26, 1984 Letter from applicant transmitting " Procedures Generating
Package for Emergency Operating Procedures."

July 26, 1984 Meeting with applicant to hear presentation on his ASME
Code Baseline Document.

July 26, 1984 Audit on detailed control room design review.

July 27, 1984 Letter from applicant forwarding responses to several
draf t SER outstanding issues.

July 27, 1984 Meeting with applicant to hear his presentation on the
proposed methodology for conducting the system review
and task analysis.

July 30, 1984 Letter from applicant transmitting responses to draft SER
Open Items 65, 72, 115, and 120

August 1, 1984 Letter from applicant transmitting report on key safety
parameter selection (revisions to WCAP-10170), relative
to Generic ~ Letter 82-33.

August 1, 1984 Letter from applicant forwarding responses to draft SER
Open Items 180 and 181.

August 6, 1984 Generic Letter 84-19--Availability of Supplement 1 to
NUREG-0933, "Prioritization of Generic Safety Issues."

August 8, 1984 Letter from applicant transmitting response to draft SER
Open Item 177.

August 8, 1984 Letter from applicant transmitting response to draft SER
Open Items 150 and 151.

August 9, 1984 Letter from applicant transmitting response to draft SER
Open Items 56, 58, and 77.

August'10, 1984 Letter from applicant forwarding responses to several
draft SER open items by Reactors Systems Branch.

August 10, 1984 Letter from applicant forwarding rusponse to draft SER
Open Item 156 and Confirmatory Item 22.

August 13, 1984 Letter from applicant forwarding partial response to
draft SER Open Item 53.

August 13, 1984 Letter from applicant transmitting responses to several
draft SER open items.

.

August 14, 1984 Letter to applicant transmitting request for additional
,

information.
,
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August 16, 1984 Meeting with applicant to discuss seismology open items.

August 17, 1984 Letter from applicant forwarding list of outstanding
issues and confirmatory issues.

August 17, 1984 Letter from applicant transmitting response to draft
SER Open Item 173.

August 20, 1984 Generic Letter 84-20--Scheduling Guidance for License
Submittals of Reloads that Involve Unreviewed Safety
Questions.

August 20, 1984 L.etter from applicant requesting formal submittal of con-
cerns before meetings.

August 21, 1984 Letter from applicant transmitting ASME Code Baseline
Document.

August 21, 1984 Letter from applicant transmitting revised responses to
draft SER Outstanding Issues 3 and 165, a list of emer-
gency plan changes, and copies of instructions and evac-
uation maps for public.

August 22, 1984 Letter from applicant transmitting responses to draft SER
Open Items 166 through 171.

,
.

August 24, 1984 Letter from appitcant transmitting response to draft SER
Open Item 179.

'

August 24, 1984 Letter from applicant transmitting agenda for August 30,
1984 meeting on electrical separation and RG 1.75 (Rovi-
sion 2) implementation program.

August 27, 1984 Letter from app 1tcant transmitting " Fire Protection Evalu-
ation Report," Amendment 2.

August 30, 1984 Meeting with applicant to discuss electrical cable separa-
tion problems.'

August 31, 1984 Letter from applicant transmitting response to draft SER
Open Item 172.

September 7, 1984 Letter from applicant transmitting responses to several
j draft SER open items on electrical matters.

September 7, 198', Letter from applicant forwarding response to draft SER|

Open Items 55, 63, 119, and 155.

September 11, 1984 Letter from applicant transmitting responses to draft SER
Outstanding Issues 59, 116, and 153.

September 13-14, 1984 Meeting to discuss power systems mechanical questions.
.

. .
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September 14, 1984 Letter from applicant transmitting information relative
to August 30, 1984 meeting,

i September 14, 1984 Letter from applicant advising that August 1985 is pro-
i jected date for installation and qualification of 85% to

90% of safety-related equipment and that Seismic Quali-
fication Review Team and Pump and Valve Operability Review
Team audits may be conducted in June 1986.

| September 14, 1984 Letter from aoplicant transmitting response to draft SER
Open Item 178.

September 14, 1984 Letter from applicant transmitting proposed Technical
Specifications.

September 14, 1984 Letter from applicant forwarding electrical separation
(RG 1.75) information. .

September 18, 1984 Letter from applicant transmitting response to draft SER
Open Item 174.

September 18, 1984 Letter to applicant concerning development of Te:hnical
Specifications.

September 18, 1984 Meeting with applicant to discuss equipment qualification
review.

September 20, 1984 Letter from appitcant regarding status of outstanding
and confirmatory issues in draft SER.

September 20, 1984 Letter from applicant forwarding responses to several
outstanding issues of draft SER.

September 20, 1984 Letter from applicant concerning progress on implemen-
tation of RG 1.75.

September 24, 1984 Meeting with applicant to discuss parameters associated
with loss-of-coolant and rod ejection accidents discussed
in FSAR Chapter 15.

September 24, 1984 Letter from appitcant forwarding information on electri-
cal separation (RG 1.75) Information.

September 25, 1984 Letter from applicant transmitting Amendment 8 to the
FSAR.

September 25, 1984 Letter from appItcant transmitting meteorological tapes
for 1977-1981.

September 26, 1984 Meeting with applicant to discuss review criteria for
probable maximum precipitation and fire suppression in
cable spreading room.

.

.
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| September 27, 1984 Letter from applicant transmitting Amendment 3 to failure
i modes and effects analysis.

October 1, 1984 Letter from applicant transmitting responses to several
|

outstanding issues in draft SER.

October 2, 1984 Meeting with applicant to discuss overall status of
I mechanical engineering open items and for applicant to
' address staff's concerns identified at July 26, 1984

meeting on the ASME Code Baseline Document.

October 3, 1984 Letter from applicant forwarding supplemental response,

to draft SER Open Item 53.
|
'

October 3, 1984 Letter from applicant transmitting response to draft SER
Open Items 175 and 176.

October 4, 1984 Meeting with* applicant to discuss fire protection issues.

October 10, 1984 Letter from appiteant forwarding response to draft SER
Outstanding Issue 196.-

October 10, 1984 Letter from applicant transmitting supplemental response
| to draft SER Open Items 78 through 81.
!

October 11, 1984 Letter from applicant transmitting response to draft SER
Open Items 68 and 71.

October 11, 1984 Letter from appilcant transmitting status of nine backfit
issues,

l October 12, 1984 Letter to applicant transmitting request for additional
information.

October 12, 1984 Letter from applicant transmitting response to draft SER
Open Items 46 and 74.

October 16, 1984 Generic Letter 84-21--Long-Term Low Power Operation in
PWRs.

October 16, 1984 Letter from applicant forwarding response to draft SER
Outstanding Issue 197.

October 19, 1984 Letter from applicant forwarding list of backfit
requirements.

October 19, 1984 Letter from applicant requesting approval of use of por-
tions of later addenda of ASME Code Section XI examina-
tion of Class 2 systems for preservice inspection program.

October 24, 1984 Letter from applicant forwarding information on meeting*

of October 2,1984 with Mechanical Engineering Branch.
.

.
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October 26, 1984 Letter from applicant forwarding revised response to draft
SER Open Item 40.

October 31, 1984 Letter from applicant transmitting list of outstanding
and confirmatory issues and requesting schedule for
submittal of several documents.

November 1, 1984 Letter from applicant transmitting Revision 0 to Volume 2
of " Environmental Qualification of Mechanical Equipment."

November 5, 1984 Letter from applicant concerning elimination of postu-
lated pipe breaks in primary coolant loops.

November 6, 1984 Letter to appitcant regarding requirements and safety
significance of backfit procedure.

Nov(mber 7, 1984 Letter from appitcant forwarding revised response to
Question 210.40.

November 8, 1984 Letter from applicant concerning Backfit Requirement
No. 23.

November 8, 1984 Letter from applicant concerning Backfit Requirement
No. 24.

November 8, 1984 Letter from appitcant concerning Backfit Requirement
No. 25.

,

November 8, 1984 Letter from applicant concerning Backfit Requirement
No. 26.

November 8, 1984 Letter from applicant concerning Backfit ReqLirement
No. 28.

November 8, 1984 Letter from appitcant forwarding responses to Questions
240.12-240.16 and draft SER Open Items 1 and 2.

November 8, 1984 Letter from applicant concerning Backfit Requirement
No. 29.

November 8, 1984 Letter from applicant requesting extension of construc-
tion completion date from December 31, 1984 to Decem-
ber 31, 1986.

November 14, 1984 Letter to applicant regarding potential subjects for
implementation of Generic Letter 84 08.

,

November 15, 1984 Letter to applicant regarding FSAR Section 15.6.5 open
item on loss of coolant-accident (LOCA) done.

1

November 16, 1984 Letter to app 1tcant regarding documentation of updated
meteorological data.

.

|
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November 20, 1984 Letter froin appilcant forwarding positions with respect
to staff's written positions or requirements on nine
backfit items.

November 20, 1984 Meeting with appifcant to discuss detailed control room
design review /

November 20, 1984 Letter from applicant concerning September 26, 1984
meeting.

November 27, 1984 Letter from applicant confirming that bypassed and inop-
erable status indication system design conforms with
RG 1.47. '

,

November 30, 1984 Meeting with applicant to. discuss FSAR Section 15.6.5
open item on LOCA dose,

November 30, 1984 Meeting with applicant to discuss unresolved issues
associated with Structural Engineering Branch safety
review.

November 30, 1984 Letter from appitcant transmitting current lists of
outstanding issues and confirmatory issues.

'CDecember 5, 1984 Site visit and meeting concerning fire protection.

December 5, 1984 Letter from applicant transmitting revised response to
draft SER Outstanding Issue 59.

December 7, 1984 Meeting with applicant to discuss unresolved issues con-
carning Geosciences Branch safety review.

,

December 10, 1984 Letter from applicant forwarding report on Multiflex 3.0,
FORTRAN IV Computer Program (WCAP-9736 and Revision 1,
proprietary and nonproprietary versions).

December 12, 1984 Meeting with applicant to discuss preservice inspection
program.

December 13, 1984 Letter from applicant transmitting revised Figure 5-6
of physical security plan.

.

December 14, 1984 Meeting with applicant to discuss unresolved issues con-
corning Power Systems Branch.

December 17, 1984 Letter from applicant forwarding respoises to Structural
and Geotechnical Engineering Branch draft SER open and
confirmatory items.

December 18, 1984 Letter from applicant transmitting Amendment 0 to the
FSAR..

,

December 18, 1984 Letter from app 1tcant forwarding additional information,

on draft SER Outstanding Issue 153.
,
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December 19, 1984 Meeting with applicant to discuss unresolved items
concerning initial test program.

December 21, 1984 Letter from applicant transmitting responses to draft SER
open and confirmatory items (Audit Action Items 10, 27,
and 28).

December 21, 1984 Letter from applicant transmitting response to request
for additional information by Instrumentation and Control
Systems Branch on setpoint methodology,

December 27, 1984 Generic Letter 84-24--Certification of Compliance toi
'

10 CFR 50.49, " Environmental Qualification of Electric
Equipment Important to Safety of Nuclear Power Plants."|

January 4, 1985 Letter from applicant transmitting response to outstand-
ing issue in draft SER (Section 8.3.3.3.6), including

i " Engineering Service Scope of Work Test Plan for Proposed
Cable Separation Methods."

January 8, 1985 Letter from applicant forwarding supplementary responses
| to Auxiliary Systems Branch draft SER Open Items 133, 134,
'

137, 148, and 149 and a response to Question 410.54.

January 9.,1985 Generic Letter 85-01--Firo Protection Policy Steering
Committee Report.

January 10, 1985 Letter to applicant regarding backfit items.

January 14, 1985 Letter from applicant transmitting list of 58 outstand-
ing issue 3 that are open..

Me' ting with applicant to discuss FSAR Section 15.6.5January 15, 1985 e

open item on LOCA dose and to discuss snow and ice
loads.

| January 15, 1985 Letter from applicant retransmitting information missing
'

from November 14, 1983 letter on fracture prevention of
containment boundary.

January 16, 1985 Letter from applicant concerning identification of Backfit
Requirenent No. 33.

January 16, 1985 Letter from applicant commenting on summary of meeting i
held on September 13 14, 1984.

January 24, 1985 Letter to applicant transmitting request for additional
j information,

j

January 28, 1985 Letter to applicant concerning backfit appeal meetings.

January 29, 1985 Letter from applicant concerning appeal mooting request f
and position statement on the issue of Class 1E power for |

lighting and communication systems. |,

|
'
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January 31, 1985 Letter from applicant regarding preservice inspection
program--Class 2 piping examinations, ASME Code Section XI
preservice inspection program.

February 1,1985 Letter from applicant regarding meteorological data reduc-
tion methodology exclusion area boundary changes and Open
Items 26, 28, and 29.

February 1, 1985 Letter from applicant in response to draft SER open item
on soil-structure interaction.

February 5, 1985 Letter from applicant transmitting responses to Power
Systems Branch draft SER items.

February 5, 1985 Letter to applicant regarding backfit items.

February 5, 1985 Letter from applicant forwarding responses to outstanding
issues on electrical matters.

February 8, 1985 Letter from applicant forwarding response to draft SER
open items and questions by Reactor Systems Branch.

February 11, 1985 Meeting with applicant to discuss unresolved issues con-.

carning Power Systems Branch.

February 11, 1985 Letter from appitcant forwarding description of method-
ology used to calculate a probable maximum winter pre-
cipitation as snowfall.

February 13, 1985 Letter from applicant concerning fire protection.

February 13, 1985 Letter to applicant requesting schedule for remaining
backfit appeal items so' arrangements can be made for
appeal meetings.

February 13, 1985 Letter from applicant forwarding information on backfit
issue regarding Class 1E power for lighting and communi-
cation systems.

February 13, 1985 Letter from applicant transmitting additional information
on draft $ER Outstanding Issue 136.

February 13, 1985 Letter from applicant forwarding list of draft SER out-
standing issues.

February 13, 1985 Le'ter from applicant forwarding currant status of backfit
issues.

February 13, 1985 Letter to applicant advising of NRC staff management
actions initiated for pending appeal items and advising

' of recently revised SER issuance date.

February 13, 1985 Heeting with appitcant to hear his appeal of the staff '

'

requirements for Class 1E power for the Ifghting and *

communication systems.'*
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|

February 14, 1985 Letter from applicant forwarding information on proce-
dure used to record calm winds. ~

!

| February 20, 1985 Letter from applicant forwarding " Site Dependent Response
| Spectra, Beaver Valley Power Station - Unit 2."

February 20, 1985 Letter from applicant advising that fuel load date is now
projected to be April 30, 1987.

February 20, 1985 Letter from applicant requesting approval to use, for
selected cases, Code Case N-411 damping values and the
amplified response spectra peak spreading technique of
RG 1.122.

February 21, 1985 Letter from applicant commenting on February 13, 1985
letter on management actions for appeal items.

February 21, 1985 Letter from applicant transmitting summary of the meeting
held January 17, 1985 concerning reactor coolant system
pressure isolation valve leak tosing criteria.

February 21, 1985 Letter from applicant transmittin
cal Engineering Branch questions.g responses to Mechani->

February 28, 1985 Meeting with applicant to hear his appeal of the require-
ments on fire suppression in the cable spreading room.

March 4, 1985 Letter from applicant providing additional information
on draft SER Open Item 46--loose parts monitoring system.

March 5, 1985 Letter from applicant forwarding revised responses to
concerns of Power Systems Branch.

,

March 7, 1985 Letter from applicant forwarding list of draf t SER out-
standing issues.

March 7, 1985 Letter to appitcant transmitting request for additional
information concerning local flooding and instrumentation.

March 11, 1985 Letter from appItcant concerning appeal meeting request
and position statement on the issue of probable maximum
precipitation.

March 12, 1985 Letter from applicant forwarding revised response to
Mechanical Engineering Branch question 210.34.

March 12, 1985 Letter from applicant forwarding list of open items under
consideration for implementation of Generic Letter 84 08.

March 12, 1985 Letter from applicant concerning elimination of arbi-
trary intermediate pipe breaks.

March 12 13, 1985 Site visit related to appeal on fire suppression.,

'

.
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! March 13, 1985 Letter from applicant forwarding responses to several
| outstanding issues by Power Systems Branch.

March 20, 1985 Letter from applicant forwarding information on backfit
items.

March 21, 1985 Letter from app 1tcant transmitting list of draft SER out-
standing is. sues.1

March 25, 1985 Letter from applicant providing additional information on '

| soil-structure interaction., ,

March 27, 1985 Letter from applicant forwarding draft Technical Speci-
fications for pressure isolation valves,,

o

L March 27, 1985 Letter from appiteant concerning pressure isolation valve
leak testing.

March 27, 1985 Letter from applicant transmitting revised responses to
requests by Power Systems Brar.ch.

I March 27, 1985 Letter from appitcant concerning appeal meeting request
| and position statement on the issue of a fourth steam<
| generator level channel.

| March 28, 1985 Meeting with applicant to hear his appeal of the require-
| ments relating to probable maximum precipitation.

'

March 29, 1985 Letter from applicant forwarding " Seismic Response Spec- ,

trum at Reactor Vessel Supports" (proprietary and non-
I proprietary reports).

April 5, 1985 Letter to applicant regarding the probable maximum pre-
'

ctpitation backfit appeal meeting.
,

April 11, 1985 Letter from applicant providing additional information
regarding fourth steam generator level channel backfit
issue. '

April 12, 1985 Letter from applicant transmitting annual financial
'

reports.

April 13, 1985 Letter to applicant forwarding report on conformance
to RG 1.97.

April 16, 1985 Letter from applicant forwarding evaluation of safety-
related instrument sensing lines.

|
April 17, 1985 Generic Letter 85-02 Recommended Actions Stemming from

NRC Integrated Program for Resolution of Unresolved Safety
Issues Regarding Steam Generator Tube Integrity.

1

April 22, 1985 Generic Letter 85-06--Quality Assurance Guidance for '
*

A NS Equipment Not Safety Related. I,

l'
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| April 25, 1985 Letter from applicant regarding March 13, 1985 site
visit.

|

|

l

.

.

.

.

.
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(up to December 31, 1982)," WCAP-8183, Westinghouse Power Corporation, Revision 12,
August 1983.
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presented at American Society of Civil Engineers Environmental Engineering
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; -- , " Earthquake Design Analysis Phase I Report, Philpott Dam, Smith River,
Virginia," Wilmington, North Carolina, 1982.

-- , Pittsburgh District, " Analysis of Flood Heights, Ohio River at Shippingport,
| Pa.," Technical Report, Pittsburgh, Pennsylvania, January 1970.

U.S. Atomic Energy Commission, " Safety Evaluation by the Division of. Reactor |

Licensing in the. Matter of Duquesne Light Company, Pennsylvania Power Company
and Ohio Edison Company Beaver Power Station," Docket No. 50-334, April 24, 1970.

-- , " Safety Evaluation, Shearon Harris Nuclear Power Plant Units 1, 2, 3,
j and 4," Docket Nos. 50-400, 50-401, 50-402, and 50-403, 1972.

-- , " Standard Format and Content of Safety Analysis Reports," Revision 1,
October 1972.

'

-- , " Safety Evaluation of the Beaver Valley Power Station Unit No. 2," Docket
No. 50-412, November 9, 1973. i

; -- , " Supplement No. 1 to Safety Evaluation, Shearon Harris Nuclear Power Plant
Units 1, 2, 3, and 4," 1973.

-- , WASH-1270, " Technical Report on Anticipated Transients Without Scram for'

| Water-Cooled Power Reactors," September 1973.
.

-- , " Safety Evaluation of the Beaver Valley Power Station Unit No. 1," Docket
. No. 50-334, October 11, 1974.
'
.

U.S. Bureau of Reclamation, " Design of Small Dams," pp. 46-93, 1977.

U.S. Department of the Army, Office of the Chief of Engineers, " Standard Project
Flood Determinations," EM 1110-2-1411, Civil Engineering Bulletin No. 52-8,
Washington,- D.C., March 1952.

U.S. National Weather Service, " Probable Maximum Precipitation Estimates, United
. States East of the 105th Meridian," Hydrometeorological Report No. 51, June 1978.
!

j -- , " Comparison of Generalized Estimates of Probable Maximum Precipitation with
] Greatest Observed Rainfalls," NOAA Technical Report NWS 25, p. 15, March 1980,
i

f -- , " Application of Probable Maximum Precipitation Estimates, United States
| East of the 105th Meridian," Hydrometeorological Report No. 52, August 1982.
.

; U.S. Nuclear Regulatory Commission, Generic Letter 81-36, letter from D. G.
! Eisenhut to all OL licensees and applicants and CP holders revising response

schedsle for NUREG-0737 Item II.D.1 re relief and safety valve testing,
j September 29, 1981.

t.

-- , Generic Letter 82-33, " Supplement 1 to NUREG-0737--Requirements for;

i Emergency Response Capability," December 17, 1982. -
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-- , " Safety Evaluation Report Related to Construction of Shearon Harris. Nuclear.

Power Plant, Units 1, 2, 3, and 4; Supplement No. 3," 1977.

-- , NUREG-0011 " Safety Evaluation Report of the Sequoyah Nuclear Plant Units
'

1 and 2," January 1976; Supp.1, March 1980; Supp. 2, August 1980; Supp. 3,
September 1980.

-- , NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors," April 1976.

-- , NUREG-0138, " Staff Discussion of Fifteen Technical Issues Listed in Attach-
j ment to November 3, 1976, Memorandum from the Director, NRR, to NRR Staff,"
4 December 1976.
.

-- , NUREG-0390, " Topical Report Review Status" (Blue Book), issued periodically.
i

; -- , NUREG-0410, "NRC Program for Resolution of Generic Issues Related to
Nuclear Power Plants: Report to Congress," December 1977.

-- , NUREG-0452, " Standard Technical Specifications for Westinghouse Pressurized
; Water Reactors," revised periodically.

-- , NUREG-0460, " Anticipated Transients Without Scram," Vol. 3, December 1978.

-- , NUREG-0484, " Methodology for Combining Dynamic' Responses," Revision 1,
'

May 1980.

-- , NUREG-0554, " Single Failure Proof Criteria for Nuclear Power Plants,"
May 1979.

-- , NUREG-0577, " Potential for Low Fracture Toughness and Lamellar Tearing
on PWR Steam Generator and Reactor Coolant Pump Supports," October 1979.

| -- , NUREG-0588, " Interim Staff Position on Environmental Qualification of
Safety-Related Electrical Equipment," November 1979.

-- , NUREG-0609, "Assymmetrical Blowdown Loads on PWR Primary Systems," January;

: 1981.
; -

! -- , NUREG-0611, " Generic Evaluation of Feedwater Transients and Small Break
Loss-of-Coolant Accidents in Westinghouse-Designed Operating Plants," January,

' 1980.

'
i-- , NUREG-0612, " Control of Heavy Loads at Nuclear Power Plants, Resolution

of Generic Technical Activity A-36," July 1980.

-- , NUREG-0630, D. A. Powers and R. O. Meyer, " Cladding Swelling and Rupture
! Models for LOCA Analysis," April 1980.
! s'

-- , NUREG-0654, " Criteria for Preparation and Evaluation of Radiological;
Emergency Response Plans and Preparedness in Support of Nuclear Power Pla.ts,"i

i February 1980; Revision 1, November 1980. t
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! -- , NUREG-0660, "NRC Action Plan Developed as a Result of aThe TMI-2 Accident,"
Vol. 1, May 1980.

!
i -- , NUREG-0694, "TMI-Related Requirements for New Operating Licenses," June 1980.

-- , NUREG-0700, " Guidelines for Control Room Design Review," September 1981.
i

| -- , NUREG-0717, " Safety Evaluation Report Related to the Operation of the
j Virgil C. Summer Nuclear Plant, Docket No. 50-395," February 1981.

,

l

f

! -- , NUREG-0718,." Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing Licenses," June 1981.

,.

-- , NUREG-0731, " Draft Guidelines for Utility Management Structures and Tech-
f nical Resources," September 1980.

-- , NUREG-0737, " Clarification of TMI Action Plan Requirements," November 1980;4

i Supplement 1 (Generic Letter 82-33), January 1983.

-- , NUREG-0793, " Safety Evaluation Report Related to the Operation of Midland
j Plant, Units 1 and 2," May 1982.

: -- , NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports
f for Nuclear Power Plants---LWR Edition," Revision 2, July 1981 (includes Branch

Technical Positions),
t

-- , NUREG-0847, " Safety Evaluation Report Related to the Operation of Watts
! Bar Nuclear Plant, Units 1 and 2," June 1982.

-- , NUREG-0853, " Safety Evaluation Report Related to the Operation of Clinton I
,

i Power Station, Unit No.1," February 1982.
'

-- , NUREG-0881, " Safety Evaluation Report Related to the Operation of Wolf
Creek Generating Station, Unit No. 1," April 1982.;

-- , NUREG-0954, " Safety Evaluation Report Related to the Operation of Catawba
i,

Nuclear Station, Units 1 and 2," February 1983.
i

-- , NUREG-1021, " Operator Licensing Examiner Standards," October 1983.*

,

I

-- , NUREG-1094, " Draft Environmental Statement Related to the Operation of !

| Beaver Valley Power Station, Unit 2," December 1984.

-- , NUREG/CR-0098, " Development of Criteria for Seismic Review of Selected fi

,
Nuclear Power Plants," June 1978.

i

-- , NUREG/CR-0660, " Enhancement of On-Site Emergency Diesel Generator
i Reliability," February 1979.

;

!
'

-- , NUREG/CR-1199, "Subcompartment Analysis Procedures," February 1980.
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-- , NUREG/CR-1390, " Probability Estimates of Temperature Extremes for the
Contiguous, United States," May 1980.

-- , NUREG/CR-1486, F. P. Ho and J. T. Riedel, " Seasonal Variation of 10-Square-
Mile Probable Maximum Precipitation Estimates--United States East of the 105th
Meridian," Hydrometeorological Report No. 53, July 1980.

-- , NUREG/CR-1577, H. L. Barstow et al., "An Approach to Seismic Zonation for
Siting Nuclear Electric Power Generating Facilities in the Eastern United States,"
May 1981.

-- , NUREG/CR-1582, D. L. Bernreuter, " Seismic Hazard Analysis: Application of
Methodology, Results, and Sensitivity Studies," Vol. 4, October 1981.

-- , NUREG/CR-2252, M. J. Changery, " National Thunderstorm Frequencies for the
Contiguous United States," National Climatic Center, Asheville, North Carolina,
November 1981.

-- , NUREG/CR-2627, " Inadequate Core Cooling Instrumentation Using Heated
Junction Thermocouples for Reactor Vessel Level Measurement," Oak Ridge
National Laboratory, March 1982.

-- , NUREG/CR-2919, J. Sagendorf et al., "X0QD0Q: Computer Program for the
Meteorological Evaluation of Routine Effluent Releases at Nuclear Power Stations,"
Pacific Northwest Laboratory, September 1982.

-- , NUREG/CR-3616, D. N. Brocard, " Transport and Screen Blockage Characteristics
of Reflective Metallic Insulation Materials ," January 1984.

-- , NUREG/CR-3755, O. W. Nuttli, R. Rodriquez, R. B. Herrmann, et al., " Strong
Ground Motion Studies for South Carolina Earthquakes," April 1984.

-- , NUREG/CR-3768, W. J. Hinze et al., "New Madrid Seismotectonic Study, Acti-
vities During Fiscal Year 1982," pp. 105-134, April 1984.

-- , Office of Inspection and Enforcement, IE Bulletin 79-018, " Environmental
Qualification of Class 1E Equipment," January 14, 1980; Supplements dated
February 29, September 30, and October 14, 1980.

-- , IE Bulletin 79-21, " Temperature Effects on Level Measurements," August 13,
1979.

-- , IE Bulletin 79-27, " Loss of Non-Class IE Instrumentation and Control Power
System Bus During Operation," November 30, 1979.

-- , IE Bul'etin 80-04, " Analysis of a PWR Main Steam Line Break with Continued
Feedwater Addition," February 8,1980.

-- , IE Bulletin 80-06, " Engineered Safety Features (ESF) Reset Controls,"
March 13, 1980.
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-- , IE Information Notice 79-22, " Qualification of Central Systems," September 17,
1979.

U.S. Weather Bureau, " Seasonal Variation of the Probable Maximum Precipitation
East of the 105th Meridian for Areas from 10 to 1000 Square Miles and Durations
of 6, 12, 24, and 48 Hours," Hydrometeorological Report No. 33, April 1956.

Utley, E. E. , CP&L, letter to H. R. Denton, NRC, regarding ' detailed control
room design review, December 7, 1982.

Van Houten, R., NRC, memorandum to M. Tokar, " Demonstrated Survivability of
Zircaloy Cladding After Brief Exposure to Temperatures of 1775 K and Above,"
February 23, 1981.)

Van Tyne, A. M., " Subsurface Investigation of the Clarendon-Linden Structure,
Western New York," in Empire State Geogram, Vol. 12, p. 13, 1976.

Vassallo, D. B., NRC, letter to C. Eicheldinger, Westinghouse, May 30, 1975.

-- , letter to all pending operating license applicants, " Followup Actions4

Resulting from the NRC Staff Reviews Regarding the Three Mile Island Unit 2
Accident," September 27, 1979.

Ver Steeg, K. , "Some Structural Features of Ohio," in Journal of Geology,
Vol. 52, 1944.

Vollmer, R. , NRC, memorandum to H. Denton, " Division of Engineering Geosciences
Plan To Address USGS Clarification Relating to Seismic Design Earthquakes in
the Eastern Seaboard of the U.S.," March 2, 1983.

Wagner, W. R., et al., " Geology of the Pittsburgh Area," in Bulletin of the
Pennsylvania Topography and Geology Survey, General Geology Report No. 6-59, 1970.

Wagner, N. R., and W. S. Lytle, " Greater Pittsburgh Region Revised Surface
Structure and Its Relation to Oil and Gas Fields," in Pennsylvania Topograohy
and 'eology Survey Information Circular No. 80, 1976.G

Westinghouse Electric Corporation, WCAP-7359-L: see Shefcheck.
'

-- , WCAP-7588, "An Evaluation of the Rod Ejection Accident in Westinghouse
Reactors Using Spatial Kinetics Methods," Revision 2,

-- , WCAP-7838: see Shefcheck.

-- , WCAP-7956, H. Chelemer, et al. "THINC-IV--An Improved Program for Thermal-
Hydraulic Analysis of Rod Bundle Cores," June 30, 1973.

-- , WCAP-8054, L. E. Hochreiter and H. Chelemer, " Application of the THINC-IV
Program to PWR Design," September 30, 1973.

-- , WCAP-8183: see Jones and Iorii (Revision 11); Skaritka and Iorii
(Revision 12).
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-- , WCAP-8236 (proprietary) and.WCAP-8288 (nonproprietary), L. Gesinski, and
D. Chiang, " Safety Analysis of the 17x17 Fuel Assembly for Combined Seismic
and Loss-of-Coolant Accident," 1973.

-- , WCAP-8278 (proprietary) and WCAP-8279 (nonproprietary), E. E. Demario,
" Hydraulic Flow Test of the 17x17 Fuel Assembly," 1974.

-- , WCAP-8279: see WCAP-8278.

-- , WCAP-8288: see WCAP-8236.

-- , WCAP-8298-P-A,' and WCAP-8299-A, F. E. Motley et al., "Effect of 17x17 Fuel
Assembly Geometry on Interchannel Thermal Mixing," March 31, 1974.

-- , WCAP-8312-A, " Westinghouse Mass and Energy Release Data for Containment
Design," April 1974.

-- , WCAP-8339, F. M. Bordelon et al., " Westinghouse Emergency Core Cooling
System Evaluation Model--Summary," June 30, 1974.

-- , WCAP-8377 (proprietary) and WCAP-8381 (nonproprietary), R. A. George,
Y.C. Lee, and G. H. English, " Revised Clad Flattening Model," 1974.

-- , WCAP-8385 (proprietary) and WCAP-8403 (nonproprietary), T. Morita et al.,
" Power Distribution Control and Load Follow Procedures," September 30, 1974.

-- , WCAP-8537, F. E. Motley, A. H. Wenzel, and F. F. Cadek, " Critical Heat
Flux Testing of 17x17 Fuel Assembly Geometry with 22-Inch Grid Spacing,"
May 1975; also WCAP-8536 (proprietary), May 31, 1975.

-- , WCAP-8589, K. A. Jones et al., " Axial Power Distribution Monitoring
System," August 1975.

-- , WCAP-8691, Revision 1 (proprietary) and WCAP-8692, Revision 1 (non-
proprietary), W. Skaritka et al. , " Fuel Rod Bow Evaluation," July 31, 1979.

-- , WCAP-8720 (proprietary) and WCAP-8785 (nonproprietary), W. J. Leech and
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APPENDIX C

NUCLEAR REGULATORY COMMISSION
UNRESOLVED SAFETY ISSUES

1. INTRODUCTION

The NRC staff evaluates the safety requirements used in its reviews against new
information as it becomes available. Information related to the safety of
nuclear power plants comes from a variety of sources including experience from
operating reactors; research results; NRC staff and Advisory Committee on
Reactor Safeguards (ACRS) safety reviews; and vendor, architect / engineer, and
utility design reviews. After the accident at Three Mile Island Unit 2 (TMI-2),
the Office for Analysis and Evaluation of Operational Data (AE00) was estab-
lished to provide a systematic and continuing review of operating experience.
Each time a new concern or safety issue is identified from one or more of the
sources noted above, AE00 assesses the need for immediate action to ensure safe
operation. This assessment includes consideration of the generic implications
of the issue.

In some cases, immediate action is taken to ensure safety (e.g., the derating
of boiling water reactors as a result of the channel box wear problems in 1975).
In other cases, interim measures, such as modifications to operating precedures,
may be sufficient to allow further study of the issue before licensing decisions
are made. In most cases, however, the initial assessment indicates that imme-
diate licensing actions or changes in licensing criteria are not necessary. If
the issue applies to several or a class of plants, the issue is evaluated fur-
ther as a " generic safety issue." This evaluation considers the safety signi-
ficance of the issues, the cost to implement any changes in plant design or
operation, and other significant and relevant factors to establish a priority
ranking of the issue. On the basis of this ranking, resolution of the issue is
scheduled for the near term, deferred until resources become available, or
dropped from further consideration.

The issues with the highest priority ranking are reviewed to determine whether
they should be designated as " unresolved safety issues" (NUREG-0410). However,
as discussed above, such issues are considered on a generic basis only after
the staff has made an initial determination that the safety significance of the
issue does not prohibit continued operation or require licensing actions while
the longer term generic review is under way.

These longer term generic studies were the subject of a .ecision by the Atomic
Safety and Licensing Appeal Board of the Nuclear Regulatory Commission. The
Decision was issued on November 23, 1977 (ALAB-444) in connection with the
Appeal Board's consideration of the Gulf States Utility Company's application
for the River Bend Station, Units 1 and 2. These issues were also considered
in the operating license proceeding Virginia Electric and Power Company (North,

Anna Nuclear Power Station, Units 1 and 2), ALAB-491, NRC 245 (1978). A further
discussion of these issues is in a decision by.the Atomic Safety and Licensing.

Appeal Board in connection with its considerations of the Pacific Gas and
,

.
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Electric Company operating license application for the Diablo Canyon Nuclear
Power Plant, Units 1 and 2 (ALAB-728, issued May 18, 1983). In the ALAB-728
Decision, the Board stated with regard to an operating license proceeding that
"it would be helpful to us if the staff would include in an SER supplement an
explanation of the unresolved safety issues affecting the facility under review
and the reasons the facility could nonetheless safely operate pending resolution1

of those issues." This appendix is provided in response to the Board's request.

2. UNRESOLVED SAFETY ISSUES

In a related matter, as a result of Congressional action on the Nuclear Regula-
tory Commission budget for Fiscal Year 1978, the Energy Reorganization Act of
1974 was amended (PL 95-209) on December 13, 1977 to include, among other
things, a new Section 210 as follows:

1

UNRESOLVED SAFETY ISSUES PLAN

SEC. 210. The Commission shall develop a plan providing for speci-
fication and analysis of unresolved safety issues relating to nuclear
reactors and shall take such action as may be necessary to implement
corrective measures with respect to such issues. Such plan shall be
submitted to the Congress on or before January 1,1978 and progress
reports shall be included in the annual report of the Commission
thereafter.

The Joint Explanatory Statement of the House-Senate Conference Committee for
Fiscal Year 1978 Appropriations Bill (Bill S. 1131) provided the following
additional information regarding the Committee's deliberations on this portion
of the bill:

SECTION 3 - UNRESOLVED SAFETY ISSUES

The House' amendment required development of a plan to resolve generic
safety issues. The conferees agreed to a requirement that the plan
be submitted to the Congress on or before. January 1, 1978. The con-
ferees also expressed the intent that this plan should identify and
describe those safety issues, relating to nuclear power reactors, r

which are unresolved on the date of enactment. It should set forth:
(1) Commission actions taken directly or indirectly to develop and

,

implement corrective measures; (2) further actions planned concerning
such measures; and (3) timetables and cost estimates of such actions.
The Commission should indicate the priority it has assigned to each
issue, and the basis on which priorities have been assigned.

In response to the reporting requirements of the new Section 210, the NRC staff
submitted NUREG-0410 to Congress on January 1, 1978. This NUREG describes the
NRC generic issues program. The NRC program was already in place when PL 95-209
was enacted and is of considerably broader scope than the unresolved safety
issues plan required by Section 210. In the letter transmitting NUREG-0410 to
the Congress on December 30, 1977, the Commission indicated that "the progress
reports, which are required by Section 210 to be included in future NRC annual
reports, may be more useful to Congress if they focus on the specific.Sec-

- tion 210 safety items."
-

.
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It is the NRC's view that the intent of Section 210 was to ensure that plans
were developed and implemented on issues with potentially significant public
safety implications. In 1978, the NRC undertook a review of more than 130 gene-
ric issues addressed in the NRC program to determine which issues fit this
description and qualify as unresolved safety issues for reporting to the Con-
gress. The NRC review included the development of proposals by the NRC staff

; and review and final approval by the NRC Commissioners.

The review is described in a report, NUREG-0510, " Identification of Unresolved
Safety Issues Relating to Nuclear Power Plants - A Report to Congress 1979,"
dated January 1979. The report provides the following definition of an unre-
solved safety issue:

An Unresolved Safety Issue is a matter affecting a number of nuclear
power plants that poses important questions concerning the adequacy
of existing safety requirements for which a final resolution has not
yet been developed that involves conditions not likely to be accept-
able over the lifetime of the plants it affects.

.

Further, the report indicates that in applying this definition, matters that |
pose "important questions concerning the adequacy of existing safety require-
ments" were judged to be those for which resolution is necessary to (1) compen-
sate for a possible major redu-tion in the degree of protection of the public
health and safety, or (2) provide a potentially significant decrease in the
risk to the public health and safety. Quite simply, an unresolved safety issue
is potentially significant from a public safety standpoint and its resolution'-

is likely to result in NRC action on the affected plants.
,

All of the issues addressed in the NRC program were systematically evaluated
against this definition as described in NUREG-0510. As a result, 17 unresolved
safety issues addressed by 22 tasks in the NRC program were identified.

The staff performed an in-depth and systematic review of generic safety concerns
identified between January 1979 and March 1981 to determine if any of these
issues should be designated as unresolved safety issues. The candidate issues
originated from concerns identified in NUREG-0660,."NRC Action Plan as a Result
of the TMI-2 Accident"; from ACRS recommendations; from abnormal occurrence
reports; and from other operating experience. The staff's proposed list was
reviewed and commented on by the ACRS, AE00, and the Office of Policy Evalua-

e tion. The ACRS and AE00 also proposed that several additional unresolved safety
issues be considered by the Commission. The Commission considered the above
information and approved the four unresolved safety issues A-45 through A-48.
A description of the review process for candidate issues, together with a list
of the issues considered, is presented in NUREG-0705, dated March 1981. An
expanded discussion of each of the new unresolved safety issues is also in
NUREG-0705. In addit'an to the four issues identified above, in December 1981
the Commission approved another issue, A-49, pressurized thern,al shock, as an
unresolved safety issue.

[ The issues are listed below. The number (s) of the generic task (s) (for example,
A-1) in the NRC program addressing each issue is indicated in parentheses follow-
ing the title.

.

*
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Unresolved Safety Issues (Applicable Task Nos.)

(1) waterhammer (A-1)
(2) asymmetric blowdown loads on the reactor coolant system (A-2)
(3) pressurized water reactor steam generator tube integrity (A-3, A-4, A-5)
(4) BWR Mark I and Mark II pressure suppression containments (A-6, A-7, A-8,

A-39)
(5) anticipated transients without scram (A-9)
(6) BWR nozzle cracking (A-10)
(7) reactor vessel materials toughness (A-11)
(8) fracture toughness of steam generator and reactor coolant pump supports

(A-12)
(9) systems interaction in nuclear power plants (A-17)
(10) environmental qualification of safety related electrical equipment (A-24)
(11) reactor vessel pressure transient protection (A-26)
(12) residual heat removal requirements (A-31)
(13) control of heavy loads near spent fuel (A-36) .

(14) seismic design criteria (A-40)
(15) pipe cracks at boiling water reactors (A-42)
(16) containment emergency sump reliability (A-43)
(17) station blackout (A-44)
(18) shutdown decay heat remcval requirements (A-45)
(19) seismic qualification of equipment in operating plants (A-46)
(20) safety implications of control systems (A-47)
(21) hydrogen control measures and effects of hydrogen burns on safety

equipment (A-48)
(22) pressurized thermal shock (A-49)

Ten of the 22 tasks identified with the unresolved safety issues are not appli-
cable to Beaver Valley Unit 2, and 6 of these 10 tasks (A-6, A-7, A-8, A-10,
A-39, and A-42) are peculiar to boiling water reactors. Tasks A-4 and A-5 ad-
dress steam generator tube problems in Combustion Engineering and Babcock and
Wilcox plants. A-46 deals with seismic qualification of equipment in operating
plants and does not apply to Beaver Valley Unit 2. The staff's evaluation of
Beaver Valley Unit 2 seismic equipment qualification is reported in Sec-
tions 3.9.2 and 3.10 of this SER. Task A-48 is related to PWR plants with ice-
condenser containments or BWRs with pressure-suppression-type containments.
With regard to the remaining tasks that are applicable to this facility, the NRC
staff has issued NUREG reports providing its proposed resolution of eight of
these issues (see Table 1). Each of these has been addressed in this SER or
will be addressed in a future supplement. Table 1 lists those issues and the
section of this SER in which they are discussed.

The remaining issues applicable to this facility are

(1) Westinghouse steam generator tube integrity (A-3)
(2) systems interaction in nuclear power plants (A-17)
(3) seismic design criteria (A-40)
(4) containment emergency sump reliability (A-43)
(5) station blackout (A-44)

! (6) shutdown decay heat removal requirements (A-45)
(7) safety implications of control systems (A-47)
(8) pressurized thermal shock (A-49)

,

*
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Task action plans for unresolved safety issues for which no staff NUREG report
has been issued and for which work is continuing are presented in NUREG-0649,
Revision 1, " Task Action Plans for Unresolved Safety Issues Related to Nuclear
Power Plants."

Each task action plan provides a description of the problen; the staff's
approach to its resolution; a general discussion of the bases upon which con-
tinued plant licensing or operation can proceed pending conpletion of the task;
the technical organizations involved in the task and estimates of the manpower
required; a description of the interactions with other NRC offices, the ACRS,
and outside organizations; estimates of funding required for contractor-supplied
technical assistance; prospective dates for completing the task; and a descrip-.

tion of potential problems that could alter the planned approach or schedule.

In addition to the task action plans, the staff issues the " Unresolved Safety
Issues Summary, Aqua Book" (NUREG-0606) on a quarterly basis; this report pro-
vides current schedule information for each of the unresolved safety issues.
It also includes information relative to the implementation status of each
unresolved safety issue for which technical resolution is complete.

The staff has reviewed the unresolved safety issues listed above as they relate
to Beaver Valley Unit 2. Discussion of each of these issues, including refer-
ences to related discussions in the SER, is in Section 3. On the basis of its
review, the staff concludes for the reasons set forth in Section 3 that there
is reasonable assurance that Beaver Valley Unit 2 can be operated before the
ultimate resolution of these generic issues without endangering the health and
safety of the public. Plant operation before resolution of tasks A-43 and A-47
is acceptable subject to the resolution of those confirmatory items identified
in Section 3. The resolution of these items will be reported in a supplement
to the SER.

3. DISCUSSIONS OF UNRESOLVED SAFETY ISSUES AS THEY RELATE TO BEAVER VALLEY
UNIT 2

This section provides the NRC staff's evaluation of Beaver Valley Unit 2 for
each of the applicable unresolved safety issues, including the staff's bases
for licensing before ultimate resolution of these issues.

Task A-3 Westinghouse Steam Generator Tube Integrity

The primary concern of this unresolved safety issue is the capability of steam
generator tubes to maintain their integrity during normal operation and postu-
lated accident conditions. In addition, the requirement for increased steam-

| generator tube inspections and repairs has resulted in significant increases in
occupational exposures to workers.

Corrosion resulting in steam generator tube wall thinnii.g (wsstage) has been
observed in several Westinghouse plants. However, plants operating exclusively
with an all-volatile secondary water treatment process have not experienced this
form of degradation. Another observed corrosion-related phenomenon has been
buildup of support plate corrosion products in the annulus between the tubes and
support plates. This buildup may eventually cause a diametric reduction of the

.

*
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tubes, called " denting," and deformation of the tube support plates. This phe-
nomenon may lead to other problems, including stress corrosion cracking, leaks
at the tube / support plate intersections, and U-bond section cracking of tubes
that were highly stressed because of support plate deformation.

;

Measures (such as a secondary water chemistry control and monitoring program)
that the applicant has employed to minimize the onset of steam generator tube
problems include the following:

(1) Beaver Valley Unit 2 will operate on all-volatile secondary water treatment
process.

(2) Inservice inspection requirements meet Regulatory Guide 1.83, Revision 1.

(3) Steam generator blowdown and sludge lancing will be used to control sludge
if it forms.

Duquesne Light Company (DLC) is a member of the Electric Power Research Insti-
tute (EPRI), the Steam Generator Owners Group (SGOG), and the Westinghouse
Owners Group (WOG). DLC representatives regularly participate in the meetings
to maintain awareness of industry experience and obtain updates on research in

i progress. This information will be considered as appropriate. Pending comple-
tion of Task A-3, the measures takta at this facility should minimize the steam
generator tube problems encountered. Further, the inservice inspection and
Technical Specification requirements will ensure that the applicant and the ''9C
staff are alerted to tube degradation should it occur. Appropriate actions--
such as tube plugging, increased and more frequent inspections, and power
derating--could be taken if necessary. Because the improvements that will
result from Task A-3 are expected to be procedural (i.e., improved inspection
of the steam generators), they can be implemented by the applicant af ter opera-
tion of this facility begins, if necessary.

On the basis of the above, the staff has concluded that Beaver Valley Unit 2
can be operated prior to final resolution of this generic issue without undue
risk to the health and safety of the public.

Task A-17 Systems Interactions in Nuclear Power Plants

The staff's systems interaction program was initiated in May 1978 with the
definition of unresolved safety issue A-17 (Systems Interactions in Nuclear
Power Plants). The concern arises because the design, analysis, and installa-
tion of systems are frequently the responsibility of teams of engineers with
funct'ional specialties such as civil, electrical, mechanical, or nuclear.
Experience at operating plants has led to questiens of whether the work of these
functional specialists is sufficiently integrated to enable them to minimize
adverse interactions among systems. Some adverse events that occurred in the
past might have been prevented if the teams had ensured the necessary indepen-
dence of safety systems under all conditions of operation.

| The applicant has not described a comprehensive program that separately evalu-
| ates all structures, systems, and components important to safety for adverse
; systems interactions. However, the plant has baen evaluated against current

licensing requirements that are founded on the principle of defense-in-depth.-

Adherence to this principle and conformance to the regulations (e.g., the,

.
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GeneralDesignCriteria)resuftinrequirementssuchasphysicalseparationand
independence of redundant safety systems as well as protection against hazards
such as high energy line ruptures, missiles, high winds, flooding, seismic
events, and fires. These design provisions are subject to review against the
SRP (NUREG-0800), which requires interdisciplinary reviews of safety' grade
equipment and addresses various types of potential systems interactions. Also,
the quality assurance program that is followed during the design, construction,
and operational phases for each plant contributes to the prevention of intro-
ducing adverse systems interactions.

The NRC staff's current review procedures assign primary responsibility for re-
view of various technical areas to specific organizational units and secondary
responsibility to other units where there is a functional. interface. Designers
follow somewhat similar procedures and provide the analyses of systems and inter-
face reviews. Task A-17 is investigating the potential safety significance of
adverse systems interactions and possible methods that could identify adverse
systems interactions that were not uncovered by current review procedures.
After the resolution of A-17, the staff will determine whether the applicant
must perform further evaluations for adverse systems interactions.

On the basis of the above, the staff concludes that there is reasonable assur-
ance that Beaver Valley Unit 2 can be operated safety before ultimate resolution
of this generic issue without undue risk to the health and safety of the pualic.

Task A-40 Seismic Design Criteria - Short-Term Program

NRC regulations require that nuclear power plant structures, systems, and com-
ponents important tu safety be designed to withstand the effects of natural
phenomena such as earthquakes. Detailed requirements and guidance regarding
the seismic design of nuclear plants are provided in the NRC regulations and in
regulatory guides issued by the Commission. However, there are a number of
plants with construction permits and operating licenses issued before the NRC's
current regulations and regulatory guidance were in place. For this reason,
reviews of the seismic design of various plants are being undertaken again to
ensure that these plants do not present an undue risk to the public. Task A-40
is, in effect, a compendium of short-term efforts to support such re-evaluation
efforts of the NRC staff, especially those related to older operating plants.
In addition, some sections of the SRP and regulatory guides will be revised to
bring them more in line with the state of the art.

Safety-related structures, systems, and components for Beaver Valley Unit 2 are
designed to withstand the effects of earthquakes in accordance with current NRC
regulations, regulatory guides, and the SRP, as discussed in FSAR Sections 3.7,
3.9, and 3.10. Specifically, the five subjects identified in the NRC's issue
description for Task A-40 are discussed; these are magnitude of earthquakes
(safe shutdown earthquake (SSE)), free-field motion (SSE), soil-st actures
interactions, motion of plant equipment, and load combination. The design of
structures for protection against natural phenomana such as earthquakes is
described in FSAR Section 3.8. Should the resolution of A-40 indicate that a
change is needed in these licensing requirements, all operating reactors,
including Beaver Valley Unit 2, will be re-evaluated on a case-by-case basis.

_ Accordingly, the staff concludes that there is reasonable assurance that Beaver
Valley Unit 2 can be operated before ultimate resolution of this generic issue
without undue risk to the health and safety of the public.
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Task A-43 Containment Emergency Sump Reliability

Following a postulated loss-of-coolant accident (LOCA), water would be collected i

in the containment emergency sump for use in the long-term recirculation mode,
thus maintaining core cooling. This water could also be circulated through the
containment spray cooling system for removal of heat and fission products within
containment. The principal safety concern is loss of the ability to draw water
from the containment emergency sump under post-LOCA conditions--thus leading to
the degradation of, or disability of, the long-term recirculation safety train
and impairment of decay head removal.

Two major concerns have been postulated: (1) adverse hydraulic conditions in
the sump (air ingestion, break flow effects, vortex formation, etc.) leading to
loss of residual heat removal pumping, and (2) severe sump screen blockages
resulting.from LOCA generated insulation debris, which could cause loss of net
positive suction head requirements.

|

The evaluation of such safety concerns has been carried out, and the techr' cal
findings have been reported in NUREG-0897 (For Comment). The destruction of
plant insulation by the LOCA jet is viewed as a potential safety concern because
the insulation could lead to screen blockage, which could lead to a loss of net
positive suction head (NPSH). The evaluation of debris blockage is a plant- !
'pecific concern, because of differences in plant design and types of insulation

|employed. Air ingestion is a function of water elevation and sump suction in-
take Froude number.

The Beaver Valley Unit 2 sump design differs significantly from those types of
design tested under the USI A-43 program. One-third-scale model testing of the
Beaver Valley Unit 2 sump, conducted at the Alden Research Laboratory, resulted
in modification of the original sump design and incorporation of horizontal
gratings (which suppress vortex formation and air incastion) to meet acceptable
operation requirements at the minimum acceptable water level, assuming 50%
blockage. In addition, these model tests showed recirculation water velocities

| on the order of 1.0 to 1.7 ft/sec, which are sufficiently high to transport
LOCA generated debris to the sump screens. Consequently the staff has requested
that the applicant provide a debris generation and transport analysis to justify
the 50% sump blockage assumption.

On the basis of the above, and subject to the satisfactory resolution of such
| items identified in SER Section 6.2.2, there is reasonable assurance that Beaver

Valley Unit 2 can be operated before ultimate resolution of this generic issue
without undue risk to the health and safety of the public.

Task A-44 Station Blackout;

Electrical power for safety systems at nuclear power plants must be supplied by
'

at least two redundant and independent divisions. The systems used to remove
decay heat to cool the reactor core following a reactor shutdown are included '

among the safety systems that must meet these requirements. Each electrical
division for safety systems includes two offsite alternating current (ac) poweri

i

| connections ~, a standby emergency diesel generator ac power supply, and direct '

'

current sources.
~

,
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Task A-44 involves a study of whether or not nuclear power plants should be
designed to accommodate a complete loss of all ac power (that is, a loss of both
the offsite and the emergency diesel generator ac power supplies). This issue
arose because of operating experience regarding the reliability of ac power sup-plies. A number of operating plants have experienced a total loss of offsite
electrical power, and more occurrences are expected in the future. In almost
every one of these loss of offsite power events, the onsite emergency ac power

,

'

supplies were available immediately to supply the power needed by vital safety
equipment. However, in some instances, one of the redundant emergency powersupplies has been unavailable. In a few cases there has been a complete loss
of ac power, but during these events, ac power was restored in a short time
without serious consequences. In addition, during periodic surveillance tests,
there have been numerous instances of emergency diesel generators failing to
start and run in operating plants

A loss of all ac power was not a design-basis event for Beaver Valley Unit 2.
Nonetheless, a combination of design, operating, and testing requirements has
been imposed to ensure that this unit will have substantial resistance to a
loss of all ac power and that, even if a loss of all ac power should occur,
there is reasonable assurance the core will be cooled. These design, operating,and testing requirements are discussed below.

A loss of offsite ac power involves the ' ass of all sources of offsite power
with the potential to supply Beaver Valley Unit 2. As described in Sec-
tion 8.2.1.1 of this SER, the unit has at least five independent and physically
separate offsite power supplies. The staff's review and basis for acceptance of
the design, inspection, and testing provisions for the offsite power system are
described in Section 8.2 of this SER.

If offsite ac power is lost, two independent and physically separate diesel
generators and their associated distribution systems will deliver emergencyr

power to safety-related equipment. The staff's review of the design, testing,
surveillance, and maintenance provisions for the onsite emergency diesels is
described in Sections 8.3 and 9.5 of this SER. Staff requirements include pre-
operational testing to ensure the reliability of the installed diesel generators
in accordance with the provisions of Regulatory Guide 1.108. In addition, the
applicant has been required to implement a program for enhancing diesel genera-
tor reliability to ensure the long-term reliability of the diesel generators.
This program resulted from recommendations of NUREG/CR-0660, " Enhancement of
Onsite Emergency Generator Reliability."

If both offsite and onsite ac power are lost, cooling water can still be pro-
vided to the steam generator by the auxiliary feedwater system employing a
steam-turbine-driven pump that does not rely on ac power for operation. The
auxiliary feedwater system design and operation are described in SER Sec-
tion 10.4.9.

In addition to the above, the Commission has determined that some interim mea-
sures should be taken at all plants to accommodate a station blackout pending
resolution of the issue. Consequently, the NRC requested (Generic Letter 81-04,
dated February 25,1981) a review of plant operation to determine the appli-
cant's capability to mitigate a station blackout event and properly implement,
as necessary, emergency procedures and training programs for station blackout.

events. Appropriate review of the procedures and training programs for station
.

Beaver Valley 2 SER 9 Appendix C

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ --_



blackout events will be completed before fuel load. Beaver Valley Unit 2 will
utilize the Westinghouse Owners Group guidelines for loss of all ac power to
develop emergency operating procedures and operator training for station black-|

out events will be included in operator training programs.

On the basis of the above considerations, the staff concludes that there is
reasonable assurance that Beaver Valley Unit 2 can be operated before the
ultimate resolution of this generic issue without undue risk to the health and
safety of the public.

Task A-45 Shutdown Decay Heat Removal Requirements

Under normal operating conditions, power generated within a reactor is removed
as steam to produce electricity through a turbine generator. Following a reac-
tor shutdown, a reactor produces insufficient power to operate the turbine;,

however, the radioactive decay of fission products continues to produce heat
(so-called " decay heat"). Therefore, when the reactor is shut down, other mea-
sures must be available to remove decay heat from the reactor to ensure that
high temperatures and pressures do not develop that could jeopardize the reactor
and the reactor coolant system. It is evident, therefore, that all light-water
reactors (LWRs) share two common decay-heat-removal functional requirements:
(1) to provide a means of transferring decay heat from the reactor coolant
system to an ultimate heat sink, and (2) to maintain sufficient water inventory
inside the reactor vessel to ensure adequate cooling of the reactor fuel. The
reliability of a particular power plant to perform these functions depends on
the frequency of initiating events that require or jeopardize decay heat removal

i operations and the probability that required systems will respond to remove the
; decay heat.
|

The accident at Three Mile Island Unit 2 (TMI-2) demonstrated how a relatively
! common fault, with which the operator should have been able to cope easily,
I could escalate i.nto a potentially hazardous situation, with severe financial
) losses to the utility, as a result difficulties arising in the decay heat
| removal (DHR) process.
t

| Other circumstan.:es, of a more unusual nature (e.g., damage to systems by
external events such as floods or earthquakes, or by sabotage), which could
make removal of the decay heat difficult, can also be foreseen.

| The question arises, therefore, whether current licansing design requiremer,ts
! are adequate to ensure that LWRs do not pose unacceptable risk as a result of a
| failure to remove shutdown decay heat, and whether, at a cost commensurate with
'

the increase in safety that could be achieved, improvements could be made in tne
effectiveness of shutdown decay heat removal in one or more transient or acci-
dent situations. Resolution of this question is considered to be of sufficient
importance to merit raising it to the status of an unresolved safety is,ue.

To some extent, the effectiveness of the DHR systems is linked to that of the
onsite and offsite electrical supplies; the performance and reliability of
those supplies is being considered in A-44, station blackout. Consequently,
the scope of work required in relation to the decay heat removal systems is
complementary to Task A-44 above.

.

-

.

i
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.

The overall purpose of Task A-45 is to evaluate the adequacy of current licens-
ing design requirements to ensure that nuclear power plants do not pose an
unacceptable risk because of a failure to remove shutdown decay heat. This

,

will require the development of a comprehensive and consistent set of shutdown ,

i
cooling requirements for existing and future LWRs, including the study of

i

alternative means of shutdown decay heat removal and of diverse " dedicated" '

systems for this purpose.

This task will evaluate the benefit of
could substantially increase the plant'providing alternate means of DHR that t

s capability to handle a broader spectrum
of transients and accidents. The study will include a number of plant-specific ;

DHR systems evaluations and will result in recommendations regarding the desir- '

ability of, and possible design requirements for, improvements in existing
systems of an alternative decay heat removal method, if the improvements or '

alternatives can significantly reduce the overall risk to the public in a cost-
effective manner.

The principal means for removing the decay heat in a PWR under normal conditions
immediately following reactor shutdown is through the steam generators, using
the auxiliary feedwater system. In addition to the WASH-1400 study (NUREG-75/ <

014), later reliability studies and related experience from the THI-2 accident
have reaffirmed that the loss of capability to remove heat through the steam
generetor is a significant contributor to the probability of a core melt event, i

The staff's review of the auxiliary feedwater system design and operation is
in Section 10.4.9 of this SER.

.

It should be noted, as discussed below, that the NRC required licensees to
implement many improvements to the steam generator auxiliary feedwater system
following the TMI-2 accident. However, the staff still believes that providing
an alternative means of decay heat removal could substantially increase the '

'

plant's capability to deal with a broader spectrum of transients and accidents
and potentially could, therefore, significantly reduce the overall risk to the
public. Consequently, this task will investigate alternative means of decay
heat removal in PWR plants, including but not limited to using existing equip-

|ment where possible. This study will include a representative sample of plant-
specific DHR system evaluations. It will result in recommendations regarding i

the adequacy of existing DHR requirements and the desirability of, and possible
design requirements for, an alternative DHR method, other than that normally
associated with the steam generator and secondary coolant system.

,

The auxiliary feedwater (AFW) system is a very important safety system in a PWR
in terms of providing a heat sink via the steam generators to remove core decay

7heat. As mentioned above, the TMI-2 accident and subsequent studies have fur-
I ther highlighted the importance of the AFW systems. As discussed below, the NRC

,

| staff has required certain upgrading of the AFW systems for all LWRs following
i the THI-2 accident. Although this task will investigate alternative means of

|decay heat removal, the NRC staff concludes that in general (not on a plant- !

specific basis) if the licensees comply with the upgrading of requirements for i
the AFW system, the action taken following the TMI-2 accident justifies con- i

tinued operation and licensing pending completion of this task. Further dis- !
cussion and the bases for this view are provided below.

l
;
,

,

e

Beaver Valley 2 SER 11 Appendix C

!
_ _ . . _ _ _ _ _ _ _ _



,
. .. . . . .

1

i

1

i

f TMI-2 Accident.

!

: The accident at TMI-2 on March 28, 1979 involved a main feedwater transient cou- '

j pied with a stuck-open pressurizer power-operated relief valve and a temporary
failure of the auxiliary feedwater system, and subsequent operator intervention'

to severly reduce flow from the safety injection system. The resulting sever-
ity of the ensuing events and the potential generic aspects of the accident led

i the NRC to initiate prompt action to: (1) ensure that other reactor licensees,
particularly those with plants similar in design to TMI-2, took the necessary,

action to substantially reduce the likelihood for THI-2-type events, and (2) in-
-

vestigate the potential generic implications of this action for other operating
] reactors.
i

The Bulletins and Orders Task Force (80TF) was established within the NRC Office
'

i of Nuclear Reactor Regulation (NRR) in early May 1979 and completed its work on
: December 31, 1979. This task force was responsible for reviewing and directing '
'

the TMI-2-related staff activities associated with the NRC Office of Inspection >

; and Enforcement (IE) Bulletins, Commission Orders, and generic evaluations of
i loss-of-feedwater transients and small-break LOCAs for all operating plants to
1 ensure their continued safe operation. NUREG-0645, " Report of the Bulletins !

and Orders Task Force," summarizes the results of the work performed. ,

i

; Generic and plant-Specific Studies*

:r

For operating reactors designed by Babcock and Wilcox (B&W), an initial NRC staff;

study-was completed and published in NUREG-0560, " Staff Report on the Generic
Assessment of Feedwater Transients in Pressurized Water Reactors Designed by the ;

Babcock & Wilcox Company." This study considered the particular design features j
and operational history of B&W-designed operating plants in light of the Ti1I-2
accident and related current licensing requirements. '

I

: Generally, the activities involving the B&W-designed reactors are reflected in ij the actions specified in the Commission Orders. Consequently, a number of !
; actions have been specified regarding transient and small-break analyses, up-
; grading of auxiliary feedwater reliability and performance, procedures for

,

i operator action, and operator training. The results of the NRC staff review of
d the B&W small-break analysis are published in NUREG-0565, " Generic Evaluation

.

;

| of Small-Break Loss-of-Coolant Accident Behavior in Babcock & Wilcox-Designed !

| 1770 FA Operating Plant." i
t

Similar studies have been completed for operating plants designed by Westing-
house, Combustion Engineering, and General Electric. Those studies, which also,

; focus specifically on the predicted plant performance under different accident ,'

! scenarios involving feedwater transients and small-break LOCAs, are published |
) in NUREG-0611. " Generic Evaluation of Feedwater Transients and Small-Break Loss- (

of-Coolant Accidents in Westinghouse-Jesigned Operating Plants"; NUREG-0635, i

i " Generic Evaluation of Feedwater Transient and Small-Break Loss-of-Coolant
! Accidents in Combustion Engineering-Designed Operating Plants"; and NUREG-0626,

" Generic Evaluation of Feedwater Transients and Small-Break Loss-of Coolanti

j Accidents in GE-Designed Operating Plants and Near-Term Operating License ,

3 Applications." '

l
| On the basis of its review of the operating plants in light of the THI-2 acci- :.

1 dent, the NRC staff reached the following conclusions:,

f
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(1) The continued operation of the operating plants is acceptable provided
that certain actions related to the plants' design and operation and
training of operators identifed in NUREG-0645 are implemented, consistent
with the recommended implementation schedules.

(2) The actions taken by the licensees with operating plants in response to
the IE Bulletins (including the actions specified in NUREG-0623, " Generic
Assessment of Delayed Reactor Coolant Pump Trip During Small Break Loss-
of-Coolant Accidents in Pressurized Water Reactors") provide added assur-
ance for the protection of the health and safety of the public.

In addition, the BOTF independently confirmed the safety significance of those
related actions recommended by other NRR task forces as discussed in NUREG-0645.

Pressurized Water Reactors*

The primary method for removing decay heat from PWRs is via the steam genera-
tors to the secondary system. This energy is transferred on the secondary side
to either the main feedwater or auxiliary feedwater systems, and is rejected to
either the turbine condenser or the atmosphere via the secondary coolant system
safety / relief valves. Following the TMI-2 accident, the importance of the AFW
systems was highlighted and a number of improvements were made to improve the
relaibility of the AFW systems (NUREG-0645). It was also required that operat-
ing plants be capable of providing the required AFW flow for at least 2 hours
from one AFW pump train, independent of any ac power source (that is, if both
offsite and onstie ac power sources are lost).

Some PWRs potentially have at least one alternate means of removing decay heat
if an extended loss of feedwater is postulated. This method is known as " feed
and bleed" and uses the high pressure injection (HPI) system to add water cool-
a'nt (feed) at high pressure to the primary system. The decay heat increases
the system pressure, and energy is removed through the power-operated relief
valves (PORVs) and/or the safety valves (bleed), if necessary. Limited vendor
analyses have shown that the core can be adequately cooled by this means, pro-
vided that the containment pressure can be controlled to a safe level.

When the primary system is at low pressure, long-term decay heat is removed by
the residual heat removal system to achieve and maintain cold shutdown condi-
tions. Task A-45 will also consider the adequacy of reliability and performance
criteria and standards for RHR systems. The staff's review of the RHR system
design and operation is described in Section 5.4.7 of the SER.

Conclusion*

In summary, because of the upgrading of current DHR systems that was requiredi

following the TMI-2 accident, the staff concludes that, in general, plants maj
continue to be licensed and operated before the ultimate resolution of this

, generic issue without endangering the health and safety of the public. However,
| the staff must consider compliance with requirements for upgrading of the OHR

system on an individual case basis. For Beaver Valley Unit 2, the staff has,

| concluded that there is reasonable assurance that the plant can be operated
! prior to ultimate resolution of this generic issue without undue risk to the
| health and safety of the public..

L

|
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Task A-47 Safety Implications of Control Systems

This issue concerns the potential for transients or accidents being made more
severe as a result of control system failures or malfunctions. These failures
or malfur.ctions may occur independently or as a result of the accident or tran-
sient under consideration. One concern is the potential for a single failure--
such as a loss of a power supply, short circuit, open circuit, or sensor
failure--to cause simultaneous malfunction of several control features. Such
an occurrence could conceivably result in a transient more severe than those
transients analyzed as anticipated operational occurrences. A second concern
is that a postulated accident could cause control system failures that would
make the accident more severe than analyzed. Accidents could conceivably cause
control system failures by creating a harsh environment in the area of the con-
trol equipment or by physically damaging the control equipment. Although it is
generally believed that such control system failures would not lead to serious
events or result in conditions that safety systems could not safely handle,
indepth studies have not been rigorously performed to verify this belief. The
potential for an accident that would affect a particular control system, and
effects of the control system failures, may differ from plant to plant. There-
fore, it is not possible to develop generic answers to all these concerns; how-
ever, it is possible to develop generic criteria that can be used for future
plant-specific reviews. The purpose of this unresolved safety issue task is to
verify the adequacy of existing criteria for control systems or propose addi-
tional generic criteria (if necessary) that will be used for plant-specific
review.

,

The Beaver Valley Unit 2 safety systems have been designed with the goal of
ensuring that control system failures (either single or multiple) will not pre-
vent automatic or manual initiation and operation of any safety system equipment
required to trip the plant or to maintain the plant in a safe shutdown condition
following any anticipated operational occurrence or accident. This has been
accomplished by either providing independence between safety- and non-safety-
grade systems or providing isolating devices between safety- and non-safety grade
systems. These devices preclude the propagation of non-safety grade system
equipment faults so that operation of the safety grade system equipment is not
impaired.

A wide range of bounding transients and accidents has been analyzed to ensure
that the postulated events would be adequately mitigated by the safety systems.
In addition, systematic reviews of safety systems have been performed with the
goal of ensuring that the control system failures (single or multiple) will not
defeat safety system action.

Also, the applicant has been requested (NRC Information Notice 79-22, "Qualifi-
cation of Control Systems," September 17, 1979) (1) to review the possibility
of consequential control system failures that could exacerbate the effects of
high energy line breaks (HELBs) and (2) to adopt new operator procedures, where
needed, to ensure that the postulated events would be adequately mitigated. As-
part of the review, the staff is also evaluating the qualification program to
ensure that equipment that may potentially be exposed to HELB environments has
been adequately qualified or an adequate basis has been provided for not quali-
fying the equipment to the limiting hostile environment. The staff's evaluation
of the applicant's response to Information Notice 79-22 and the adequacy of the. .

qualification program are reported in Sections 7.7.2.2 and 3.11 of this SER,.

respectively.
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With the recent emphasis on the availability of postaccident instrumentation
(Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear Power
Plants To Assess Plant Conditions During and Following an Accident"), the
staff's reviews evaluate the designs to ensure that control system failures will
not deprive the operator of information required to maintain the plant in a safe
shutdown condition af ter any anticipated operational occurrence or accident.
The applicant was requested to evaluate the Beaver Valley Unit 2 control systems
and identify any control systems whose malfunction could impact plant safety.
The applicant has been requested to document the degree of interdependence of
these identified control systems and identify the use
supplies and the use of common sensors or common senso(if any) of common powerr impulse lines whose
failure could have potential safety significance. The status of these reviews
and the staff's evaluation are discussed in Section 7.7.2.3 of the SER.

In addition, IE Bulletin 79-27 (" Loss of Non-Class 1E Instrumentation and Con-
trol Power System Bus During Operation," November 30, 1979) was issued to the
applicant requesting that evaluations be performed to ensure the adequacy of
plant procedures for accomplishing shutdown on loss of power to any electrical
bus supplying power for instruments and controls. The results of this revieware in SER Section 7.5.2.5.

The subtask of this issue concerning the steam generator overfill transient in
pressurized water reactors is currently under revie'.. by the staff. Pending
ultimate resolution of this item, the applicant has incorporated in the Beaver
Valley Unit 2 design a control grade high-level initiation trip signal to trip
the main feedwater pumps, the feedwater isolation control and bypass valves,
and the main turbine to prevent overfill transients. The status of this review
and the staff evaluation are discussed in SER Section 7.3.3.12.

On the basis of the above considerations, and subject to the satisfactory reso-
lution of the open items identified in Section 3.11 and items identified in
Sections 7.3.3.12 and 7.7.2.3, the staff concludes that there is reasonable
assurance that Beaver Valley Unit 2 can be operated before the ultimate resolu-
tion of this generic issue without undue risk to the health and safety of thepublic.,

Task A-49 Pressurized Thermal Shock

The issue of pressurized thermal shock (PTS) arises because in PWRs transients
i and accidents can occur that result in severe overcooling (thermal shock) of

the reactor pressure vessel, concurrent with or followed by repressurization.
In these PTS events, rapid cooling of the reactor vessel internal surface
results in thermal stress with a maximum tensile ttress at the inside surfaceof the vessel. The magnitude of the thermal stress depends on the temperature
profile across the reactor vessel wall as a function of time. The effects of
this thermal stress are compounded by prest Jre stresses.

Severe reactor system overcooling events simultaneous with or followed by pres-
surization of the reactor vessel (PTS events) can result from a variety of

These include system transients, some of which are initiated by instru-causes.
montation and control system malfunctions (including stuck-open valves in either
the primary or secondary system), and postulated accidents such as small break
LOCAs, main steamline breaks (MSLBs), and feedwater line breaks.

.
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The PTS issue is a concern for PWRs only after the reactor vessel has lost its
fracture toughness properties and is embrittled by neutron irradiation. The
standards and regulatory requirements to which the Beaver Valley Unit 2 reactor
vessel was designed and fabricated are described in FSAR Sections 5.2 and 5.3.

As long as the fracture resistance of the reactor vessel material is relatively
high, overcooling events are not expected to cause vessel failure. However, j

the fracture resistance of reactor vessel materials decreases with exposure to,

fast neutrons during the life of a nuclear power plant. The rate of decrease
is dependent on the metallurgical composition of the vessel talls and welds.
If the fracture resistance of the vessel has been reduced sufficiently by neu-
tron irradiation, severe overcooling events could cause propagation of small
flaws t6 might exist near the inner surface. The assumed initial flaw might
be eni. _ad into a crack through the vessel wall of sufficient extent to
threaten vessel integrity and, therefore, core tooling capability.

For the reactor pressure vessel to fail and constitute a risk to public health
and safety, a number of contributing factors must be present. These factors
are (1) a reactor vessel flaw of sufficient size to initiate and propagate;
(2) a level of irradiation (fluence) and material properties and composition '

sufficient to cause significant embrittlement (the exact fluence depends on
materials present; for example, high copper content causes embrittlement to
occur more rapidly); (3) a severe overcooling transient with repressurization;
and (4) the crack resulting from the propagation of initial cracks must be of
such size and location that the vessel fails.

As a result of the evaluation of the PTS issue, the staff recommended to the
Commission in SECY-82-465 (November 23,1982) actions to prevent PTS events in
operating reactors. The Commission accepted the staff recommendations, and thel

staff published Notice of Proposed Rulemaking for a rule that would establish
an RT screening criterion (below which PTS risk is considered acceptable),NDT

require early analysis and implementation of such flux-reduction programs as a
reasonably practicable method to avoid reaching the screening criterion, and
require plant-specific PTS safety analyses before plants are within three calen -
dar years of reaching the screening criterion, including analyses of proposed
alternatives to minimize the PTS program.

The proposed rule has been published for public comment (49 FR 4498), and the
staff believes that Beaver Valley Unit 2 could easily meet tIIe requirements of
the. proposed rule. The applicant states that the estimated RTNDT values for
the Beaver Valley Unit 2 vessel are expected to remain below the applicable
NRC-staff proposed screening criterion of 270'F.

On the basis of the above considerations, the staff concludes that there is
reasonable assurance that Beaver Valley Unit 2 can be operated before ultimate
resolution of this generic issue without undue risk to the health and safety ofthe public.
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Table 1 Unresolved safety issues applicable to Beaver Valley Unit 2,
NUREG reports addressing their proposed resolution, and
related SER sections

No. NUREG report SER section

A-1 NUREG-0927, " Evaluation of Water Hammer --

Occurrence in Nuclear Power Plants"

A-2 NUREG-0609, " Asymmetric Blowdown Loads on PWR 3.9
| Primary Systems"

A-9 NUREG-0460, " Anticipated Transients Without 15.3.8
Scram for Light Water Reactors," Vol 4

A-11 NUREG-0744, " Resolution of the Task A-11 Reactor 5.3
Vessel Materials Toughness Safety Issue," Vols I
and II, Revision 1

A-12 NUREG-0577, " Potential for Low Fracture Toughness --

and Lamellar Tearing in PWR Steam Generator and
Reactor Coolant Pump Supports," Revision 1

A-24 NUREG-0588, " Interim Staff Position on Environ- 3.11
mental Qualification of Safety-Related Electrical
Equipment," Revision 1

A-31 ~NUREG-0800, " Standard Review Plan," Section 5.4.7 5.4.3
and BTP 5-1, " Residual Heat Removal Systems"

A-36 NUREG-0612, " Control of Heavy Loads at Nuclear 9.1. 4
Power Plants"

|

|

|

|

!

l -
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APPENDIX 0

- ACRONYMS AND INITIALISMS

A/C air conditioning
ACI American Concrete Institute
ACRS Advisory Committee on Reactor Safeguards
ACU air conditioning unit

'AEC Atomic Energy Commission
AE00 Office for Analysis and Evaluation of Operational Data
AFW auxiliary feedwater
AFWS auxiliary feedwater system
AISC American Institute of Steel Construction
ALARA as low as reasonably achievable
ANS American Nuclear Society
ANSI American National Standards Institute
A00 anticipated operational occurrence
A0V air-operated valve
APDMS axial power distribution monitoring system
APTP Appalachian Plateau Tectonic Province
ASCE American Society of Civil Engineers
ASLB Atomic Safety and Licensing Board
ASME American Society of Mechanical Engineers
ASP alternate shutdown panel
ASTM American Society for Testing and Materials
ATWS anticipated transients without scram

BOL beginning of life
BOP balance of plant
BOTF Bulletins and Orders Task Force
BRS boron recovery system
BTP Branch Technical Position
BWR boiling water reactor

CAOC constant axial offset control
CAPC0 Central Area Power Coordination Group
CAT chemical additive tank
CCS condensate cooling system
CCW component cooling water
CCWS component cooling water system
CFR Cod. of Federal Regulations
CGCS combustible gas control system
CHF critical heat flux
CHRS containment heat removal system
CIA containment isolation Phase A
CIB - containment isolation Phase B
CIS containment isolation system
CMAA Crane Manufacturers Association of America-

CP construction permit.

-

-
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CRD control rod drive
CRDM control rod drive mechanism
CROS control rod drive system
CU consolidated undrained
CVCS chemical and volume control system
CWS circulating water system

DBA design-basis accident
DCROR detailed control room design review
OECLG double-ended cold leg guillotine
OEMA Diesel Engine Manufacturers Association
DER double-ended rupture
DES Draft Environmental Statement
DHR decay heat removal
OLC Duquesne Light Company
DNB departure from nucleate boiling
DNBR departure from nucleate boiling ratio
DOE Department of Energy
DWST demineralized water storage tank

EA8 exclusion area boundary,

EAL emergency action level
EAS essential auxiliary support
EBST evaporator bottoms storage tank
ECC emergency core cooling
ECCS emergency core cooling system;

'

EFPY effective full power year
EHC electrohydraulic control

; EOC emergency operations center
EOF emergency operations facility

; E0P emergency operating procedure
EOS emergency outfall structure
EPRI Electric Power Research Institute
EPZ emergency planning zone
ERF emergency response facility
ERG emergency response guideline
ESF engineered safety feature
ESFAS engineered safety feature actuation system
ESFVS engineered safety feature ventilation system
ESP emergency shutdown panel

FEMA Federal Emergency Management Agency
FES Final Environ.nental Statement
FM Factory Mutual
FRMAP Federal Radiological Monitoring and Assessment Plan
FSAR Final Safety Analysis Report

GDC General Design Criterion (a)
GWST gas waste storage tank

.

*

.
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HAZ heat-affected zone
HED human engineering discrepancy
HELB high energy line break
HEPA high efficiency particulate air
HHSI high head safety injection amp
HJTC heated junction thermocoupler
HLDER hot leg double-ended rupture
HMR Hydrometeorological Report
HPI high pressure injection
HVAC heating, ventilation, and air conditioning

ICC inadequate core cooling
IE Office of Inspection and Enforcement
IEEE Institute of Electrical and Electronics Engineers
INEL Idaho National Engineering Laboratory
INP0 Institute of Nuclear Power Operations
ISI inservice inspection

LCO limiting condition (s) for operation
LOR limited displacement rupture *

LHSI low head safety injection
LOCA loss-of-coolant accident
LOOP loss of offsite power
LPMS loose parts monitoring system
LTC load tap changer
LPZ low population zone
LWD liquid waste disposal
LWR light water reactor

MCC motor control center -

MCES main condenser evacuation system
MDNBR minimum departure from nucleate boiling ratio
MM Modified Mercalli
MMI Modified Mercalli intensity ~*

MOV motor-operated valve
MSIV main steam isolation valve
ms1 mean sea level
MSLB main steamline break
MV mercury vapor
MWt megawatts thermal
mypb million year (s) before present

.

NDTT nil ductility transition temperature
NEPA National Environmental Policy Act
NFPA National Fire Protection Association
NIS nuclear instrumentation system
NMSZ New Madrid Seismic Zone
NNS nonnuclear safety
NOAA National Oceanic and Atmospheric Administration

g,

NPSH net positive suction head
NRC U.S.. Nuclear Regulatory Commission
NRR Office of Nuclear Reactor Regulation

. NSSS nuclear steam supply system
.
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NTOL near-term operating license
NWS National Weather Service

OBE opearating basis earthquake
OCR overconsolidation rate
OFA optimized fuel assembly
OL operating license
OQC operational quality control

PAD performance analysis and design
PAX private automatic exchange
PAMS postaccident monitoring system
PASS postaccident sampling system
PCCW primary component cooling water
PCI pellet / cladding interaction
PDTT primary drain transfer tank
PGA peak ground acceleration
PGP procedures generation package
PID proportional integral derivative
P&ID piping and instrumentation diagram
PIF pressure injected footing
PIS process instrumentation system
PMF probable maximum flood
PHP probable maximum precipitation
PORV power-operated relief valve
PPOWST primary plant demineralized water storage tank
PPS page party system
PSAR Preliminary Safety Analysis Report -

PSDER pump suction double-ended rupture
PSI preservice inspection
PTS pressurized thermal shock
PVORT Pump and Valve Operability Review Team
PWR pressurized water reactor

'

QA quality assurance
QC quality control
QSS quench spray system

RCCA rod cluster control assembly
RCP reactor coolant pump
RCPB reactor coolant pressure boundary
RCS reactor coolant system
RG Regulatory Guide
RHR residual heat removal
RHRS residual heat removal system
RMS radioactivity monitoring system
R0 reactor operator
ROC radiological operations coordinator
RPCCW reactor plant component cooling water
RPM radiation protection manager
RPS reactor protection system
RPV reactor pressure vessel

. RSS recirculation spray system
RTO resistance temperature detector.

.
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RTS reactor trip system
RVHV reactor vessel head vent
RVLIS reactor vessel test level instrumentation system
RWST refueling water storage tank

.

SAFDL specified acceptable fuel design limit
SAPS Shippingport Atomic Power Station
SER Safety Evaluation Report
SER-CP Safety Evaluation Report issued at construction permit stage
SFA standard fuel assembly
SGBS steam generator blowdown system
SGOG Steam Generators Owners Group
SGTR steam generator tube rupture
SI safety injection
SIAS safety injection actuation signal
SIS safety injection system
SLCRS supplementary leak collection and release system
SOV system operability verification
SPOS safety parameter display system
SPOWST secondary plant demineralized water storage tank
SPT standard penetration test
SQRT seismic qualification review team
SR0 senior reactor operator
SRP Standard Review Plan
SRSS square root of the sum of the squares
SRV safety relief valve
SSE safe shutdown earthquake
SSI soil-structure interaction
SSLPS solid-state logic protection system
SSWS standby service water
STA shift technical advisor
SV safety valve
S&W Stone and Webster Engineering Corporation .

SWS service water system

TOC thermal diffusion coefficient
T0H total dynamic head
TER technical evaluation report
TGSS turbine gland sealing system
TLD thermoluminescent dosimeter
TMI-2 Three Mile Island Unit 2
TSC technical support center

UHS ultimate heat sink
UL Underwriters Laboratory
UPS uninterruptible power supply
USC&GS U.S. Coast and Geodetic Survey
USE upper shelf energy
USGS U.S. Geological Survey
USI unresolved safety issue
UU unconsolidated undrained

-

'

.
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VCT volume control tank
| 'VHF very high frequency
[ VR volume reduction

V&V verification and validation

W Westinghouset

90G Westinghouse Owners Group
WWSN World hide Seismographic Network

ZPA zero period acceleration

.

.

t
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APPENDIX E

NRC STAFF CONTRIBUTORS

This Safety Evaluation Report is a product of the NRC staff and its consultants.
The NRC staff members listed below were principal contributors to this report.

NRC STAFF

Name Title Branch
.

R. Anand Mechanical Engineer Auxiliary Systems
R. Becker Sr. Nuclear System Engineer Procedures & Systems Review
S. Bhatt Materials Engineer Materials Engineering
5. Bryan Principal Operational Procedures & Systems Review

Safety Engineer
F. Burrows Reactor Engineer Instrumentation & Control

Systems
F. Clemenson Sr. Auxiliary Systems Auxiliary Systems

Engineer
K. Dempsey Nuclear Engineer Accident Evaluation
M. Dunenfeld Sr. Reactor Physicist Core Performance
R. Eberly Fire Protection Engineer Chemical Engineering
R. Eckenrode Human Factors Engineer Human Factors Engineering
B. Elliott Materials Engineer Materials Engineering
B. Fell Nuclear Engineer Meteorology & Effluent

Treatment
C. Ferrell Site Analyst Site Analysis
R. Giardina Mechanical Engineer Power Systems
G. Giese-Koch Geophysicist Geosciences
A. Gill Nuclear Engineer Core Performance
J. Gilray Quality Assurance Engineer Quality Assurance
R. Gonzales Hydraulic Engineer Environmental and

Hydrologic Engineering
J. Guo Containment Systems Containment Systems

Engineer
J. Halapatz Materials Engineer Materials Engineering
M. Hum Materials Engineer Materials Engineering
J. Knox Sr. Electrical Engineer Power Systems
E. Lantz Nuclear Engineer Reactor Systems
G. Lapinsky Engi cering Psychologist Human Factors Engineering
G. Laroche Sr. Land Use Analyst Environmental & Hydrologic

Engineering
L. Lazo Project Manager Licensing
A. Lee Mechanical Engineer Equipment Qualifications
K. C. Leu - Sr. Structural Engineer Structural & Geotechnical

Engineering
Y. Li Mechanical Engineer Mechanical Engineering
J. Lombardo Mechanical Engineer Equipment Qualifications

,

.
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W. Long Operational Safety o rocedures & Systems
Engineer Review

R. Manili Plant Protection Analyst Power Reactor Safeguards
Licensing

E. Markee Sr. Meteorologist Meteorology & Effluent
Treatment

D. McMullen Geologist Geosciences
R. Pichumani Geotechnical Engineer Structural & Geotechnical

Engineering.

D. Reiff Sr. Mechanical Engineer Equipment Qualifications
H. Richings Sr. Reactor Physicist Core Performance,

R. Serbu Health Physicist Radiological Assessment
D. Shum Systems Engineer Licensee Qualification
J. Simonds Emergency Preparedness Emergency Preparedness

Analyst
B. Singh Project Manager Licensing
D. Smith Materials Engineer Materials Engineering
J. Stang Fire Protection Engineer Chemical Engineering
T. Su Task Manager (USI) Generic Issues
D. Terao Mechanical Engineer Mechanical Engineering
J. Tsao Materials Engineer Materials Engineering i

B. Turov11n Materials Engineer Chemical Engineering
H. Walker Materials Engineer Equipment Qualifications
J. Wing Sr. Chemical Engineer Chemical Engineering

.
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APPENDIX F

CONTROL OF HEAVY LOADS AT NUCLEAR
POWER PLANTS - BEAVER VALLEY POWER STATION,

UNIT 2 (PHASE I)
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ABSTRACT

The Nuclear Regulatory Ccmmission (NRC) has requested that all nuclear
plants, either operating or under construction, submit a response of
compliancy with NUREG-0612, " Control of Heavy Loads at Nuclear Power
Plants." EG&G Idaho, Inc., has contracted with the NRC to evaluate the

responses of those plants presently under construction. This report
contains EG&G's evaluation and recommendations for Beaver Valley Power
Station, Unit 2.

.
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EXECUTIVE SUMMARY

8eaver Valley Power Station, Unit 2 is consistent with the intent of
Article 5.1.1 of NUREG 0612. *

.

.

.

.

.

*

.
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CONTROL OF HEAVY LOADS AT NUCLEAR pCWER PLANTS

BEAVER VALLEY p0WER STATION, UNIT 2

(pHASEI)

1. INTRODUCTION

'

1.1 purpose of Review

This technical evaluation report documents the EG&G Idaho, Inc.,
review of general 1 cad-handling policy and procedures at Beaver Valley
Power Station, Unit 2. This evaluation was performed with the

objective of assessing conformance to the general lead-handling
guidelines of NUREG-0612. " Control of Heavy Loads at Nuclear power
plants"(1),Section5.1.1.

1.2 Generic Background

Generic Technical Activity Tack A-36 was established by the U.S.
Nuclear Regulatory Commission (NRC) staff to systematically examine
staff applicant criteria and the adequacy of measures in effect at
operating nuclear power plants to assure the safe handling of heavy .

loads and to recommend necessary changes to these metsures. This
activity was initiated by a letter issued by the NRC staff on May 17,
1978 (2), to all power reactor applicants, requesting information
concerning the control of heavy loads near spent fuel.

The results of Task A-36 were reported in NUREG-0612 " Control of
Heavy Loads at Nuclear Power Plants." The staff's conclusion from

this evaluation was that existing measures to control the handling of
heavy loads at operating plants, although providing protection from
certain potential problems, do not adequately cover the major causes
of load-handling accidents and should Le upgraded.

In order to upgrade measures for the control of heavy loads, the staff
developed a series of guidelines designed to achieve a two phase
objective using an accepted approach or protection philosophy. The

'
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first portion of the objective, achieved through a set of general
guidelines identified in NUREG-0612, Article 5.1.1, is to ensure that
all load-handling systems at nuclear power plants are designed and
operated suca that their probability of failure is uniformly small and
appropriate for the critical tasks in which they are employed. The

second portion of the staff's objective, achieved through guidelines
identified in NUREG-0612, Articles 5.1.2 through 5.1.5, is to ensure
that, for load-handling systems in areas where their failure might
result in significant consequences, either (a) features are provided,
in addition to those required for all load-handling systems, to ensure
that the potential for a load drop is extremely small (e.g., a
single-failure proof crane) or (b) conservative evaluations of
load-handling accidents indicate that the potential consequences of
any load drop are acceptably small. Acceptability of accident
coneequences is quantified in NUREG-0612 into four accident analysis
evaluation criteria.

The approach used to develop the staff guidelines for minimizing the
potential for a load drop was based on defense in depth and is
summarized as follows:

o Provide sufficient operator training, handling system
design, load-handling instructions, and equipment inspection
to assure reliable operation of the handling system

o Define safe load travel paths through procedures and
operator training so that, to the extent practical, heavy
loads are not carried over or near irradiated fuel or safe
shutdown equipment

o Provide mechanical stops or electrical interlocks to prevent
movement of heavy loads over irradiated fuel or in proximity
to equipment associated with redundant shutdown paths.

Staff guidelines resulting from the foregoing are tabulated in
*

Section 5 of NUREG-0612.4
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1.3 Plant-Specific Background

On December 22, 1980, the NRC issued a letter [3] to Duquesne Light
Company, the applicant for Beaver Valley Power Station, Unit 2
requesting that the applicant review orovisions for handling and
control of heavy loads at Beaver Valley Power Station, Unit 2, *

evaluate these provisions with respect to the guidelines of;

NUREG-0612, and provide certain additional information to be used for
an independent determination of conformance to these guidelines. On

September 21, 1981, Duquesne Light Company provided the initial
l response [10] to this request. Subsequent submittals were provided on

April 2, 1982 [5], August 16, 1983 [4], July 17, 1984 [11], October 9,
1984 [12], and February 13, 1985 [13].

~

|
-

|

|
'

.

.

!

4

'

|

.

;

,

l.'
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2. EVALUATION AND RECCMMENDATIONS

2.1 Overview

The following sections summarize Duquesne Light Company's review of

heavy load handling at Beaver Valley Power Station, Unit 2 (BVpS-2)
accompanied by EG&G's evaluation, conclusicns, and recommendaticns to

| the applicant for bringing the facilities more completely into
compliance with the intent of NUREG-0612. The app 1tcant has indicated

i the weight of a heavy load for this facility (as defined in
NUREG-0612, Article 1.2) as 2000 pounds.

1

2.2 Heavy Load Overhead Handling Systems
|

This section reviews the applicant's list of overhead handling systems
which are subject to the criteria of NUREG-0612 and a review of the;

i justification for excluding overhead handling systems from the above
mentioned list.

;*

j 2.2.1 Scope

" Report the results of your review of plant arrangements to
identify all overhead h.tndling systems from which a load drop may
result in damage to any system required for plant shutdown or
decay heat removal (taking no credit for any interlocks,
technical specifications, operating procedures, or detailed
structural analysis) and justify the exclusion of any overhead
handling system from your list by verifying that there is

; sufficient physical separation from any load-impact point and any
safety-related component to permit a determination by inspectionL

that no heavy load drop can result in damage to any system or
component required for plant shutdown or decay heat removal."

A. Summary of Applicant's Statements
|
i

The applicant's review of overhead handling systems

| identified the cranes and hoists shcwn in Table 2.1 as those
which handle heavy loads in the vicinity of irradiated fuel
or safe shutdown equipment.

*

.

|

|
Beaver Valley 2 SER 4 Appendix F

:

. _ _ _ _ _ _ _ _ _ _ _ _ - - _ - - - _ _ _ _ _ _ _ - - _ - _ _ _ - - - - - - -



p . . . .. ,
,

i-

I
'

.

:

|

'

The applicant has also identified numerous other cranes that
have been excluded from satisfying the criteria of the
general guidelines of NUREG-0612. These are indicated in.

Table 2.2.

The applicant indicates in the Beaver Valley Power Station 2
Final Safety Analysis Report that the following design bases
apply to the overhead Heavy Handling System.

1. Heavy load lifting devices are designed to avoid'
the dropping of their loads during the lifting
operation.

2. Handling equipment is designed to avoid the
dropping of fuel handling devices and lifting rigs
during the lifting operations.

. .

B. EG&G Evaluation

SVPS-2 has reviewed their overhead Heavy Load Handling
Systemt and appears to have indicated all cranes. The

reviews of the safe load paths were quite comprehensive.
The statements of intent to comply with the guidelines were
in most cases very brief, but positive.

|

| C. EG&G Conclusions and Recommendations

Based on the information provided, EG&G concludes that the
applicant has included all applicable hoists and cranes in
their list of handling systems which must comply with the
requirements of the general guidelines of NUREG-0612.

v

.

*

..

'

|
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2.3 General Guidelines
i-
2

This section addresses the extent to which the applicable handling [
systems comply with the general guidelines of NUREG-0612, [
Article 5.1.1. EG&G's conclustons and recommendations are provided in i

summaries for each guideline. I

i

The NRC has established seven general guidelines which must be met in |
'

'

order to provide the defense-in-depth approach for the handling of
,

| heavy loads. These guidelines consist of the following criteria from i

!Section 5.1.1 of NUREG-0612'
= |

:

o Guideline 1--Safe Load Paths {

o Guideline 2--Load-Hand 1tng Procedures j

l o Guideline 3--Crane Operator Training

| o Guideline 4--Special Lifttrg Devices |

I
| o Guideline 5--Lifting Devices (not specially designed)

o Quideline6--Cranes (!nspection, Testing,andMaintenance) |
|

o Guideline 7--Crane Design. |

1

These seven guidelines should be satisfied for all overhead handling
systems and programs in order to handle heavy loads in the vicinity of
the reactor vessel, near spent fuel in the spent-fuel pool, or in |
other areas where a load drop may damage safe shutdown systems. The ;

succeeding paragraphs address the guidelines individually. ;
,

T

,

;

.

.- i

!
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2.3.1 Safe load Paths [ Guideline 1, NUREG-0612 Article 5.1.1(1)]

" Safe load paths should be defined for the movement of heavy
loads to minimize the potential for heavy loads, if dropped, to
impact irradiated fuel in the reactor vessel and in the
spent-fuel pool, or to impact safe shutdown equipment. The path
should follow, to the extent practical, structural floor members,
beams, etc., such that if the load is dropped, the structure is
more Itkely to withstand the impact. These load paths should be
defined in procedures, shown on equipment layout drawings, and
clearly marked on the floor in the area where the load is to be
handled. Deviations from defined load paths should require
written alternative procedures approved by the plant safety
review committee."

A. Summary of Apolicant's Statements

The applicant has provided Figures 1 through 5 comprising
16 sketches identifying the location of safe load paths,
spent fuel, and safe shutdown equipment in the Containment
But1 ding, the Fuel and Decentamination Building, the
Auxiliary Butiding, and the Cable Vault Area. Figures 1A
and 18 are plant views at two elevations of the Containment
Building showing safe shutdown equipmsnt and piping Iccated
at these elevations. These figures are used in conjunction
with written procedures to define safe load paths in these

!

areas.
:

Figures 2A through 2H indicate the safe load paths for all
heavy loads determined to be handled insido the Containment
Building.

Figures 3A, 38, 4A through 4C, and Figure 5 indicate the
location of safety related equipment, piping, and the safe

,

4

'

. ,

Beaver Valley 2 SER 11 Appondix F

_. _ _ _ _ _ _ _ _ _



- -

load paths used when handling heavy loads within the Fuel
and Decontamination Building, the Auxiliary Building, and
the Cable Vault Area.

With regard to measures taken to ensure that load handling
operations remain within safe load paths, including
procedures, if any for deviation from these paths, the
applicant states the following

" Administrative procedures will include the general
guidelines and evaluation requirements of NUREG 0612. The
safe load paths shown in this report will be used as the
load handling paths. Any deviation from these operational
precedureswillrequireanapprovalproceduralchange."(10]

The applicant further states the following: j
|

"BVpS-2 will utilize a procedure similar to that used on
BVpS-1 for control of heavy loads.

1. Prior to a lift, the appropriate load path is
temporarily marked (rope, pylon, etc.) *

2. A second member of the load handling crew (not crane
operator) is responsible for assuring the safe load
path is followed by directing the crane man.

.

|

The two options will preclude the need for permanently
markingthesafeloadpaths."(11]

8. EG&G Evaluation

| The applicant has indicated that administrative procedures
controlling the conduct of load handling operations will include
the general guidelines and evaluation requirements of
NUREG 0612. The appiteant has also proposed an alternative
manner of marking load paths namely the use of temporary markings
such as rope barriers, and the use of a second member of the load.

.

*
.
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handling crew (not a crane operator) to assure that the load
transported remains within the confines of temporarily marked
load path. EG&G considers this an acceptable means of indicating
and controlling the path of a heavy load. (Synopsis of Issues

associated with NUREG 0612.)

C. EG&G Conclusions and Recommendations

Based on the information provided EG&G considers the applicant is
consistent with the intent of this Guideline.

2.3.2 Load-Handling procedures [ Guideline 2, NUREG-0612,

Article 5.1.1(2)]

" Procedures should be developed to cover load-handling operations
for heavy loads that are or could be handled over or in proximity
to irradiated fuel or safe shutdown equipment. At a minimum,

I procedures should cover handling of those loads listed in
Table 3-1 of NUREG-0612. These procedures should include:
identification of- required equipment; inspections and acceptance
criteria required before, movement of load; the steps and proper
sequence to be followed in handling the load; defining the safe
path; and other special precautions."

A. Summary of Applicant's Statements

The applicant has prepared a table of heavy loads that will
be carried by each crane using Table 3.1-1 of NUREG 0612 as
a guideline. These are indicated in a Table 1 [10].

The applicant states " Load Handling procedures will be
writtiin as necessary to ensure compliance with NUREG 0612.
Any deriation from these operational procedures will require
an app oved procedural change. Procedures for the liftingr

of heavy loads will incorporate the guidelines of
NUREG 0612. [10].

.-
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B. EG&G Evaluation

I
The applicant has indicated that load handling procedures !

will be developed that will ensure compliance with
NUREG 0612. EG&G considers the applicant to have met the
intent of this guideline.

C. EG&G Conclusions and Recommendations |

Based on statements by the applicant, EG&G considers the
applicant to be consistent with the intent of this Guideline.

2.3.3 Crane Ooerator Training [ Guideline 3, NUREG-0612,

Article 5.1.1(3)1

" Crane operators should be trained, qualified, and conduct
themselves in accordance with Chapter 2-3 of ANSI B30.2-1976,
' Overhead and Gantry Cranes' [6]."

A. Summary of Aoplicant's Statements

The applicant states that " operator training, qualification,
and conduct will be in compliance with the requirements of
ANSI B30.2-1976." [10].

B. EG&G Evaluation

The applicant provides no additional information to that
stated above and no exceptions to ANSI B30.2-1976 are
indicated.

C. EG&G Lanclusions and Recommendations

Based on the information provided, EG&G Idaho concludes that
Beaver Valley Power Station, Unit 2 is consistent with the
intent of this Guideline.

.

-

.
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2.3.4 Soecial Liftino Devices [ Guideline 4, NUREG-0612,

Article 5.1.1(4)1

"Special lifting devices should satisfy the guidelines of ANSI
N14.6-1978., ' Standard for Special Lifting Devices for Shipping
Containers Weighing 10,000 Pounds (4500 kg) or More for Nuclear
Materials' [7]. This standard should apply to all special
lifting devices which carry heavy loads in areas as defined
above. For operating plants, certain inspections and load tests
may be accepted in lieu of certain material requirements in the
standard. In addition, the stress design factor stated in
Section 3.2.1.1 of ANSI N14.6 should be based on the combined I

maximum static and dynamic loads that could be imparted on the
handling device based on characteristics of the crane which will
be used. This is in lieu of the guideline in Section 3.2.1.1 of
ANSI N14.6 which bases the stress design factor on only the
weight (static load) or the load and of the intervening
components of the special handling device."

A. Summary of Apolicant's Statements

The submittal dated January 23, 1985 [13] stated:

" Westinghouse Electric Corporation did not write a design
specification concerning these specific requirements.~

However, assembly and detailed manufacturing drawings and
purchasing documents contain the following information:

o Material specification for most of the critical load
| path items to ASTM, ASME specifications or special

listed requirements (See B below)

o Welding, weld procedures, and welds to be in accordance
with ASME Boiler and Pressure Vessel Code--Section IX

o Special NDT for specific critical load path items to be
performed to written and approved procedures in
accordance with ASTM or specified requirements

o All coatings to be performed to strict compliance with
specified requirements

o Letters of compliance for materials and specifications ~
were required for verification with original
specifications.

"The material selection for most critical load path items
-

was made to ASTM, ASME, or special material requirements.
However, the non-design items of the RCP motor lift sling

. were selected based on their load carrying capabilities.-

Beaver Valley 2 SER 15 Appendix F
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; These include "U" bolts, wire rope slings, shackles,
turnbuckles, and hooks. The material requirements were
supplemented by Westinghouse imposed nondestructive testing,'

and/or special heat treating requirements for all of the
critical items. Westinghouse required all welding, welders,

j and weld procedures to be in accordance with ASME Boiler and
Pressure Vessel Cod.e Section IX for carbon steel welds.
They also required a certificate, or letter of compliance

4 that the materials and processes used by the manufacturer
were in accordance with the purchase order and drawing
requirements. Westinghouse also performed final inspections
on these devices and issued quality releases.

"A stress analysis of the special lifting devices has been
prepared by Westinghouse. This analysis documents the
adequacy of the special lifting devices in that they can
perform their function within appropriate margins of
safety. The ANSI N14.6 criteria have been met for tensile
and shear stresses.

i "High strength materials were used in these devices.
Although the fracture toughness was not tested, the
materials used were selected based on their excellent
fracture toughness characteristics. However, in lieu of a
different. stress design factor, the ANSI N14.6 stress design
factors of 3 and 5 were used in the analysis and the,

i resulting stresses are considered to be acceptable.
NUREG-0612, Article 5.1.1 (4) further states that the stress,

design factor should be based on the combined maximum static
and dynamic loads that could be imparted on the handling
device based on the characteristics of the crane which will

; be used.

"The dynamic characteristics of the crane would be based on
the main hook and associated wire ropes holding the hook.-

Should the crane hook suddenly step during lifting or
lowering of a load, a shock load could be transmitted to the
connected device. Because of the elasticity of the wire
ropes, the dynamic factor for a typical containment crane is
not much larger than 1.0. The maximum design factor that is-

recommended by most design texts is a factor of 2.0 for
: loads that are suddenly applied. The stre'ss design factor
' of 3 for yield strength from the ANSI criteria certainly

includes consideration of suddenly applied loads for cases
where the dynamic impact factor may be as high as 2.0.

" Westinghouse Quality Assurance personnel performed
~

in process and final inspections on the materials, work and
! finished product. Final Westinghouse review included
; visual, dimensional, procedural, cleanliness, personnel

qualifications checks, and the issuance of a quality release
. to ensure conformance with drawing requirements.

.
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"The special lifting devices at Beaver Valley Unit 2 will be
used infrequentTy, normally only during refueling outages
which will be occurring on a frequency of approximately
18 months. During refueling outages, these devices may only
be used for 2 to 3 lifts each.

"For this reason, it is considered impractical to implement
a periodic testing schedule. The ANSI Standard was written
for specitl lifting devices which could be used at a much
greater frequency, where a periodic testing schedule would
be appropriate.

"In order to verify special lifting device capability of
reliably performing their function, procedures require a
visual check of critical welds and parts prior to use and as
an initial step when performing a lift."

These special lifting devices are used during plant
refueling which will be approximately every 18 months.
During plant operation, these devices are inaccessible since
they are permanently installed and/or remain in the
containment. It is considered impractical to attempt to
remove these devices from containment for load testing.
Likewise, load testing to 150% of the total weight before
each'use would require special fixtures and is impractical
to perform.

In order to demonstrate continuing compliance, a visual
examination of critical welds and parts will be conducted
prior to lifting and at the initial lift prior to moving to

-

full lift and movement. This will be accomplished by
raising the load slightly above its support and holding it
for 10 minutes. During this time, critical welds and parts-
will be visually inspected. If no problems are apparent,
the lift will continue. Additionally, a nondestructive

examinatica of major load-carrying welds will be performed
as part of the ten year inservice inspection outage. This
testing interval is justified because of the low usage these
special lifting devices receive during this period.

.

*

.
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B. EG&G Evaluation ,

BVPS-2 is generally consistent with Guideline 4. Where

inconsistencies with a strict interpretation of ANSI
N14.6-1978 exist, the action described is consistent with

the intent of NUREG 0612.

The alternate methods of testing.to verify continuing
compliance are acceptable in accordance with "Synoosis of

-Issues Associated With NUREG 0612."

C. EG&G Conclusions and Recommendations

Based on the information provided, EG&G concludes that

BVPS-2 is consistent with the intent of Guideline 4.

2.3.5 Lifting Devices (Not Soecially Designed) [ Guideline 5,

NUREG-0612, Article 5.1.1(5)]

J

" Lifting devices that are not specially designed should be
installed and used in accordance with the guidelines of
ANSI B30.9-1971, ' Slings' [8]. However, in selecting the proper
sling, the load used should be the sum of the static and maximum
dynamic load. The rating identified on the sling should be in
terms of the ' static load' which produces the maximum static and
dynamic load. Where this restricts slings tn use on only certain
cranes, the slings should be clearly marked as to the cranes with
which they may be used."

A. Summary of Aeolicant's Statements

The applicant states in Reference [11]

"BVPS-2 will derate sling similarly to the method used on
BVPS-1. This will comply with Guideline 5 of Enclosure 2 to
the January 17, 1984 letter from G. W. Knighton in the
following manner. In order to account for dynamic loads,

~

the derating factor will be determined by multiplying sling,

, rating by 0.5% times the hoist speed (ft/ min). If the
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derating factor is found to be small (<15% of the rating),
then the original sling rating may be utili::ed."

B. EG&G Evaluation

The applicant has indicated that in the design of the
lifting devices (not specially designed), dynamic load
stresses will be accounted for by derating the slings. The

percentage of derating from original design rating 'will be
determined by applying a 0.5% factor to the hoist speed

(ft/ min). EG&G considers this as an acceptable alternative
to full compliance with ANSI B30.9-1971. (Synoosis of

Issues Associated With NUREG 0612.)

Each sling should also be properly identified as to lifting
capacity, applicability to specific load handling operation,
and any restrictions in its use.

C. EG&G Conclusions and Recommendations ,

.

EG&G concludes that based on the information presented, the

applicant has satisfied the intent of Guideline 5.

2.3.6 Cranes (Insoection, Testinc, and Maintenance) [ Guideline 6,
NUREG-0612, Article 5.1.1(6)1

"The crane should be inspected, tested, and maintained in
accordance with Chapter 2-2 of ANSI B30.2-1976, ' Overhead and
Gantry Cranes,' with the exception that tests and inspections
should be performed prior to use where it is not practical to'

meet the frequencies of ANSI B30.2 for periodic inspection and
test, or where frequency of crane use is less than the specified
inspection and test frequency (e.g., the polar crane inside a pWR
containment may only be used every 12 to 18 months during
refueling operations, and is generally not accessible during
power operation. ANSI B30.2, however, calls for certain
inspections to be performed daily or monthly. For such cranes
having limited usage, the inspections, test, and maintenance
should be performed prior to their use)."

'

.

t
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A. Summary of Acclicant's Statements

The applicant has made the following brief statement
regarding this guideline " Crane inspection testing, and
maintenance procedures will comply with ANSI B30.2-1976

Chapter 2.2. Should any deviations from.this standard be
required they will be equivalent to the requirements of ANSI
B30.2-1976." [10].

The applicant has indicated in general terms in the FSAR
Section 9.1.5.6 tests and cranes, the shop testing, and the
maintenance checking items to be performed on the Polar
Crane, the Spent Fuel Cask Trolley, Motor-Driven, Platform
Crane, the Screenwell Crane, and the Monorail Systems.

The applicant also states in Reference 11 that some
alternative proposal to ANSI B30.2-1976 may be required in
the area of periodic inspection, testing and maintenance
since plans specifics may not be compatible with these ,

scheduled programs. The applicant will notify NRC of any
alternatives, so identified.

B. EG&G Evaluation

|
The applicant has indicated that crane inspection testing
and maintenance programs will be in accordance with ANSI;

B30.2-1976. No schedules of testing, inspection, or
maintenance have been projected at this time. The applicant
also stated that some alternative proposals to full
ccmpliance to ANSI B30.2-1976 may be necessary in the area
of scheduled maintenance and inspection programs, due to

plant specifics and in such cases the NRC will be notified
of the alternatives. (Synoosis of Issues Associated With

NUREG 0612.)

*

;

.
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C. EG&G Conclusions and Recommendations

Based on the information provided, EG&G concludes that the
applicant has satisfied the intent of Guideline 6.

2.3.7 Crane Design [ Guideline 7, NUREG-0612, Article 5.1.1(7)]

l

"The crane should be designed to meet the applicable criteria and
guidelines of Chapter 2-1 of ANSI B30.2-1976, ' Overhead and
Gantry Cranes,' and of CMAA-70, ' Specifications for Electric
Overhead Traveling Cranes' [9]. An alternative to a
specification in ANSI B30.2 or CMAA-70 may be accepted in lieu of
specific compliance if the intent of the specification is
satisfied."

A. Summary of Acolicant's Statements

The Spent Fuel Cask Trolley (crane 2MHF-CRN-215) and the

Motor Driven Platform with Hoists for Fuel Building
(2MHF-CRN-227) have been designed to comply with the

guidelines of CMAA 70 and ANSI 830.2-1976.

The Polar Crane (2CRN-201) was designed to comply with

ANSI B30.2-1967 and CMAA 70. The specification and design
of the Polar Crane were reviewed for compliance with the

1976 ANSI Standard. It was found that the 1967 standard
conformed to that of 1976 except for the energy absorbing
capacity required to stop the trolleys with power shut off.'

The B30.2-1976 standard requires that trolley bumpers have
energy absorbing capacity adequate to stop the trolley with
power shut off at a speed at least 50% of rated load speed
while the ANSI B30.2-1967 standard required a trolley speed
of only 40% of rated load speed. This design variation is
not considered to have a significant effect on the handling
of heavy loads by the Polar Crane. [10]

- The Containment Polar Crane was purchased in 1973. The

design rated load of the bridge exceeds the maximum critical-
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load by a factor of over 2.5 to 1. The Polar Crane Bridge

is rated at 396 ' tons and the main hoists at 193 tons for the
construction period. The crane bridge is rerated to a 334
ton capacity and the main hoists to a 167 ton capacity after
the construction lifts are completed.

Monorail systems are designed to (MMA) No. 61.

The Screenwell Crane 'is designed to ECCI specification
No. 61 and ANSI B30.2-1967. *

B. EG&G Evaluation

The applicant has indicated that the' cranes are designed to
meet the applicable criteria and guidelines of Chapter 2-1
of ANSI B30.2-1976, and CMAA 70. Units not meeting these
criteria have been shown to meet acceptable alternate
standards.

C. EG&G Conclusions and Recommendations

Based on the information provided EG&G Idaho concludes that
BVPS, Unit 2 is consistent with the intent of Guideline 7.

2.4 Interim protection Measures

Since BVPS-2 is consistent with the intent of NUREG 0612 Guidelines,
it is not necessary to address Interim Protection Measures.

:

!

;

I

.

.
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3. CONCLUDING SUMMARY

3.1 Aeolicable Load-Handling Systems

The list of cranes and hoists supplied by the applicant as being
subject to the provisions of NUREG-0612 is apparently complete (see

Section 2.2.1).

3.2 Guideline Recommendations

Consistency with the seven NRC guidelines for heavy load handling
(Section 2.3) is satisfied at Beaver Valley Pcwer Station, 2. This
conclusion is represented in tabular form as Table 3.1. Specific
recommendations to aid in compliance with the intent of these
guidelines are provided as follows:

..

Guideline Recommendation

1. Section 2.3.1 a. Consistent with the
intent of. Guideline 1.

2. Section 2.3.2 a. Consistent with the
intent of Guideline 2.

,

3. Section 2.3.3 a. Consistent with the
intent of Guideline 3.

,

4. Section 2.3.4 a. Consistent with the
intent of Guideline 4.

!

5. Section 2.3.5 a. Consistent with the
! intent of Guideline 5.

6. Section 2.3.6 a. Consistent with the
'

. intent of Guideline 6.
,

, .
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Guideline Recommendation

7. Section 2.3.7 a. Consistent with the
intent of Guideline 7.

I

t

.

,

k

f.

'.

.
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." TADLE 3.1. BEAVER VALLEY PDWER STATl6N, UNIT 2 NUREG-0612 COMPLIANCE MATRIX

e
m
-s Goldelines

Capacity Rating Load Weight
Fouloment Desleneted ftonsi Heayv load llandled fTons) 1 2 1 4 5 6 1

7 Pola r crane Bridge 334 (Soo Table 2.1) (See Table 2.1) C C C C C C C
*< (2CRN-201) Trolley 1 167/15

Trolley 2 167g

m Residual heat romoval 5 Residual heat removal 3.9 C C C C C C C$ pump (2HilR-CRN-207) pump
,

Spent fuel cask trolley 125/30 Spent ruel cask trolley 100.0 C C C C C C C
( 2HilF-CRN-215 )

Havable platform with 10/10 New fuel shipping 3.0 C C C C C C C
ho i s t( 2HilF-CRN-227 ) container (upended

only)
Fuel pool heat 16.5
oxchangor
Failed ruel storage can 1.5

1

Cable vault area 5 Removable slabs 2.3 C C C C C C C
monora i l ( 2HilB-CRN-250) Rod drivo motor 3.8

m gene ra to rs
ui

Primary Component 10/10 Primary component 17.5 C C C C C C C
Cooling heat exchangers Cooling water
Honoralls lleat exchangers*
( 2HitP-CRN-209A, B

Pipe chase 5 Removable slabs 4.5 C C C C C C C3
' Slab removal monorall -

( 2HilP-CRN-210 )

Chemical and volume 5/5/5 Changing pumps 3.75 C C C C C C C
control pump removal
monoralls 2HilP-CRN
(220 A.D,C)

Primary component 10/10 Primary component 17.5 C C C C C C C
Cooling heat exchange Cooling water
monora i l (221A,0) llea t exchanger

Auxillary Dullding 10 itemovable slabs 9.75 C C C C C C C
Hiscellanoons filter Cos lum remova l 0.95

, > decontamination
V Hono ra i l IX's
3 ( 2HilP-CRN-223 ) Hlxed bed domineralizer 0.95
m Dobo ra t i ng 1.4
9. Demine ra l ize r
x

T1

.
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y TABLE 3.1. (continued)
$
@ Cielste I irios

capacity Rating Load Weight
,~ Eculoment Deslanated ftonsi Hogyy_losd llandled (Tonst 1 2 1 h 3 6 Z- [
<

Primary component 2 Primary component 1.0 C C C C C C C-'

4 cool ing pump mono ra i l cnoting water
(2MitP-CRN-238s ) pump / motor-

m Romovable gas system 3 Removablo slab 2.8 C C C C C C C
Q monora i l ( 2HilP-CRN-235 )

screenwell crane 15 (see Table 2.1) (see Table 2.1) C C C C C, C C.,

; (CRN-17)

C = Applicant action compiles with the Intent of the NLREC 0612 Culdeline.

NC = Appilcant action does not comply with NUREG 0612 Culdeline.
1
'

NA = Not applicable.

1
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